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					This book is not a substitute for a formal in-person HVACR educational apprenticeship program, but is a complement to such training. This book exists to help retain procedures, give a deeper understanding of how inverter mini split systems work, and to connect real life applications to what is taught in the classroom. Any and all manufacturer installation and service literature, along with code books and their recommended practices, shall supersede any recommendations or procedures mentioned in this book. 
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					Follow all OSHA 30-hour safety considerations and wear appropriate PPE (Personal Protective Equipment) before and while working with refrigerant and electrical based equipment. This book discusses electrical test points and the use of a multimeter, but is not a substitute for proper in-person safety training through an approved HVACR apprenticeship program and OSHA safety training. Electrical safety taught in apprenticeship programs and through OSHA training supersede any instructions in this book. 
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				Introduction

					The concepts and practices illustrated in this book provide a thorough base of knowledge that applies to the operation and service of inverter mini split systems. Specific topics include unit types, the refrigeration cycle, preparation of a system for refrigerant, system parts, electrical component operation, common problems, and methods for testing. Also included is a practical approach that details the use of specific tools and supplies for installation, diagnosis, and repair. Safety glasses, butyl lined gloves, and other PPE (Personal Protective Equipment) must be worn prior to and while performing any procedures.
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				CHAPTER 1

				Introduction to Mini Split Systems 

				1. Mini Splits and Split Systems

					The demand for mini split system installations worldwide is growing rapidly due to their compact design, quiet operation, zoning capability, high electrical efficiency, and the ability to provide heat at very low temperatures. These systems also come in a variety of indoor unit types to choose from. 

					The phrase “mini split” is primarily used in North America to refer to the compact design of a side air discharged outdoor unit that is field connected to an indoor ductless unit (See Figure 1-1). In non-North American countries, this same system is simply referred to as a “split system”. In North America, the phrase “split system” usually refers to a traditional central ducted heating and/or air conditioning system that has a top air discharged outdoor unit that is field connected to a single indoor ducted unit (See Figure 1-2).
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				Figure 1-1: Ductless Inverter Mini Split System

			

		

		
			
				Figure 1-2: Traditional Central Ducted Heating and Air Conditioning Split System 
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				2. The Function of an Air Conditioner and Heat Pump

					Both mini splits and traditional ducted split systems are considered “air source” because they work by transferring heat stored in the air, to and from the inside of a building. The fluid that is used to move this heat is refrigerant, which is circulated within the system. Refrigerant is not consumed by these systems but is continually circulated through the system’s circuit. The refrigerant is forced to phase change (from liquid to gas and gas to liquid) in order to absorb and release heat. This process of circulating and phase changing refrigerant is referred to as the “refrigeration cycle”. The refrigeration cycle is explained in Chapter 3.

			

		

		
			
					HVACR systems use both the indoor and outdoor unit fans to transfer the heat from the refrigerant to the air and vice versa. The transfer of heat occurs at the indoor and outdoor metal heat exchanger coils (See Figure 1-3). The heat exchanger usually consists of copper tubing for the refrigerant to flow through and aluminum fins which are pressed onto the outside of the tubing. The aluminum fins usually extend outward roughly 1/2” which increases the surface area for heat transfer. At the heat exchanger coils, air crosses over the fins outside the coil while refrigerant flows through the tubing inside the coil.

					In an air conditioner, the refrigerant absorbs heat from the air within the building before traveling to the outside of the building where it rejects the heat into the outdoor air. This removal of heat lowers the indoor air temperature and humidity. (Humidity is removed from the indoor air after it condenses onto the low temperature indoor heat exchanger coil. It is then piped to an outdoor location for disposal.)
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				Figure 1-3: Cutaway of Outdoor Unit Heat Exchanger (left) and Indoor Unit Heat Exchanger (right)

				(Courtesy of Cooper&Hunter)
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					A heat pump differs from an air conditioner because it is capable of providing both heat and air conditioning within a building. It does this by reversing the directional flow of the refrigerant used to move the heat. In air conditioning mode, a heat pump absorbs heat from the air within the building and moves this heat outside, where it is rejected. In heating mode, a heat pump absorbs heat from the air outside the building and moves this heat to the air within the building, where it is rejected. A heat pump uses electrical energy to control refrigerant, in order to move heat, instead of directly converting electrical energy to heat energy. The reason that a heat pump is used for heating rather than an electric strip heater, is because a heat pump may be capable of providing 2-4 times more heat energy (based on the outdoor conditions) than directly converting electricity to heat. To learn more, refer to Chapter 19.

				 

				3. Terminology and Indoor Unit Types

					The term “mini split” is usually associated with ductless systems, indoor wall mounted units, and side air discharged outdoor units. However, because there are now a variety of indoor unit types available, the term usually focuses on the side air discharged outdoor unit type (See Figure 1-4). A mini split outdoor unit has a narrow depth of usually 12” to 16” (30.48cm to 40.64 cm) and a fan mounted on the side instead of on the top. The connected indoor unit is commonly a non-ducted version, but ducted versions do exist. On a modern single zone mini split system, the indoor unit manufacturer, model, and rated capacity must match the outdoor unit. This is because the programmed logic on the PCB (printed circuit board) in the outdoor unit is designed to electrically communicate with the PCB in the indoor unit. This electrical communication ensures efficient operation in each mini split system.

					There are multiple indoor unit types available. Any one of the following indoor unit types can be matched with a single zone outdoor mini split unit of the same rated capacity, model, and manufacturer. 
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				Figure 1-4: Outdoor Mini Split Unit Dimensions (Courtesy of Cooper&Hunter)

			

		

	
		
			
				5

			

		

		
			
				CHAPTER 1: Introduction to Mini Split Systems

			

		

		
			[image: ]
		

		
			
					A. Wall Mounted Unit

					A wall mounted unit (See Figure 1-5) is installed high on the wall with the return air being pulled from the top and the supply air coming from the lower front section. This is the most common indoor unit type.

					B. Ceiling Cassette Unit

					A ceiling cassette unit (See Figure 1-6) is commonly installed in a 2’ by 2’ section of a drop ceiling but can also be installed in a hard finished ceiling. The return air is pulled through the center shroud while the supply air is delivered in four directions at the outer edges of the shroud. 

					C. Mini Floor Console Unit

					A mini floor console unit (See Figure 1-7) is installed on a wall slightly above or on the floor. This unit is ideal for half walls, such as in a finished attic and where heat is needed at both the floor level and above. The return air is pulled through the front and the supply air is delivered from both the top and the lower front. If desired, the user can select to only allow supply air from the top instead of both the top and lower sections.

					D. Universal Floor/Ceiling Unit

					A universal floor/ceiling unit (See Figure 1-8) is versatile because it can be installed on either the lower wall near the floor, or on the ceiling. This unit is ideal for a room without available wall space and where a flush mount ceiling installation is preferred. In a floor mounted installation, the return air is in the front down low, and the supply air is delivered at the top. In a ceiling installation, the return is on the bottom and the supply air is delivered on the front side across the ceiling. 
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				Figure 1-6: Ceiling Cassette Unit (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 1-7: Mini Floor Console Unit (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 1-8: Universal Floor/Ceiling Unit (Courtesy of Cooper&Hunter)
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				Figure 1-5: Wall Mounted Unit 

				(Courtesy of Cooper&Hunter)
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					E. Slim Duct Unit

					The slim duct unit (See Figure 1-9) can be installed above a drop ceiling or in another accessible area within the building such as a closet, attic, or basement. This unit requires ductwork to be installed for both the return and supply air. Return grilles and supply registers must be installed within the building with appropriately sized ducts connecting to the unit. 

					F. Ducted Air Handler

					A ducted air handler (See Figure 1-10) is the newest addition to mini split installations. This unit requires ductwork to be installed for both the return and supply air. Return grilles and supply registers must be installed within the building with appropriately sized ducts connecting to the unit. This unit differs from one used in a traditional single speed “ducted split system” and is specially designed to work and communicate with the outdoor mini split unit. 

				4. Brief History of Mini Splits

					Older mini splits were initially designed as single zone, single speed systems. These systems typically utilized an indoor wall mounted ductless unit matched with the outdoor unit. They were often used to condition the air within a small area such as a sunroom, garage, or an add-on to a building that did not necessitate ductwork. However, the innovation of inverter technology paved the way for increased use and versatility. Inverter technology introduced the IPM (intelligent power module) which allows the compressor within the system to be ramped up or down in pumping speed and operating capacity, as needed. More innovations led to higher efficiency inverter systems which can adjust the speed, position, and/or operating capacity of all four main components within the system, while the system runs. These four components are the indoor fan, the outdoor fan, the refrigerant compressor, and the refrigerant metering device (See Figure 1-11). The programmed logic in the main outdoor unit PCB (printed circuit board) makes decisions for the operation of these four electrically controlled components. These decisions are based on multiple temperature inputs in order to achieve the desired indoor air temperature 

			

		

		
			
				Figure 1-10: Ducted Air Handler (Courtesy of Cooper&Hunter)
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				Figure 1-9: Slim Duct Unit (Courtesy of Cooper&Hunter)
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				set by the user. The use of inverter technology also allows for the possibility of multiple indoor units being connected to a single outdoor unit. Electrical operation is discussed in Unit 3. Other design innovations have led to even more increased electrical efficiency and the ability to produce heat even in cold climates. 

				5. Multi-Zone Mini Split Systems

					Two or more indoor units can be connected to a multi-zone outdoor mini split unit. The multi-zone outdoor unit may be designed as a two zone, three zone, four zone, or five zone system (See Figure 1-12).

					A technician can easily determine the number of zones on a system by counting the number of tubing flare adapter pairs on the outdoor unit (See Figure 1-13).
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				Figure 1-12: Multi-Zone Outdoor Unit Connected to Three Indoor Wall Mounted Units (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 1-13: Multi-Zone 

				Outdoor Unit Service Valves
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				Figure 1-11: Main Components in a Mini Split System
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				Five Zone Unit
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					Multi-zone systems can function properly with all or most of the indoor zones installed. When all the zones are installed, these systems allow some indoor zones to run, even while the other zones are not running. Because each zone has its own temperature control, the temperature of each zone can be set differently based on the occupant’s desired comfort level. A multi-zone inverter system can run at a low operating capacity which allows for efficient electrical operation when only some of the installed zones are in use. If all the indoor zones need to be operating at the same time, the system can run at a high operating capacity in order to meet the need. 

					Multi-zone systems that connect multiple indoor units to a single outdoor unit can only operate in one mode at a time. For example, if some zones are running in air conditioning mode, the other zones cannot run in heating mode. If it is desired that some zones run in air conditioning mode while other zones run in heating mode, a VRF (variable refrigerant flow) or mini-VRF system with a branch box must be installed instead.

					On a multi-zone system, it may be advantageous to install different indoor unit types for some of the zones. This may be the case when the rooms are not uniform and space is a concern. Figure 1-14 shows the first floor of a building with a different indoor unit type in each zone. All these indoor units are connected to the same outdoor unit.

				6. Mini Split Air Conditioners, Heat Pumps, and Hyper Heat Systems

					Single zone outdoor mini split units are available as either heat pumps or air conditioners. Because the cost to produce a heat pump unit is similar to the cost of producing an air conditioning unit, most manufacturers have switched to only manufacturing heat pumps because of their versatility. Multi-zone outdoor inverter units are typically only available as heat pumps. 
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				Figure 1-14: Four Different Indoor Unit Types 

				Connected to a Single Multi-Zone Outdoor Unit 

				(Courtesy of Cooper&Hunter)
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				Mini Floor Console Unit

			

		

		
			
				Universal Floor Ceiling Unit
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					Single-zone and multi-zone inverter units are manufactured as either hyper heat or non-hyper heat pump models. Hyper heat models are designed to be able to extract heat from extremely low temperature outdoor air, during heating mode, in order to heat a building. Some hyper heat models are even rated to produce heat when the outdoor air temperature drops to -22°F. However, the amount of heat that the system can produce at extremely low temperatures (-22°F) is less than the amount of heat it can produce at more average outdoor air temperatures (0°F - 50°F). To determine if a system is capable of producing enough heat at low outdoor ambient temperatures, take into account the performance data in the manufacturer’s literature for the specific model. Performance data and system sizing are discussed in Chapters 18 and 19. 

					To achieve efficient electrical operation, non-hyper heat pumps should be installed in moderate temperature climates, while hyper heat pump models should only be installed in low temperature climates. Hyper heat pump models are discussed in Chapter 19.

				7. Understanding Refrigerant and Airflow

					In order to understand how mini split systems work and how to install and service these units properly, a thorough understanding of refrigerants must first be attained. The refrigerant flow and the airflow are the basis for how these systems are able to function. If there is a problem with the amount of refrigerant or airflow, the system will not function properly or efficiently. 

					Mini split systems require the outdoor unit to be connected to the indoor unit. For this reason, a technician must install power wiring and line set on-site. The line set tubing must be run into place, connected properly, checked for leaks, and prepared for refrigerant to be added. As well, the correct amount of refrigerant must be added for long line set lengths. It is crucial that the tubing must not leak, that contaminants (air, nitrogen, or water) are not present within the tubing, and that the correct amount of refrigerant is charged into the system. A servicing technician must be aware of these considerations and how to check for problems before moving onto issues with the electronic controls. Remember, the electronics in the system are trying to control the flow of refrigerant and airflow. The next chapter teaches about refrigerants, refrigerant handling, technician licensing, the refrigeration cycle, and heat transfer.
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				 CHAPTER 2

				Understanding Refrigerants

				1. The Refrigeration Cycle

					In the refrigeration cycle, the refrigerant is the fluid used to transfer heat from one part of the refrigeration system to the other. In an air conditioning system, the refrigerant absorbs heat from air, occupants, and/or objects and transports the heat to an outside environment to reject it. Figure 2-1 shows a very basic refrigeration cycle along with the pressure, state, and temperature of the refrigerant at each point.
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				Figure 2-1: Basic Refrigeration Cycle

			

		

		
			
					The refrigeration cycle of an air conditioner is only used to reduce temperature and/or humidity within the building. The refrigeration cycle of a heat pump can flow in two directions. A heat pump running in air conditioning mode is used to reduce temperature and/or humidity within the building but during heating mode, it is used to increase temperature within the building.
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				2. Refrigerants Used in the Refrigeration Cycle

					Many types of refrigerant exist on the market today. Refrigerants vary in toxicity, flammability, environmental friendliness, availability, and cost. The majority of refrigerants currently in use have been developed to be less toxic and less flammable than other chemicals which can be used as refrigerants. The development of new refrigerants is ongoing. Refrigerants are developed to boil and condense at certain temperatures so that they are useful and efficient for each specific application. The four most well known refrigerants are CFC (Chlorine Fluorine Carbon), HCFC (Hydrogen Chlorine Fluorine Carbon), HFC (Hydrogen Fluorine Carbon), and HFO (Hydrofluoroolefin).

					CFC (Chlorine Fluorine Carbon) is also known as Chlorofluorocarbon. One example of CFC refrigerant is R-12 which was used in refrigerators and commercial refrigeration units many years ago. R-12 refrigerant was phased out and is no longer used in new systems. 

					HCFC (Hydrogen Chlorine Fluorine Carbon) is also known as Hydrochlorofluorocarbon. One example of an HCFC refrigerant is R-22 which was used in residential and commercial air conditioning units, and refrigeration units. R-22 refrigerant was phased out and is no longer used in new systems. However, R-22 may be found in existing systems still operating. See Figure 2-2 for an R-22 refrigerant bottle.

					HFC (Hydrogen Fluorine Carbon) is also known as Hydrofluorocarbon. One example of an HFC refrigerant is R-410A (consists of 50% R-32 and 50% R-125), which is commonly used in air conditioners and heat pump units in the United States of America. In the USA, the use of R-410A is currently being phased down, due to environmental concerns. See Figure 2-3 for an R-410A refrigerant bottle.

					Another example of an HFC is R-32, which is commonly used in air conditioners and heat pump units in non-North American countries. Starting in 2023, R-32 may be available in some new systems in the United States of America. Use of R-32 will increase as R-410A is phased down. HFC refrigerants are currently used in new mini split installations, but other refrigerants have also been developed to work in these applications. See Figure 2-4 for an R-32 refrigerant bottle.
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				Figure 2-2: R-22

			

		

		
			
				Figure 2-3: R-410A

			

		

		
			
				Figure 2-4: R-32
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				Figure 2-5: R-454B

			

		

		
			
					HFO is also known as Hydrofluoroolefin. One example of an HFO/HFC refrigerant is R-454B, which consists of 68.9% R-32 (HFC) and 31.1% R-1234yf (HFO). R-454B has been adopted by some manufacturers as a new refrigerant to be used in their systems. Use of HFO and HFO/HFC refrigerants will increase as the use of R-410A is phased down. See Figure 2-5 for an R-454B refrigerant bottle.

					Newer refrigerants continue to be developed because research indicates that there are negative environmental impacts, such as ODP (Ozone Depletion Potential) and GWP (Global Warming Potential), associated with existing refrigerants, when released into the atmosphere. ODP is the metric used to rate a refrigerant’s ability to deplete the earth’s ozone layer. The ODP of a refrigerant is based on its comparison with CFC-11, which has an ODP of 1. The higher the ODP rating of a refrigerant, the more it can deplete the ozone layer. GWP is the metric used to rate a refrigerant’s ability to contribute to the greenhouse effect, as a greehouse gas. The release of greenhouse gases leads to an increase in the amount of heat that is trapped in the earth's atmosphere. The GWP of a refrigerant is based on its comparison with CO2 (Carbon Dioxide), which has a GWP of 1. The higher the GWP rating of a refrigerant, the more heat it can trap in the atmosphere. 

					CFC refrigerants were one of the first widely used refrigerants that were specifically designed for refrigeration systems. CFC’s, however, have a very high ODP, while also having GWP. HCFC refrigerants have the second highest ODP and also have GWP. The release of chlorine-based refrigerants into the atmosphere is a major cause of ozone depletion. HFC refrigerants do not have any chlorine, and therefore have no ODP. However, HFC’s have GWP. 

					R-32 has a GWP of roughly 675 while R-410A has a GWP of roughly 2090. Although R-32 has a much lower GWP than R-410A, it is classified as an A2L refrigerant which means it is slightly flammable. When R-32 is mixed with R-125 to the proper amount, it no longer falls under the A2L classification. R-410A falls under the classification of A1 because it is a mix of 50% R-32 and 50% R-125 (See Figure 2-6). 

					Even though R-410A has been heavily used in mini splits in the USA due to its safe A1 classification, this refrigerant is currently 

			

		

		
			
				Figure 2-6: Toxicity and Flammability Chart
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				on a phasedown schedule due to its high GWP. Refrigerant alternatives and rule changes have been approved at the federal level and through “standards writing” organizations to accommodate the use of low GWP A2Ls. International code bodies are incorporating changes to accommodate A2Ls in their 2024 code books. State and local municipalities must approve the new codes before the use of A2Ls is allowed in their locations. Manufacturers are also making changes to their equipment to safely accommodate the use of newer, low GWP refrigerants, including A2Ls. The refrigerants that will most likely be factory charged in newer mini split systems are R-32 or R-454B. Some manufacturers are choosing to use R-454B because its GWP is 465, which is lower than R-32. R-32 has been used in other countries with success for roughly two decades but regulations in the USA have not allowed this refrigerant to be adopted until recently. More information can be found at www.epa.gov.

					In comparison with mini split systems using R-410A, slight system design changes and installation rules are needed with R-32. Even though the pressure/temperature correlations of R-32 and R-410A are very similar, R-32 is not a drop-in replacement for R-410A due to the flammability design considerations of the system. Be sure to complete any additional or required safety training on A2L refrigerants to learn of any procedural changes that must be used to safely work with these refrigerants. Research is presently under way to develop refrigerants that will minimize the greenhouse effect while maintaining zero ODP and have an effective heat transfer rate at a specific boiling point for each refrigerant. At the same time, HVACR systems need to be engineered for these types of refrigerants for longevity and electrical efficiency.

					HFO refrigerants, HFC refrigerants with low GWP, and Natural Refrigerants are being developed and used to meet the goal of environmental friendliness. Two trade-offs of using these refrigerants are that some have a higher flammability rating than traditional refrigerants and some are more limited in their scope of use. Natural Refrigerants have no ODP and the lowest GWP of any refrigerant.

					Two examples of a Natural Refrigerant are R-290 (Propane) and CO2 (Carbon Dioxide). They have no chlorine to affect ODP and no fluorine to affect GWP. R-290 is an HC (Hydrocarbon) refrigerant. All HC refrigerants are highly flammable and are classified as A3. HC refrigerants are typically used in applications where the equipment has additional safety sensors and considerations, or in applications where a very small amount of refrigerant is needed inside the equipment. CO2, on the other hand, is a Natural Refrigerant that is nonflammable and has a limited scope of use due to its triple point and critical point. This means that the refrigerant states which are the most useful for heat transfer are more limited due to temperature or pressures available. For equipment applications where CO2 meets operating condition guidelines, it can be a very efficient refrigerant choice.
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				3. Explanation of Section 608 Certification

					EPA Section 608 regulations are used in the United States of America to regulate who can buy and work with refrigerants, and how this work will be performed. EPA 608 guidelines define the handling of refrigerants as well as the prohibition on venting refrigerants that are harmful to the environment, based on their GWP and ODP. Specific vacuum and recovery levels are also mandated. Individuals who violate EPA Section 608 regulations may lose their Section 608 certification, be fined, and/or assigned jail time. Each fine is assigned per occurrence, per day, and can cost $44,539 or more. This information can be found through www.epa.gov. Testing agencies have been approved to administer the “Section 608” and “Section 609” certification exams in order to certify an individual within the United States of America to purchase and to work with regulated refrigerants. Section 608 covers certification for MVAC-like (such as off road vehicles), Non-MVAC (such as aircraft, trains, refrigerated trailers, ships and boats), and stationary refrigeration and air conditioning appliances and equipment. Section 609 covers certification for MVAC (Motor Vehicle Air Conditioners) and MVAC-like equipment.

					Below is a quick description of each EPA Section 608 certification, but the information is subject to change. Individuals should go directly to the source at www.epa.gov/section608 which will have the most current information and which supersedes any statements in this book. Individuals can also check with testing organizations for clarification.

				Type I Certification: The technician may service or dispose of appliances with 5lb or less of refrigerant that are packaged and sealed by the factory. The technician is awarded this certification after passing the Core and Type 1 test sections only. An example of a Type 1 unit is a packaged refrigerator or freezer with less than 5lb of refrigerant.

				Type II Certification: The technician may service or dispose of appliances that are medium, high, or very high pressure. The technician is awarded this certification after passing the Core and Type 2 test sections only. One example of a Type 2 unit is a refrigeration split system with 2lb of refrigerant that is installed together in the field. Another example is a packaged air conditioning system with 14lb of refrigerant. A third example is a split system air conditioner that has 60lb of refrigerant.

				Type III Certification: The technician may service or dispose of appliances that are low pressure. The technician is awarded this certification after passing the 
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				Core and Type 3 test sections only. An example of a Type 3 unit is a centrifugal chiller system with 200lb of refrigerant in which the low side pressure is lower than atmospheric pressure while running.

				Universal Certification: This allows the technician to service and dispose of appliances in Type I, Type II, and Type III categories and to buy any refrigerants necessary for service and installation. The technician is awarded this certification after passing the Core, Type I, Type II, and Type III test sections. Figure 2-7 shows an example of a Universal 608 Certification from a testing organization.

					A technician who has earned a Universal 608 Certification has passed all four parts of the certification test which are the Core, Type I, Type II, and Type III sections. Each section usually contains 25 questions for a total of 100 test questions. The test is either completed in front of an approved proctor at a testing center or online with an approved online proctor. The results of the online test are usually available to the individual immediately after the test is completed. This depends on the actual testing agency administering the test. The result of the paper test is not immediately available upon completion of the test because the test has to be shipped back to the testing agency to be graded. There are many organizations to test through in order to become EPA 608 certified. A complete list of all approved testing organizations can be found through www.epa.gov/section608.

				4. Saturated Refrigerant

					In air conditioning and refrigeration, HVACR (Heating, Ventilating, Air Conditioning, and Refrigeration) technicians use terms such as heat absorption, heat rejection, and heat removal instead of “making something cold” or “the coolness of an object”. In the absence of heat, a room feels cold. Cold is felt while the removal of heat is what is happening. For example, in a refrigerator, the refrigerant absorbs the heat and moves the heat outside to reject it. This results in heat removal and a lowering of the temperature inside the refrigerator. This probably differs from what most people heard while growing up when they talked about refrigerators, air conditioners and the outside air.

					Refrigerants, like water, have multiple states - solid, liquid, and gas. Similar to other refrigerants, it takes a large amount of BTUs (British Thermal Units) of 

			

		

		
			
				Figure 2-7: EPA 608 

				Universal Certification Card
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				heat to change water from one state to another. The amount of BTUs needed to change water from one state to another is dramatically higher than the BTUs needed to raise the temperature of water while it remains in the same state. This means that the act of changing a medium from one state to another provides the ability to store and reject a large amount of heat which would otherwise be unattainable without the changing of states. Figure 2-8 shows an ice cube melting which is a change of state.

					A BTU is the amount of heat added to 1lb of water to raise it 1°F (Fahrenheit). It takes 144 BTUs of heat to completely melt 1lb of 32°F ice into 1lb of 32°F water. It only takes 1 additional BTU to raise this 1lb of water 1°F in temperature. Melting ice is a good example of a change of state because in an ice box (the precursor to the modern refrigerator) a large block of ice was used to keep food at a lower temperature. As the ice melted while absorbing heat from the products and air in the box, the resulting water drained out of the ice box.

					The complete change of state from a block of ice to water requires the absorption of a large amount of heat energy while allowing the refrigerant (in this case water) to remain at a constant temperature of 32°F. This is important because it shows how many BTUs a change of state can store without changing the actual temperature of the medium. After the change of state, it only takes a small amount of heat to raise the temperature of the refrigerant. Refrigerant is changing phase when it is in the process of changing from a solid to a liquid, from a liquid to a solid, from a liquid to a vapor, or from a vapor to a liquid. Refrigerant is saturated when it is in the process of changing from a liquid to a vapor, or from a vapor to a liquid within a container.

					The refrigerant in a refrigerant bottle is saturated when both liquid and vapor are present in the bottle at the same time. Think of a refrigerant bottle like a pot of boiling water with a lid on it. There is liquid at the bottom of the container and boiling vapor at the top. The vapor exerts pressure and tries to escape. Refrigerants have been developed to boil at a much lower temperature than water. Therefore, refrigerants are typically saturated inside a bottle during normal outdoor air temperatures.

					Propane is a refrigerant that is commonly used in people’s homes, but it is used for its flammability rather than for its heat transfer capability. As the propane vapor is burned as a heat source, there is less liquid in the propane bottle since the 
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				Figure 2-8: Ice Cube Melting
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				liquid propane vaporizes to replace any lost vapor. As long as there is still some liquid propane in the bottle, the pressure remains the same.

					If the pressure of a nearly full propane bottle is measured at 75°F and then measured again when there is only one ounce of liquid propane left in the bottle, provided the propane had a chance to stabilize and is at 75°F, the pressure will be the same as it was when first measured. This is because there is still liquid propane in the bottle which can vaporize and exert pressure. If the valve of the propane bottle is opened, the propane will boil right out of the bottle until all the liquid is gone. The bottle and its surroundings will lower in temperature. This is due to the propane rapidly lowering in pressure because of the room to expand and boil.

					Figure 2-9 shows one bottle of R-410A refrigerant that is full of liquid refrigerant and one bottle that has a small amount of liquid refrigerant. Both bottles are at 70°F with a pressure of 201 PSI while saturated. This pressure will remain the same as long as there is liquid in the bottle and the temperature remains 70°F.
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				Figure 2-9: R-410A Refrigerant Bottles at 70°F and 201 PSI

			

		

		
			
					This shows that a refrigerant exerts a constant pressure as long as the refrigerant is saturated and is at a constant temperature. Pressure exerted by the refrigerant is due to the temperature of the refrigerant while saturated. A refrigerant will lower in pressure when temperature decreases and will rise in pressure as temperature increases. Likewise, the temperature will lower when pressure decreases and temperature will rise when pressure increases. This is the same for all refrigerants. Refrigerants have been designed to enter the boiling state at a range of useful temperatures and each refrigerant is chosen for an application based on its boiling point.
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					If the temperature surrounding the refrigerant bottle lowers, the pressure inside the bottle also lowers. If the temperature surrounding the bottle increases, the refrigerant absorbs heat, resulting in an increase of pressure inside the bottle. Because of these properties, it is possible to determine the pressure inside the bottle for each refrigerant at any given temperature as long as the refrigerant is saturated. If the pressure in the bottle is known, then it is possible to determine the temperature of the refrigerant.

				5. Refrigerant Pressure and Temperature

					A. Measuring the Pressure/Temperature of the Refrigerant Bottle 

					and of the System

					If the pressure is known, the temperature of the saturated refrigerant can be determined with the help of a P/T (Pressure/Temperature) Chart. If the temperature of a saturated refrigerant is known, then the pressure can also be determined by using a P/T chart.

					Regardless of whether a refrigerant bottle is completely full, partially full, or only has one ounce of liquid refrigerant in it, the pressure exerted in the bottle will be the same as long as the temperature is the same. Just like the refrigerant in the bottle, the refrigerant in an HVACR system is saturated when the system is off and equalized. The term equalized means that the pressures on both the high and low sides of the system are the same. When the system is running, the refrigerant is only saturated in the evaporator and condenser.

					B. How to Read the P/T Chart

					Most P/T charts have one guide column on the left while the rest of the chart consists of multiple refrigerant columns. The first thing to determine is if the left hand guide column in the chart refers to pressure or temperature. Figure 2-10 shows an example of a P/T Chart with temperature in the guide column and pressure in the refrigerant columns.

					The relationship between temperature and pressure is shown in small incremental changes. Pressure on a P/T chart is read in PSI (Pounds Per Square Inch). Some P/T charts use temperature increments of 1°F, 2°F, or 5°F in the guide column. The correlating pressure for each refrigerant temperature is shown on the same horizontal row. 

					Some P/T charts use pressure in the guide column. The increase in pressure 
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				is listed in increments of 1 PSI, 2 PSI, or 5 PSI. The correlating temperature for each refrigerant pressure is shown on the same horizontal row. On the P/T Chart in Figure 2-10, 80°F horizontally aligns with a pressure of 235.8 PSI in the pink column. This shows that if the temperature of saturated R-410A refrigerant is 80°F, the pressure is 235.8 PSI.

					C. How to Determine What Refrigerant 

					is in a Used Recovery Bottle

					A P/T chart can be used to determine what refrigerant is in a refrigerant bottle as long as there is at least some liquid refrigerant in the bottle and the bottle has been at a steady temperature. For quick identification, new disposable refrigerant bottles, such as R-410A, are labeled with the type of refrigerant that is inside and may be color coded (See Figure 2-11). However, other new disposable refrigerant bottles, such as R-32 and R454B, may not have a refrigerant color code (See Figure 2-12). In the case of flammable or mildly flammable refrigerant bottles, they may have a red stripe or section, indicating flammability. When the type of refrigerant is factory labeled on the bottle, the P/T chart is not needed to determine what refrigerant is inside. However, a P/T chart is needed to identify the refrigerant in an unlabeled yellow/gray reusable recovery bottle (See Figure 2-13). Recovery bottles either come from the factory with a nitrogen charge or under vacuum. 

			

		

		
			[image: ]
		

		
			
				Figure 2-10: P/T Chart

			

		

		
			
				Figure 2-11: New 

				Disposable 

				R-410A Bottle

			

		

		
			
				Figure 2-12: 

				Disposable 

				R-454B Bottle
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				Figure 2-13: 

				Reusable 

				Recovery Bottle
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					Before recovering refrigerant from an existing system into a new recovery bottle, the bottle needs to be prepared for service. To prepare a new reusable recovery bottle for service, the nitrogen must be released and the vacuum pump must be used to remove any excess nitrogen, air, or water vapor from the bottle. (See Figure 2-14). The vacuum gauge is attached to the bottle to verify the vacuum level.

					If the bottle preparation is not done, the resulting P/T measurements will not correspond to any known refrigerant because nitrogen, air, and/or water vapor will mix with the refrigerant and exert extra pressure inside the bottle. Before adding refrigerant into the bottle for the first time, the bottle needs to be vacuumed down to a level below 500 microns. 

					A vacuum pump, vacuum hose, and vacuum gauge are needed to complete the vacuum procedure (See Figure 2-14). This is discussed further in Chapter 7, Section 7. Once the bottle preparation is completed and after some refrigerant has been added to maintain positive pressure, the same type of refrigerant can be added to the existing charge. Refrigerant can be added until the bottle reaches 80% capacity unless the manufacturer of the recovery bottle or the distributor mandates a lower capacity.

					If a used recovery bottle does not have a label that lists which refrigerant is inside, a P/T chart can be used to determine the refrigerant. The P/T chart can also be used to verify that the refrigerant is not contaminated with air, nitrogen, water vapor, or another refrigerant. Before trying to verify the refrigerant inside the bottle, the bottle should remain for several hours in a location that has a steady temperature. Figure 2-15 shows a recovery bottle with R-410A refrigerant inside. An accurate temperature reading tool should be used to measure the temperature of the bottle. The black inner ring on the pressure gauge in Figure 2-15 shows the saturated 
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				Figure 2-15: Recovery Bottle 

				with R-410A Refrigerant Inside
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				Figure 2-14: Empty Recovery Bottle Being Vacuumed
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				temperature which matches the temperature read on the side of the tank. The fact that the two temperature readings are the same indicates that only R-410A is in the recovery bottle. If it is trying to be determined whether R-32 or R-410A is in the used recovery bottle, a refrigerant analyzer would need to be used because the pressures of R-32 and R-410A at any given temperature are so similar. 

					D. How to Determine What Refrigerant is in a System

					The outdoor unit rating plate states the type of refrigerant within the system. If both the model number and refrigerant type are worn off the rating plate, and the compressor tag is not accessible, a P/T chart can be used to help determine the type of refrigerant within the system. When the system is off and the pressures are equalized, do the following:

				Step 1: Measure the pressure on the equalized system.

				Step 2: Convert the pressure to a saturated temperature using the P/T chart.

				Step 3: Compare the actual temperature surrounding the unit to the saturated temperature from the P/T chart.

					The saturated temperature is found by measuring the saturated pressure and converting it to a temperature using a P/T Chart. The P/T chart in Figure 2-16 shows that when the temperature is 70°F, the saturated pressure reading for R-22 is 121.4 PSI and the saturated pressure reading for R-410A is 201 PSI. If the outdoor 

			

		

		
			
				Figure 2-16: P/T Chart, Up-Close
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				unit has been electrically off for an extended period of time and the pressures are equalized, the pressure in the unit can be used to determine the type of refrigerant in the system. Be sure to wait ten to twenty minutes, while the system is off before measuring pressure. This is to avoid measuring the pressure of the refrigerant before it has had a chance to equalize. If the outdoor temperature is 70°F and the pressure measured on the vapor port of the mini split unit is close to 121.4 PSI then the unit contains R-22 refrigerant because 121.4 PSI correlates to R-22 and not R-410A (See Figures 2-17 and 2-18). Older mini split units may be found to have R-22 refrigerant. If trying to determine whether the unit contains R-32 or R-410A, a refrigerant analyzer must be used if no other reference is visible on the unit such as on the outdoor unit rating plate or a compressor tag.

			

		

		
			
				Figure 2-17: Off and Equalized R-410A System

			

		

		
			
				Figure 2-18: Off and Equalized R-22 System
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					If the system is off and equalized, it is possible to determine if the unit is severely undercharged due to a refrigerant leak. If an R-410A system is surrounded by 70°F air and the pressure is significantly lower than 201 PSI, then either there is a different refrigerant in the system or the unit has leaked so much refrigerant that there is no longer any liquid left and the refrigerant is no longer saturated. This would be the case if a system leaked roughly 7/8 of its full refrigerant charge. 
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				CHAPTER 3

				The Refrigeration Cycle

				1. Basic Refrigeration Cycle

					Below is a brief overview of how a basic refrigeration system works in order to meet the goal of lowering temperature in an area by removing heat from it. The four basic components of the Refrigeration Cycle are the Compressor, Condenser, Metering Device, and Evaporator (See Figure 3-1).

			

		

		
			
					Step 1. At the compressor, the refrigerant enters as a low pressure, low temperature, superheated vapor and exits as a high pressure, high temperature, superheated vapor.
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				Figure 3-1: Basic Refrigeration Cycle
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					Step 2. In the condenser, the refrigerant rejects heat. The refrigerant enters as a high pressure, high temperature, superheated vapor and exits as a high pressure, high temperature, subcooled liquid.

					Step 3. At the metering device, the refrigerant enters as a high pressure, high temperature liquid and exits as a low pressure, low temperature liquid.

					Step 4. In the evaporator, the refrigerant absorbs heat. The refrigerant enters as a low pressure, low temperature liquid and exits as a low temperature, low pressure, superheated vapor. After this, the refrigerant re-enters the compressor.

					Superheating refers to when the refrigerant gains heat after it has changed completely into a vapor. Subcooling refers to when the refrigerant loses heat after it has changed completely into a liquid.

				2. The Refrigeration Cycle and Component Definitions

					Figure 3-2 shows a detailed refrigeration cycle on a mini split air conditioning system. An air conditioning system does not have a reversing valve to change the refrigerant direction and solely operates in air conditioning mode. This unit has a metering device that is either capillary tube or an EEV (electric expansion valve). Pictured in Figure 3-2 is an EEV metering device.

					The fan motor in the indoor wall mounted unit pulls the air from within the building across the evaporator coil. During the summer, the air within the building contains heat. During air conditioning mode, this heat in the air is absorbed by the refrigerant which is flowing through the evaporator coil. After the refrigerant goes through the indoor evaporator coil, it travels out of the building, into the compressor, and then into the outdoor condenser coil. 

					The compressor and condenser coil are located outside the building in the outdoor unit. (The outdoor unit is referred to as a condensing unit if it is only capable of air conditioning. The outdoor unit is referred to as a heat pump if it is capable of operating in both air conditioning and heating modes.) In the outdoor unit, the refrigerant exits the compressor and enters the condenser coil. The refrigerant entering the condenser coil will be higher in temperature than the outdoor air. This allows the refrigerant to reject heat into the outdoor air as the air is pulled across the condenser coil. Next, the refrigerant enters the metering device in the outdoor unit before traveling to the indoor unit again. The outdoor unit and indoor unit are connected by copper tubing referred to as line set.
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				Brief definitions for basic terms used in Figure 3-2:

				Vapor: The refrigerant is in the boiled state as a gas.

				Liquid: The refrigerant is in the liquid state.

				Subcooling: This is the temperature decrease of liquid refrigerant below the saturated temperature.

				Superheat: This is the temperature increase of vapor refrigerant above the saturated temperature.

				Saturated: Liquid and vapor refrigerant exist together in the same location, at the same time.

				Service Valve: The valve allows the flow of refrigerant to be closed off for servicing.

				Service Valve (with Port): The valve allows the flow of refrigerant to be closed off for servicing and the port allows access to read the system’s pressure.

				Compressor: The rotary compressor pressurizes vapor refrigerant. Oil circulates through the system with the refrigerant and lubricates the compressor. Refrigerant traveling through the compressor removes heat from the electrical windings.

				Evaporator Coil: In the evaporator coil the refrigerant absorbs heat and changes (evaporates) into a vapor.

				Condenser Coil: In the condenser coil the refrigerant rejects heat and changes (condenses) into a liquid.
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				Figure 3-2: Detailed Refrigeration Cycle
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				Metering Device: The metering device is a restriction that causes the refrigerant to reduce in pressure in order to expand. This can be a fixed orifice such as capillary tubing, or it can be a regulating metering device such as an EEV (electric expansion valve). An EEV reduces or enlarges the orifice size based on the electrical power pulses from the outdoor unit main PCB (printed circuit board). An EEV is used to hold an efficient superheat across the evaporator coil based on a changing heat load.

				Line Set: The line set is comprised of a large vapor tube and a small liquid tube. These tubes connect from the indoor unit to the outdoor unit on a mini split system. The line set is connected by the technician in the field. 

				Accumulator: The accumulator is a tank that protects the compressor by only 

				allowing vapor refrigerant to enter the inlet of the vapor compressor. A version of this component is always found mounted to the inlet side of any rotary compressor. There may be an additional accumulator installed on a large capacity or multi-zone unit. The accumulator may also accumulate oil in the bottom of the tank which it meters back into the compressor.

				Reversing Valve: The reversing valve changes the direction of the refrigerant flow

				in a system. This component is only used in a heat pump (See Section 8 and 9).

				 

				3. The Four Basic Components of a Mini Split Air Conditioner

					Figure 3-3 shows the same four basic components as Figure 3-1. The four basic components are the Compressor, Condenser, Metering Device, and Evaporator.
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				Figure 3-3: Refrigeration Cycle, Four Basic Components
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				4. Changing of Refrigerant States

					The phase change (change in state) occurs in both the evaporator and the condenser after a change in pressure (See Figure 3-4). During the phase change, the refrigerant is saturated. If the refrigerant isn’t saturated in the heat absorption and rejection areas, it will only be able to absorb and reject a very small amount of heat.

					One phase change occurs in the evaporator coil (heat absorption area) after the metering device (pressure reducer). The evaporator coil provides space for the refrigerant to expand and heat for the refrigerant to absorb. Air is the heat source in a mini split unit.

					The other phase change occurs at the condenser coil (heat rejection area) after the compressor (pressure increaser). The condenser coil is in direct contact with a medium which is lower in temperature than the refrigerant. Air is the medium in a mini split unit.

					The refrigeration cycle is used to move heat in or out of an area. An air conditioning system can only move heat from one location to another location in a single direction. A heat pump is a bi-directional system capable of moving heat in or out of one location to another.
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				Figure 3-4: Refrigeration Cycle, Saturated Phase Change
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				5. Two Components That Separate the High Side and Low Side

					There are two components that separate the high pressure and low pressure sides of a mini split air conditioning system. These components are the Compressor and the Metering Device, as indicated by the yellow arrows in Figure 3-5. 

					The Compressor changes the low pressure side to the high pressure side and separates the two sides. At the compressor inlet there is low pressure, low temperature, superheated vapor. At the compressor outlet there is high pressure, high temperature, superheated vapor.

					The Metering Device changes the high pressure side to the low pressure side and separates the two. At the inlet of the metering device there is high pressure, high temperature, subcooled liquid. At the outlet of the metering device there is low pressure, low temperature liquid.
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				Figure 3-5: Refrigeration Cycle, Two Main Components
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				6. The High and Low Pressure Sides 

				The High Pressure Side of a mini split air conditioning system is shown within the orange highlighted area of Figure 3-6. The refrigerant indicated by the dark red color is the high pressure vapor and the light red color is the high pressure liquid.

				The Low Pressure Side of a mini split air conditioning system is shown within the yellow highlighted area of Figure 3-6. The refrigerant indicated by the dark blue color is the low pressure liquid and the light blue color is the low pressure vapor.
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				Figure 3-6: Refrigeration Cycle, High Side and Low Side
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				7. The Steps of the Refrigeration Cycle on a Mini Split Air Conditioner

					The Refrigeration Cycle shows the refrigerant as it changes state, pressure, and temperature while it is pumped through the system by the compressor. See Figure 3-7 for Steps 1 through 14 of the refrigeration cycle of an air conditioner. 
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				Figure 3-7: Steps of the Refrigeration Cycle, Mini Split Air Conditioner

			

		

		
			
				Step 1. Compressor Inlet: The low pressure, low temperature superheated vapor refrigerant enters the vapor compressor.

				Step 2. Compressor Outlet: The high pressure, high temperature superheated vapor exits the compressor and travels through the discharge line toward the condenser coil.

				Step 3. Condenser Vapor De-Superheating: The superheated vapor in the condenser coil rejects heat and lowers in temperature (de-superheats) until it becomes saturated. 

				Step 4. Condenser Saturation: The saturated refrigerant rejects its stored heat into the surroundings but does not lower in temperature. As more heat is rejected while traveling through the coil, the amount of liquid in the mixture increases while the amount of vapor in the mixture decreases. This happens until the refrigerant changes completely into a liquid.

				Step 5. Subcooling: After all the refrigerant is in the liquid state, the refrigerant continues to reject heat but now lowers in temperature. Subcooling is the decrease in temperature of the liquid refrigerant. This is indicated between Step 5 (where it is no longer saturated) and Step 6 (where it enters the metering device).
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				Step 6. Liquid Enters the Metering Device: The high pressure, high temperature, subcooled liquid enters the metering device.

				Step 7. Liquid Exits the Metering Device: The low pressure, low temperature liquid exits the metering device. This liquid rapidly changes into a mixture of primarily liquid and a small amount of vapor within the small liquid line set tube.

				Step 8. Liquid Travels Through the Service Valve and Line Set Tube: The low pressure, low temperature primarily liquid refrigerant travels through both the liquid service valve and liquid tubing. It remains unchanged until it enters the indoor evaporator coil.

				Step 9. Evaporator Saturation: The liquid refrigerant enters the evaporator coil where there is room to expand and heat to absorb. The refrigerant is now saturated where both liquid and vapor exist and the temperature of the refrigerant remains unchanged. As more heat is absorbed, the amount of vapor in the refrigerant mixture increases while the amount of liquid in the mixture decreases. 

				Step 10. Superheat: After the saturated refrigerant absorbs enough heat, it changes completely into the vapor state. While in the vapor state, it continues to absorb heat, but now increases in temperature. Superheat is the increase in temperature of the vapor refrigerant. This is indicated between Step 10 (where it is no longer saturated) and Step 11 (where it exits the indoor coil).

				Step 11. Superheated Vapor Travels Through the Line Set Tube: The refrigerant exits the indoor evaporator coil as a superheated vapor and travels through the vapor tubing toward the outdoor unit. 

				Step 12. Total Superheat: This is the increase in temperature of the vapor refrigerant between where it is no longer saturated at Step 10 and where it enters the outdoor unit vapor service valve at Step 12. 

				Step 13. Accumulator: The low pressure, low temperature superheated vapor travels into the accumulator tank. The accumulator is a refrigerant storage device that protects the compressor by only allowing vapor refrigerant to exit the tank and enter the compressor.

				Step 14. Compressor Inlet Again: The low pressure, low temperature superheated vapor refrigerant re-enters the vapor compressor and the cycle starts all over.
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				8. Heat Pump Refrigeration Cycle in Air Conditioning Mode

					A heat pump is an example of a bi-directional system that is capable of either absorbing or rejecting heat in an area. The absorption coil (evaporator) and rejection coil (condenser) locations switch depending on the directional flow of the refrigerant. This means that the indoor and outdoor coils switch roles depending on if the system is operating in air conditioning or heating mode. A heat pump requires the addition of a reversing valve to switch the refrigerant flow. The same metering device is used for both air conditioning and heating mode. 

			

		

		
			
					Figure 3-8 shows a heat pump operating in air conditioning mode. The heat pump refrigeration cycle is numbered from Steps 1-26. Step 1 shows where the refrigerant first enters the compressor and Step 26 shows where the refrigerant re-enters the compressor at the end of the cycle. 

				Step 1. Compressor Inlet: The low pressure, low temperature superheated vapor refrigerant enters the vapor compressor. 

				Step 2. Compressor Outlet: The high pressure, high temperature superheated vapor exits the compressor.

				Step 3. Discharge Line: The high pressure, high temperature superheated vapor travels through the discharge line toward the reversing valve.

				Step 4. Reversing Valve Inlet: The high pressure, high temperature superheated vapor enters the reversing valve.

			

		

		
			[image: ]
		

		
			
				Figure 3-8: Steps of the Refrigeration Cycle, Mini Split Heat Pump in Air Conditioning Mode
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				Step 5. Reversing Valve Outlet: The high pressure, high temperature superheated vapor travels through the reversing valve and remains unchanged. It then travels toward the outdoor coil. During air conditioning mode, the outdoor coil is the condenser. 

				Step 6. Vapor De-Superheating: The high pressure, high temperature superheated vapor enters the condenser coil where it rejects heat (de-superheats) to the outdoor air, lowering in temperature. (Superheat is the increase in temperature of vapor refrigerant. De-superheating is the rejection of heat from vapor refrigerant.)

				Step 7. Saturation Begins: The superheated vapor continues to reject heat and lower in temperature (de-superheating) until the refrigerant becomes saturated. Saturated means both liquid and vapor are present.

				Step 8. Condenser Saturation: The saturated refrigerant rejects its stored heat into its surroundings but does not lower in temperature. As more heat is rejected while traveling through the coil, the amount of liquid in the mixture increases while the amount of vapor in the refrigerant mixture decreases.

				Step 9. Condenser Liquid Subcooling Begins: The saturated refrigerant rejects enough heat to completely change to a liquid. After the refrigerant changes completely to a liquid, it starts to lower in temperature. Liquid refrigerant lowering in temperature is referred to as Subcooling.

				Step 10. Subcooling: Subcooling is the decrease in temperature of the liquid refrigerant. This occurs between Step 9 (where it is no longer saturated) and Step 11 (where it enters the metering device) in the outdoor unit. Subcooling is usually not measured by the technician on a mini split unit as there is typically no liquid pressure port. Subcooled refrigerant is still considered a high pressure, high temperature liquid. 

				Step 11. Subcooled Liquid Enters the EEV: The high pressure, high temperature subcooled liquid enters the EEV (electric expansion valve) metering device.

				Step 12. The EEV Metering Device: The subcooled liquid refrigerant is metered by the needle/pin inside the EEV (See Figure 3-9). The amount of refrigerant that travels through the EEV is based on the height of the internal needle/pin restricting the refrigerant flow.
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				Figure 3-9: EEV in Air 

				Conditioning Mode
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				Step 13. Liquid Exits the EEV: The low pressure, low temperature liquid exits the metering device. This liquid rapidly changes into a mixture of primarily liquid and a small amount of vapor within the small liquid line set tube. This refrigerant is still referred to as a low pressure, low temperature liquid until it enters the evaporator.

				Step 14. Liquid Travels Through the Service Valve: The low pressure, low temperature liquid travels through the liquid service valve and remains unchanged.

				Step 15. Liquid Travels Through the Line Set Tube: The low pressure, low temperature liquid travels through the small liquid line set tube toward the indoor evaporator coil. 

				Step 16. Liquid Enters the Indoor Coil: The liquid refrigerant enters the evaporator coil where there is room to expand and heat to absorb. During air conditioning mode, the indoor coil is the evaporator. 

				Step 17. Saturation: The refrigerant is now saturated where both liquid and vapor exist and the temperature of the refrigerant remains unchanged. As more heat is absorbed, while traveling through the coil, the amount of vapor in the refrigerant mixture increases while the amount of liquid in the mixture decreases. 

				Step 18. Superheating Begins: After the saturated refrigerant absorbs enough heat, the refrigerant changes completely into the vapor state. After the refrigerant changes to the vapor state, it continues to absorb heat but now increases in temperature. The refrigerant is now in the process of superheating. 

				Step 19. Superheat: Superheat is the temperature increase of the vapor refrigerant. This is indicated between Step 18 (where it is no longer saturated) and Step 19 (where it exits the evaporator coil) at the indoor unit.

				Step 20. Total Superheat: This is the increase in temperature of the vapor refrigerant between where it is no longer saturated at Step 18 and where it enters the outdoor unit vapor service valve at Step 21. 

				Step 21. Vapor Travels Through the Service Valve: The low pressure, low temperature superheated vapor travels through the vapor service valve and remains unchanged.

				Step 22. Vapor Enters the Reversing Valve: The low pressure, low temperature superheated vapor enters the reversing valve. 
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				Step 23. Reversing Valve Outlet: The low pressure, low temperature superheated vapor travels through the reversing valve and remains unchanged (See Figure 3-10). It then travels toward the accumulator. 

				Step 24. Accumulator Inlet: The low pressure, low temperature superheated vapor travels into the top of the accumulator tank. 

				Step 25. Accumulator: The accumulator protects the compressor by preventing any unwanted liquid refrigerant from entering the compressor inlet. The tubes inside the accumulator only allow vapor refrigerant to exit, because of their position. Near the bottom of the accumulator tank there is an “oil return metering device” located on the base of each tube. This allows oil that has gathered at the bottom of the tank, to be metered into the compressor inlet. Each metering device is just a fixed hole that allows a mixture of liquid refrigerant and oil through. The liquid refrigerant flashes and rapidly changes into a vapor before entering the compressor. 

				Step 26. Compressor Inlet: The low pressure, low temperature superheated vapor re-enters the vapor compressor, and the cycle starts over again at Step 1.
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				Figure 3-10: Reversing Valve in

				Air Conditioning Mode

			

		

		
			
				Pilot Valve

			

		

		
			
				Reversing Valve
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				9. Heat Pump Refrigeration Cycle in Heating Mode

					Figure 3-11 shows a heat pump operating in heating mode. The heat pump refrigeration cycle is numbered from Steps 1-26. Step 1 shows where the refrigerant first enters the compressor and Step 26 shows where the refrigerant re-enters the compressor at the end of the cycle. 

			

		

		
			
				Step 1. Compressor Inlet: The low pressure, low temperature superheated vapor refrigerant enters the vapor compressor. 

				Step 2. Compressor Outlet: The high pressure, high temperature superheated vapor exits the compressor.

				Step 3. Discharge Line: The high pressure, high temperature superheated vapor travels through the discharge line toward the reversing valve.

				Step 4. Reversing Valve Inlet: The high pressure, high temperature superheated vapor enters the reversing valve.

				Step 5. Reversing Valve Outlet: The high pressure, high temperature superheated vapor travels through the reversing valve and remains unchanged. 

				Step 6. Vapor Travels Through the Service Valve: The high pressure, high temperature superheated vapor travels through the vapor service valve and remains unchanged.
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				Figure 3-11: Steps of the Refrigeration Cycle, Mini Split Heat Pump in Heating Mode
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				Step 7. Vapor Travels Through the Line Set Tube: The high pressure, high temperature vapor travels through the large vapor line set tube toward the indoor coil. 

				Step 8. Vapor Enters the Indoor Coil: The high pressure, high temperature vapor enters the indoor coil. In heating mode, this coil is the condenser where the refrigerant rejects heat to the indoor air.

				Step 9. Vapor De-Superheating: The high pressure, high temperature superheated vapor enters the condenser coil where it rejects heat (de-superheats) to the indoor air, lowering in temperature. (Superheat is the increase in temperature of the vapor refrigerant. De-superheating is the rejection of heat from vapor refrigerant.)

				Step 10. Saturation: The superheated vapor continues to reject heat and lower in temperature (de-superheat) until the refrigerant becomes saturated. Saturated means both liquid and vapor are present.

				Step 11. Condenser Saturation: The saturated refrigerant rejects its stored heat into the surroundings, but does not lower in temperature. As more heat is rejected while traveling through the coil, the amount of liquid in the mixture increases while the amount of vapor in the refrigerant mixture decreases.

				Step 12. Condenser Liquid Subcooling Begins: The saturated refrigerant rejects enough heat to completely change to the liquid state. After the refrigerant changes to a liquid, it starts to lower in temperature. Liquid refrigerant lowering in temperature is referred to as subcooling.

				Step 13. Subcooling: Subcooling is the decrease in temperature of the liquid refrigerant. This occurs between Step 12 (where it is no longer saturated) and Step 13 (where it exits the condenser coil) in the indoor unit. Subcooling is usually not measured by the technician on a mini split unit as there is typically no liquid pressure port. Subcooled refrigerant is still considered a high pressure, high temperature liquid. 

				Step 14. Liquid Travels Through the Line Set Tube: The high pressure, high temperature subcooled liquid travels through the small liquid line set tube toward the outdoor unit.

				Step 15. Liquid Travels Through the Service Valve: The high pressure, high temperature subcooled liquid travels through the liquid service valve and remains unchanged.
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				Step 16. Subcooled Liquid Enters the EEV: The high pressure, high temperature subcooled liquid enters the EEV (electric expansion valve) metering device. The subcooled liquid refrigerant is metered by the needle/pin inside the EEV (See Figure 3-12). The amount of refrigerant that travels through the EEV is based on the height of the internal needle/pin restricting the refrigerant flow. 

				Step 17. Liquid Exits the EEV: Low pressure, low temperature liquid exits the EEV metering device. This liquid rapidly changes into a mixture of primarily liquid and a small amount of vapor within the small liquid line set tube. This refrigerant is still referred to as a low pressure, low temperature liquid until it enters the evaporator.

				Step 18. Liquid Enters the Outdoor Coil: The liquid refrigerant enters the evaporator coil where there is room to expand and heat to absorb. During heating mode, the outdoor coil is the evaporator. 

				Step 19. Evaporator Saturation: The refrigerant is saturated when both liquid and vapor exist. The refrigerant continues to absorb heat in the evaporator, but its temperature remains constant. As more heat is absorbed while traveling through the coil, the amount of vapor in the mixture increases while the amount of liquid in the refrigerant mixture decreases.

				Step 20. Superheating Begins: After the saturated refrigerant absorbs enough heat, the refrigerant changes completely into a vapor state. After the refrigerant changes to the vapor state, it continues to absorb heat but now increases in temperature. The refrigerant is now in the process of superheating. 

				Step 21. Superheating Continues: As the refrigerant travels through the evaporator, superheat increases. Superheat is the temperature increase of the vapor refrigerant. The vapor refrigerant is still low pressure and low temperature.

				Step 22. Vapor Enters the Reversing Valve: The low pressure, low temperature superheated vapor enters the reversing valve. 
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				Figure 3-12: EEV in 

				Heating Mode
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				Step 23. Reversing Valve Outlet: The low pressure, low temperature superheated vapor travels through the reversing valve and remains unchanged (See Figure 3-13). It then travels toward the accumulator. 

				Step 24. Accumulator Inlet: The low pressure, low temperature superheated vapor travels into the top of the accumulator tank. 

				Step 25. Accumulator: The accumulator protects the compressor by preventing any unwanted liquid refrigerant from entering the compressor inlet. The tubes inside the accumulator only allow vapor refrigerant to exit, because of their position. Near the bottom of the accumulator tank there is an “oil return metering device” located on the base of each tube. This allows oil that has gathered at the bottom of the tank, to be metered into the compressor inlet. Each metering device is just a fixed hole that allows a mixture of liquid refrigerant and oil through. The liquid refrigerant flashes and rapidly changes into a vapor before entering the compressor. 

				Step 26. Compressor Inlet: The low pressure, low temperature superheated vapor enters the vapor compressor, and the cycle starts over again at Step 1.

			

		

		
			
				Figure 3-13: Reversing Valve in Heating Mode
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				10. Heat Exchanger Coils

					In air conditioning mode, the outdoor coil acts as the condenser. During heating mode, the outdoor coil acts as the evaporator. Therefore, technicians in the field should simply refer to this as the outdoor coil (See Figure 3-14).

					A. Outdoor Coil During Air 

					Conditioning Mode

					In the outdoor coil during air conditioning mode, the high pressure, high temperature discharge vapor exits the vapor compressor. It then flows through the reversing valve and enters the outdoor coil where it rejects heat to the surrounding air. The temperature of the vapor lowers until it rejects enough heat to start to phase change and become saturated. The saturated refrigerant continues to reject heat, but does not change in temperature. The refrigerant temperature remains higher than the outdoor air temperature. Therefore, the refrigerant can reject its heat into the outdoor air. As the refrigerant travels through the tubing, the amount of liquid in the saturated mix increases. After the refrigerant rejects enough heat while saturated, the refrigerant changes fully to the liquid state and the phase change is complete. Once in the liquid state, the refrigerant continues to reject heat but now lowers in temperature. 

				B. Subcooling During Air 

				 Conditioning Mode 

					Subcooling is the decrease in temperature from the point where the refrigerant finishes changing into a liquid, until after the liquid exits the coil and enters the metering device (See Figure 3-15). Subcooling is not usually measured on a mini split system by the technician because there is no available port on the liquid line upstream of the metering device. There 

			

		

		
			[image: ]
		

		
			
				Figure 3-14: Outdoor Unit Coil

				(Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 3-15: Subcooling in AC Mode

			

		

		
			[image: ]
		

		
			
				100°F - 90°F =

				10°F Subcooling

			

		

	
		
			
				41

			

		

		
			
				CHAPTER 3: The Refrigeration Cycle

			

		

		
			[image: ]
		

		
			
				is also no port at the liquid line service valve downstream of the metering device. This is because the refrigerant at this location during air conditioning mode has already exited the metering device and is now low in pressure. This measurement would not be useful for measuring subcooling. The outdoor unit’s main PCB (printed circuit board) monitors the tubing temperatures to verify that the refrigerant is subcooled before it travels to the metering device. The metering device must have a steady stream of liquid in order for the refrigeration cycle to take place. If the refrigerant is subcooled, it is fully in the liquid state. 

					C. Indoor Coil During Air Conditioning Mode

					Low pressure, low temperature liquid refrigerant exits the metering device and travels through the line set tubing until it enters the indoor coil (See Figure 3-16). The liquid refrigerant enters the indoor coil where there is room to expand and heat to absorb. The refrigerant is now saturated where both liquid and vapor exist and the temperature of the refrigerant remains unchanged. As more heat is absorbed while traveling through the coil, the amount of vapor in the refrigerant mixture increases while the amount of liquid in the mixture decreases. Even though the amount of liquid in the saturated mix decreases as it travels through the tubing, the refrigerant remains at a constant temperature as long as it is still saturated (liquid and vapor are present). The temperature of the refrigerant remains lower than the temperature of the air surrounding the coil. This allows the refrigerant to absorb heat from the indoor air in order to lower the temperature of the air. As the saturated refrigerant absorbs more heat, more of the refrigerant boils until there is no liquid refrigerant left. Once the refrigerant changes fully into the vapor state, the phase change is complete and the refrigerant starts to increase in temperature. 

			

		

		
			
				Figure 3-16: Indoor Unit Coil (Courtesy of Cooper&Hunter)
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					D. Superheat During Air Conditioning Mode

					Superheat is the temperature increase from the point in the indoor coil where the refrigerant finishes changing into a vapor, until it exits the indoor coil (See Figure 3-17). The total superheat is the total temperature increase from the point in the indoor coil where the refrigerant finishes changing into a vapor, until it enters the service valve at the outdoor unit (See Figure 3-18).

			

		

		
			
				11. Applying Total Superheat to a Mini Split

					If the refrigerant has superheat, it is fully in the vapor state. Total superheat can be measured at the outdoor unit vapor line service port, while the system is running in air conditioning mode. However, because inverter systems can adjust the speed, position, and/or operating capacity of multiple components that affect the total superheat, the technician does not know what the target superheat should be. Some manufacturers may provide a button or function to lock all the inverter system’s components at a certain speed, position, and/or operating capacity during air conditioning mode, at which time the refrigerant charge level can be measured using the total superheat method. Only a few models and manufacturers have this function and rarely does a manufacturer provide a target superheat to compare to the actual running total superheat. While 
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				Figure 3-17: Superheat in AC Mode

			

		

		
			
				Figure 3-18: Total Superheat in AC Mode

			

		

		
			
				45°F - 40°F = 

				5°F Total Superheat

			

		

		
			
				44°F - 40°F =

				4°F Superheat

			

		

	
		
			
				43

			

		

		
			
				CHAPTER 3: The Refrigeration Cycle

			

		

		
			[image: ]
		

		
			
				the system has a locked operating capacity, the actual running total superheat can be compared to the target superheat, if one is supplied by the manufacturer. If the actual running total superheat is higher than the target, the system may have a low refrigerant charge, a stuck or restricted metering device, a faulty tube thermistor, or a fault on the main PCB. These components will be examined in later chapters.

					Using the total superheat measurement on an inverter system to determine the refrigerant charge level is not practical because rarely is a technician supplied with the target superheat. Inverter mini split systems are continually adjusting the speed, position, and/or operating capacity of multiple components within the system, so the actual total superheat changes while running. Trying to measure the charge level of a running inverter system and adding refrigerant in, based on the measurements, can lead to system problems from either undercharging or overcharging. Make sure to consult the manufacturer’s service literature for proper superheat measurements, if given, as manufacturers’ instructions supersede any instructions in this book. Most manufacturers require the refrigerant charge level only to be verified by recovering the full refrigerant charge and weighing in the new charge based on the refrigerant weight listed on the outdoor unit rating plate and based on the installed line set length. Refrigerant charging procedures are discussed in Chapter 8.

					On a system that can have its operating capacity locked, during air conditioning mode, the total superheat for the system may be 10°F or less. The total superheat may even be lower between 5°F to 0°F (See Figure 3-18) depending on the manufacturer’s PCB programming and design specifications. On an inverter system that is running normally and does not have its operating capacity locked, the superheat may fluctuate between 0°F and 20°F at any given time, based on the speed, position, and/or operating capacity of each component. However, the average running superheat is usually on the lower end because inverter systems are designed to make the most efficient use of the space within the coil’s tubing. This means that during air conditioning mode, often the system is filling the indoor coil with saturated refrigerant in order to absorb the highest amount of heat from the indoor air, at the current fan speed. Even when the entire system is running at a low operating capacity and the indoor fan is running at a lower speed, the indoor coil may be close to filled with saturated refrigerant. 

					Remember, that on an inverter system equipped with an EEV metering device, all of the components that control the refrigeration cycle are electrically controlled by the main PCB, based on its programming. The main PCB is making 
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				operational decisions based on all the temperature sensor inputs. The PCB and IPM (intelligent power module) are changing the speed of the compressor, outdoor fan, indoor fan, and the orifice size of the EEV metering device. The technician is unaware of the programmed parameters and changes occurring in real time. This is because there are too many changes and factors to measure during operation. Changes are also not visually or audibly noticeable. Components within the system are further examined in the next chapter to identify each component’s role in allowing the system to function properly. 
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				Chapter 4

				Refrigerant Circuit Components and Devices

				1. Refrigerant Compressor

					The refrigerant compressor is one of the two components in the refrigeration cycle of a system that separates the low pressure side from the high pressure side. Low pressure superheated vapor enters the compressor and high pressure superheated vapor exits it. The vapor refrigerant is at its highest pressure and temperature as it exits the compressor. Figure 4-1 shows the location of the compressor in a mini split system.

					The main type of compressor used in residential and light commercial mini split systems is the rotary-vane compressor (See Figure 4-2). The rotary-vane compressor is also simply known as a rotary compressor. Reciprocating and scroll type compressors are typically found in traditional single and two speed central ducted split systems. Screw and centrifugal type compressors are mainly used in large commercial systems. 

					Refrigerant compressors can be hermetically sealed, semi-hermetic, or open-drive. Hermetic means that the motor and pump are sealed inside a welded steel shell. Semi-hermetic means that the motor and pump are sealed in a shell with a mix of welds and gaskets. These welds and gaskets seal the refrigerant inside the shell and prevent it from escaping. Open-drive means that the motor and the compressor pump are separate and connected together via a shaft. Rotary-vane compressors are always hermetically sealed.
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				Figure 4-1: Compressor Location

			

		

		
			
				Figure 4-2: Rotary-Vane Compressor Side View
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					The rotary-vane compressor can be identified when looking down at it (See Figure 4-3) by its round shape along with another round container connected next to it. This container is the accumulator. The inlet tube for the compressor and accumulator assembly is located at the top of the accumulator, in the middle. The discharge tube is located at the top of the compressor, in the middle. The electrical connections for the compressor are located next to the discharge tube, under the plastic cap, at the top of the compressor. There may or may not be a thermal overload switch or thermistor mounted under the plastic cap to protect the compressor. Typically, there is a thermistor mounted on the discharge tube and the outdoor unit PCB (printed circuit board) monitors the temperature. Thermistors are discussed in Chapter 14, Section 3 and PCBs are discussed in Chapter 12, Section 4A.

					Figure 4-4 shows the internal parts that make up a rotary-vane compressor. Depending on its size, the rotary-vane compressor has one or two compression chamber assemblies (See Figure 4-5). These assemblies use a cylindrical roller to pump the refrigerant. The assembly includes an outer chamber, an inner roller, a spring loaded vane, and a check valve. The spring loaded vane separates the area between the outside of the roller and the inside of the chamber into two areas. These areas are the suction and discharge.
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				Figure 4-3: Rotary-Vane Compressor Top Down View

			

		

		
			
				Figure 4-4: Internals of a Rotary-Vane Compressor

			

		

		
			
				Figure 4-5: Compressor Compression Chamber Assembly 
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					As the roller turns, the discharge area becomes smaller and increases in pressure while the suction area becomes larger and allows more refrigerant to enter the cylinder. After the roller forces the high pressure refrigerant out of the cylinder through the discharge check valve, the roller compression cycle starts again by forcing the suction gas toward the discharge. The four steps of the Compression Cycle are listed below (See Figure 4-6). Compressor electrical operation and troubleshooting are found in Chapter 14, Section 4.
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				Figure 4-6: Compressor Compression Cycle, Four Steps
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				2. Refrigerant Oil

					Refrigerant oil is circulated through the system along with the refrigerant. This refrigerant oil lubricates the compressor pump assembly and other components in the system. The type of refrigerant oil used is determined by the manufacturer and is weighed into the unit at the factory. The type of oil used is based upon the refrigerant type, compressor type, and application. Common HVAC refrigerant oils include MO (Mineral oil), POE (Polyolester) oil, PVE (Polyvinyl Ether) oil, AKB (Alkylbenzene) oil, and PAG (Polyalkylene glycol) oil. Other oils also exist. Mineral oil was commonly used in R-22 systems. POE oil is commonly used in traditional ducted split systems which contain HFC refrigerant and are equipped with a filter drier. Most new mini splits with HFC refrigerants (such as R-32 and R-410A) or HFO refrigerants, utilize PVE oil. 

					Refrigerant oil is specified by the manufacturer based on the application, compressor, and refrigerant. The oil selected must be miscible with the refrigerant used. Miscibility is the ability of the refrigerant and oil to mix together in order for the oil to be carried with the refrigerant throughout the system. Most CFC and HCFC refrigerants are matched with mineral oil due to their miscibility. However, mineral oil cannot be used with an HFC or HFO because the oil will not be carried back to the compressor adequately. 

					Systems containing HFC refrigerants typically use either POE or PVE oil due to their miscibility. POE is typically found in HFC traditional ducted systems that have a field installed filter drier. PVE oil is typically used in HFC or HFO mini split systems that do not have a filter drier. The job of the filter drier is to trap and store any water that is present in the system. This is done so the oil does not mix with or carry the water throughout the system. Because there is typically no filter drier installed on a minisplit unit to protect the system from water, PVE oil is commonly used. Read the manufacturer’s literature to determine which refrigerant oil type is factory installed. 

					Even though PVE oil is hygroscopic (easily combines with water), it does not undergo the chemical process of hydrolysis (water reacts with the oil to break down the oil) which results in acid. POE oil, on the other hand, does undergo hydrolysis, so this oil is typically not used in mini splits that do not have a filter drier to protect the compressor from acidic oil.

					Acidic oil is bad for the system because it wears down any seals inside the units and can lead to copper plating of the moving metal parts within the compressor. This is due to the acid eating away at the copper within the system and moving this to the highest temperature location (compressor) in the system where the copper is deposited on the metal surfaces. This reduces metal clearances within the compressor which leads to binding and lack room for the oil to lubricate the moving parts. Acid 
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				also breaks down the resin insulation covering the compressor’s electrical windings. Oil droplets and refrigerant come in contact with the resin insulation covering the electrical windings of the compressor motor. This is because the electrical motor is within the same shell as the pumping assembly. The wire loops that make up the electrical windings inside a motor appear to be touching each other, but they are actually separated by insulation called resin. If the resin is dissolved, the windings can actually touch and cause a short which burns out the compressor. The system must be protected from acid since it will lead to compressor failure. Likewise, the addition of water mixed with PVE oil will lead to a lack of lubrication at the internal rotating compressor parts, resulting in compressor failure.

					A compressor burnout is devastating to a system because it leaves a burnt carbon residue throughout the inner walls of the tubing inside the system. If this debris is left in a system during a compressor change out, it can eventually result in a clogged EEV, strainer, or a jammed reversing valve. If a compressor burnout occurs, clean the line set and any other tubing before replacing system components. Cleaners are available that help rid the line set of debris. 

					It is very important to monitor system acid and not allow water vapor into the system in the first place. The vacuum procedure is performed during the installation of a system to rid the inside of the tubing of any water and air prior to allowing the refrigerant into the lines. The system’s refrigerant charge should not be accessed when it is raining since the access port(s) are located outside. Even a very small amount of water vapor from humidity or mist will cause a significant issue if it enters the system. 

				3. Accumulator

					The accumulator is a protection device for the compressor as well as a storage tank for the system’s refrigerant. Refrigerant must travel through the accumulator before entering the vapor compressor.

					A. Types of Accumulators

					Suction line accumulators come in a variety of types and sizes (See Figures 4-7 and 4-8). There is always a factory installed stand-pipe version of the accumulator on 
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				Figure 4-8: Stand-Pipe Accumulator 

			

		

		
			
				Figure 4-7: U-Tube (Left)and Stand-Pipe (Right)Accumulators
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				the side of the rotary-vane compressor (See Figure 4-8). There is a single inlet at the top of the accumulator shell and either one or two outlets at the bottom of the accumulator shell. The number of outlets is matched to the number of pumping assemblies inside the compressor. The accumulator shell may also be referred to as a tank because it is capable of storing liquid refrigerant. 

					As refrigerant enters the stand-pipe suction line accumulator (which is mounted to the side of the compressor) it must pass through a strainer screen (See Figure 4-9). This screen has two functions. First, it blocks debris, such as metal shards, from passing through into the compressor. Second, the screen has such small holes that it helps vaporize saturated refrigerant passing through it. Other accumulator types do not have this screen.

					Below the screen is a baffle that directs the refrigerant toward the inside perimeter of the outer shell (See Figure 4-10). Liquid refrigerant accumulates in the bottom of the shell while vapor refrigerant gathers toward the top of the shell. Even though the outlet tubes exit through the bottom of the accumulator shell, the tubes extend upward to the top of the tank, but below the baffle. The outlet tubes are fully open at this location so the vapor refrigerant in the top of the accumulator shell can enter (See Figure 4-11). 
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				Figure 4-9: Strainer Inside Accumulator

			

		

		
			
					Because oil accumulates at the bottom of the shell with the liquid refrigerant, a metering device is mounted in the outlet tube toward the bottom of the shell. This metering device allows the oil and liquid refrigerant to be metered into the suction line a little at a time. The amount of liquid refrigerant going through the 

			

		

		
			
				Figure 4-11: Accumulator Outlet Tubes
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				Figure 4-10:

				Accumulator Baffle
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				metering device is so small that it vaporizes before going into the compressor. This is done to ensure that the oil does not get trapped in the accumulator, leaving the compressor deprived of lubricant. In most cases, this metering device is just a tiny hole pierced in the side of the outlet tube.

					B. Accumulator Volume

					Suction line accumulators are available in various internal volumes. The accumulator on the system is factory installed by the manufacturer. Its volume is designed by the factory based on the specific mini split unit model, size, and type. 

					Accumulator volume is especially important in inverter systems because these systems operate with a varying amount of refrigerant being used at any given time. Any excess refrigerant remains in the accumulator. When the compressor and system are operating at high capacity, the accumulator is nearly drained of liquid refrigerant (See Figure 4-12, left image). When the compressor and system are operating at low capacity, liquid refrigerant gathers in the accumulator (See Figure 4-12, right image).

					The designed accumulator volume also allows a manufacturer’s specified range of line set length to be installed on the system instead of one specific length. The factory charge can accommodate the installed range of line set without adding or recovering refrigerant. This means that on a system with a specified range of line set between 5’ and 25’ in length, the accumulator will be more full if the installed line set length is closer to 5’ and less full if the length is closer 25’. If the installed line set length exceeds 25’, additional refrigerant must be added to the system. If the installed length of line set is less than 5’, refrigerant must be recovered from the system. The manufacturer specifies the amount of refrigerant that must be added or removed for every 1’ or 5’ of line set length outside the specified range. In some cases, extra oil must also be added. This is listed on either the outdoor unit rating plate or in the manufacturer’s installation literature. The manufacturer may also post a maximum length of line set that cannot be exceeded. This maximum rating is based on the oil return and pumping capacity of the compressor.

					Larger mini splits, such as multi-zone systems, may have greater ranges of specified line set length. In the case of a multi-zone system, the line set length 
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				Figure 4-12: Accumulator is Nearly Drained (Left) and 

				Nearly Full (Right)
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				Figure 4-13: Mini Split Outdoor Unit with Two Accumulators

			

		

		
			
				is specified as a cumulative range. This means that the length of line set for each zone must be added together to get the total cumulative length. On larger systems with a larger line set range, a second accumulator is factory installed upstream of the stand-pipe accumulator (See Figure 4-13). 

					There are two main reasons a second accumulator is used on larger multi-zone systems. Multi-zone systems may have some or all of the zones field installed to the outdoor unit. For instance, a five zone system may only have three zones actually installed, or it may have all five zones installed. 

					Even if all five zones are installed, the system is capable of running at low capacity with only two or three of the indoor units calling for heat or air conditioning to run. In this instance, refrigerant is not flowing to the remaining indoor units at this time. Because of this, there needs to be an area where a large amount of unused refrigerant can be stored. A stand-pipe accumulator has a limited amount of internal volume, so a second accumulator is factory installed in the system. 

					C. Overcharging

					Even if a system has one or two accumulators that can handle a varied amount of refrigerant, care must still be taken when charging refrigerant. Make sure not to overfill the accumulator by adding too much refrigerant or the compressor will be damaged by liquid refrigerant entering the vapor compressor (See Figure 4-14). This is called slugging the compressor. Excess rattling and noise at the compressor may indicate that liquid refrigerant is entering the vapor compressor. Overcharging refrigerant is the leading cause of compressor failure in inverter systems! 
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				Figure 4-14: Overcharged System with Liquid Refrigerant Entering the Compressor

			

		

		
			
				Accumulators

			

		

		
			[image: ]
		

		
			[image: ]
		

	
		
			
				53

			

		

		
			
				CHAPTER 4: Refrigerant Circuit Components and Devices

			

		

		
			[image: ]
		

		
			
					An accumulator can only safeguard the compressor from the liquid if the outlet tube is higher than the level of liquid refrigerant within the accumulator shell. If the height of the liquid inside the accumulator rises to a level higher than the opening of the outlet tube, liquid refrigerant will enter the outlet tube and then enter the compressor. This may occur even if the system is only slightly overcharged while the unit is running at low capacity. This is because at low capacity, more refrigerant remains in the accumulator. 

					Several mistakes or factors can lead to overcharging. One mistake is guessing the refrigerant weight needed instead of following the manufacturer’s guidelines. Another mistake is the failure to use an accurate electronic scale. A third mistake occurs when a technician uses an improper charging method, such as targeting a specific low side pressure or by using superheat or subcooling. Superheat and subcooling can only be used as charging methods on single speed systems because the indoor fan, outdoor fan, and compressor are all running at a known speed. If attempting to target a specific low side pressure or using superheat to charge a running inverter system, the unit can fool the technician into thinking more refrigerant needs to be added. This is because the system controls the speed, position, and/or operating capacity of each component based on multiple temperature measurements and programming, which the technician is unable to access and measure.

					D. Efficiency While Using an Accumulator

					An accumulator installed on a mini split system allows the system to run at a very efficient, low superheat. The lower the superheat at the evaporator coil, the more heat the refrigerant is able to absorb at this location. This is because less vapor and more saturated refrigerant is in the evaporator coil.

					A system without an accumulator must run with a superheat of roughly 10°F to ensure that the vapor refrigerant does not lose its superheat and become saturated before it enters the compressor. If superheat is present at the compressor inlet, it guarantees that the refrigerant is in vapor form.

					However, an inverter mini split system with an accumulator is capable of running with a superheat as low as 0-5°F. When there is 0°F of superheat present, the evaporator coil is completely filled with saturated refrigerant. The saturated refrigerant travels from the evaporator coil, through the line set, and into the accumulator. Only vapor refrigerant exits the accumulator and enters the compressor. A low superheat leads to a higher Delta-T at the evaporator coil.
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					E. Accumulator During Heating Mode

					The accumulator on a heat pump is very important during heating mode. This is because anytime the outdoor coil has frost on it, saturated refrigerant may enter the accumulator. In this case, the accumulator protects the compressor from saturated refrigerant entering the vapor compressor. 

					In heating mode, the outdoor coil is the evaporator. The refrigerant travels through the metering device and changes to a low pressure, low temperature saturated refrigerant, which is primarily in liquid form. This saturated refrigerant absorbs heat from the outside air, until it becomes entirely vapor. However, if frost is covering the coil, the frost acts as an insulator and does not allow enough heat to transfer to the saturated refrigerant. In this case, the refrigerant does not change from saturated to superheated vapor. 

					Saturated refrigerant may enter the accumulator any time the outdoor temperature is roughly 40°F or lower, when frost forms on the outside of the coil. Frost occurs due to the coil itself being below 32°F. The refrigerant flowing through the coil is lower than the outside air temperature so that it can absorb heat from the outside air. The low temperature coil freezes humidity from the outside air which results in frost, and eventually ice, forming on the coil. This occurs until the heat pump defrost cycle occurs. During times when there is not enough heat to boil the refrigerant, the saturated refrigerant enters the accumulator but only vapor exits it. This protects the compressor from damage.

				4. Muffler and Strainer

					A copper spun cylinder mounted on the tubing inside a mini split outdoor unit is either a muffler, a strainer, or a combination strainer and muffler. A muffler is a cylinder with a large interior volume that reduces noise and vibrations caused by the pulsing of refrigerant flow. A strainer is a smaller cylinder with a metal mesh screen inside which stops debris from crossing, without causing a pressure drop to occur. 

					A. Muffler

					A large muffler is typically mounted on the discharge tube of the rotary compressor. It is mounted downstream of the rotary compressor after a few turns but before the reversing valve (See Figure 4-15). The discharge muffler on a mini split unit is usually a simple hollow chamber (See Figure 4-16). However, other muffler designs exist that include baffles and perforated tubing within the chamber. The muffler provides space 
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				for the refrigerant to gather and mix before continuing. Refrigerant exits the compressor in pulses every time the roller(s) inside the compressor makes one revolution. The number of pulses per second is the refrigerant frequency. Because an inverter system’s compressor can be increased or decreased in speed (rotations per second), the refrigerant frequency changes. Without a muffler, these changes in refrigerant frequency can lead to unwanted high-pitched noise and/or vibrations. Vibrations can lead to tube rubbing which could cause a leak in the tubing. The muffler cannot fully remove the pulsing of refrigerant flow through the system, but it does reduce it by allowing space for each pulse of refrigerant to mix. The vapor refrigerant from the discharge of the compressor does not change in state, pressure, or temperature as it flows through the muffler. 

					B. Strainer/Muffler

					There are typically two factory installed strainer/mufflers on a mini split heat pump. One is mounted before the metering device, the other is after the metering device (See Figure 4-17). This strainer/muffler is a small copper spun cylinder that is often mistaken for a filter drier. Because there isn’t any desiccant (water absorbing material) inside it, a strainer/muffler is not a filter drier. Filter driers are not typically installed on mini split units. This cylinder is usually hollow inside with a fine metal mesh screen in the middle (See Figure 4-18). This screen is not straight across the diameter of the tube but resembles a net in order to increase the surface area of the screen. The screen has a large surface area to reduce any potential pressure drop even if part of the screen becomes clogged with debris. The screen protects the metering device from foreign material or sludge clogging the internal pathway of the device. 

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Figure 4-16: Muffler Inside (Left) and Outside (Right)

			

		

		
			
				Figure 4-15: Muffler 

				Location in Outdoor Unit (Courtesy of Cooper&Hunter)
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				Figure 4-18: Strainer/Muffler Internal (Top), 

				External (Bottom) (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 4-17: Two Strainer/Mufflers and Metering Device 

				(Courtesy of Cooper&Hunter)

			

		

		
			
					The refrigerant must travel through several turns and the strainer/muffler prior to entering the metering device from either direction. A strainer/muffler and several turns are factory installed between the metering device and the liquid service valve. Another strainer/muffler and several turns are installed between the metering device and the outdoor coil. The goal is to reduce the remaining pulsation of the liquid refrigerant before it enters the metering device. The several turns in the tubing, and the shape and volume of the strainer/muffler interrupts the pulsation when the refrigerant bounces off the multiple surfaces and mixes. This is to avoid noise and vibration, as well as to make the refrigerant flow as consistent as possible. 

					The accumulator mounted to the side of the compressor contains a strainer screen in its top portion. This strainer screen is a flat metal mesh that traps debris and prevents it from entering the compressor. The screen also helps vaporize any liquid or saturated refrigerant before it enters the compressor (See Figure 4-19). 

					There are several reasons why a liquid line filter drier is not factory or field installed on a mini split system. A liquid line filter drier should only be installed on a line that has subcooled liquid refrigerant traveling through. Because there is only one metering device used in a mini split heat pump unit, there is no location in the system where there is consistently high pressure subcooled liquid refrigerant traveling 

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Figure 4-19: Accumulator Strainer Screen 
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				through. Refrigerant states change in the locations based on whether the mini split system is running in heat or air conditioning mode. This differs from a traditional split system heat pump with two metering devices. In a traditional split system there is always subcooled liquid refrigerant between the metering devices, where the filter drier can be mounted. 

					A filter drier should not be installed in a low pressure area such as downstream of the metering device because it can give the refrigerant room to expand and flash. Because a mini split heat pump reverses the directional flow of the refrigerant and only uses one metering device, there is no good location to install a filter drier. 

					Another reason a filter drier is not installed on a mini split system is because manufacturers do not want a component in the system that may get clogged over time, causing a pressure reduction, and resulting in the need to be field replaced. Additionally, most mini split systems use a refrigerant oil type, such as PVE, that does not chemically change to create acid when mixed with water, as is usually the case with other oils. Because of this, there is a reduced likelihood of acid formation and therefore, a filter drier is not needed. Because a filter drier is not installed, manufacturers stress the importance of system tube preparation and vacuum levels before allowing the refrigerant to enter the line set tubing.

					C. Strainer/Muffler Troubleshooting

					In reference to the muffler, there is nothing to troubleshoot. It is just a hollow cavity for refrigerant to gather within. The strainer screen in the top of the accumulator is also so wide that there should never be a problem with debris clogging the surface area.

					The strainer/muffler is a small device, so there is a potential for this to become clogged. If too much of the screen is clogged with debris or sludge, a pressure drop across it will occur. If pressure lowers, temperature also lowers. To test if there is a pressure drop on the strainer/muffler upstream of the metering device, measure the temperature on both sides of the strainer/muffler. There should not be any pressure/temperature drop across it at all. Make sure temperature measurement tools are calibrated beforehand to ensure proper measurements. If there is a temperature change of 2°F or more in the subcooled liquid refrigerant traveling through the device, the screen is clogged. If the screen is clogged, recover the refrigerant from the system, before cutting out the strainer/muffler and replacing it.
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				5. Metering Devices

					A. What is a Metering Device

					The metering device is a restriction that separates the high pressure side from the low pressure side in a running system. The metering device lowers the pressure of the subcooled liquid refrigerant. This pressure reduction allows the phase change from liquid to vapor to occur in the heat exchanger coil. In a mini split, the metering device is located in the outdoor unit between the outdoor coil and the liquid line service valve. For mini split systems, there are two common metering device types that may be used. One is capillary tubing and the other is the EEV (electric expansion valve) (See Figure 4-20). 

					B. Location of the Metering Device

					On a mini split system, the metering device is located in the outdoor unit. This means that during air conditioning mode, both the vapor and the liquid line set tubes will be low in temperature. In heating mode, both the vapor and liquid line set tubes will be high in temperature (See Figure 4-21). 

					Both line set tubes must be insulated to avoid condensation from forming on the outside of the tubes during air conditioning mode. This differs from a single speed traditional ducted air conditioner. In traditional single speed air conditioners, the metering device is located at the indoor unit. Therefore, the liquid line set tube is high in pressure and temperature during air conditioning mode, and no insulation is needed on the tube. Technicians must be aware of these differences when working on mini split systems. 
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				Figure 4-20: Metering Devices: EEV (Left) and Capillary Tubing (Right) (Courtesy of Cooper&Hunter)
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				Figure 4-21: Mini Split Heat Pump with One Metering Device
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					C. Capillary Tube 

					Metering Device

					A capillary tube is a very small diameter copper tube that is used as a restrictor in the liquid line of a system. It is referred to as a “fixed orifice” because the hole’s diameter is fixed in size. One or more capillary tubes can be used as the metering device in order to properly lower the pressure of the liquid refrigerant. Capillary tubing can have an inside diameter as small as 0.028” in size. Some units may even have smaller capillary tubing. The capillary tube diameter and length are determined and factory installed by the manufacturer for the specific volume and pressure drop needed. This is based on the refrigerant type and capacity of the system (See Figure 4-22). There may be a cylindrical strainer/muffler installed on either side of the capillary tubing. This strainer/muffler has a small metal screen inside which helps protect the capillary tube from becoming clogged. The cylinder also helps reduce vibration and noise. Capillary tubing is also referred to as cap tubing.

					Capillary tube metering devices are a low-cost method to reduce the pressure of the refrigerant within a system. These are commonly used in refrigerators, window air conditioners, and portable air conditioners. They are used in all single speed mini split air conditioners and heat pumps. Smaller capacity inverter units may also have capillary tubing installed instead of an EEV metering device. This is done in order to keep manufacturing costs low and because there is not much sense in installing an EEV to ramp down the operating capacity of such a small system. On some larger inverter systems, the unit may still be equipped with capillary tubing. Investigation must be done by the purchaser/contractor to determine the efficiency of the unit being installed. Higher efficiency units usually utilize an EEV metering device.

					D. EEV (Electric Expansion Valve) Metering Device

					The EEV (electric expansion valve) is commonly installed as the metering device in most new high efficiency inverter systems. This single device serves as the metering device for both heating and air conditioning mode. The internal pathway size can be enlarged or reduced to adjust the volume of refrigerant flowing through it (See Figure 4-23). The internal pathway size of the EEV is electrically controlled by powering the EEV head.
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				Figure 4-22: Capillary Tube Sizes
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					The EEV is mounted in the outdoor unit between the outdoor coil and the liquid line service valve. On each side of the EEV, there may be a strainer/muffler (See Figure 4-24). This copper spun cylinder is not a filter drier but it does have a strainer screen to protect the inside of the EEV. The cylinder also acts as a muffler to reduce vibration and noise.

					An EEV used on a mini split system differs from a TXV (thermostatic expansion valve) found on a traditional single speed ducted system. A TXV uses three pressures to adjust its internal pathway. The three pressures are applied to the TXV in order to keep superheat across the evaporator at an efficient amount (See Figure 4-25). However, in the case of an EEV, the EEV is not controlled by pressures but specifically by the electrical pulses applied to the head of the EEV by the PCB (See Figure 4-26). The PCB makes decisions for efficient system operation based on multiple temperature inputs. The PCB not only electrically controls the EEV, but also makes decisions for the operation of the compressor and the indoor and outdoor fans. 
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				Figure 4-24: EEV with Strainer/Mufflers 

			

		

		
			
				Figure 4-23: EEV with an Adjustable Pin

			

		

		
			
				Figure 4-25: TXV Pressures
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				Figure 4-26: EEV Electrically Controlled by the PCB (Courtesy of Cooper&Hunter)
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					I. EEV Internals

					The lower body of the EEV has two tubes that enter and connect at a center chamber (See Figure 4-27). At this center chamber in the lower body, there is a pin that moves up or down to open or close the pathway between the two tubes. In the upper stainless steel shell, the pin is connected to a cylindrical permanent magnet. This permanent magnet has threads attached on the inside perimeter. In the upper shell, these threads line up with a stationary threaded post. Rotating the permanent magnet assembly, raises or lowers the pin. Typically, to move the pin upward and open the pathway in the lower body, the magnet is rotated counterclockwise, when looking downward at the top. Typically, to move the pin downward and close the pathway in the lower body, the magnet is rotated clockwise, when looking downward at the top.
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				Figure 4-27: EEV in the Closed Position (Left), and in the Open Position (Right)

			

		

		
			
					The specially designed permanent magnet in the upper shell has 10 or more north poles and 10 or more south poles. This differs from a standard permanent magnet which has only one north and one south pole. (A permanent magnet is one which is naturally magnetic.) The permanent magnet is attached to the pin, so rotating a separate magnet, with the same amount of north and south poles, outside the stainless steel shell, will cause the pin to slowly move up or down. The stainless steel shell around the pin assembly is there to protect and seal it. There is also a spring between the top of the shell and the permanent magnet assembly. Likewise, there is also a spring within the lower permanent magnet assembly. These springs help the threads on the magnet to return onto the threads mounted to the stationary post, after rotating from either the fully open or fully closed position.
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					II. EEV Operation and Troubleshooting

					The size of the pathway in the body of the EEV is determined by the position of the pin. The pin position is controlled by rotating the permanent magnet within the stainless steel shell. Rotating this inner magnet is accomplished by the EEV head which is mounted outside the stainless steel shell. Inside the EEV head are four electrical solenoid coils. Two in the upper section of the head and two in the lower section. Around each coil there is an iron casing. Along the inner perimeter of each iron casing there is a set of teeth. There are four sets of iron casing teeth. Each tooth is slightly offset from all the others. These triangular teeth are exposed and can be seen along the inner perimeter of the EEV head (See Figure 4-28). The outside of the EEV head is sealed and protected by black plastic.

					Electrically powering one of the four coils generates an electromagnetic field which is concentrated on the associated iron teeth next to the coil. The poles on the inner permanent magnet are attracted to the temporarily magnetized iron teeth (See Figure 4-29). As each coil is briefly powered in sequence with 12-volt direct current, the inner magnet rotates slightly until its permanent magnetic poles line up with the electrically magnetized iron teeth. Each electrical pulse results in one step of rotation for the inner pin. There may be forty to fifty steps in a single 360° rotation. Usually, 6 full 360° rotations are needed in order to fully open the EEV pathway from the closed position. Some EEVs utilize micro-steps, which double the number of steps in each 360° rotation. The result is an even finer refrigerant flow adjustment through the pathway of the EEV body. To learn more specifics on the electrical operation of the EEV, see Chapter 14, Section 7.

			

		

		
			
				Figure 4-28: Iron Teeth in the EEV Head (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 4-29: Iron Teeth in the EEV Head
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					There are several reasons the EEV may not be properly adjusting the pathway size. First, with the power off to the outdoor unit, visually inspect the EEV head to verify it is properly mounted on the EEV shell. If it is not, secure this properly. Next, examine the area between the EEV head and the stainless steel shell, to see if rust is present.

					One reason for EEV failure, is due to rust forming between the EEV head and the stainless steel shell (See Figure 4-30). Rust forms due to humidity in the outdoor air condensing onto the low temperature section of the EEV. Remember, that the EEV lowers the pressure of the refrigerant traveling through it. Therefore, the temperature of the refrigerant exiting the pathway of the EEV will be low in temperature. If the EEV assembly is not factory insulated, humidity will be attracted to and condense on the EEV shell. Depending on the position and angle of the EEV and EEV head, this condensed water may be in contact with the iron teeth of the EEV head. The chemical reaction of iron, water, and oxygen is the formation of rust. This rust interferes with the magnetic field generated by the EEV head, which prevents proper movement of the permanent magnet within the shell. If rust is noticed, turn the power off to the system. Remove the EEV head (black plastic assembly with wires) and clean the inside of the EEV head with a dowel wrapped in fine sandpaper. Wipe off any residual dust when done. Clean off the outside of the stainless steel shell with light steel wool. Mount the head in the same position as it was mounted before. Insulate the head and body of the EEV together. If the EEV head cannot be removed due to excessive rusting, which has locked the EEV head and stainless steel shell together, this EEV must be fully cut out of the system and replaced after recovering the full refrigerant charge from the system.

					It is possible for foreign debris, or an oil additive, to have gummed up the movement of the internal pin in the EEV. An example of foreign debris in a system is the formation of copper oxide (black flakes) within the tubing. This is the result of brazing copper tube at high temperatures without flowing nitrogen. This copper oxide could mix with the refrigerant oil and gum up the pin. 
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				Figure 4-30: Rusted EEV Head
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					It is also possible that metallic debris may have gotten into the EEV and blocked the pathway. This can occur if copper tubing is cut and deburred in a way where metal shards may have fallen into the tubing. However, strainer screens are typically installed on both sides of the EEV to protect it. 

					If the EEV does not seem to be adjusting the opening size after a full system pressure test, it is possible that the EEV may have been over-pressurized. If a component was replaced within the system and now the entire system is being pressure tested for leaks, make sure not to pressure test with excessively high nitrogen pressure. This can jam the screw mechanism within the EEV, causing it to bind and not move. Always follow the equipment manufacturer’s instructions for pressure testing as manufacturer’s instructions supersede any instructions in this book. 

					Another issue is when the EEV is mistakenly identified as being the problem, when in fact, a thermistor is out of calibration, or the PCB is at fault. The thermistors allow the PCB to determine the temperatures and needs of the system. Based on the thermistor readings, the PCB will adjust the EEV opening size. Before condemning the EEV, check the calibration of the thermistors. This can be done by measuring the electrical resistance and temperature of each thermistor. PCB operation and testing are discussed in Chapter 12, Section 4A and Chapter 14, Section 10. Thermistor operation and testing are discussed in Chapter 14, Section 3. EEV electrical operation and testing are discussed in Chapter 14, Section 7.

				6. Reversing Valve

					A reversing valve is factory installed in the outdoor unit of a heat pump in order to change the directional flow of the refrigerant. The direction of the refrigerant flow is used to change from heating mode to air conditioning mode. The reversing valve is also known as the “4 Way Valve”. This is because there are 4 tubes on the main body of the device. There are 3 main tubes on one side and only 1 main tube on the other side (See Figure 4-31). 
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				Figure 4-31: Reversing Valve, Labeled
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				Figure 4-32: Reversing Valve in AC Mode (Left) and in Heating Mode (Right)
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					The single tube is always connected to the discharge from the compressor, so this tube is where high pressure, high temperature vapor enters the reversing valve. On the side with three tubes, the center tube is always the low pressure suction going to the accumulator and then to the inlet of the compressor. The center tube is referred to as the suction line rather than the vapor line because at times it may have saturated refrigerant running through it and not only vapor.

					Inside the reversing valve, there is a large U-shaped slide that runs from the center suction tube to one of the two tubes adjacent to it. The tube that gets connected to the center suction tube depends on whether the heat pump is running in heating or in air conditioning mode. In order to move this large U-shaped slide, the reversing valve utilizes a pilot valve to direct both the high and low pressure refrigerant from the running system to the sides of the reversing valve body. The side of the body with the higher-pressure refrigerant is the one that forces the U-shaped slide to shift away toward the other side of the body where it connects the two lower tubes (See Figure 4-32). The compressor must be running in order for the reversing valve to shift.
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					A. Pilot Valve Assembly

					The pilot valve is used to direct the high pressure refrigerant. It has four pilot valve tubes attached to the pilot valve body. One pilot tube is mounted to the main discharge tube. Another pilot tube is mounted to the main suction tube. The other two pilot tubes are mounted to the side ends of the reversing valve body. There is a small U-shaped slide inside the pilot valve body that connects two pairs of tubes, depending on its position. The small U-shaped slide in the pilot valve body is usually made of Teflon and is connected at its side with a cylindrical iron core. This iron core holds the U-shaped slide in place. The iron core is located in the stainless steel shell which seals up against the brass pilot valve body. There is a spring between the end of the stainless steel shell and the iron core. This spring applies force to keep the U-shaped slide connecting the two pilot valve tubes, farthest from the spring, together. 

					An electrical solenoid coil is mounted around the stainless steel shell. When this coil is powered with electricity, it generates a magnetic field in the center of the coil. This attracts the iron core within the shell toward the end of the shell, where it compresses the spring. When the coil is powered, the magnetic force overcomes the force of the spring and the small U-shaped slide connects the two pilot valve tubes, closest to the spring (See Figure 4-32). The electrical solenoid coil is typically powered at the same voltage ratings as is supplied to the outdoor unit. However, the outdoor unit PCB (printed circuit board) controls when the reversing valve is powered, based on the mode of operation. 

					B. The Purpose of the Reversing Valve in the Outdoor Unit

					During air conditioning mode, the reversing valve connects the indoor coil to the accumulator. It also connects the compressor discharge to the outdoor coil (See Figure 4-33).

					During heating mode, the reversing valve connects the outdoor coil to the accumulator. It also connects the compressor discharge to the indoor coil (See Figure 4-34).

					The reversing valve changes the directional flow of refrigerant within a system. In air conditioning mode, the function of the outdoor coil is to condense the refrigerant, so the coil is acting as a condenser. In heating mode, the function of the outdoor coil is to evaporate the refrigerant, so the coil is acting as an evaporator. Since the function of this coil changes between an evaporator and a condenser, it is referred to as the outdoor coil. 
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				Figure 4-34: Mini Split Outdoor Unit in Heating Mode

			

		

		
			
					On most mini split systems the electrical coil on the reversing valve is powered during heating mode and non-powered during air conditioning mode. However, some systems may be the opposite. 
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				Figure 4-33: Mini Split Outdoor Unit in AC Mode
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					C. Reversing Valve Troubleshooting

					If the system is severely low on refrigerant, the U-shaped slide in the main body of the reversing valve may not fully shift to connect the tubes. The pilot valve directs the refrigerant pressure to the sides of the reversing valve body, while the compressor is running. There must be a significant pressure differential in order to shift the slide. One side of the body must be high in pressure and the other low in pressure. The high pressure side pushes the U-shaped slide over, connecting the set of tubes. 

					To determine if the system is severely low on refrigerant, turn the power off to the unit. Next, allow the system pressures to equalize for ten to twenty minutes and measure the refrigerant pressure at the access port. Convert the refrigerant pressure to saturated temperature. If the saturated temperature is significantly lower than the indoor and outdoor air temperature, the system is severely low on refrigerant due to a refrigerant leak. 

					The reversing valve may not shift if one of the capillary tubes connecting the pilot valve to the valve body has been clogged with foreign debris. Debris may have entered the tubing during the initial installation, if the line set connections were not cleaned properly and debris fell into the tubing. If the line set tubes were brazed without flowing nitrogen through the tubing, oxidation likely occurred. Oxidation results in a buildup of black residue within the tubing walls. It is possible for this residue to mix with the refrigerant oil and clog the tubes. Electrical troubleshooting for the reversing valve is located in Chapter 14, Section 1.
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				70

			

		

		
			
				CHAPTER 5: Line Set, Service Valves, Access Ports, and Access Tools

			

		

		
			[image: ]
		

		
			
				Figure 5-1: 3/8” and 5/8” Line Set (Courtesy of Cooper&Hunter)

			

		

		
			
				Chapter 5

				Line Set, Service Valves,

				Access Ports, and Access Tools

				1. Line Set

					The pair of copper tubes that connect each indoor unit to the outdoor unit is referred to as the line set (See Figure 5-1). Line set is field installed by the technician during the initial installation. These tubes carry refrigerant to and from the indoor and outdoor units. The larger tube is the vapor line. The smaller tube is referred to as the liquid line. Even though the smaller tube is referred to as the liquid line, it carries a small amount of vapor during AC (air conditioning) mode. 

					A. Line Set Refrigerant Flow

					I. Small Tube

					During AC mode, the refrigerant in the smaller tube is primarily a low pressure liquid that is mixed with a small amount of flash gas. This is because the refrigerant travels through the metering device before entering this small liquid line. The metering device acts as a restriction which lowers the pressure of the liquid refrigerant. There is only one metering device in a mini split unit and it is in the outdoor unit. In AC mode, the low pressure liquid exits the metering device at the outdoor unit. The refrigerant then travels through the small liquid line toward the indoor coil. During heating mode, the refrigerant flow is reversed and the liquid refrigerant travels from the indoor coil through the small liquid line to the outdoor unit metering device. During heating mode, the refrigerant traveling through the small liquid line is high pressure, subcooled liquid.

					II. Large Tube

					The larger tube always carries vapor refrigerant regardless of which mode 
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				(AC or heating) the unit is in. During AC mode, the refrigerant in this tube is low pressure, superheated vapor. This low pressure, vapor refrigerant travels from the indoor coil through the large vapor line tube, toward the outdoor unit compressor. During heating mode, the refrigerant in the large vapor tube is high pressure, superheated vapor. This high pressure, vapor refrigerant is the discharge gas from the compressor which is at a very high pressure and temperature. Refer to the mini split heat pump refrigeration cycle pictures and text in Chapter 3 for more information.

					B. Line Set Insulation

					On mini split systems, both the vapor and liquid line set tubes need to be insulated. This is primarily because in AC mode, both tubes carry low pressure refrigerant. Refrigerant that is low in pressure is also low in temperature. Because the tubes carry low temperature refrigerant, each tube is low enough in temperature to cause humidity in the air surrounding the tube to condense onto the tube. This condensation can build up and drip off the tube onto the building structure. Uninsulated tubes traveling through the building will cause mold, rot, and other damage to occur within the building. 

					Mini split line set tubes come pre-insulated from the factory. However, the connection joint where the indoor unit connects to the line set must be field insulated, especially when this joint is located within the building. Insulate these joints during the initial installation after pressure testing (leak checking) the joints (See Figure 5-2). Also, make sure to seal the ends of the insulation to the tubing, at the outdoor unit, and at any other openings, to avoid any moisture from gathering between the tubing and insulation, which may cause corrosion. In addition to preventing condensation from forming, the insulation on the liquid line ensures that the low pressure liquid refrigerant does not absorb heat from its surroundings before entering the indoor coil during AC mode. 
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				Figure 5-2: Adding Insulation Around the Line Set Connections
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					In AC mode, the temperature of the liquid line set tube on a mini split system is lower than the temperature of the liquid line on a traditional single speed, ducted split system. This is because the active metering device in a mini split is in a different location than that of a traditional heat pump system. A mini split heat pump only has one metering device which is located in the outdoor unit (See Figure 5-3). A traditional ducted heat pump system has two metering devices, only one of which is active at a time (See Figure 5-4). 

					On a mini split system in AC mode, the metering device is in the outdoor unit. Low pressure liquid exits the metering device at the outdoor unit. This low pressure, low temperature liquid travels through the liquid line set tube toward the indoor coil. The temperature of this liquid line is low, so the tube must be insulated to prevent condensation from forming. 

					On a traditional single speed split system in AC mode, the active metering device is located at the inlet of the indoor coil. Because of this, the liquid traveling through the liquid line set tube toward the metering device is high pressure, subcooled refrigerant. Therefore, the temperature of this liquid line is high and the tube does not need to be insulated. 

					C. Line Set Sizes

					Mini split line set consists of two dehydrated, soft copper tubes, that are insulated and come in a roll. Soft copper tubing used for refrigerant is referred to as ACR (air conditioning, refrigeration) tubing. One tube is the small liquid line and the other tube is the larger vapor line. The roll may come in various lengths such as 15’, 25’, 50’, 100’, 

			

		

		
			
				Figure 5-3: A Mini Split Heat Pump has One Metering Device

			

		

		
			
				Figure 5-4: A Traditional Heat Pump has Two Metering Devices
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				125’, etc. The common liquid line diameters for residential mini split systems are usually 1/4” or 3/8” OD (Outside Diameter). The common vapor line diameters for residential mini split systems are usually 3/8”, 1/2”, or 5/8” OD (See Figure 5-5). The diameter of these tubes is determined by the manufacturer based on the type of refrigerant, the indoor unit type, the BTU/HR capacity of the indoor unit, the efficiency rating of the system, as well as the specified line set length and rise.

					The outdoor unit and indoor unit(s) must be made by the same manufacturer in order for the system to work properly. On a single zone mini split system, the indoor and outdoor units are designed to match. Because of this, the flare adapters on both the indoor and outdoor units will likely also match. Based on the size of these flare adapters, the correct line set diameters can be purchased. Small 9,000 and 12,000 BTU/HR single zone mini split systems usually use a 1/4” liquid line and either a 3/8” or a 1/2” vapor line. However, make sure to follow the manufacturer’s line set diameter and length specifications found in the equipment installation literature, as these supersede the instructions in this book. 

					D. Running the Line Set 

					Prior to the installation of both the indoor and outdoor units, determine the most direct and desired path for the line set to travel. If a wall mounted indoor unit is installed, the indoor unit is often mounted higher than the outdoor unit, which results in the line set exiting the building above the outdoor unit (See Figure 5-6). Typically, the outdoor unit is positioned in an outside location to allow the service valve flare adapters to line up vertically with where the line set tubing from the indoor unit exits the building. This is done so that the line set is level as it travels down the outside of the building, before it ties into the flare adapters of the outdoor unit. This provides the cleanest looking installation of the outdoor unit and line set. 
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				Figure 5-5: Mini Split Line Set Sizes
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				Figure 5-6: Two Examples of the Outdoor 

				Unit Connecting to the Indoor Unit
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					For a single zone system, there are two tubes in the line set that connect to both the indoor and outdoor units. Two connection points are at the indoor unit and two connection points are at the outdoor unit. The line set runs down the exterior of the building before connecting at the outdoor unit flare adapters. 

					Usually, the communication wiring, condensate tubing, and line set are all run together. The communication wiring electrically connects the indoor unit to the outdoor unit. The condensate tubing from the indoor unit travels outside to allow the water to drain. This collection of tubing and wiring can be covered with a line set casing or plastic downspout to protect and keep the installation looking clean. 

					Not all installations are as easily laid out as Figure 5-6. In the case of a basement installation, the indoor unit may be at the same height as the outdoor unit. In this case, the manufacturer may not recommend connecting these units with only a short length of line set tubing, such as one or two feet. The manufacturer may specify an absolute minimum line set length due to the possibility of noise created by the flow of refrigerant. Noise may be a factor if there is not at least 8’ of line set distance from the indoor unit to the outdoor unit. The absolute minimum distance recommended by the manufacturer may also be based on the amount of refrigerant that is factory charged in the outdoor unit. Follow all manufacturer’s installation guidelines as they supersede any instructions in this book. 

					Sometimes it is necessary to run the line set through the crawl space, attic, an interior wall, or in front of an interior wall. This is done in order to connect the outdoor unit to the desired indoor unit location. 

					An indoor wall mounted unit can be connected to the line set in two orientations. One is in the factory position and requires connecting the line set at the lower section of the indoor unit within the building. The second requires the technician to bend the tubing roughly 90° perpendicular to the indoor unit so that the tubing can exit through the wall and be connected to the line set outside. Make sure to follow manufacturer’s guidelines for bending the indoor unit tubing as manufacturer’s instructions supersede any instructions in this book. 

					When installing an indoor wall mounted unit on an interior wall, the line set must either be fished up or down inside the wall, or the line set can be run in front of the wall and be covered with a plastic cover after the installation is complete. When fishing line set up or down a wall, nail plates must be installed to protect the line set from trim nails and sheetrock screws. This makes it difficult to fish line set through an interior wall in an existing building. 
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				Figure 5-8: Long Flare Fittings

			

		

		
			
					E. Flare Fittings

					On a multi-zone system, there are usually multiple flare sizes on the outdoor unit to accommodate different sized indoor units and their line set tubing. Multi-zone system installation may require the use of reducing or expanding flare fittings to accept a different diameter line set and flare. Some reducing and expanding flare fittings are fully brass. These require a copper flare gasket to be inserted between the service valve flare adapter face and the brass flare fitting (See Figure 5-7). This copper gasket helps seal the connection after tightening. 

					Other reducing and expanding flare fittings are made from copper tubing with a brass flare adapter that has been brazed at one end. These do not require a copper flare gasket because the joints are not brass to brass. Each joint is made by connecting a copper flare to a brass flare adapter face (See Figure 5-8). Consult the manufacturer’s literature for the proper line set diameter needed for each indoor unit.

					F. Pre-installed Line Set Flares and Flare Nuts

					Line set is not usually made by the equipment manufacturer, but by a separate manufacturer that specializes in copper tubing. Line set usually comes with a copper flare and a brass flare nut pre-installed on the end of the line set tubes. The ends are temporarily sealed by plastic/rubber fittings. However, some line set tubing may come with just the tubing end crimped off without a flare and flare nut.

					Although the line set may come with brass flare nuts, it is best to use the flare nuts provided by the manufacturer of the indoor and the outdoor units. The torque values specified for the connection of the flare joints are also dependent on using the manufacturer supplied flare nuts instead of the pre-installed flare nuts provided 
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				Figure 5-7: Short Flare Fittings
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				by the copper tubing manufacturer. Equipment manufacturer’s usually specify to only use their provided flare nuts because they are thicker, of a higher quality brass, and are designed for their systems. These may withstand the outdoor elements and high refrigerant pressure better than flare nuts made by others. Some equipment manufacturers make their own line set and pre-install the proper flare nuts, so verify this before use. If the flare nuts on the line set are not from the equipment manufacturer, these may be cut off and replaced. After adding the new flare nuts, flares must be made on the end of the tubing. 

					Even if the equipment manufacturer provides line set with pre-installed flares and flare nuts, inspection must be done to verify the quality of the flare faces. If a flare face is scratched, not large enough, or is angled improperly, cut the flare off and remake it. A high quality flare can be made in the field using a de-burring tool and an eccentric flaring tool. 

					G. Line Set Flaring Tools

					Line set is typically connected to both the outdoor and indoor mini split units with a flare connection. This is because the outdoor unit always comes factory equipped with flare adapters. Indoor units are usually equipped with flare adapters.

					Several tools are needed to cut the soft copper tubing to length and to make a flare. These tools are a tubing cutter, a deburring tool, and a flaring tool (See Figure 5-9). For best results use a round deburring tool, and an eccentric flaring tool. After cutting the line set tubing, there will be a sharp inner rim along the inside edge of the tube. A deburring tool is used to remove this sharp rim. A round deburring tool is designed with angled blades that are positioned in a way to avoid scarring the inner walls of the copper tube. The inner wall becomes the flare face so it is imperative that it not be scarred. If a stick type deburring tool is used, more effort must be made to avoid scarring the inner wall.

					An HVAC flaring tool creates a 45° angled flare face at the end of the soft copper tube (See Figure 5-10). A flaring tool consists of a block to hold the copper 
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				Figure 5-9: Tubing Cutters, Deburring Tools, 

				and Flaring Tool (Courtesy of DiversiTech Corp.)
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				Figure 5-11: Eccentric Flaring Tool Cone

			

		

		
			
				Figure 5-12: Standard Flaring Tool Cone

			

		

		
			
				tube in place, a cone to make the flare, and a handle assembly that is rotated in order to move the cone. As the handle of any flaring tool is turned clockwise, the cone moves lower into the inside of the tube and exerts force onto the inner walls of the tube until a flare is formed. Always make sure to put the nut on the copper tube before making the flare. 

					An eccentric flaring tool has a cone which pivots and rolls out the copper tube flare (See Figure 5-11). It makes the flare by exerting force on only one portion of the inner wall of the copper tube at a time. This differs from a standard flaring tool with a straight cone which applies force on the entire inner wall section as it makes the flare. A standard flaring tool (See Figure 5-12) with a straight cone creates more friction on the inner walls of the tube than an eccentric flaring tool. This means that on a standard flaring tool, it is harder to turn the handle and there is a higher likelihood of the cone scraping the inner walls of the tube. Because an eccentric flaring tool has an offset cone, it only applies force on one section of the copper tube at a time which makes it easier to turn the handle. It also makes the flare, while having less surface contact with the inner walls. An eccentric flaring tool usually has a clutch so that when the flare is finished, the tool disengages so the user cannot overtighten and squish the flare. To create high quality flares, make sure to use an eccentric flaring tool of some type. 

					Some flaring tools have a depth guide for how far the copper tube needs to be inserted into the block and extended out the other side. Other flaring tools require experience to gauge how far the copper tube should sit in the block. Often the tube must extend out of the block an 1/8” for smaller tube sizes and 3/16” for tube sizes ½” OD or larger. However, each manufacturer designs their block differently so refer to their depth guide, if equipped. This depth determines how large the finished flare face will be. The flare face must be large enough to cover the surface of a flare adapter but small enough to fit into the flare nut (See Figure 5-13).
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				Figure 5-10: Flared Tube Angles
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					H. Making a Flare Connection

					Step 1: Use a copper tubing cutter in order to cut the empty line set tube to length. To do this, snug the copper tube between the blade wheel and the rollers of the tool. Hold the copper tube steady while rotating the tool once around the copper tube. As the tool is rotated, the blade wheel cuts equally into the outer surface of the tube (See Figure 5-14). Tighten the blade wheel further by turning the handle of the tool clockwise 1/8 of a revolution. Rotate the entire tool around the copper tube again. Repeat the previous actions until the tube is fully cut and falls off.

					Step 2: Deburr the end of the line set tube with a round deburring tool. First, make sure the tube end is facing downwards. This way any copper shards that come out the copper tube end will fall out of the tube instead of into it. Spin the deburring tool blade inside the end of the tube until the end is no longer sharp and the inner wall is no longer beveled (See Figure 5-15). Do not excessively deburr the tube end as this will cut into the tube and result in a loss of inner wall surface. This wall surface is necessary to properly make the flare face.  
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				Figure 5-15: Step 2, Deburr Copper Tube (Courtesy of DiversiTech Corp.)
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				Figure 5-14: Step 1, Cut 

				Copper Tube 

				(Courtesy of DiversiTech Corp.)

			

		

		
			
				Figure 5-13: Connecting a Flared Tube to a Service Valve’s Flare Adapter
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				Figure 5-17: Step 4, Slide the Flaring Tool in Place, Make the Flare, Disengage

				(Courtesy of DiversiTech Corp.)

			

		

		
			
					Step 3: Use an eccentric flaring tool to make a flare on the deburred end of the tube. First, place the flare nut onto the tube. Next, mount the tube into the flaring tool block at the proper depth (See Figure 5-16). (If there is no depth guide on the tool, the tube should extend out of the block roughly 1/8” for tubes that are 3/8” or less in diameter.) 

					Step 4: Next, add a dab of refrigerant oil onto the cone of the flaring tool. This will help prevent the cone from scratching the copper tube. Slide the eccentric cone and handle assembly over the block and center it over the tube. Lock this assembly onto the block (See Figure 5-17). Rotate the handle clockwise until the clutch of the tool disengages and the cone can no longer press onto the tube face. (Standard flaring tools do not come with a clutch so make sure to not overtighten. Overtightening thins out the finished flare face which can cause a flare to fail.) 

					Step 5: After the flare has been made, rotate the handle counterclockwise until the cone is past the finished flare. Slide the cone and handle assembly out of the way. Remove the copper tube from the block and slide the flare nut over the flare. Make sure the finished flare is not too large and that the nut can freely slide over the flare. Also, make sure the flare face is large enough to fully cover the surface area of the flare adapter (See Figure 5-18). 
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				Figure 5-16: Step 3, Add the Nut,

				Mount the Tube in the Block

				(Courtesy of DiversiTech Corp.)
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				Figure 5-18: Step 5, Ensure the Flare is the Correct Size (Courtesy of DiversiTech Corp.)
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					Step 6: Connect the copper tube flare to the unit’s flare adapter. Use a wrench to hold the adapter steady and use a torque wrench to tighten the flare nut to the adapter (See Figure 5-19). The manufacturer of the unit specifies the torque value of the connection in the installation literature. The literature shows torque values for each line set diameter. The torque value for the flare connection is based on using the manufacturer’s flare nut and usually keeping the threads of the flare connection dry. Refer to the manufacturer’s installation literature for whether the flare face must remain dry, or if refrigerant oil or another gasketing material can be used. Some manufacturers specify one torque value for the flare connection based on the line set diameter while other manufacturers specify two torque values for each flare connection. If two torque values are specified, the first torque must be reached and then the connection is loosened. This is followed by a retightening of the connection at the higher torque value which is the second value specified. Be sure to follow the manufacturer’s installation guidelines for connection instructions and torque values, as these supersede instructions in this book. 

					Step 7: Leak check the tightened flare connection joints by pressure testing with nitrogen (See Figure 5-20). On a new system, check both the indoor and outdoor unit rating plates for the low side max design pressure. Do not pressure test higher than this low side max design pressure. On an existing system, do not pressure test as high as this design pressure because it is possible to create leaks in the old parts of the system. Monitor pressure to see if it falls, signaling a leak. Non-corrosive bubble leak detector can also be applied to the joints to see if bubbles form, which also indicates a leak. See Chapter 6 for leak checking a system.

					I. Tightening Flare Connections

					Prior to connecting a copper flare to a brass flare adapter, inspect the flare adapter face and the copper flare face for any scratches, which may cause a leak. 
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				Figure 5-20: Step 7, Leak Check the Flare Joints
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				Figure 5-19: Step 6, Connect and Torque the 

				Flare Connection (Courtesy of DiversiTech Corp.)
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				Also, check to make sure the copper flare face is of the appropriate size and angle. To do this, slide the flare nut back and temporarily place the copper flare over the flare adapter. See whether the flare fully and properly covers the surface area of the flare adapter.

					The threads of both the flare adapter and the flare nut are usually left dry and not lubricated with any type of oil. There are four reasons for this. One reason is that the manufacturer usually states the torque value based on a dry flare thread connection. The second reason is to avoid overtightening. This can compress the copper flare to the extent that it thins out and/or is cut off, resulting in failure. The third reason is lubricating the threads may cause the threads to slip off their mating surfaces which essentially de-threads the flare nut or flare adapter. The fourth reason is lubricated threads can cause the connection to loosen over time due to vibrations.

					A dry copper flare face can seal up against a brass flare adapter face and hold pressure if the flare nut is tightened to the proper torque value. In the case of a flare connection, the copper flare face acts as both the connection point and the gasketing material. The seal location is between the flare face and the face of the flare adapter. The threads on the flare nut and flare adapter are not designed to seal, but to provide a tightening method to force the copper flare face to the flare adapter. 

					Most system manufacturers recommend a dry flare face. However, some manufacturers may recommend adding refrigerant oil or a gasketing material/fluid. If adding oil to the face of both the flare and flare adapter, only use a very small amount so that it doesn’t drip onto the threads. The oil must also match the type of oil in the system so as not to contaminate the system. If using a gasketing fluid at the flare face, only add a very small amount so that it does not enter the system after tightening the flare connection. If it enters the system, it could potentially cause a clog or disturbance within the system’s tubing. Although a gasketing material could potentially be used, a high-quality dry flare joint is capable of holding pressure.

					In order to tighten a flare to a flare adapter, a wrench must be used to hold the flare adapter steady. A digital or mechanical torque wrench must be used to accurately tighten the flare nut onto the adapter (See Figure 5-21). The manufacturer of the mini split unit provides the 
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				Figure 5-21: Wrenches on Flare Connection
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				torque value for the connection based on the OD line set size. The torque values usually come in both Standard and Metric units. There is either one or two torque values for each line set size. If two values are given, the first torque value is slightly lower than the second. First, set the initial torque value and while holding the flare adapter steady, tighten the flare nut to the appropriate torque value. The torque wrench will click or beep when the value has been reached. Next, loosen the connection, adjust the torque wrench to the higher value and do the final tightening of the flare nut to the flare adapter. The connection is now complete. If the manufacturer only specifies one torque value, the connection is complete after reaching the initial value. See Figure 5-22 for an example of a torque value chart. Each manufacturer and model unit may require a different torque value for the tubing sizes, so be sure to refer to manufacturer’s recommended torque values listed in the unit’s installation manual.

			

		

		
			
				Figure 5-22: Flare Torque Values Chart (Data Courtesy of Cooper&Hunter)
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					J. Brazing Line Set Connections

					Brazing is a copper tube connection method that requires a high temperature torch to melt 5%-15% silver braze rod to seal and connect two sections of copper tubing. Brazing can be performed on mini split systems in order to extend the line set length or to connect line set to the indoor unit(s), as needed. However, brazing is not performed at the outdoor unit connection points because the outdoor unit has factory installed brass flare adapters for connecting to the line set. There is usually no exposed copper tube on the outside of the outdoor unit to which the line set can be brazed. Because a flare adapter is usually on the body of the service valve, only a flare is used at this location. 
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					In order to braze copper tubing, nitrogen or another inert gas must be used to flow through the tubing (See Figure 5-23). This removes air, containing oxygen, from within the tubing. If oxygen is not removed when heating the copper tubing at high temperatures, oxidation will occur. This results in a black flakey residue (copper oxide) that accumulates on the inner walls. This must be avoided. If the residue mixes with the refrigerant oil within the system, it can reduce lubrication at the compressor. It can also cause gumming or clogging within system components. 

					Nitrogen is flowed through the system from one side of the tubing while the other side is slightly open. Pressure within the tubing must not rise due to the flow of nitrogen, otherwise pin holes in the braze joints will occur due to the pressurized escaping gas. To avoid this, only flow 3-5 CFH (cubic feet per hour) of nitrogen through the empty system’s tubing while brazing. This can be done with the help of a flow meter attached to the nitrogen regulator. Make sure to use proper PPE and have proper fire suppression equipment ready for use and for safety. Make sure to only braze tubing that is empty of pressure. Have available fresh air or use a SCBA (Self Contained Breathing Apparatus) any time while brazing. Make sure to keep sensitive system components cool while brazing by adding a wet rag or by other means.

					K. Other Line Set Connection Methods

					Other methods for connecting copper tubing exist such as push-on style connectors or press-fit connectors. Make sure to only use connectors rated for the proper pressure and refrigerant being used. Make sure any fittings used are approved by governing bodies and the manufacturer of the equipment being installed.
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				Figure 5-23: Flowing Nitrogen While Brazing
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				Figure 5-26: Service Valves on an Outdoor Unit

			

		

		
			[image: ]
		

		
			
				2. Service Valves

					A. Two-Way and Three-Way Service Valves

					Outdoor mini split units come equipped with service valves installed on the outside of the unit. Service valves allow factory charged refrigerant to be locked in the outdoor unit during shipment. During the installation process, after the line set tubing is connected from the outdoor unit to the indoor unit(s) and all tubing preparation is complete, these valves are opened. On an existing system, service valves allow for a pump down of the system and/or isolation of the outdoor unit. There is also an access port located on one or both of the service valves.

					The most common service valve types used on mini split systems are two-way and three-way service valves (See Figures 5-24 and 5-25). Both valve types have a flare adapter (flare connection point) on the side of the valve body and a tube at the bottom of the valve body. The only difference between a two-way valve and a three-way valve is the addition of the access port on the three-way valve. The access port acts as the third way on the three-way service valve. 

					The service valves are located on the outside of the outdoor mini split unit. A three-way valve is used on the vapor line while a two-way valve is typically used on the liquid line (See Figure 5-26). If a manufacturer allows access to the liquid line, a three-way valve is installed instead of a two-way valve. On a single zone mini split system there is usually only one access port which is on the vapor line. 

					Two-way and three-way service valves are usually factory installed on residential and light commercial outdoor mini split units. These have a flare adapter for the line set connection point. The line set tube is flared and tightened onto the flare adapter with a flare nut. The line set connects the refrigerant pathway from the indoor unit to the outdoor unit.

			

		

		
			
				Figure 5-25: The Three-Way 

				Vapor Line Service Valve

			

		

		
			
				Figure 5-24: The 

				Two-Way Liquid Line Service Valve
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					B. Service Valve Positions

					On new outdoor units, service valves come from the factory in the front-seat position with the valves locking the refrigerant in the outdoor unit. Before opening the valves by turning the inner stem counterclockwise, the refrigerant tubes from the outdoor unit to the indoor unit must be connected, leak checked, and vacuumed. Opening the valves can be done using a hex key, a service wrench with a hex adapter, or a ratchet with a hex adapter (See Figure 5-27).

					Both the two-way and three-way service valves have a front-seat position but technically not a back-seat position. As the valve is opened counterclockwise from the front-seat position, the pathway inside the valve increases in size until fully open. Stop turning the hex key when it gets slightly harder to turn. After opening the valve with a hex key, it is critical not to force the stem upwards any further. Forcing the stem too far upwards can accidentally break the valve causing the stem to forcefully exit the valve. This results in all the refrigerant being released from the system. Take caution when opening the service valves.

					I. The Two Positions of a Three-Way Valve

					Fully Open (See Figure 5-28) is when the inner valve stem (inner cylinder) is turned counterclockwise, almost all the way up. Fully open is not technically a back-seat position since the access port does not get sealed by the valve stem. Rather, the valve core in the access port stops the pressure from escaping. Front-Seat (See Figure 5-29) is when the valve stem is turned clockwise, all the way down. The valve stem seals against the seat and the valve shuts off the lower pathway of the outdoor unit from the flare adapter and access port. The flare adapter and access port remain connected. 

			

		

		
			
				Figure 5-27: Opening the Valves
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				Figure 5-28: Three-Way Service Valve Fully Open
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				Figure 5-29: Three-Way Service Valve Front-Seat
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				Figure 5-31: Refrigerant Ball Valve with Access Port
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					On a two-way service valve, the front-seat position simply shuts off the lower pathway from the flare adapter. On a new system from the factory, both the liquid and vapor line service valves are in the front-seat position. When the system is in operation, both the liquid and vapor line service valves remain in the fully open position. 

					II. Service Valve and Line Set Connection

					The three-way and two-way service valves found on a mini split unit have flare adapters for the line set connection points. 

					Some systems may be found to have a coupling/connector that is mounted to the service valve’s flare adapter. This coupling allows for a pre-charged line set tube to be connected to the service valve (See Figure 5-30). On these systems, the pre-charged line set tubes connect to the indoor unit using the same type of couplings. This is typically only found on DIY mini split installations. 

					If these couplings are found to be leaking refrigerant, they may be able to be tightened. Refer to the specific manufacturer’s torque specifications and make sure not to overtighten them. If these couplings still leak, they can be removed after the system is pumped down, or the refrigerant has been recovered. After the coupling is removed, there is typically a flare adapter remaining at both the indoor and outdoor units. On these systems, there is also typically extra line set left coiled. This line set tube can be uncoiled, cut to length, flared and tightened onto the remaining flare adapters at both the indoor and outdoor units. Flare nuts are required for this process.

					Some systems are equipped with ball valves instead of two-way or three-way service valves. These ball valve type service valves may be found on larger systems. An access port equipped with a valve core is usually mounted near or on the body of the ball valve. (See Figure 5-31). The connection point for this type of service valve is typically a swage braze/sweat tube end.

			

		

		
			
				Figure 5-30: Service Valve, Pre-Charged

				Line Set Coupling
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					III. Multi-Zone Outdoor Unit Service Valves 

					Multi-zone outdoor units may come with an array of service valves and/or flare adapters, depending on the amount of zones and design. Two to five zone models are available which allow each indoor unit to connect directly to a single outdoor unit. These are typically used in residential applications.

					Multi-zone outdoor unit models which connect directly to one central branch box are available. The branch box then connects to each of the indoor zones. These are known as VRF (variable refrigerant flow) or mini-VRF models. This type of multi-zone system is typically used on large installations that require more than five indoor zones. Another application for this type of system is at a building which requires air conditioning to be running on some zones while other zones are running in heating mode.

					A typical two zone outdoor unit comes with a pair of service valves for each zone (See Figure 5-32). Each zone usually has a three-way valve for the vapor line and a two-way valve for the liquid line. This allows the initial installation and operation of either one zone or both zones. If only one zone was initially installed, the second zone can be added later without needing to pump down the outdoor unit. This is because the service valves for the second zone were closed, which allows for the tubing and indoor unit to be installed. The access port on the second zone allows for leak testing and vacuuming to be performed without affecting the rest of the system. After the vacuum is complete, the service valves on this second zone can be opened. This connects the tubing to the rest of the system. 

					On a multi-zone outdoor unit capable of connecting with three to five indoor units, there is usually one pair of master service valves. This pair of master service valves controls the pathway from the outdoor unit to all the zones. Besides having the master service valves, some outdoor unit models are equipped with a pair of flare adapters for each zone (See Figure 5-33). Other models are equipped with a pair of service valves for each zone (See Figure 5-34). 

			

		

		
			
				Figure 5-32: Two Zone System Service Valves
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					If on a five zone system, only four zones are initially installed, the fifth zone can be installed at a later date. If the system is equipped with service valves for each zone, the fifth zone can be installed without pumping down the outdoor unit. However, if each zone only has flare adapters, the outdoor unit must be pumped down, or have the refrigerant recovered, before adding this fifth zone. In this case, the line set and indoor units for all zones will be included in the leak check and vacuuming process. After performing the vacuum, open the master service valves to allow the refrigerant into all the zones, or break the vacuum with refrigerant from the bottle. These procedures are discussed in later chapters.

					Three to five zone outdoor units may have a three-way valve type as the master service valve for both the vapor and liquid line. This equips the system with an access port on both the liquid and vapor sides of the system (See Figure 5-35). However, some multi-zone outdoor units only have a three-way valve on the vapor line master service valve. In this case, the liquid line master service valve is a two-way valve which does not include an access port (See Figure 5-36).

			

		

		
			
				Figure 5-33: Multi-Zone Unit with 

				Flare Adapters for Each Zone

			

		

		
			
				Figure 5-36: Multi-Zone Unit with a Three-Way Valve and a Two-Way Valve

			

		

		
			
				Figure 5-35: Multi-Zone System with Two Three-Way Valves

			

		

		
			
				Figure 5-34: Multi-Zone Unit with 

				Service Valves for Each Zone
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				3. Access Ports

					A. Safety

					Always wear safety glasses, butyl lined gloves, and other PPE (Personal Protective Equipment) prior to and while accessing a system’s refrigerant charge. Be sure to have available fresh air or wear a SCBA (Self-Contained Breathing Apparatus) and never breathe in refrigerant gases. For more information on safety, refer to the refrigerant specific SDS sheet for each refrigerant prior to handling. Follow all other safety rules stated through www.epa.gov/section608 and through an approved EPA 608 certification course. Technicians must have the appropriate EPA 608 Type 1, Type 2, Type 3, or Universal Certification prior to working on a refrigerant based system or buying refrigerant.

					B. Access to the System’s Tubing

					On most single zone mini split systems there is only one access port. This port is located on the vapor line service valve (See Figure 5-37). However, some systems have an access port on both the liquid and the vapor line service valves. The port allows access into the tubing to prepare the line set for refrigerant during the initial installation, such as during the vacuum procedure. The port also allows access to the refrigerant within the tubing of an existing installed system. The refrigerant charge may need to be accessed in order to recover refrigerant, perform a pump down, or troubleshoot by measuring pressure. 

					C. Port Size and Valve Core

					The access port size on most mini split systems is 5/16”, but some manufacturers choose to have a port size of 1/4”. The port size and quantity of ports varies from system to system. A valve core is mounted inside the port and the port is protected by a cap. (See Figure 5-38). A valve core (also known as a 

			

		

		
			
				Figure 5-37: Access Port on Vapor Service Valve
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				Figure 5-38: Access Port with Valve Core
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				Schrader Valve) allows access to the inside of the system’s refrigerant tubing whenever the stem is pressed inwards. When the stem is released, the spring loaded seal shuts (See Figure 5-39). 

					D. Port Caps

					In order to access any port, the port cap must be removed. To remove the port cap, turn it counterclockwise. Some caps are made of plastic while others are made of brass or another metal. Plastic caps have a rubber O-ring or grommet inside. Some metal caps have a rubber O-ring inside and some do not. The ones that do not have an O-ring are beveled on the inside in order to make a flare seal onto the port (See Figure 5-40). A drop of refrigerant oil should be put on the flare seal before tightening in order to prevent the connection from leaking, because it is a brass to brass joint. When using a cap with a rubber O-ring, care must be taken to ensure that the O-ring does not fall out prior to re-installing the cap on the system. The purpose of the port cap is to keep the port connection clean and to seal in the refrigerant in the event there is a leak at the valve core.

					Locking valve caps (See Figure 5-41) are currently used on all exposed refrigerant ports. This is to restrict unauthorized access to the ports. The brass valve core tool shown in Figure 5-42 can be used to unscrew the locking cap seen in Figure 5-41. In order to service units, technicians must have the proper keys to unlock various locking caps. Technicians should mount locking caps on systems that they install or service. There are many companies making locking caps, so it is advantageous to have multiple brands of keys. The Locking Cap Multi-Tool shown in Figure 5-43 has multiple keys that can be used on different locking caps.

			

		

		
			
				Figure 5-39: Valve Cores Closed and Open
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				Figure 5-40: Brass Port Caps
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				Figure 5-42: Brass Valve Core Tool with Valve Cores Inside 

				 (Courtesy of C&D Valve LLC)

			

		

		
			
				Figure 5-41: Locking Cap

				 (Courtesy of 

				C&D Valve LLC)
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				Figure 5-43: Locking Cap 

				Multi-Tool (Courtesy of 

				C&D Valve LLC)
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					E. How to Gain Access Through the Port 

					To gain access to the refrigerant charge inside an existing system, remove the port cap. Use a refrigerant hose with a valve core depressor in the end. A low loss fitting can be installed on the end of the refrigerant hose (See Figure 5-44). This fitting has a valve core depressor in the end. Hoses with manual low loss or automatic low loss fittings should be used when attaching to and detaching from the ports of a refrigerant system. This reduces accidental refrigerant loss during the connection and disconnection. The hose is connected to the manifold gauge set and the low loss fitting is connected to the other end of the hose. When the low loss fitting is screwed onto the port, the rubber grommet in the end of the fitting seals up against the port. At the same time, the valve core depressor pushes in on the valve core allowing refrigerant through (See Figure 5-45). When detaching the fitting from the port, the spring in the valve core reseals the opening at the port before the rubber grommet in the end of the fitting disconnects from the port face. 

					When using a 1/4” hose end to connect to a 5/16” port, an adapter must be used. This adapter transitions from 5/16” to 1/4”. It has a valve core depressor mounted in the 5/16” side and a valve core mounted in the 1/4” side (See Figure 5-46).

					If the refrigerant hoses are not equipped with a manual or automatic low loss fitting, a 5/16” thumb screw valve depressor with a back-seat can be externally mounted on the end of the hose (See Figure 5-47). This fitting allows connection to the port first, and then the depression of the valve core in a controlled manner by using the thumb screw. Disconnection starts by backing the thumb screw out to allow the valve core to reseal (back-seating the fitting). Then the fitting can 

			

		

		
			
				Figure 5-45: Depressor on Hose End

			

		

		
			
				Figure 5-46: Adapter 5/16” to 1/4” 

			

		

		
			
				Figure 5-44: Manual Low Loss Fitting
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				Figure 5-47: Thumb Screw Valve Core 

				Depressor with Back-Seat

				(Courtesy of C&D Valve LLC)
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				be unscrewed and removed from the port while any remaining refrigerant is trapped in the hose. There are also thumb screw valve depressors that do not back-seat but only engage and disengage the valve core.

					F. Manifold Gauge Sets

					During service, such as pressure testing, vacuuming, charging, or measuring refrigerant pressure, a refrigerant hose can be connected from the manifold gauge set to the system’s port. A manifold gauge set is capable of measuring pressure and has one or more handles to connect or disconnect pathways inside the manifold. If there is a hose connected from the manifold to a system’s port, and another hose connecting the manifold to a refrigerant bottle, the manifold can connect the pathway from the refrigerant bottle to the system. On gauges and hoses, the color blue usually indicates low side vapor pressure and the color red usually indicates high side liquid pressure. Some blue gauges are only capable of measuring low pressure. However, heat pump manifold gauge sets are available which can measure high pressure on both gauges. These are used to measure high pressure vapor and liquid while the unit is running. Refrigerant manifold gauge sets come in a variety of versions.

					A two-port manifold gauge set has two ports, one handle, and one gauge. Figure 5-48 is an example of a two-port manifold with a blue gauge. When the handle is closed clockwise and the lower manifold port is connecting to a system’s port via a hose, the gauge measures the system’s pressure. However, some two port, single gauge manifolds measure system pressure from the side port. Be aware of each tool’s instructions before use.

					A three-port manifold has three ports, two handles, and two gauges (See Figure 5-49). This is the most common type of manifold used in the field. This manifold can be used to measure the pressure on a system with two access ports, both at the same time. This manifold can also be used on a mini split unit that only has one access port that must be measured. 
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				Figure 5-48: Two-Port

				Manifold Gauge Set

			

		

		
			
				Figure 5-49: Three-Port Manifold 

				Gauge Set
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					Figure 5-50 shows the low side handle turned clockwise. If the low side handle is closed and the blue hose is connected to the system, the blue gauge measures the system’s pressure. While the low side handle is closed, the pathway between the blue and yellow hose is closed and separated. 

					Figure 5-51 shows the low side manifold handle turned counterclockwise. The pathway inside the manifold between the blue and yellow hose is open and connected. This manifold version is very common because it is versatile and has a low cost. Often, technicians are pulling a vacuum or recovery without the manifold to reduce the number of restrictions, hoses, and possible leak locations, while decreasing the time it takes to perform the procedure.

					A four-port manifold gauge set has two gauges and four handles (See Figure 5-52). Each handle acts as a valve to open or close each of the four ports. On a four-port manifold gauge set, the smaller 1/4” port in the center is connected to the service hose which is used for adding and recovering refrigerant. The larger 3/8” port in the center is used for attaching a vacuum pump or recovery machine, if desired. The ports which connect to the two gauges are used for measuring the system’s pressure. This manifold version is usually only used if the technician desires to pull a vacuum or recover through the manifold.

			

		

		
			
				Figure 5-51: Low Side Handle Open

			

		

		
			
				Figure 5-50: Handles Closed
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				Figure 5-52: Four-Port Manifold Gauge Set
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					Whenever possible, connect test gauges or digital/wireless probes (See Figure 5-53) to the ports instead of a manifold gauge set and hoses. This avoids having to use the hose for connection. A refrigerant hose may contain old oil from another system which could contaminate the new system being connected to. The use of a test gauge or probe avoids the accidental removal of refrigerant from the system into a long hose. It also avoids having to purge air from the hose end after connecting. The use of these tools allows for quick connection to and disconnection from the system ports. These tools can also be used in conjunction with an access tee for refrigerant charging (See Figure 5-54).

			

		

		
			
				Figure 5-53: Digital Test Gauge Connected to the System via a 1/4” to 5/16” Adapter

			

		

		
			
				Figure 5-54: Digital Test Gauge Connected to the System via an Access Tee
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					I. Refrigerant Gauges have Built-In P/T Charts

					The display of a refrigerant gauge may either be compound gauge or digital. The compound refrigerant gauge typically has the saturated temperatures of three different refrigerants on the gauge face. The needle on the compound gauge points to the pressure while also lining up with the saturated temperatures of three different refrigerants. Figure 5-50 shows a pressure of 201 PSI which aligns to the R-410A saturated temperature of 70°F. 

					If a compound manifold gauge set or compound test gauge is connected to a system which contains a refrigerant that is not listed on the gauge face, a separate P/T chart must be used to determine the saturated temperature. Technicians should have P/T charts or a P/T app and not only rely on the gauge face. However, digital gauges may have more than 40 different saturated refrigerant temperatures to choose from that can be displayed. Do not connect to a system that has higher pressures than the maximum pressure rating of the gauge.
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					II. Refrigerant Pressure and Temperature

					A compound gauge needs to be zeroed before use. If the compound gauge is used at a different elevation, prior to use, the gauge pressure may need to be manually zeroed with a screwdriver. The blue gauge measures pressure above 0 PSI and below 0 PSI, but the red gauge only measures pressure above 0 PSI. When the gauge pressure reads 0 PSI, this is referred to as 0 PSIG (Pounds Per Square Inch Gauge). This 0 PSIG does not take into consideration the actual surrounding pressure applied at sea level which is 14.696 PSI. This is measured and read as 14.696 PSIA (Pounds Per Square Inch Absolute). This means that on a compound gauge, a reading of 0 PSIG = 14.696 PSIA at sea level. This also means that 10 PSIG = 24.696 PSIA and 100 PSIG = 114.696 PSIA. Throughout the book, pressures may be referred to in PSIG or simply as PSI. A typical compound gauge shows measurements in PSIG and in Inches of Hg (Inches of Mercury). Zero PSIG equals zero inches of mercury (0 PSIG = 0” Hg). The measurement of 29.9” Hg is shown on the gauge in Figure 5-55. Inches of Hg are indicated in the green area from 0” Hg to 30” Hg. Measurements below 0 PSIG are usually read in inches of mercury vacuum (” Hg) but can also be read in millimeter Hg (mm Hg).

					In the United States of America, recovery and pump down levels of refrigerants are mandated by the EPA in Section 608. The levels are listed in mm Hg and inch Hg measurements. These levels can be found through www.epa.gov/section608. In this book, units are listed in PSI or PSIG, ” Hg, microns, and °F. Micron levels are discussed in Chapter 7, “Vacuum Methods and Procedures”. 

					In order to connect a manifold gauge set to an existing system to measure pressure, several steps must be taken. Air purging must be taken into consideration any time the manifold gauge set is connected, because there is air in the hose. When accessing the refrigerant charge of an existing system, use test gauges or digital/wireless probes whenever possible. To learn about connecting a manifold gauge set or test gauge for charging, refer to Chapter 8, Sections 7 and 8.

					G. Replacing a Leaking Valve Core

					If the valve core is leaking at the port on an existing system, the valve core can be replaced without recovering or pumping down the system’s refrigerant charge. 

			

		

		
			
				Figure 5-55: Inches of HG on the Gauge Face
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				This can be done using a VCRT (valve core removal tool). To replace a leaky valve core on an existing system, follow the steps below.

				Step 1. (See Figure 5-56) Pull the rod of the VCRT toward the back and mount the front of the tool to the port. Do this by screwing the front part of the tool clockwise onto the face of the port. Make sure the side cap and back nut are snug. 

				Step 2. (See Figure 5-57) Push the rod forward and turn counterclockwise until the rod grabs hold of the valve core.

				Step 3. (See Figure 5-58) Push inward on the rod and turn counterclockwise until the pressure of the refrigerant pushes the valve core toward the back of the tool.

				Step 4. (See Figure 5-59) Turn the VCRT ball valve to the off position and unscrew the back rod assembly from the tool. The rod should be holding the old valve core. Remove the old valve core from the end of the rod.

				Step 5. (See Figure 5-60) Add the new valve core to end of the rod. Screw the rod assembly onto the back of the tool by turning clockwise. 

			

		

		
			
				Figure 5-57: Step 2

			

		

		
			
				Figure 5-58: Step 3

			

		

		
			
				Figure 5-56: Step 1
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				Figure 5-59: Step 4 

			

		

		
			
				Figure 5-60: Step 5
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				Step 6. (See Figure 5-61) Slowly open the VCRT ball valve and slightly loosen the nut on the back of the tool to purge the small amount of air from inside the tool. Re-tighten the back nut.

				Step 7. (See Figure 5-62) Push the rod inwards and tighten clockwise until the valve core is snugly seated in the port. After the valve core is completely seated, pull the rod back and turn the valve on the tool to the off position. 

				Step 8. (See Figure 5-63) Remove the back rod assembly by turning the nut counterclockwise. 

				Step 9. (See Figure 5-64) Add a cap with a hole in the end to the back of the tool. Turn the valve to the on position. Add bubble leak detector to the hole to see if the valve core is leaking.

				Step 10. (See Figure 5-65) If no bubbles form, the valve core is holding pressure and the valve core removal tool can be removed from the port. Install the port cap. If bubbles form, the valve core may need to be tightened further. A valve core torque wrench can be used to do this.

			

		

		
			
				Figure 5-61: Step 6

			

		

		
			
				Figure 5-62: Step 7
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				Figure 5-63: Step 8
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				Figure 5-64: Step 9
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				Figure 5-65: Step 10
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				H. Valve Core Removal Tool Use During the Vacuum and Recovery

					When recovering all the refrigerant from a system or dehydrating an empty system with a vacuum pump, a valve core removal tool (VCRT) should be connected to each port. A VCRT is used to remove the valve core from a port to remove the restriction. The hose end is mounted to the end of the VCRT. Hoses used during these procedures should not have low loss fittings or valve core depressors. This allows for an open and unobstructed pathway through each port and hose. When recovering refrigerant from a system, follow Steps 1-4 in Section 5G to first remove the valve core. The VCRT remains on the port during the whole recovery or vacuum procedure (See Figure 5-66). After the vacuum procedure and while the system has positive refrigerant pressure, the VCRT is used to re-install the valve core. Vacuum procedures are discussed in Chapter 7 and recovery procedures are discussed in Chapter 9.

			

		

		
			
				Figure 5-66: VCRT During Vacuum
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				I. Reasons Why There is Only One Access Port

					Most mini split manufacturers only install one access port on a unit. This port is located on the vapor line service valve. There are several reasons why mini split manufacturers do not include an access port on the liquid side of the system. Installing a three-way service valve on the liquid line may lead to technician confusion and does not provide additional benefits. It could lead to the possibility of overcharging a system, being a potential leak location, and increasing the design cost of the system. 

					Having only a single access port on a unit prevents a technician, who primarily works on traditional single speed systems, from trying to apply an incorrect charging method to an inverter mini split system. Measuring and adjusting the subcooling level based on past experience with fixed speed systems does not apply to inverter systems. The issue is that the technician often cannot control all the components within the system, or know that the system is operating at full capacity, in order to check the charge this way. 
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					A traditional single speed ducted system has an outdoor unit with a port on both the vapor and liquid lines (See Figure 5-67). Because a traditional system runs at a fixed speed, superheat and subcooling can be used to check the charge level because the target superheat and/or target subcooling are known. Superheat and subcooling are used to check the refrigerant charge level and to troubleshoot traditional systems. To learn more about this, refer to the book, “Refrigerant Charging and Service Procedures for Air Conditioning”.

					On inverter mini split systems, the speed of the indoor fan, outdoor fan, and compressor, along with the opening size of the EEV metering device are usually not known by the technician. The speed, position, and/or operating capacity for each individual component is determined by the PCB, while the system is running. Because of this, the technician should not try to set the superheat or subcooling at a fixed amount by adding or recovering refrigerant. In the case of an inverter mini split system, the target superheat and target subcooling are not a constant number and are unknown by the technician. Therefore, the manufacturer chooses not to add a port on the liquid side. Some manufacturer’s may provide a lockout button to force all components to run at a specific speed, position, and/or operating capacity. In this case, the manufacturer may supply a target superheat. However, very few systems are designed with this function.

					When performing a vacuum or pressure test, a single port (See Figure 5-68) is all that is needed on a mini split system. This is because the metering device of a mini split system is located in the outdoor unit, behind the service valves. This differs from the location of the metering device on a traditional single speed ducted split system. The metering device in a traditional ducted split system is located halfway down the line set tubing circuit at the indoor coil. This acts as a restriction to the vacuum and can lead to issues during the pressure test. On a mini split system, the line set tubing circuit and evaporator coil pathway are fully open and unrestricted.
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				Figure 5-68: Service Valve Port on a Mini Split Unit

			

		

		
			
				Figure 5-67: Service Valve Ports on a Traditional Split Unit
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				Chapter 6

				Leak Testing 

				1. Leak Tests

					Leak testing can refer to searching for tubing leaks during an initial installation of a system while pressure testing. Leak testing can also refer to searching for tubing leaks on an existing system with a low refrigerant charge.

				2. Pressure Testing

					A mini split system’s tubing must be pressure tested during the initial installation in order to test for leaks. This is done after all line set connections are complete and before vacuuming the system’s empty tubing. A pressure test is performed by adding dry inert gas to the system’s tubing and monitoring the pressure to see if it lowers over time. It is important to use a dry, inert gas. Inert means it is non-combustible, non-flammable, and non-reactive to materials. Dry means it does not contain water. Any water that enters the system’s tubing must be removed later during the vacuum procedure. Air cannot be used to pressure test a system because it has water content as well as oxygen. The presence of oxygen increases the flammability of other chemicals. For pressure testing, nitrogen is usually the most inexpensive and commonly available inert gas. 

					Prior to performing a pressure test on a new single zone mini split system, view both the indoor and outdoor unit rating plates for the low side max design pressure. Do not pressure test higher than the low side max design pressure (See Figure 6-1). On an existing system, do not pressure test up to the pressure listed as the low side max design pressure. It is possible to create leaks in the old parts of the system when pressure testing too high. This is because older tubing may 
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				Figure 6-1: Rating Plate Showing the Low Side Max Design Pressure
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				be corroded and the outer walls may be thin. On a single zone mini split unit there is usually only one port available to perform a pressure test. This port is located on the outdoor unit vapor line service valve. On a new single zone system with the line set connected and the service valves still in the front-seated position, this port gives access to all the line set tubing and the indoor coil. On a multi-zone system equipped with zone service valves, only pressure test one zone at a time to search for leaks. This will avoid any confusion as to which zone the potential leak is located. On a multi-zone system equipped with zone service valves, each zone has an access port on the zone’s vapor line service valve. 

					To perform a pressure test, add the nitrogen by attaching a manifold gauge set between the nitrogen regulator and the system’s port (See Figure 6-2). Meter in a small amount of nitrogen pressure such as 25 PSI. After the manifold gauge set handle is closed, listen for any obvious leaks. Watch the manifold gauge pressure to see if it immediately falls. If it seems to be holding, open the handle counterclockwise to add the correct amount of nitrogen pressure based on the low side design pressure. Next, close the manifold gauge set handle by turning it clockwise. Monitor the gauge for a drop in pressure over a ten minute to one hour time period. During this time period, add non-corrosive bubble leak detector to the outside of the flare connections. If bubbles form, the nitrogen pressure within the tubing must be released, the connection must be taken apart, and both the flare face and the flare adapter must be visually inspected for damage. Remove and replace the flare, if needed. Perform the pressure test again to check for any other leaks. 
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				Figure 6-2: Adding Nitrogen to Pressure Test a System
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					If bubbles do not form during this time period, and the pressure measurement on the manifold gauge set does not fall, there are no leaks present. Make sure to follow manufacturer’s guidelines for pressure testing as manufacturer guidelines supersede instructions stated in this book. When pressure testing, a digital manifold set, digital test gauges, or digital/wireless probes are more reliable than a compound manifold gauge set. This is because small incremental changes in pressure can be accurately measured and noticed with digital pressure measuring tools. Digital pressure measuring tools usually display the pressure in tenths of a PSI. The pressure measurement is obvious and accurate compared to viewing the movement of a needle on a compound gauge. After pressure testing is complete and if no leaks are found, release the nitrogen in order to connect the vacuum setup to the system.

					When pressure testing multi-zone systems, each zone should be tested separately, to determine which zone, if any, is leaking. Pressure testing a two zone system can be performed by using a three-port manifold with one gauge measuring the pressure of the first zone while the other gauge is measuring the pressure of the second zone. See Figure 6-3 for pressure testing a two zone system with a manifold gauge set.
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				Figure 6-3: Pressure Testing a Two Zone System with a Three Port Manifold Gauge Set

			

		

		
			
					A zone can also be pressure tested without the use of a manifold gauge set. Attaching an access tee to the port allows for pressure to be added to the tubing, a valve core at the end of the tee to hold the nitrogen pressure in the system, and a side port to install a test gauge or digital gauge to monitor the pressure within the system (See Figure 6-4). The hose end valve, if equipped, can be turned to the off position during pressure testing. 
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				Figure 6-4: Pressure Testing without a Manifold Gauge Set

			

		

		
			
				3. Leak Detection Tools and Procedures

					Leak detection should be performed any time a drop in pressure occurs during a pressure test, or if during a service call, a low refrigerant charge is noticed. A drop in pressure or a low refrigerant charge indicates that there is a leak in the system.

					A. Non-Corrosive Bubble Leak Detector

					Apply a non-corrosive bubble leak detector onto any suspected leak locations, such as joints (See Figure 6-5). If the non-corrosive leak detector covers the leak spot and the leak is large enough, the escaping pressure will blow bubbles. If the leak is small, the non-corrosive bubble leak detector may foam, glisten, or blow small bubbles.

					B. Ultrasonic Leak Detector

					If the leak cannot be easily found, use a leak detection tool such as an ultrasonic leak detector (See Figure 6-6). The ultrasonic leak detector listens for the turbulent noise of the escaping gas which is exiting through the tubing leak location. Water can be applied to the outside of the 

			

		

		
			
				Figure 6-5: Bubble Leak Detector (Courtesy of 

				Refrigeration Technologies)
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				pressurized tubing or coil to increase the ultrasonic noise of the escaping gas. The addition of the water on a leak spot will create a squealing ultrasonic noise when the pressurized gas is pushed through. If the system tubing has refrigerant inside then there is also refrigerant oil within the tubing. The escaping gas must pass by or through this refrigerant oil which creates a unique ultrasonic noise. The ultrasonic leak detector can be used regardless of the gas that is pressurizing the tubing. This tool typically has an LED display that lights up when ultrasonic noise is present. The user may wear ear phones to listen for the leak. This tool creates an audible sound based on the ultrasonic noise picked up by the tool. To use an ultrasonic leak detector, move the tip across all the joints and tubing of the system until an audible noise is heard. As the tip of the tool gets closer to the leak location, the audible noise level increases and the LED display lights up at a higher level.

					C. Heated Diode

					A heated diode leak detector can be used to search for leaks as long as there is refrigerant inside the tubing. These leak detectors can also be used during a pressure test if one ounce of refrigerant is added into the empty system before the nitrogen is added. A heated diode leak detector works by pumping air across the sensor in order to detect the presence of a specific chemical or chemicals found in the refrigerant. In some cases this tool is chemical specific which means that it may only detect certain types of refrigerants and not others. Some can detect multiple types of refrigerants. An example of this is a tool that can detect the presence of both R-22 which is a HCFC and R-410A which is a HFC. A heated diode leak detector works by slowly moving the tip of the tool across the system’s tubing. It usually has an LED display that lights up and a noise level that increases when the tip of the tool crosses the leak location. 

					If a leak is found during a pressure test, release the nitrogen and one ounce of refrigerant. The refrigerant cannot be recovered separately from nitrogen. This one ounce release of refrigerant is permissible as presently stated through www.epa.gov. It is up to the technician to follow all current EPA Section 608 guidelines. Be aware that these rules are subject to change. If the leak is found in a system with refrigerant inside, the system’s charge must be recovered before fixing the leak.

			

		

		
			
				Figure 6-6: Ultrasonic Leak Detector (Courtesy of 

				Superior Signal Company)
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					D. Infrared Leak Detector

					An infrared leak detector works by moving the tip back and forth across the side of the refrigerant tubing. The detector is looking for a change in the infrared light, due to the presence of refrigerant chemicals, which have leaked into the air. The tool’s LED display lights up and the tool makes an audible noise when refrigerant is detected in the air. 

					E. Fluorescent Dye

					If refrigerant is leaking from a system, it is likely that refrigerant oil is also leaking from the system. Technicians can look for an oil stain on the coils and tubing to determine the leak location. However, this may not be seen unless the leak is substantial. Because a small amount of oil usually escapes with the refrigerant through a leak spot, another method of leak detection is to add fluorescent dye in the system’s tubing. The dye mixes with the refrigerant oil and travels out of the leak spot along with the oil and refrigerant. The dye must be added to the system, and allowed to circulate for a long period of time, such as a few days, before trying to search for the leak. Shine the UV flashlight on the coils and tubing. Each glowing spot indicates a leak.

					Caution should be taken before using fluorescent dye, as it is best not to add any foreign additives into a system. Additives may negatively react with the system’s oil charge, which could reduce lubrication at the compressor or cause gumming at the components. Some system manufacturers may even void the warranty of the system or refrigerant components if an additive such as fluorescent dye is added to the system’s tubing. As it may take at least several hours for the dye to circulate, the technician may need to return for at least one follow-up visit. Sometimes the dye is still not visible in order to find the leak and at this point, a substantial amount of time has been invested in leak detection. It is best to rely on new electronic leak detection technology in order to find the leak in a more efficient manner.

					F. Prior to Fixing a Leak

					In order to fix a leak on a system with refrigerant inside, either pump down or recover the refrigerant. Do not draw the system down below 0 PSI (0” Hg) or air will enter the tubing through the leak spot. Once a leak on an empty system is fixed, the system needs to be pressure tested to verify that no additional leaks are present. After pressure testing, the vacuum procedure can be performed and the correct amount of refrigerant can be added back into the system. 
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				CHAPTER 7

				Vacuum Methods and Procedures 

				1. Vacuum and Dehydration Principles

					A proper vacuum must be performed to remove moisture, air, and/or nitrogen from the system, prior to adding refrigerant. The vacuum procedure should be performed once the system pressure is equal to the atmospheric pressure. This procedure protects the refrigerant and refrigerant oil from contaminants. Contaminants can shorten a system’s lifespan and/or reduce heat transfer.

					During the vacuum procedure, a vacuum pump (See Figure 7-1) is used to lower the pressure inside the system in order to boil any water located inside the tubing. The vacuum pump also removes the water vapor, air, and/or nitrogen from the system. The vacuum procedure can be referred to as dehydration, vacuuming, or evacuation. The term “evacuation” can also refer to refrigerant recovery, so the reader needs to carefully note the context in which this term is used.

					Dehydration of the refrigerant lines is necessary because any water left in the tubing is absorbed by the refrigerant oil within the system. Refrigerant oils, such as POE (Polyolester) and PVE (Polyvinyl Ether), are very hygroscopic. Hygroscopic means the substance absorbs moisture at a high rate. This reduces the ability for the refrigerant oil to lubricate components, such as the compressor. Some refrigerant oils, such as POE oil, chemically mix with water to produce acids, as the result of hydrolysis. Hydrolysis is the chemical breakdown of a compound due to its reaction with water. In the case of POE oil, acids are formed which eat away at components within the system and reduce lubrication. Although PVE oil is very hygroscopic, hydrolysis is practically non-existent, so acid is not formed. 

					One component that is very susceptible to acids is the compressor motor. The electrical windings of a hermetic or semi-hermetic compressor are exposed to the refrigerant and the refrigerant oil within the system. The electrical wires that make up the windings are coated with resin insulation which is the only thing 

			

		

		
			
				Figure 7-1: Vacuum Pump
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				separating each wrap of the electrical wires. If the acid breaks down the resin insulation, the wraps of the electrical wires will touch each other, resulting in a compressor burnout. 

					If air or nitrogen is left in the tubing due to a poor vacuum procedure, it will contaminate the new refrigerant charge being added to the system. The contaminated refrigerant charge will run at high operating pressures and not effectively absorb and reject heat while the system runs. The hermetic compressor will also be in danger of overheating because the refrigerant flowing through it is used to remove heat from the compressor motor.

					Air or nitrogen in the system does not allow the refrigerant phase change from liquid to gas or gas to liquid to occur properly. This is why it is so important to pull a deep vacuum and to verify the vacuum level using a vacuum gauge (See Figure 7-2). The vacuum level is commonly read in microns. 

					Per EPA 608 guidelines, a vacuum level of 500 microns or lower is sufficient for a system. However, the equipment manufacturer may require a deeper vacuum level than the EPA 608 standard. Attaining a deep vacuum level means more moisture has been removed from the system. Therefore, a deeper vacuum level such as 100-300 microns should be attained for optimum system performance and lifespan. Be sure to follow the manufacturer’s guidelines on the vacuum level if lower than stated above. 

					Figure 7-3 shows an example of a vacuum setup used during the vacuum procedure. The vacuum gauge shows the micron level while the vacuum pump is running. The vacuum gauge must be monitored during both the vacuum procedure and the standing vacuum test. The standing vacuum test measures the true vacuum level inside the system, while the vacuum pump is off and isolated. The “Standing Vacuum Test” is discussed later in this Chapter, in Section 6.

			

		

		
			
				Figure 7-2:

				Vacuum Gauge
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				Figure 7-3: One Hose Vacuum Setup
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					The vacuum gauge is a necessary tool for reading the vacuum level. It is important to note that the vacuum level cannot be measured accurately by reading the inch Hg level on the compound gauge. It may be better to exclude the manifold gauge set entirely from the vacuum hose setup because there is more potential for leaks due to the extra connection points and hoses. Also, a manifold set adds more restrictions to the vacuum hose setup. Restrictions decrease the effectiveness of the vacuum pump. 

					A vacuum level cannot be accurately determined using a standard compound gauge. The needle on the compound gauge in Figure 7-4 represents 29.91” Hg (29.91” Hg = 200 microns). The needle on the compound gauge in Figure 7-5 represents 29.77” Hg (29.77” Hg = 4,000 microns). There is very little change in the position of the needles on both gauge faces even though the micron level is significantly different. The display on the gauge face for the inch Hg range is too small to use for determining the vacuum level. A digital vacuum gauge must be used.

					Figure 7-6 shows the micron levels needed to boil water at different temperatures. As the micron level lowers due to a deep vacuum, the temperature needed to vaporize/boil water decreases. This is how a vacuum pump is able to remove water from a system without having to heat the system.
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				Figure 7-4: 29.91” Hg of Vacuum

			

		

		
			
				Figure 7-5: 29.77” Hg of Vacuum

			

		

		
			
				Figure 7-6: Vacuum and Pressure Conversions
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				Based on best available data
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				2. Vacuum Strategies

					Vacuum strategies are used to decrease the amount of time needed to reach and hold the required vacuum level. Below are strategies that can be used to perform a successful vacuum. 

					• Use a valve core removal tool (VCRT) to remove the valve core from the 

					system port. Keep the VCRT connected to the port during the entire vacuum 

					process. 

					

					• Make sure any VCRTs used are rated for a deep vacuum. 

					• Any hoses used should be vacuum rated. Hoses should not have an on/off 	valve unless they too are vacuum rated.

					• Hoses should not have a valve core depressor blocking the flow.

					• Use as few hoses, valves, and connections as possible. (Usually only one 

					hose is needed if the system has a single access port.)

					• Check the condition of rubber hose end grommets and replace if torn. Add 	a drop of refrigerant oil onto the rubber hose grommets to help seal the 

					connections. 

					• In order to hold the vacuum during a “Standing Vacuum Test”, only use a 

					vacuum rated ball valve, such as on the VCRT. These are typically rated 

					down to 20 microns. Standard hose ball valves may not be vacuum rated and 

					may leak under vacuum.

					• Target 100-200 microns while the vacuum pump is running.

					• After reaching the required vacuum level, isolate the vacuum pump from the 

					system in order to perform a “Standing Vacuum Test” for 10 minutes, to see 

					if the micron level rises.

					• Mount the vacuum gauge to the VCRT at the system port so that during the 

					“Standing Vacuum Test” the vacuum is no longer being held by the hose. The 

					hose and pump are valved off.

					• To measure an accurate micron level while the vacuum pump is running, 
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					keep the vacuum gauge as close to the system’s access port as possible and 

					away from the vacuum pump.

					• Use a quality vacuum gauge. (A standard compound refrigerant gauge does 

					not show precise vacuum measurements and should not be used.)

					• Use the VCRT to reinstall the valve core at the system port only after there 	is positive refrigerant pressure in the system.

					• Use a two stage vacuum pump in order to pull a deep vacuum.

					• Replace the vacuum pump oil regularly.

				3. Vacuum Setups

					Many vacuum tools exist so each technician’s vacuum setup may be different depending on the tools used. Vacuum setups may also differ depending on the application, size, and the number of ports on the equipment being vacuumed. The goal is to be effective and to make the best use of time when servicing HVACR equipment. Even though a vacuum setup without a compound manifold gauge set will reach the required vacuum level faster, many technicians still choose to include it. Figure 7-7 and Figure 7-8 show setups using the compound manifold gauge set. 

					Compare these vacuum setups to the single hose vacuum setup shown in Figure 7-9 in regards to the amount of hoses, connections, turns, and potential leak sources. To remove the restriction at the port, each vacuum setup includes a VCRT to remove the valve core. Each vacuum setup is attached to a single port, single zone mini split outdoor unit.
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				Figure 7-7: Two Hose Vacuum Setup with the Vacuum Gauge Attached to the 4-Port Manifold
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				Figure 7-8: Two Hose Vacuum Setup with the Vacuum Gauge Attached Near the System Port

			

		

		
			
				Figure 7-9: Single Hose Vacuum Setup with the Vacuum Gauge Attached Near the System Port

			

		

		
			
					Most single zone outdoor mini split units have only one service port. This access port is located on the vapor line service valve. This port may be either 1/4” or 5/16”, depending on the manufacturer. Because there is only one access port, a single hose vacuum setup is typically used. A single hose setup on a mini split system differs from a single hose setup on a two port traditional system because of the location of the metering device, which may act as a restriction. 
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				4. Vacuum Tools

				The vacuum tools used in Figure 7-9 are listed below:

					• A two stage vacuum	pump rated at 1-4 CFM with a 1/4”, 3/8” and 1/2” port 

					• One digital vacuum gauge

					• One 3/8” vacuum hose with a 3/8” connection on one side and a 1/4” 

					connection on the other side, without a valve core depressor in either end.

					• Two VCRTs rated for deep vacuum. See Figure 7-12 for a 1/4” and 5/16” 

					model of the VCRT.

					* On a system with a 5/16” access port, one 5/16” VCRT is needed for 

					the port and one 1/4” VCRT is used to valve off the vacuum gauge. 

					* On a system with a 1/4” access port, one 1/4” VCRT is used at the port 

					and the other 1/4” VCRT is used to valve off the vacuum gauge. 
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				Figure 7-10: Traditional System with Metering Device at the Indoor Unit

			

		

		
			
				Figure 7-11: Mini Split Heat Pump with Metering Device in the Outdoor Unit

			

		

		
			
					In a traditional single speed system with two access ports, the metering device is located halfway down the line set tubing circuit at the inlet of the indoor coil (See Figure 7-10). Because the metering device acts as a restricter, a vacuum can be performed more effectively by pulling from both access ports. In most mini split units, the metering device is located in the outdoor unit (See Figure 7-11). This means on a mini split system there is no restriction halfway down the line set tubing circuit that could partially block the flow during a vacuum from only a single port. 
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					Innovations to vacuum tools and procedures continue to be developed. These innovations result in less time needed to perform procedures, deeper vacuum levels, less technician frustration, and better confirmation of the final vacuum level. These lead to increased productivity and a longer system lifespan. Some changes include a quick oil change feature on the vacuum pump, better two stage vacuum pump designs, deeper vacuum ratings on valves, increased vacuum hose diameter, vacuum hoses made with new material types, and multiple ports of different sizes on the vacuum pump. 

				5. Vacuum Procedure Guidelines

					In order to perform the vacuum procedure, the system’s electrical power must be turned off. Some technicians leave a small amount of nitrogen in the system after performing a pressure test in order to verify that humid air does not enter the system before starting the vacuum. This small nitrogen charge is vented off prior to connecting the vacuum pump.

					Before turning on the vacuum pump, make sure that all hoses and connections are snug. Next, turn on the vacuum gauge. The pressure of the portion being vacuumed should be at 0 PSIG. If the vacuum pump is equipped with a gas ballast, partially open it before turning on the pump. The use of a gas ballast helps prevent any initial air or other gases in the system from contaminating the vacuum pump oil. Contaminated vacuum pump oil and vacuum pump maintenance are discussed in Section 11G, in this Chapter.

					The gas ballast (See Figure 7-13) should be partially open during the initial startup of the pump. Once the vacuum level reaches roughly 15,000-20,000 microns, close the gas ballast so the vacuum level can lower. The noise level of the vacuum pump usually reduces at the 15,000-20,000 micron level. On smaller systems, this typically occurs within the first twenty seconds while the pump is running. The length of time that the gas ballast should be kept open depends on the volume of 

			

		

		
			
				Figure 7-12: 1/4” VCRT (on left) and 5/16” VCRT (on right)
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				tubing being evacuated. On larger systems, the gas ballast may need to stay open longer. 

					During the vacuum, it is necessary to remove any trapped air surrounding the ball valve inside each VCRT. To do this, quickly close and then reopen the valve of each VCRT. This is usually done once at the 1000 micron level and then again prior to reaching the desired vacuum level. The system must be vacuumed to a level of at least 500 microns per EPA 608 standards. However, reaching a level of 100-200 microns is better for the system. After reaching the proper vacuum level, the hoses that connect to the vacuum pump must be isolated off from the rest of the setup. This separates the system and vacuum gauge from the hoses and vacuum pump. In Figures 7-8 and 7-9, isolation occurs at the lower VCRT, located between the system port and the vacuum hose.

					In Figure 7-7, the isolation of the vacuum pump occurs at the front vacuum handle on the compound manifold gauge set. This handle shuts off the hose connecting the manifold gauge set to the vacuum pump. When allowing the manifold gauge set and flexible hoses to hold the vacuum, there is a higher chance of losing the vacuum through small leaks. Therefore, whenever possible, do not include them in the setup. When using them, hold the standing vacuum at the VCRT so that the hoses and manifold are not included in the standing vacuum test. 

				6. The Standing Vacuum Test

					The standing vacuum test (decay test) is performed while the vacuum gauge is connected to the system and while the vacuum pump and hose(s) are valved off from the system. This test is performed for at least ten minutes to see if the system’s vacuum level rises. 

					The vacuum level is measured by a vacuum gauge. The vacuum level read during the standing vacuum test is the true vacuum level, whereas the vacuum 
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				Figure 7-13: Labeled Vacuum Pump
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				level read while the vacuum pump is running will likely show a deeper vacuum. This depends on where the vacuum gauge is placed in the vacuum setup. 

					For a more accurate reading while the vacuum pump is running, it is best to keep the vacuum gauge as close as possible to the system port. This is usually done by mounting a VCRT to the system’s port and placing the vacuum gauge on the side of the VCRT. The standing vacuum test must be performed for at least ten minutes in order to measure whether the vacuum level rises. 

					If the vacuum level does not rise and it holds under 500 microns for ten minutes, the system’s tubing is ready for refrigerant to be added based on EPA 608 guidelines. However, a lower vacuum level should be attained for optimum system performance and lifespan. At a lower vacuum level, more moisture is removed from the system. If water mixes with refrigerant oil, acid may be created. Water mixed with oil reduces compressor lubrication during the system’s operation. A lower vacuum level is better for the system’s hygroscopic (easily mixes with water) refrigerant oil. Figure 7-14 shows a standing vacuum test holding at 270 microns. 

					If there is a leak in the system, the micron level will rise to a level that can no longer be measured by the vacuum gauge. If water is still in the system, the micron level will rise, stop for a while, rise again, and then stop again. This is the result of pockets of frozen water that are thawing and applying pressure within the system as water vapor. If the vacuum level does not rise above 500 microns and remains stable for ten minutes, the system is ready for refrigerant, per EPA 608 standards. However, a standing vacuum test that holds a steady value between 100 and 300 microns is preferred. 

					Some manufacturers may require a deeper level than what is stated by the EPA 608. Follow the manufacturer’s instructions and micron level requirements. After a successful standing vacuum test, valve off the vacuum gauge and break the vacuum by adding refrigerant into the system.

			

		

		
			
				Figure 7-14: Standing Vacuum Test
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					There are two reasons the vacuum gauge should be valved off after the standing vacuum test and prior to breaking the vacuum with refrigerant. One reason is to prevent the vacuum gauge sensor from becoming contaminated by the refrigerant or the refrigerant oil when breaking the vacuum. When the vacuum gauge sensor is contaminated, it is unable to accurately measure a vacuum. Some manufacturers recommend applying isopropyl alcohol to the vacuum gauge sensor in order to clean off any chemicals. Always follow the vacuum gauge manufacturer’s instructions as they supersede any guidelines in this book.  

					The second reason the vacuum gauge should be valved off, is to protect it from the high pressure created during the addition of refrigerant into the system. Although most vacuum gauges are rated to withstand high pressure, it is best to protect the vacuum gauge from high pressure because of the possibility of creating a small leak inside. The vacuum gauge is used to measure an extremely deep vacuum level and just like the rest of the vacuum setup, care must be taken to keep the tools in good working order. Valving off the vacuum gauge is an extra precaution that helps protect the device from getting contaminated or damaged, with no negative effects and minimal additional effort.

				7. Steps for the Vacuum Procedure, Standing Vacuum Test, and 

				 Breaking the Vacuum 

					Steps 1 through 9 show the positions of the tools used at the vapor line service valve port while performing the vacuum procedure and standing vacuum test. 

					Section A (Steps 10-A through 13-A) shows the positions of the tools used at the vapor line service valve port while breaking the vacuum with refrigerant from the outdoor unit.

					Section B (Steps 10-B through 17-B) shows the positions of the tools used at the vapor line service valve port while breaking the vacuum with refrigerant from the bottle.

					Prior to performing the vacuum procedure on a new system, there must be fresh oil in the vacuum pump in order to draw a deep vacuum. The pressure test must also be complete and the nitrogen must be released, so that the system pressure at the port is 0 PSIG. Ensure the electrical power to the unit is off. 

					The following steps use the same vacuum tools as those shown in Figure 7-9.
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				Step 1 (See Figure 7-15): On the vapor line service valve, remove both the service valve cap and the access port cap. On the liquid line service valve, remove the service valve cap only. There is usually no liquid line access port. Connect the first VCRT (valve core removal tool) to the system’s access port. Connect the second VCRT to the side port of the first VCRT. (Make sure there is not a valve core mounted in the side port of the first VCRT which may block the flow.) Remove the valve core from the system’s port using the rod end of the first VCRT. On both VCRTs, remove the rod ends and turn the valve handles to the closed position. These valves should remain in the closed position so that humid air does not enter the open and empty system, before the hose and vacuum gauge are connected. 

			

		

		
			
				Step 2 (See Figure 7-16): Attach a vacuum hose from the end port of the first VCRT to the vacuum pump. Attach a vacuum gauge to the end port of the second VCRT. Open both VCRT valves. Turn on the vacuum gauge.

				Step 3 (See Figure 7-17): Open the gas ballast on the vacuum pump (if equipped). Turn on the vacuum pump. After the vacuum level lowers to 15,000-20,000 microns, shut off the gas ballast. (If the vacuum pump is not equipped with a gas ballast, simply turn on the vacuum pump for this step.)

				Step 4 (See Figure 7-18): While the vacuum pump is running, after reaching roughly 1000 microns, turn the valve handle on the first VCRT to the closed position and then quickly back to the open position. Repeat this action with the other VCRT. This action removes any air that may be trapped at the valve section of 

			

		

		
			
				Figure 7-15: Step 1 of the Vacuum Procedure

			

		

		
			
				Figure 7-16: Step 2 of the Vacuum Procedure

			

		

		
			
				Figure 7-17: Step 3 of the Vacuum Procedure

			

		

		
			
				Figure 7-18: Step 4 of the Vacuum Procedure
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				each VCRT. This is followed by an initial rise in the micron level which should then steadily lower. Continue monitoring the vacuum gauge as the micron level lowers.

				Step 5 (See Figure 7-19): After the micron level reaches 200 microns, perform the actions in Step 4 again to remove any remaining air from the VCRT valves. This may be followed by a slight rise in the micron level which should quickly lower as the vacuum pump continues to run. Continue monitoring the vacuum gauge.

				Step 6 (See Figure 7-20): After the micron level lowers and returns to 200 microns, turn the valve handle on the first VCRT to the closed position. Leave the valve handle on the second VCRT in the open position. This allows the vacuum gauge to continue monitoring the system’s vacuum level while the vacuum pump and hose are isolated from the system. The vacuum pump may now be turned off.

				Step 7 (See Figure 7-21): The vacuum gauge is now measuring the system’s true vacuum level. This marks the beginning of the “10 Minute Standing Vacuum Test” (Decay Test). Monitor the vacuum gauge to see whether the micron level rises.

				Step 8 (See Figure 7-22): After ten minutes, if the vacuum level has not risen more than two hundred microns and is holding steady below 500 microns, the “10 Minute Standing Vacuum Test” (Decay Test) is complete. The system’s tubing is now prepared and ready for refrigerant to be added. 

			

		

		
			
				Figure 7-19: Step 5 of the Vacuum Procedure

			

		

		
			
				Figure 7-20: Step 6 of the Vacuum Procedure

			

		

		
			
				Figure 7-21: Step 7 of the Vacuum Procedure

			

		

		
			
				Figure 7-22: Step 8 of the Vacuum Procedure
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				Step 9 (See Figure 7-23): After the “10 Minute Standing Vacuum Test”, and before breaking the vacuum with refrigerant, be sure to protect the vacuum gauge by turning the valve handle on the second VCRT to the closed position. This isolates the vacuum gauge from the system.

					Before moving on, decide whether the system has an adequate amount of refrigerant inside the outdoor unit to support the length of line set installed. Determining this should be done prior to performing the vacuum procedure. To determine this, refer to the outdoor unit rating plate and/or the system’s installation literature. Note the range of line set length that the factory charge accommodates. The factory charge is the amount of refrigerant stored in the outdoor unit. For more information, refer to Chapter 8.

					If the system’s factory charge is sufficient for the line set length, continue to Step 10-A in Section A, “Breaking the Vacuum with Refrigerant from the Outdoor Unit”.

					If the system’s factory charge is insufficient because a longer line set length is installed, move on to Step 10-B in Section B, “Breaking the Vacuum with Refrigerant from the Bottle”.

					A. Breaking the Vacuum with Refrigerant from the Outdoor Unit

				Step 10-A (See Figure 7-24): To break the vacuum with refrigerant stored in the outdoor unit, insert a hexagon key or ratcheting service wrench with hexagon key into the inner cylinder (stem) of either the vapor or liquid line service valve. Rotate the inner cylinder counterclockwise until there is slight resistance. Do not force the cylinder further! The valve is now fully open. To open the other service valve, insert the key into its inner cylinder and repeat the actions stated above. 

			

		

		
			
				Figure 7-23: Step 9 of the Vacuum Procedure

			

		

		
			
				Figure 7-24: Step 10-A of the Vacuum Procedure
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				Step 11-A (See Figure 7-25): The vacuum has been broken with refrigerant from the outdoor unit and now both service valves are open. The entire system is at positive pressure due to the refrigerant inside the tubing. Before removing the VCRTs, reinstall the valve core into the vapor line service valve access port using the rod end of the VCRT. 

				Step 12-A (See Figure 7-26): After the valve core has been reinstalled and before removing the VCRT, leak check at the end of the VCRT to verify that refrigerant is not leaking out of the valve core. Do this by mounting a 1/4" port cap with a small pre-drilled hole, to the end of the VCRT. Add non-corrosive bubble leak detector to the small hole in the port cap to see if bubbles form due to leaking pressure. If no leak is present, remove the VCRT. 

				Step 13-A (See Figure 7-27): Mount the port cap (locking cap) to the vapor line service valve access port. Finally, mount the caps to the service valves, in order to protect the inner cylinders. The refrigerant portion of the installation is now complete and protected.

					B. Breaking the Vacuum with Refrigerant from the Bottle

					Instead of breaking the vacuum with refrigerant from the outdoor unit, the vacuum can be broken with refrigerant from the bottle. This is usually done during the initial installation when extra refrigerant needs to be added into the system. The amount of refrigerant needed for every additional foot of line set is either listed on the outdoor unit rating plate or in the system’s installation literature. 

					

			

		

		
			
				Figure 7-25: Step 11-A of the Vacuum Procedure

			

		

		
			
				Figure 7-26: Step 12-A of the Vacuum Procedure

			

		

		
			
				Figure 7-27: Step 13-A of the Vacuum Procedure
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					In Step 9, the “10 Minute Standing Vacuum Test” is complete, no leaks are present, the micron level is holding, and the vacuum gauge is valved off from the system. The additional tools and supplies now needed are an electronic scale, a short refrigerant hose (preferably with a manual low loss valve on the end), and a refrigerant bottle with the same refrigerant that is in the outdoor unit.

				Step 10-B, with Bottle (See Figure 7-28): Connect one end of the refrigerant hose to the bottle and the other end to the port on the end of the VCRT. (If using a hose with a manual low loss valve, connect the valved hose end to the VCRT port.) If using a disposable refrigerant bottle, the bottle must be flipped upside down to ensure liquid refrigerant exits the bottle. (If using a refillable bottle, the bottle does not need to be flipped upside down because there is a dip tube connected to the liquid port. This dip tube extends down inside the bottle to the bottom of the tank where the liquid is present.) Next, open the bottle handle to allow refrigerant into the hose. Purge air at the connection between the VCRT and the hose end so that only refrigerant is in the hose. 

				Step 11-B, with Bottle (See Figure 7-29): After purging air from the hose, place the bottle on the scale and turn the scale on. Zero out the scale. Determine the amount of refrigerant to be added based on the line set length, tube diameter, and manufacturer’s data.

			

		

		
			
				Figure 7-28: Step 10-B of the Vacuum Procedure with a Bottle

			

		

		
			
				Figure 7-29: Step 11-B of the Vacuum Procedure with a Bottle
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				Step 12-B, with Bottle (See Figure 7-30): To break the vacuum and charge refrigerant into the system, use the valve handle on the VCRT while monitoring the scale display. Fully open the VCRT valve handle until the scale displays a negative weight that is slightly less than what is needed in the system. This process should be done quickly so that the liquid refrigerant entering the system’s tubing does not have a chance to expand into a vapor and increase in pressure. Turn the VCRT valve handle to the closed position and read the weight displayed on the scale. If more refrigerant is needed in the system, quickly make the adjustments at the VCRT handle. Partially open and then close the valve handle while monitoring the weight displayed on the scale. Do this until the required amount of refrigerant is in the system. The electrical power to the unit should remain off during this entire procedure.

				Step 13-B, with Bottle (See Figure 7-31): Presently the VCRT handle is in the closed position. After charging the unit, shut off the scale and turn the bottle’s handle to the closed position. (If a hose equipped with a manual low loss valve is used, turn this valve to the closed position.) While wearing safety gloves and proper PPE, disconnect the hose end at the VCRT. To learn more about charging procedures, refer to Chapter 8.

			

		

		
			
				Figure 7-30: Step 12-B of the Vacuum Procedure with a Bottle

			

		

		
			
				Figure 7-31: Step 13-B of the Vacuum Procedure with a Bottle
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				Step 14-B, with Bottle (See Figure 7-32): Both service valves can now be opened. This can be done in either order because the system’s tubing is at positive pressure. To open each service valve, insert a hexagon key into the service valve cylinder. Rotate the inner cylinder within the service valve counterclockwise until the cylinder moves closer toward the end of the valve and there is slight resistance. Stop rotating and do not force the cylinder further! The service valve is now fully open. Repeat these actions for the other service valve.

				Step 15-B, with Bottle (See Figure 7-33): Before removing the VCRTs, reinstall the valve core into the vapor line service valve port using the rod end of the VCRT. 

				Step 16-B, with Bottle (See Figure 7-34): After the valve core has been reinstalled and before removing the VCRT, leak check at the end of the VCRT to verify that refrigerant is not leaking out of the valve core. Do this by mounting a 1/4” port cap with a small pre-drilled hole, to the end of the VCRT. Add non-corrosive bubble leak detector to the small hole in the port cap to see if bubbles form due to leaking pressure. If no leak is present, remove the VCRT. 

				Step 17-B, with Bottle (See Figure 7-35): Mount the port cap (locking cap) to the vapor line service valve access port. Finally, mount the caps to the service valves, in order to protect the inner cylinders. The refrigerant portion of the installation is now complete and protected.

			

		

		
			
				Figure 7-32: Step 14-B of the Vacuum

				Procedure with a Bottle

			

		

		
			
				Figure 7-33: Step 15-B of the Vacuum

				Procedure with a Bottle

			

		

		
			
				Figure 7-34: Step 16-B of the Vacuum

				Procedure with a Bottle

			

		

		
			
				Figure 7-35: Step 17-B of the Vacuum 

				Procedure with a Bottle
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				8. Undercharged After Breaking the Vacuum

					While breaking the vacuum with refrigerant, there are some instances when the full amount of refrigerant needed, may not be fully added to the system. One instance is when a mistake occurs, such as the service valves being opened when the vacuum should have been broken with refrigerant from the bottle. Another instance is when the bottle used to break the vacuum did not contain enough refrigerant to fully charge the system. A third instance is when the technician has not kept the VCRT valve open long enough, to fully charge the refrigerant from the bottle into the system, before closing the VCRT.

					If the system’s vapor tube diameter is large and/or the liquid refrigerant is not weighed into the vapor port fast enough, this allows the liquid refrigerant entering the tubing to expand. This expansion/vaporization of the refrigerant exerts the same pressure as the pressure within the refrigerant bottle. This equalization of pressure stops the flow from the bottle (higher pressure) to the system tubing (lower pressure). 

					If the system was not able to be fully charged, the extra refrigerant required can be charged into the system using a bottle with a warming jacket attached. Increasing the temperature of the refrigerant in the bottle increases the pressure within the bottle. This allows the refrigerant to flow from the higher pressure bottle into the lower pressure tubing within the system, even while the system remains off. 

					Another way to add the extra refrigerant required is to turn the system on in air conditioning mode. This lowers the pressure in the vapor line. The refrigerant in the bottle is now at a higher pressure than the refrigerant in the vapor tubing of the system. This causes the refrigerant to flow from the higher pressure bottle into the lower pressure tubing of the system. 

					While the system is running in air conditioning mode, liquid refrigerant from the bottle should be charged a little at a time until the scale displays the correct amount of refrigerant needed. Even though an accumulator is factory installed prior to the compressor in order to protect it, caution still must be taken to avoid overcharging the system. 

					R-32 can be charged into a running system as either a vapor or liquid because it is a single component refrigerant. However, R-410A must exit the bottle as a liquid while charging because it is a blended refrigerant. Charging with liquid ensures that the two component refrigerants that make up R-410A (50% R-32 and 50% R-125) remain as an equal mixture. Charging procedures are discussed in Chapter 8.
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				9. Overcharged After Breaking the Vacuum

					If the system is accidentally overcharged while breaking the vacuum, the excess refrigerant needs to be recovered. This can be done by using a recovery machine, an electronic scale, and a recovery bottle while the system is off. This excess refrigerant cannot be recovered while the system is running because there is usually not an access port on the high pressure side of the system. Recovery procedures are discussed in Chapter 9.

				10. Vacuuming an Entire System

					Sometimes it is necessary to perform a vacuum procedure on an entire system (See Figure 7-36). This may be necessary on a system that has had a refrigerant circuit component or leak fixed in the outdoor unit. In this instance, the refrigerant has been recovered and the system’s pressure is 0 PSIG. After fixing the system and pressure testing, the vacuum procedure can be performed. The service valves remain in the fully open position. After performing the vacuum procedure and the standing vacuum test, the vacuum must be broken with the full amount of refrigerant needed, via a refrigerant bottle.

					While a vacuum procedure is being performed on an entire system that has either been recovered or is empty, the slide within the reversing valve should already be partially shifted to allow all the tubes to slightly connect in the outdoor unit. This allows the full system vacuum to be pulled even if the EEV metering device happens to be internally closed. However, if there is an issue during the vacuum procedure which requires the EEV to be internally opened to access tubing within the outdoor unit, further investigation must be done. Refer to Chapter 14, Section 7B, for more information on this.

				11. Troubleshooting a Vacuum Problem

				 

					If, during the vacuum procedure, the micron level does not lower, is not displayed, or fluctuates back and forth, and does not resolve itself, there is one or possibly more, issues causing the problem. 

			

		

		
			
				Figure 7-36: Service Valves Open During Vacuum
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				Figure 7-37: Oil Blowout Procedure
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					A. Oil Blocking the Tube

					One common issue while vacuuming an existing system, is for refrigerant oil to partially or fully block the flow of the vacuum, in one or more sections of the tubing. An oil blockage causes the vacuum measurement to jump around as the oil glob moves, yet continues to block off the tube. It is also possible that an air pocket may be trapped between two oil-filled sections of tubing. 

					Prior to the refrigerant recovery, both the refrigerant and oil flowed together through the system. After the full refrigerant charge is recovered, the majority of the oil still remains within the tubing. Keep in mind that it takes very little oil to fill the inside diameter of a 1/4” tube, such as in the coil(s) or line set.

					An “Oil Blowout Procedure” must be performed to correct this. While the system is at atmospheric pressure (0 PSI), disconnect the liquid line flare from the flare adapter at the outdoor unit. Connect this 1/4” tube flare and flare nut to the 1/4” adapter on the gauge manifold or via a hose and adapter. Connect the gauge manifold to the nitrogen tank regulator using a hose. 

					Next, remove the valve core from the vapor line port and place a container under the port. Allow 100 PSI of nitrogen to flow through the line set tubing for roughly five to ten seconds (See Figure 7-37). This blows the oil within the middle of the tubing, onto the inner walls of the tubing. This creates an open pathway for the vacuum to pull through. Very little oil will come out of the vapor access port. The container is there to catch the few drops that may come out. 

					After this, reattach the liquid line flare to the outdoor unit flare adapter. Tighten the flare to proper torque specifications, leak check, and perform the vacuum again. This should resolve any oil issue within the line set and indoor coil which may have negatively affected the vacuum.
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					B. A Leaking Hose Connection 

					Rubber gaskets, O-rings, and other types of seals are used in vacuum tools. These seals are found in tools such as manifolds, hose ends, and VCRTs. These seals wear down over time, which may cause leak points in the vacuum setup (See Figure 7-38). An intermittent leak causes the micron gauge to jump around, or to remain at a high micron level, so the vacuum cannot be completed. Proper maintenance must be performed on all vacuum tools to keep them in good working order. Another way to avoid vacuum leaks is to minimize the number of connection points and hoses used in the vacuum setup.

			

		

		
			
				Figure 7-38: Good Hose Gasket (left), Damaged Hose Gasket (right)
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					C. A Leaking Service Valve

					If an existing system is being vacuumed, a vacuum problem may originate at the end of the service valve. The cylinder (stem) within the service valve is typically sealed by a single O-ring. This O-ring may dry out and/or shrink over time. The inside of the service valve may also corrode (See Figure 7-39). Although this leak point may not show up during a positive pressure test, the issue may be noticed when pulling a vacuum. 

					If the entire system is at atmospheric pressure (0 PSI), the O-ring issue may be resolved by adding a small amount of refrigerant oil into the end of the service valve (See Figure 7-40). Rotate the cylinder forward and backward to wet the O-ring. This should only be done if the outdoor unit is empty of refrigerant. The system must also be electrically off. If this does not resolve the problem, replace the entire service valve.
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				Figure 7-40: Adding Refrigerant Oil Into the End of the Service Valve

			

		

		
			
				Figure 7-39: Service Valve Internals
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				Figure 7-42: Cleaning Vacuum Gauge
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					D. Refrigerant Leaking Across the Service Valve

					If the system’s refrigerant charge has been pumped down into the outdoor unit and the technician is having a problem pulling a vacuum on the empty line set tubing, refrigerant may be leaking from the outdoor unit across the service valve and into the empty line set. This may be resolved by tightening the service valve cylinder (stem) further in the front-seat position (See Figure 7-41).

					E. Vacuum Gauge Problem

					The vacuum gauge sensor can become contaminated if it comes in contact with refrigerant and/or refrigerant oil. This may occur, if during a prior vacuum, the vacuum gauge was not valved off before the vacuum was broken with refrigerant. This is why it is important to use a vacuum rated ball valve, such as on a VCRT, to isolate and protect the vacuum gauge before breaking the vacuum. If the sensor in the vacuum gauge is contaminated, the micron level may not be displayed, or it may be incorrect. 

					The vacuum gauge manufacturer may recommend a cleaning method, such as applying isopropyl alcohol to the sensor, in order to remove the contaminants (See Figure 7-42). Always follow the manufacturer’s instructions for the proper cleaning method of the sensor. 

					Another issue with the vacuum gauge may simply be a low battery that needs to be replaced. 

					F. Water Trapped in the Line Set 

					If the line set tubing was run into position and left open for a period of time such as on a new construction installation, water may have entered the tubing. If during the vacuum, the micron level steadily lowers and then starts jumping around, it may be the result of water within the tubing that is now boiling (See Figure 7-43). The boiling is caused by the pressure reduction in the line set tubing caused by the vacuum pump. Remember that lowering the pressure reduces the temperature at which water boils. 

			

		

		
			
				Figure 7-41: Tightening the Service Valve 

				Cylinder More, in the Front-Seat Position 

			

		

		
			[image: ]
		

	
		
			
				129

			

		

		
			
				CHAPTER 7: Vacuum Methods and Procedures

			

		

		
			[image: ]
		

		
			
				Figure 7-43: Water Evaporating in Line Set During Vacuum
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					As water is removed from the system, it becomes trapped in the vacuum pump oil. As water is added to the vacuum pump oil, it reduces the pump’s ability to reach a deep vacuum. In order to complete a deep vacuum on a system with high moisture, it is necessary to replace the old oil in the pump with new oil. Some newer vacuum pumps allow this oil replacement to occur while the pump is running. Standard pumps do not have this feature and require the vacuum pump to be turned off before changing the oil. If this is the case, break the vacuum with dry nitrogen. Make sure to vent the nitrogen right before reconnecting and powering the vacuum pump with the fresh oil.

					G. Vacuum Pump Requires Maintenance

					As water vapor is pulled out of a mini split system, it gets stuck in the vacuum pump’s oil. Oil replacement should be performed regularly on the vacuum pump. If not, the vacuum pump may not be capable of reaching the required vacuum level. The vacuum pump oil must be changed out immediately after vacuuming a system with high levels of water or a compressor burnout. In the case of a system with a high water level, the vacuum oil may need to be changed out during the middle of the vacuum process in order to finish the process. See Figure 7-44 for a labeled vacuum pump.

					A vacuum pump is not able to pull a deep vacuum with saturated oil. The oil needs to be changed often, regardless of the color of the oil or the number of systems that have been dehydrated. If discoloration or cloudiness is seen in the vacuum oil, this indicates that the oil is extremely saturated with water and has been 
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				Figure 7-44: Labeled Vacuum Pump

			

		

		
			[image: ]
		

		
			
				Water in Line Set

			

		

		
			[image: ]
		

		
			
				Water 

				Evaporating

			

		

		
			[image: ]
		

		
			[image: ]
		

	
		
			
				130

			

		

		
			
				CHAPTER 7: Vacuum Methods and Procedures

			

		

		
			[image: ]
		

		
			
				for some time. This must be replaced with new oil and may require an additional oil change afterward to remove any remaining contaminated oil. Change the oil regularly. Do not wait until the vacuum pump’s oil becomes saturated with water or changes color before replacing it. 

					In order for the maximum amount of old oil to drain from the pump, heat the vacuum pump oil before changing it. This may be done by running the pump. Many pumps have an oil fill line which is halfway up the sight glass. Alternatively, manufacturers may have an oil fill level posted on the outside of the pump. Follow all manufacturers’ instructions on vacuum pump maintenance as they supersede any directions in this book.

				12. The Problem of a Rising Micron Level During the Standing Vacuum Test

					If the micron level rises during the standing vacuum test, there is either a leak or water vapor in the system. If the system has a leak, the micron level will rise to a level immeasurable by the vacuum gauge. If the system has ice in the tubing that thaws and becomes water vapor, this will increase the pressure inside the system. The result is a high micron level which can usually still be measured by the vacuum gauge.

					A vacuum pump is designed to decrease the pressure inside the tubing of a system, in order to reduce the temperature at which the water inside boils. The amount of water inside each system will vary, and in most cases, the amount will be very minimal. The vacuum pump is used so that water can be removed from a system in vapor form. 

					The problem of water freezing inside the tubing occurs due to a loss of heat inside the tubing while vacuuming. This happens if water is present and the vacuum pump extracts more heat from inside the tubing, than the tubing can absorb from the outside air, during the same time period. The freezing of water during a vacuum procedure may be rare. It may only happen on a system which has a extreme amount of moisture within the tubing and where the tubing does not have access to heat surrounding it. 

					To more easily understand the subject of water potentially freezing during a vacuum, an example involving a refrigerator can be used. When the main doors of a refrigerator are kept closed during a vacuum, heat is removed by the vacuum pump, but heat is not being introduced on the tubing of the coil inside the refrigerator. In order to prevent the water from freezing in the coil within the refrigerator, the 
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				doors can be opened and the inside refrigerator fan can be turned on. Turning on the refrigerator fan, with the doors open, will circulate room temperature air, which may be warmer, across the inside evaporator coil. Even if the fan cannot be turned on, opening the refrigerator doors during the vacuum procedure will allow the room air temperature to surround the indoor coil. 

				If water freezing inside the tubing is a concern, do one or more of the following:

					• Slightly restrict the vacuum hose setup to slow down the vacuum process. 

					This will slow the heat removal from the system.

					• Add heat to the system by running an auxiliary heat source within 

					the building. The indoor coil will absorb the heat from the indoor air.

					• Place heat blankets on the tubing or coils.

					• Perform a triple evacuation instead of a single evacuation.

					A fast vacuum can be accomplished as long as the tubing or coils have a way to absorb heat. A mini split system has the indoor wall mounted unit installed within the building. This is a large heat exchanger that allows the tubing to absorb heat from the air within the building during the vacuum. Also, if care is taken during the installation of the tubing, there should not be much water inside the system. In most cases, a fast, deep, and efficient vacuum procedure, with the right setup will result in a low micron level that holds steady during the standing vacuum test. Remember that a low micron level during the standing vacuum test proves that there are no leaks, and that water, air, and nitrogen have been removed. 

				13. Triple Evacuation

					In most cases, a single evacuation is all that is needed to prepare a system for refrigerant. A single evacuation is proven to be effective, if during the standing vacuum test, the micron level does not rise. However, if the vacuum level rises, a triple evacuation can be performed. A triple evacuation must be performed when it is required by the manufacturer.

					A triple evacuation utilizes nitrogen or another inert gas to break the vacuum and to raise the pressure above 0 PSIG before running the vacuum pump again. After breaking the vacuum with nitrogen to a pressure above 0 PSIG, it is best to flow nitrogen through the system for several minutes at 5 CFH (Cubic Feet per Hour), before vacuuming again. This helps purge some of the water vapor from the system. 
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					However, most mini split units do not have a second port for the nitrogen to exit. In this case, pressurize the system to above 0 PSIG without flowing and wait several minutes. Next, disconnect the nitrogen and reattach the vacuum setup. A triple evacuation includes breaking the vacuum with nitrogen twice and vacuuming three times. The third vacuum will be the final vacuum during which the standing vacuum test is performed. 

					An equipment manufacturer may require a triple evacuation as part of the installation procedure. In this case, follow the manufacturer’s prescribed micron level for each step. For instance, the manufacturer may recommend that the system first be broke with nitrogen at 1000 microns, the second time at 500 microns, and to perform the standing vacuum test at 100 or 200 microns (See Figure 7-45). Different manufacturers may require different triple evacuation levels.

				14. Vacuuming Multi-Zone Systems

					Vacuuming a multi-zone system differs from vacuuming a single zone system because of the additional zone(s) and line set run(s). The zones may be separated from each other by service valves. Additional steps or investigation may be needed prior to attaching the vacuum setup. There are a variety of multi-zone systems and orientations, so vacuum setups may differ from system to system. 

					A. Vacuum Setups for Two Zone Systems

					A two zone mini split system is usually equipped with both a liquid line service valve and a vapor line service valve for each zone. These are located on the outdoor unit. Usually each zone only has one access port, which is on the vapor line service valve. Because there is a separate access port for each zone, a vacuum can be pulled on each zone separately, or together, by connecting the zones with a manifold gauge set or additional hoses and connectors. 

					When installing a new two zone outdoor unit, it may be simpler to perform a vacuum on only one zone at a time rather than on both zones together (See Figure 7-46). By only vacuuming one zone at a time, the manifold gauge set is not needed in the vacuum setup. The vacuum on the first zone can be broken by 

			

		

		
			
				Figure 7-45: Deep Vacuum Achieved 
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				Figure 7-46: Vacuum on a Two Zone System, One Zone at a Time

			

		

		
			
				either opening the service valve or by adding refrigerant from the bottle. Breaking the vacuum on the first zone does not affect the second zone. After the first zone has positive pressure, the second zone can be vacuumed. 

					On a new two zone system, vacuuming both zones together requires either two vacuum gauges (one for each zone), or the zones being connected with a manifold gauge set or additional hoses and fittings. If the zones are connected with a manifold gauge set (See Figure 7-47) or hoses and fittings, only one vacuum gauge is needed. When using a single vacuum gauge, the vacuum gauge must be mounted in a location where it can measure the true vacuum level of both zones during the standing vacuum test. This is done after the vacuum pump is isolated. 

					The easiest way to do this is by including a manifold gauge set (such as a four port manifold) in the vacuum setup. The only issue is that during the standing vacuum test, the manifold and hoses have the potential to leak the vacuum. In order to keep the manifold and the extra hoses off the vacuum setup, simply vacuum one zone at a time. 
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				Figure 7-47: Performing a Vacuum on a Two Zone System with a Four Port Manifold
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				Figure 7-49: Five Zone System, with Zone Service Valves, Showing EEVs

			

		

		
			
				Figure 7-48: Five Zone System, with Zone Flare Adapters, Showing EEVs
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					On an empty, existing two zone system at 0 PSI, the service valves are already open. This is the case if the entire system’s refrigerant charge has been recovered. Because the service valves are open, both zones are connected in the outdoor unit via the vapor line. Both zones and the outdoor unit can be vacuumed together, at the same time, through one access port or through both access ports, if desired. 

					B. Vacuum Setups for New Three to Five Zone Systems

					New three to five zone systems are usually equipped with a pair of master service valves that connect the outdoor unit to all the zones. On a new multi-zone system, the master service valves hold back the factory charged refrigerant in the outdoor unit from all the zones. On these multi-zone systems, the EEVs are factory installed on the liquid line between the master service valve and each zone’s liquid line connection point (See Figures 7-48 and 7-49). These EEVs usually come from the factory in the internally open position, so a vacuum can be pulled through them. This makes it possible to pull a vacuum on an entire multi-zone system (including all zones), even if it only has one access port. However, read the manufacturer's literature to verify this before pulling a vacuum. The vacuum setup for a new three to five zone system depends on whether each zone only has a pair of zone flare adapters (See Figures 7-48) or whether each zone has its own pair of zone service valves (See Figures 7-49) at the outdoor unit’s line set connection points. 
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					I. Three to Five Zone Systems with Zone Flare Adapters

					The vacuum setup for a new multi-zone system that has one pair of master service valves and a pair of flare adapters for each zone is fairly simple. The vacuum setup and procedure are the same as on a single zone system. A single hose vacuum setup can be performed if there is only one port located at the master vapor line service valve (See Figure 7-50). A two hose setup can be used if both master service valves have an access port (See Figure 7-51).

			

		

		
			
				Figure 7-51: A Five Zone System 

				Being Vacuumed, with Two Ports

			

		

		
			
				Figure 7-50: A Five Zone System 

				Being Vacuumed, with One Port
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					After vacuuming and performing the standing vacuum test, the vacuum can be broken with refrigerant from the bottle. This is followed by opening the master service valves. However, if there is enough factory charged refrigerant in the outdoor unit to support the installed line set length, the vacuum can be broken with refrigerant from the outdoor unit by opening the master service valves. 

					II. Three to Five Zone Systems with Zone Service Valves

					If a new multi-zone system has one pair of master service valves and a pair of service valves for each zone, take all the top service valve caps off to determine if all the service valves are front-seated. If the master service valves come from the factory in the front-seat position, the master service valves are the ones holding back the full factory charge of refrigerant in the outdoor unit. If all the zone service valves are also front-seated, nitrogen or refrigerant vapor may have been added between these zone service valves and the master service valves, at 
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				Figure 7-53: A Five Zone System with Zone Service Valves, Being Vacuumed, at Two Ports

			

		

		
			
				Figure 7-52: A Five Zone System with Zone Service Valves, Being Vacuumed, at One Port

			

		

		
			
				the factory. The tubing distance between the zone service valves and the master service valves is fairly short in length. 

					If the tubing contains nitrogen, or if the technician is unsure, and the manufacturer’s literature does not state this, the zone service valves for each installed zone can be opened so the tubing between the zone service valves and the master service valves can be vacuumed. This avoids the possibility of nitrogen contaminating the entire system’s refrigerant charge. Check the equipment manufacturer’s literature to determine if this tubing contains refrigerant vapor or nitrogen. Follow the manufacturer’s vacuum procedures as they supersede any instructions in this book.

					Make sure to only open the service valves for each installed zone. This connects the installed zones together prior to performing the vacuum. Because these zones are connected, the vacuum can then be pulled from one port or multiple ports, as desired. Usually the vacuum is pulled from the master service valve port(s).

					If the master service valves are open from the factory and all the zone service valves are front-seated, a vacuum must be pulled on each zone individually before opening each zone’s service valves. This is usually not the case because the master service valves are usually front-seated by the factory and hold back the factory charge of refrigerant in the outdoor unit.
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					After all the installed zone service valves are open and while the master service valves are still closed, the vacuum can be performed at the master service valve port(s) in the same manner as on a single zone system. A single hose setup can be performed if there is only one port located at the master vapor service valve (See Figure 7-52). A two hose setup can be used if both master service valves have an access port (See Figure 7-53). If desired, a vacuum hose can also be attached to each zone, as long as there is a header with a valve which connects them to the vacuum pump. In most cases, the vacuum setup is attached to the master service valve port(s).

					Make sure to read the manufacturer’s vacuum and service valve position instructions because the manufacturer’s instructions supersede instructions in this book. It is possible that on a new unit, the manufacturer may have the master service valves open and the individual service valves closed. In this case, do not open the zone service valves until after the line set is connected, pressure tested, and each zone is vacuumed. Make sure to read the manufacturer’s instructions before performing procedures. The service valve end caps can be removed to view the position of each valve. 

					C. Vacuuming an Additional Zone

					Some multi-zone systems are initially installed with less zones than the outdoor unit is capable of handling. Examples are when only three or four zones are installed on a five zone outdoor unit. Another example is when only two zones are installed on a three zone outdoor unit. The process for the addition of any new zone(s) differs depending on whether the outdoor unit is equipped with zone service valves or zone flare adapters. 

					In an example of a four zone system with only three zones initially attached and operating, the addition of the fourth zone can be done easily if the outdoor unit is equipped with zone service valves. First, verify that the vapor and liquid service valves for the unused fourth zone are both front-seated. Do this by removing both zone service valves’ end caps, to view the valve position. Do not remove the flare nuts until verifying that the service valves for this zone are front-seated. Next, attach the line set of the fourth indoor zone to the zone service valve adapters. After connecting, perform the pressure test, vacuum, and the standing vacuum test only at this zone’s access port. Next, break the vacuum with the proper amount of refrigerant from the bottle (based on this zone’s line set length). This is followed by opening the service valves for this zone only. 
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					In the case of an outdoor unit with flare adapters for each zone, do not remove any flare nuts and bonnets to install a new zone until the pressure is 0 PSI in all existing zones (See Figure 7-54). A pump down and/or recovery is required on this type of system before installing the additional zone. This is because there is no service valve to isolate the existing zones from the new one.

					D. Vacuuming a Mini-VRF System with a

					Branch Box

					The steps and setup to perform the vacuum procedure on a multi-zone mini-VRF system (which includes a branch box to connect all the zones to the outdoor unit) differ from that of a multi-zone system which connects all the indoor zones directly to the outdoor unit. A mini-VRF system requires investigation in order to determine whether each zone’s tubing pathway within the indoor branch box is open or closed. 

					The indoor branch box connects to tubing from the outdoor unit. The branch box typically has flare adapters, which connect to each indoor zone. There also may be one or more pairs of service valves on the branch box, depending on the manufacturer and type. If the branch box is equipped with service valves, temporarily remove the end caps to view the position of each service valve. Open any closed service valves, prior to vacuuming the entire system’s tubing. Reinstall any service valve end caps, when complete.

					The EEVs for each zone of the system are located in the branch box. Prior to pressure testing and vacuuming, the branch box may need electrical power for a brief period of time, in order to open the internal pathway of each EEV. This may be done during a test mode recommended within the manufacturer’s literature. There are usually very specific pressure testing and vacuum procedures stated by the mini-VRF manufacturer, so refer to the manufacturer’s installation and service literature for step-by-step guidance. When installing systems without a branch box, do not turn on the electrical power to any part of the system, until the system’s tubing has refrigerant inside and the system is ready to operate. Manufacturer’s instructions supersede any instructions in this book.
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				Figure 7-54: Adding a New Zone 

				to an Existing System
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				CHAPTER 8

				Charging and Checking the Charge 

				1. Refrigerant Charging Overview

					Always wear safety glasses, butyl lined gloves, and other PPE (Personal Protective Equipment) prior to and while accessing a system’s refrigerant charge. Be sure to have fresh air available or wear a SCBA (Self-Contained Breathing Apparatus) and never breathe in refrigerant gases. For more information on safety, refer to the refrigerant specific SDS sheets for each refrigerant prior to handling. Follow all other rules stated through www.epa.gov/section608 and through an approved EPA 608 certification course. Be sure to complete any necessary A2L safety and procedural training/certifications as they supersede safety precautions and procedures mentioned in this book. Also, be sure to follow all local laws, codes, and requirements as they supersede this text. 

					“Charging” is the term used when adding refrigerant to a system. Charging may need to be performed during the new installation of a system with a long line set length, or while performing service on an existing unit. 

				Refrigerant charging can be accomplished in several ways:

					• Breaking the vacuum with refrigerant from the bottle

					• Charging refrigerant from the bottle into a running system

					• Using a charging jacket to warm the bottle, to add refrigerant to a system 	that remains electrically off 

					In each case, a digital scale must be used to monitor the change in the bottle’s weight, as the refrigerant exits the bottle and enters the system. The amount of refrigerant to be charged into an inverter system must be determined beforehand. This amount is based on the factory charge, line set length/diameter, and the manufacturer’s rating plate and/or literature. Make sure to follow the manufacturer’s refrigerant weight and line set length/diameter guides. Remember, accidental overcharging can lead to the vapor compressor being slugged with liquid refrigerant, causing the compressor to fail.

					Make sure not to mix refrigerants, or to contaminate the system with air, 
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				Figure 8-1: R-410A Mini Split System has been Off and is Severely Low on R-410A Refrigerant

			

		

		
			
				Figure 8-2: R-410A Mini Split System is Running with Extremely High Superheat
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				nitrogen, or a different refrigerant type while charging. Procedures for connecting and disconnecting are found in Section 7 and 8. Make sure to only charge the same type of refrigerant that is already in the system and is listed on the outdoor unit’s rating plate.

					“Checking the Charge” is the term used when measuring the amount of refrigerant in a system, to determine if it is appropriately charged. This is easily done on systems that operate at a fixed speed and capacity, by measuring superheat and subcooling, which is the case on traditional single speed systems. However, inverter mini split systems have individual components that adjust in speed, position, and/or operating capacity, without the technician knowing. This fluctuation of each component changes the overall system capacity, at any given moment. For this reason, standard methods for measuring the refrigerant charge cannot be as easily applied. One method that can be applied, is measuring the refrigerant pressure, while the system is off (See Figure 8-1), to determine if a system is severely undercharged. Also, in some cases, measuring superheat on a running system can help the technician during troubleshooting (See Figure 8-2). Methods for determining a low refrigerant charge and troubleshooting are discussed in Section 9.

			

		

		
			
				2. Refrigerant is Pre-Charged in the Outdoor Unit by the Factory

					New outdoor units come from the factory pre-charged with a specific type and amount of refrigerant locked in the unit. This refrigerant is held in the outdoor unit by the closed service valves. However, after the line set tubing is installed and the tubing is pressure tested, vacuumed, and is holding a vacuum, the refrigerant 
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				in the outdoor unit can be released into the rest of the system. This is done by rotating the inner cylinders (stems) of both service valves counterclockwise to open the pathways (See Figure 8-3). The steps for vacuuming and breaking the vacuum are shown in Chapter 7, Section 7. 

					The amount of refrigerant pre-charged in the outdoor unit is enough for the system to run properly, but only if the installed line set length and diameter are within the manufacturer’s specified amount. Any additional line set length installed requires additional refrigerant to be charged into the system. 

				3. Factory Charge

					The refrigerant type and weight are listed on the outdoor unit rating plate. The weight is referred to as the “factory charge” (See Figure 8-4). The factory charge includes enough refrigerant for the outdoor unit, the indoor unit, and a specific diameter and range of line set length.

				4. Line Set Size and Length

					The length of line set which the factory charge accommodates is listed on the outdoor unit rating plate and/or in the installation literature (See Figure 8-4). If the actual installed line set length is within the manufacturer specified range, the system is correctly charged after pressure testing, vacuuming, and opening the service valves.

				5. Charging by Breaking the Vacuum with Refrigerant from the Bottle

					If the installed line set length exceeds the range that the factory charge can accommodate, extra refrigerant must be added. This extra refrigerant can be charged after vacuuming the system, but before opening the service valves. This is referred to as “breaking the vacuum with refrigerant from the bottle”. 

			

		

		
			
				Figure 8-4: Rating Plate, Factory Charge
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				Figure 8-3: Breaking the Vacuum with 

				Refrigerant from the System
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				For an example of this procedure, use the following steps:

				Step 1 (See Figure 8-5): After vacuuming the system, and after the 10 minute standing vacuum test is complete, the system’s tubing is now prepared and ready for refrigerant to be added. 

				Step 2 (See Figure 8-6): Connect one end of the refrigerant hose to the bottle and the other end to the port on the end of the VCRT. (If using a hose with a manual low loss valve, connect the valved hose end to the VCRT port.) If using a disposable refrigerant bottle, the bottle must be flipped upside down to ensure liquid refrigerant exits the bottle. (If using a reusable bottle, the bottle does not need to be flipped upside down because there is a dip tube connected to the liquid port. This dip tube extends down inside the bottle to the bottom of the tank where the liquid is present.) Next, open the bottle handle to allow refrigerant into the hose. Purge air at the connection between the VCRT and the hose end so that only refrigerant is in the hose. 

				Step 3 (See Figure 8-7): After purging air from the hose, place the bottle on the scale and turn the scale on. Zero out the scale. Determine the amount of refrigerant to be added to the system based on the line set length, tube diameter, and manufacturer’s data.
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				Figure 8-6: Step 2 of Breaking the Vacuum 

				with Refrigerant from the Bottle 

			

		

		
			
				Figure 8-7: Step 3 of Breaking the Vacuum 

				with Refrigerant from the Bottle 

			

		

		
			
				Figure 8-5: Step 1 of Breaking the Vacuum 

				with Refrigerant from the Bottle 
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				Step 4 (See Figure 8-8): To break the vacuum and to charge refrigerant into the system, use the valve handle on the VCRT, while monitoring the scale display. Try to add the refrigerant quickly, by fully opening the VCRT valve handle until the scale displays a negative weight that is slightly less than what is needed in the system. This process should be done quickly, so that the liquid refrigerant entering the system’s tubing does not have a chance to expand into a vapor and increase in pressure. Turn the VCRT valve handle to the closed position and read the weight displayed on the scale. If more refrigerant is needed in the system, quickly make the adjustments at the VCRT handle. Partially open and then close the valve handle while monitoring the weight displayed on the scale. Continue to do this until the required amount of refrigerant is in the system. The electrical power to the unit should remain off during this entire procedure.

				Step 5 (See Figure 8-9): Presently the VCRT handle is in the closed position. After charging the unit, shut off the scale and turn the bottle’s handle to the closed position. (If a hose equipped with a manual low loss valve was used, turn this valve to the closed position.) While wearing safety gloves and proper PPE, disconnect the hose end at the VCRT. If the remaining refrigerant in the short hose cannot be recovered, it can be released, as it falls under the EPA 608 “de minimis” rule. A short hose is used to minimize the amount of refrigerant released.

				Step 6 (See Figure 8-10): Next, both service valves can be opened. This can be done in either order, because the system’s tubing is at positive pressure. To open each 
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				Figure 8-8: Step 4 of Breaking the Vacuum 

				with Refrigerant from the Bottle 

			

		

		
			
				Figure 8-9: Step 5 of Breaking the Vacuum 

				with Refrigerant from the Bottle 
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				service valve, insert the hexagon key into the service valve cylinder. Rotate the inner cylinder within the service valve counterclockwise, until the cylinder moves closer to the end of the valve, and there is slight resistance. Stop rotating and do not force the cylinder further! The service valve is now fully open. Repeat these actions for the other service valve. 

				Step 7 (See Figure 8-11): Before removing the VCRTs, the valve core needs to be reinstalled into the vapor line service valve port, using the rod end of the VCRT. 

				Step 8 (See Figure 8-12): After the valve core has been reinstalled, and before removing the VCRT, leak check at the end of the VCRT to verify that refrigerant is not leaking out of the valve core. Do this by mounting a 1/4” port cap with a small pre-drilled hole, to the end of the VCRT. Add non-corrosive bubble leak detector to the small hole in the port cap to see if bubbles form due to leaking pressure. If no leak is present remove the VCRT. 

				Step 9 (See Figure 8-13): Mount the port cap (locking cap) to the vapor line service valve access port. Finally, mount the caps to the service valves, in order to protect the inner cylinders. The refrigerant portion of the installation is now complete and protected.

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Figure 8-10: Step 6 of Breaking the Vacuum 

				with Refrigerant from the Bottle 

			

		

		
			
				Figure 8-12: Step 8 of Breaking the Vacuum 

				with Refrigerant from the Bottle 

			

		

		
			
				Figure 8-11: Step 7 of Breaking the Vacuum 

				with Refrigerant from the Bottle 

			

		

		
			
				Figure 8-13: Step 9 of Breaking the Vacuum 

				with Refrigerant from the Bottle 
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				6. Total Weight Method

					Charging a specific amount of refrigerant into a system, based on the factory charge and line set diameter/length, using a digital scale is referred to as the “total weight method”. This refers to how much refrigerant must be added to the factory charge amount in order for the system to be charged accurately. In order to determine how much refrigerant is needed for the total weight method, the following are required:

					• The manufacturer’s outdoor unit rating plate

					• The installation literature, specifically the refrigerant weight and line set 

					length/diameter guides

					• The installed liquid line set diameter (Sometimes the vapor line diameter is 

					also required.)

					• The total installed liquid line set length (Sometimes the vapor line length

					is also required.) On a multi-zone system, the total length is cumulative (all 

					indoor units' liquid line set lengths added together). 

					The total weight method may need to be used to charge an existing system, after the refrigerant has been recovered, and the system has been leak tested and vacuumed. To apply this method, the line set diameter can be determined by viewing the tubing at the outdoor unit. When determining the line set length, (especially on multi-zone systems) the line set paths may not be visible, as they may be routed within the walls of the building. An approximation of distance to each indoor unitis needed. This can be done by measuring the floor length and wall height along the assumed path to the indoor unit(s). Compare this tube diameter and cumulative length to the manufacturer’s specified length or range, to determine the amount of refrigerant that is needed in the system.

					A. Line Set Length Ranges

					The manufacturer specified range of line set length differs from unit to unit based on the size, model, and manufacturer. This range may be very narrow for some units and very wide for others. Any additional installed line set length exceeding this specified range, requires extra refrigerant to be added. If the installed line set length is shorter, some refrigerant must be recovered. Some units have an absolute minimum length that must be installed in order for the unit to properly operate.

				The following are some examples of manufacturer specified line set ranges:

					• Up to 16’ total installed line set on a 12,000 BTU/HR single zone unit
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					• 0’ to 25’ total installed line set on a 12,000 BTU/HR single zone unit

					• 8’ to 25’ total installed line set on a 12,000 BTU/HR single zone unit

					• Up to 60’ total installed line set on a 36,000 BTU/HR single zone unit

					• 35’ to 105’ total installed line set on a 48,000 BTU/HR multi-zone unit

					A unit with a higher rated BTU/HR capacity may have a greater line set range. This is because a large unit may have a bigger accumulator mounted to the side of the compressor, or have more than one accumulator installed. Multi-zone systems with more than two zones typically have an additional accumulator factory installed. The job of the accumulator is to store excess refrigerant, as needed, during operation and low load conditions. On multi-zone systems, the line set length is stated as a cumulative length. This means that the line set length for all the installed zones must be added together, in order to find the cumulative (total) line set length for the system. On an existing building, the technician must assess the possible line set routes and, as best as possible, determine the installed line set length.

				 

					B. Absolute Minimum and Maximum Length, Rise, and Drop

					The line set range and recommended diameters of both the liquid line and the vapor line are stated in the installation literature for the particular model system. The installation literature also states an absolute maximum line set length, rise, and drop that must not be exceeded, for proper operation of the system. This maximum length is different than the factory charge line set length range. The maximum length, rise, and drop have to do with refrigerant velocity, oil return, and compressor operation. Some manufacturers set a specific minimum length of line set in order to reduce the possibility of high-pitched noise that can be created from the changing compressor pumping frequency.

					C. Amount of Refrigerant per Foot

					The amount of refrigerant that must be added for each additional 1’ or 5’ of line set, is listed on the outdoor unit rating plate and/or in the installation literature. Use this same value when recovering refrigerant from a system with less line set length installed than the manufacturer’s specified range for the factory charge. The required refrigerant weight per additional foot differs from manufacturer to manufacturer. Thus, a generic weight chart should not be used. Rather, follow the manufacturer’s specifications on weight per foot, in order to avoid overcharging the system. See Figure 8-14 for an example of a manufacturer’s guide containing the weight of refrigerant per foot. Each manufacturer determines the weight within each foot of the line set tube differently, based on the state 
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				of the refrigerant and whether the unit pre-dominately runs in heating or air conditioning mode. For example, some manufacturers may state to add 0.16oz for every additional foot of 1/4” liquid line added to an R-410A inverter system. Other manufacturers may state to add 0.216oz for every additional foot of 1/4” liquid line added to an R-410A inverter system. This is quite a big difference in weight per foot from one manufacturer to another. 

					Each manufacturer also sizes the accumulator with a certain fill rate/amount (See Figure 8-15), so the specific manufacturer’s recommended weight per foot must be followed, in order to avoid overfilling the accumulator during operation. Overcharging a system can result in the accumulator being so over-filled that it can no longer safeguard the compressor. In this case, liquid refrigerant exits the accumulator and enters the vapor compressor (See Figure 8-16). This slugs the compressor and damages it. Eventually this leads to total compressor failure. Overcharging an inverter mini split system is the leading cause of mini split compressor failure.

					D. Refrigerant Weight Examples

				The following are examples for applying the total weight method to various systems.

				Example 1: A new single zone R-410A mini split system with a factory charge of 3lb 13oz is being installed. The vapor line diameter is 3/8” and the liquid line diameter is 1/4”. The factory charge range listed by the manufacturer is up to 25’ 
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				Figure 8-16: An Overcharged Mini Split System

			

		

		
			
				Figure 8-15: An Accurately Charged Mini Split System

			

		

		
			
				Figure 8-14: Refrigerant Weight Per Foot Chart

				(Data Courtesy of Cooper and Hunter)
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				of liquid line set length. The actual installed liquid line set length is 40’. On the outdoor unit rating plate, the manufacturer states to add 1.08oz of refrigerant for every additional 5’ of liquid line set exceeding 25’. How much additional refrigerant must be added to the factory charge?

				How to determine the refrigerant weight that must be added:

					• 40’ – 25’ = 15’ of additional liquid line set length

					• Add 1.08oz for every additional 5’

					• 15’ / 5’ = 3’

					• 3’ X 1.08oz = 3.24oz

					• 3.24oz of R-410A refrigerant must be added

					Example 2: An existing single zone R-410A mini split system is being serviced because there was a refrigerant leak at a joint, resulting in the system losing the full refrigerant charge. The system’s leak has been fixed and the system has been pressure tested, vacuumed, and is now holding the vacuum during the standing vacuum test. The full refrigerant charge must be added into the system. The factory charge listed on the rating plate is 4lb 5oz. The vapor line diameter is 5/8” and the liquid line diameter is 3/8”. The factory charge range listed by the manufacturer is up to 25’ of liquid line set length. The actual installed liquid line set length is 50’. In the installation literature, the manufacturer states to add 0.32oz for every additional one foot of 3/8” liquid line set exceeding 25’. How much additional refrigerant must be added to the factory charge?

				How to determine the refrigerant weight that must be added:

					• 50’ – 25‘ = 25’ of additional line set length

					• Add 0.32oz for every additional foot

					• 25’ X 0.32oz = 8oz

					• Add 8oz to the factory charge

					• 8oz + 4lb 5oz = 4lb 13oz 

					• 4lb 13oz of R-410A refrigerant must be added

					Example 3: A new R-410A multi-zone mini split system with a factory charge of 6lb 7oz is being installed. The vapor line diameters are 3/8” and the liquid line diameters are 1/4”. The manufacturer’s cumulative liquid line set range for the factory charge is listed as 50’ to 115’ of liquid line set length. (Cumulative means the total length of all the liquid lines which are installed on the system. This includes the length of liquid line connecting from the outdoor unit to each indoor unit, added together.) The actual installed cumulative liquid line set length is 210’. In the installation literature, the manufacturer states to add 0.16oz for every additional foot of liquid line set. How much additional refrigerant must be added to the factory charge?
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				How to determine the refrigerant weight that must be added:

					• 210’ – 115‘ = 95’ of additional line set length

					• Add 0.16oz for every additional foot

					• 95’ x 0.16oz = 15.2oz

					• 15.2oz of R-410A refrigerant must be added

				7. Weighing Additional Refrigerant into a System

					The Total Weight Method is predominantly used by breaking the vacuum with the exact amount of refrigerant needed for the system. If, for some reason, this cannot be accomplished, the additional refrigerant required can be added after breaking the vacuum.

					A. Tools Needed

				To add additional refrigerant into an existing system, there are two main options of tools required (See Figure 8-17). One option is to use a manifold gauge set, two hoses equipped with low loss valves, and a digital scale. The other option is to use a test gauge, tee, single hose with low loss valve, and a digital scale. In both cases, a 5/16” to 1/4” adapter may be needed for connection to the system port. 

					B. Connection of the Manifold Gauge Set

					Any time the manifold gauge set is connected to a system’s refrigerant charge, care must be taken to avoid air being mixed with the refrigerant in the system. Air mixed with refrigerant contaminates the system’s refrigerant charge and does not allow the system to exchange heat properly. Wear proper PPE whenever connecting, charging, and disconnecting. In order to connect a manifold gauge set to a system to measure pressure, refer to the following steps. 
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				Figure 8-17: Various Tools Needed for Adding 

				Refrigerant to an Existing System
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				Step 1 (See Figure 8-18): While wearing proper PPE, turn the handle(s) on the manifold clockwise to close off the manifold’s vapor port from the manifold’s service port. 

				Step 2 (See Figure 8-19): Make sure that both the blue and yellow hose ends are snugly attached to the manifold. 
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				Figure 8-18: Step 1 of Connecting a Manifold Gauge Set

			

		

		
			
				Figure 8-20: Step 3 of Connecting a Manifold Gauge Set

			

		

		
			
				Figure 8-19: Step 2 of Connecting a Manifold Gauge Set

			

		

		
			
				Figure 8-21: Step 4 of Connecting a Manifold Gauge Set

			

		

		
			
				Step 3 (See Figure 8-20): While the system is electrically off, connect the blue hose to the system’s vapor port by screwing the hose end clockwise onto the port. If a 5/16” to 1/4” adapter is needed, make sure to mount this to the port first, then attach the blue hose end to the adapter.

				Step 4 (See Figure 8-21): Connect the yellow hose to the refrigerant bottle. Do not open the bottle valve.

			

		

		
			
				5/16” to 1/4” Adapter

			

		

		
			
				Manual Low Loss Fitting
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				Figure 8-23: Step 6 of Connecting a Manifold Gauge Set

			

		

		
			
				Step 6 (See Figure 8-23): Turn the low side manifold handle counterclockwise to open the manifold pathway between the yellow and blue hoses. Open any low loss fitting valves on the hose ends. Loosen the connection between the bottle and the yellow hose to allow the air to be purged until there is an audible and/or visible change. This should only take a second or two. The audible/visual change means that all the air has been purged. Tighten the connection to the bottle to make sure refrigerant does not escape. The bottle valve remains closed during this process.

			

		

		
			
				Figure 8-22: Step 5 of Connecting a Manifold Gauge Set

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Air Purge Location
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				Step 5 (See Figure 8-22): Ensure that all hoses and fitting connections are hand-tightened.
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				Step 9 (See Figure 8-25): If refrigerant is required in the system, the refrigerant bottle valve can be opened by turning the valve counterclockwise. If the refrigerant is a blend, such as R-410A, and it is in a disposable bottle, make sure the bottle is upside down, so that only liquid exits the bottle. This keeps the blend mixture correct as it exits. If using a refillable bottle, it does not need to be flipped upside down because there is a dip tube connected to the liquid port. This dip tube extends down inside the bottle to the bottom, where the liquid is present. If the refrigerant is a single component, such as R-32, refrigerant can exit the bottle as either vapor or liquid.

			

		

		
			
				Step 7 (See Figure 8-24): Turn the low side manifold handle clockwise to close the manifold pathway. 

				Step 8 (See Figure 8-24): The system’s pressure can now be measured. The saturated temperature can be determined by converting the pressure, using the gauge face, p/t chart, or app.

			

		

		
			
				Figure 8-25: Step 9 of Connecting a 

				Manifold Gauge Set

			

		

		
			
				Figure 8-24: Step 7 and Step 8 of Connecting a Manifold Gauge Set
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				Step 7:

				Turn the Manifold Handle

				Clockwise to Close the Pathway

			

		

		
			
				Step 8:

				The Gauge Now Measures System Pressure
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					C. Refrigerant Pressures Explained

					When a fully installed mini split system (the service valves are in the fully open position) is electrically off, the refrigerant within the whole system is saturated. The refrigerant within the bottle is also saturated. The pressure of saturated refrigerant is based on the temperature of the refrigerant. Because the bottle and the system are both surrounded by the same air temperature, the pressure at the port of the system and the bottle will match (See Figure 8-27). Because of this, no refrigerant will flow from one vessel to the other while connected, unless there is a pressure change in one of the two vessels.

			

		

		
			
				Figure 8-26: Step 10 of Connecting a Manifold Gauge Set

			

		

		
			
				Figure 8-27: The System and 

				Bottle Pressures Match
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				Step 10 (See Figure 8-26): Place the bottle on a digital scale and zero the scale. Make sure the hose connecting to the bottle is fixed in place, so that movement at the manifold does not change the scale reading. Next, follow the procedure shown in either Section D or E to charge the required amount of refrigerant into the system.
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				222 PSI

				76°F Sat Temp
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					D. Charging Refrigerant into a Non-Running System

					In order to add refrigerant from the bottle into an electrically off system, the bottle can be heated with a safe method such as a warming jacket, to increase its pressure (See Figure 8-28). NEVER use a torch or other means to heat the bottle due to safety concerns. Pressurized refrigerant will flow from the place of high pressure to the place of low pressure. After adding the warming jacket to the bottle, zero the scale. Add the desired amount of refrigerant into the system by opening the low side manifold handle counterclockwise until the scale displays the correct amount of refrigerant required by the system. Turn the manifold handle clockwise when complete.

					E. Charging Refrigerant into a Running System

					Refrigerant can be charged from the bottle into a running system due to the pressure differential across the manifold. In the case of a system running in air conditioning mode, the refrigerant pressure at the system’s vapor access port will be lower than the refrigerant pressure within the bottle. Because of this, refrigerant will flow from the higher pressure bottle into the lower pressure system, when opening the manifold pathway. Charging refrigerant while the system runs, is the most common way to add refrigerant to a fully installed system. To do this, electrically turn on the system and set it on air conditioning mode. Set the temperature low enough so the outdoor unit compressor does not shut off while charging.

					Zero the scale. To add refrigerant to the system, turn the low side handle on the manifold counterclockwise and monitor the digital scale’s display (See Figure 8-29). Only allow the refrigerant from the bottle into the running system for roughly two seconds at a time. Turn the handle clockwise to close off the manifold pathway. 

			

		

		
			
				Figure 8-28: Using a Warming Jacket to 

				Increase Temperature and Pressure
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				275 PSI

				90°F Sat Temp

			

		

		
			
				222 PSI

				76°F Sat Temp
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				SLOWLY Meter in Refrigerant via the Low Side Handle
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				Wait 20-30 seconds before adding more refrigerant. Repeat this procedure until the scale displays the amount of refrigerant required to be added to the system. Refrigerant is only added a little at a time to a running system to avoid overfilling the accumulator. (Overfilling the accumulator could result in the vapor compressor being fed with liquid refrigerant, which will damage it. Feeding liquid refrigerant into the vapor compressor is called “slugging”.) If a system has too low of a refrigerant charge to begin with, the system may shut off due to a temperature sensor measuring a low temperature. 

					F. Disconnection of the Manifold Gauge Set from the System and 

					Bottle

					Regardless of which charging method is used, close the refrigerant bottle valve before reaching the desired amount of refrigerant charged into the system (See Figure 8-30). By closing the bottle valve clockwise, the remaining liquid refrigerant within the hose(s) can be charged into the system before the charging process is complete. The technician must anticipate when to do this, prior to reaching the 

			

		

		
			
				Figure 8-29: When the System is Running in AC Mode, the Bottle Pressure 

				will be Higher than the System’s Vapor Pressure

			

		

		
			
				Figure 8-30: Close the Bottle Valve 
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				142 PSI

				50°F Sat Temp

			

		

		
			
				222 PSI

				76°F Sat Temp
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				SLOWLY Meter in Refrigerant via the Low Side Handle

			

		

		
			
				The Pressure on the Gauge will Change as Refrigerant is Metered into the System
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				desired total weight. This is done in order to reduce the amount of refrigerant loss to the atmosphere during disconnection. Refer to the following steps to disconnect from the system.

				Step 1 (See Figure 8-31): After closing the bottle valve, open the low side manifold handle counterclockwise until the gauge pressure lowers to that of the system pressure. After this gauge pressure lowers and is stable, this means that only low-pressure vapor remains within the hose(s) and manifold. Next, turn the manifold handle clockwise to close off the pathway.

				Step 2 (See Figure 8-32): Next, at the system port, close the low loss valve on the end of the hose, if equipped. Disconnect the hose end from the adapter or system port, by quickly turning it counterclockwise. Also remove any adapter(s) from the port.

				Step 3 (See Figure 8-33): If equipped, close the low loss valve at the end of the hose fitting, near the bottle. With the bottle valve closed, disconnect the hose end from the bottle.

				Step 4: After disconnection, the low pressure vapor left in the manifold and hoses can be released, unless somehow it is 

			

		

		
			
				Figure 8-31: Step 1 of Disconnecting the 

				Manifold Gauge Set

			

		

		
			
				Figure 8-33: Step 3 of Disconnecting the 

				Manifold Gauge Set

			

		

		
			
				Figure 8-32: Step 2 of Disconnecting the 

				Manifold Gauge Set
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				possible to recover. Refer to epa.gov/section608 for more information about the “Prohibition on Venting Refrigerants”, de minimis, and other regulations. 

				Step 5 (See Figure 8-34): Test the valve core to verify that it is not leaking. Do this by mounting a test port cap which has a hole in the end, onto the port. Add bubble leak detector solution to the end of this cap to see if bubbles form, signaling a leak.

				Step 6: If there are no leaks, remove the test cap and install the appropriate port cap (locking cap).
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				Figure 8-34: Step 5 of Disconnecting the Manifold Gauge Set, Not Leaking, 

				No Bubbles (Left) Leaking, Bubbles Forming (Right)

			

		

		
			
				8. Using an Access Tee and Test Gauge/Probe Instead of a Manifold

					A. Connection of the Tee and Test Gauge/Probe for Charging

					If refrigerant must be charged into a system, an access tee and test gauge/probe can be used, instead of a manifold gauge set. Wear proper PPE whenever connecting, charging, and disconnecting. The connection procedure is as follows:
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				Bubbles Forming

			

		

		
			
				No 

				Bubbles
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				Step 1 (See Figure 8-35): While wearing proper PPE, connect the test gauge/probe to the top of the access tee. Make sure there is a valve core in the exposed side of the tee and a valve core depressor in the other side of the tee, where it connects to the port.

				Step 2 (See Figure 8-36): Connect the tee to the system’s access port by rotating the tee end connector clockwise onto the port. If a 5/16” to 1/4” adapter is needed, connect this between the system’s port and the tee. 
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				Figure 8-35: Step 1 of Connecting the Access Tee and Test Gauge

			

		

		
			
				Figure 8-36: Step 2 of Connecting the Access Tee and Test Gauge

			

		

		
			
				Figure 8-37: Step 3 of Connecting the Access Tee and Test Gauge

			

		

		
			
				Figure 8-38: Step 4 of Connecting the Access Tee and Test Gauge
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				Valve Core

			

		

		
			
				Briefly

				Depress Valve Core

			

		

		
			
				Valve Core 

				Depressor

			

		

		
			
				Step 3 (See Figure 8-37): After this assembly is mounted to the port, purge any air by briefly depressing on the exposed valve core at the end of the tee. Pressure can now be measured.

				Step 4 (See Figure 8-38): A hose with a manual low loss fitting on the end is required. Attach the end without the low loss fitting to the refrigerant bottle. Turn the manual low loss valve to the off position on the other end of the hose.
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				Step 7 (See Figure 8-41): Connect the hose end to the access tee. 

				Step 8 (See Figure 8-41): Place the refrigerant bottle on a digital scale and zero the scale. Make sure the hose connecting to the bottle is fixed in place, so that accidental movement does not change the scale reading. Turn the system on in air conditioning mode and set the temperature down low so the compressor will not shut off while charging.

			

		

		
			
				Figure 8-39: Step 5 of Connecting the Access Tee and Test Gauge

			

		

		
			
				Figure 8-40: Step 6 of Connecting the Access Tee and Test Gauge

			

		

		
			
				Figure 8-41: Step 7 and 8 of Connecting the Access Tee and Test Gauge

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Step 5 (See Figure 8-39): If a blend refrigerant within a disposable bottle is used, turn the bottle upside down. Open the bottle valve by turning it counterclockwise.

				Step 6 (See Figure 8-40): Purge air from the hose, by slowly opening the low loss fitting on the end of the hose, until an audible/visual change is noticed. Quickly close the low loss valve on the end of the hose. Keep this valve closed.
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				Step 9 (See Figure 8-42): Charging can be done by briefly opening the low loss valve on the end of the hose, while monitoring the weight on the scale. Open this valve for no more than 2 seconds at a time. Keep the valve closed for 20-30 seconds, to let the refrigerant circulate through the system. Repeat this process until the appropriate amount of refrigerant is weighed into the system.

			

		

		
			
				Figure 8-43: Step 1 of Disconnecting the Access Tee and Test Gauge

			

		

		
			
				Figure 8-44: Step 2 of Disconnecting the Access Tee and Test Gauge

			

		

		
			
				Figure 8-42: Step 9 of Connecting the Access Tee and Test Gauge
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					B. Disconnection of the Tee and Test Gauge/Probe After Charging

				Step 1 (See Figure 8-43): Close the refrigerant bottle valve before reaching the desired amount of refrigerant charged into the system. By closing the bottle valve clockwise, the remaining liquid refrigerant within the hose can be added into the system, before the charging process is complete. After charging, the refrigerant in the hose is now at the same pressure as the vapor within the system.

				Step 2 (See Figure 8-44): Close the low loss valve. Disconnect the hose end from the system, by quickly turning it counterclockwise. 

				Step 3: After disconnection, the low pressure vapor left in the hose can be released, unless somehow it is possible to recover. Refer to epa.gov/section608 for more information about the “Prohibition on 
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				Venting Refrigerants”, de minimis, and other regulations. 

				Step 4 (See Figure 8-45): Test the valve core at the port for leaks by adding a test cap to the port. The test cap has a hole in the end. Add bubble leak detector to the end of the test cap to see if bubbles form, indicating a leak.

				Step 5 (See Figure 8-46): If there are no leaks, remove the test cap and install the appropriate port cap (locking cap).
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				Figure 8-45: Step 4 of Disconnecting the Access Tee and Test Gauge

			

		

		
			
				Figure 8-46: Step 5 of Disconnecting the Access Tee and Test Gauge

			

		

		
			
				9. Indications of an Incorrect Refrigerant Charge

					A. Indications of an Undercharged System

					A mini split system does not consume the refrigerant within the tubing over time. It simply circulates this refrigerant through the system, in order to transfer heat. If the system is low on refrigerant, the ability to move heat is reduced. A system may compensate for a low refrigerant charge (undercharge) by only operating at a low capacity. It may seem that the system is functioning properly when operating at this low capacity, because less refrigerant is required. However, when the system is operating at a high capacity, more refrigerant is required, so the system is not capable of operating effectively. A low refrigerant charge is either the result of a refrigerant leak spot on the system’s tubing, or an incorrect system refrigerant charge, from the initial installation.

				Indications of a low refrigerant charge may include, but are not limited to:
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					• Low pressure error code is displayed

					• Refrigerant leakage error code is displayed

					• System locks out and does not run

					• Outdoor unit runs for abnormally long periods of times

					• Ice or frost forms on the indoor coil and line set tubes during air conditioning 

					mode

					• Low indoor Delta-T (temperature change between the indoor return and 	supply air temperatures)

					• Inability to keep up with an increasing heat load within the building which 

					causes the indoor temperature to rise, during air conditioning mode

					• Inability to keep up with an increasing heat loss within the building which 

					causes the indoor temperature to lower, during heating mode

					Not all the problems shown above are the result of a low refrigerant charge. Electrical components within the system may be at fault or out of calibration. The technician must be aware of how these systems work in order to troubleshoot them. Electrical components are discussed in Unit 3. If a system is undercharged, refrigerant cannot simply be weighed into the running system, because the amount needed is unknown. Usually, the technician has no way to determine the amount of refrigerant currently within an existing mini split system, because manufacturers usually do not supply parameters for checking the charge on a running mini split system. Likewise, the technician does not know the speed, position, and/or operating capacity of the components, within the system while it is running, unless the manufacturer provides a way to lock the system at a specific operating capacity. Because of this, the technician should not try to guess the refrigerant charge level while running, to then charge refrigerant into the system. The system could easily become overcharged, or still not have the correct amount of refrigerant. 

					B. Indications of an Overcharged System

				Indications of an overcharge may include, but are not limited to:

					• Liquid refrigerant entering the vapor compressor, causing damage

					• Abnormal noise at the system compressor due to liquid slugging

					• Failure of the vapor compressor

					• The system has difficulty running at low capacity

					• High pressure error code is displayed

					• High temperature error code is displayed

					• Various error codes are displayed 

					• The system continually ramps up and down

					• The system locks out and does not run 
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				A mini split system may become overcharged if the technician does any of the following:

					• A digital scale is not used when charging a system which has a long line set

					• The total weight method is not calculated properly, or the technician guesses 

					the amount of refrigerant that should be in the system

					• The total weight method is not used, and the technician tries to use the total 

					superheat method to charge refrigerant into the system

					• The total weight method is not used, and the technician tries to target a 

					specific running saturated temperature

					• While troubleshooting, refrigerant is added to a system that is assumed to 

					be low on refrigerant, but the problem is not due to a refrigerant leak

				10. Checking the Charge

					“Checking the Charge” is the term used when measuring the amount of refrigerant in a system, to determine if it is appropriately charged. This is easily done on systems that operate at a fixed speed and capacity, by measuring superheat and subcooling, which is the case on traditional single speed systems. However, inverter mini split systems have individual components that adjust in speed, position, and/or operating capacity, without the technician knowing. This fluctuation of each component changes the overall system operating capacity, at any given moment. For this reason, standard methods for measuring the refrigerant charge cannot be as easily applied. One method that can be applied, is measuring the refrigerant pressure while the system is off, to determine if a system is severely undercharged. Also, in some cases, measuring total superheat can help the technician during troubleshooting. However, total superheat should not be used while trying to add refrigerant to an inverter mini split system, unless it is recommended by the manufacturer. 

					To “check the charge” during troubleshooting, several tools are needed. A manifold gauge set with hoses or a quick connect test gauge/probe is used to measure refrigerant pressure. Using a test gauge/probe is easier, because the technician does not need to be as concerned with the air in the hoses mixing with the system’s refrigerant. A test gauge/probe simply connects directly to the port to measure pressure. If a test gauge/probe does not fit directly on the port, a 5/16” to 1/4” fitting may be required. A tee can also be used to reorient the location of the test gauge/probe (See Figure 8-47). 

					A digital gauge or wireless digital probe has better accuracy than a compound gauge, so use digital tools, whenever possible. A digital gauge shows the pressure in increments as small as tenths of a PSI. Regardless of the measurement tool, 
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				make sure it is calibrated and zeroed for the altitude before use. 

					A digital temperature reader is also required. Whenever possible, use a temperature reader with two temperature sensor inputs. If needed, one temperature sensor can be used on the line set tubing and the other can measure the air temperature. Temperature sensors usually come in two versions. One is a small k-type bead temperature sensor and the other is a clamp style temperature sensor (See Figure 8-48). The clamp style has a larger surface area for sensing temperature, so make sure that this makes good contact with the tube whenever using it. If connecting a small bead type temperature sensor to the tubing, this can be taped into position on the tube with electrical tape. For an even more accurate temperature, wrap insulation around this. Make sure the temperature sensor is within 3 inches of the access port where pressure is being measured (See Figure 8-47). Also, make sure the location is out of the sun or a shade is temporarily installed. Regardless of the type of temperature sensors used, make sure the tool is calibrated first.

					Calibration can usually be done by putting both temperature sensors in a small ice water bath. After waiting roughly ten minutes, if the mixture is primarily made of ice, the temperature of the water should be 32°F. Submerge the sensors in the ice water bath. Wait two minutes and then adjust the manual calibration screws or set the digital calibration of the tool to display 32°F. Before calibrating the tool, read the specific manufacturer’s calibration instructions. Each tool may have a different recommended calibration method. Manufacturer’s instructions supersede any instructions in this book. 
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				Figure 8-48: A Digital Thermometer with K-Type Bead Temperature Sensors (Left) and Clamp Style Temperature Sensors (Right)
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				Figure 8-47: Using a Tee and Test Probe to Measure Pressure with the Power Off
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					A. Checking for a Severely Low Refrigerant Charge 

					If the system has been electrically off for an extended period of time, the refrigerant pressures on both sides of the system should be equal and stable. In this case, it is possible to determine if the unit is severely undercharged, due to a refrigerant leak. Connect a test gauge to the outdoor unit pressure port and connect a temperature sensor to the tubing near the port. Take a temperature measurement inside the building, near the indoor unit(s). 

					Measure the pressure and convert it to the saturated temperature of the specific refrigerant in the unit. (The type of refrigerant in the unit is found on the outdoor unit rating plate.) Compare the saturated temperature to the actual tube temperature. Also, compare the saturated temperature to the indoor air temperature, near the indoor unit. If the saturated temperature is lower than both the indoor air and the outdoor unit tube temperature, the system is severely low on refrigerant. This is only because, the system has leaked out about 7/8 of the full refrigerant charge and there is no liquid refrigerant left in the system. If the system does not have both liquid and vapor, the refrigerant is no longer saturated. Therefore, the pressure exerted at the port will be lower, because there is only vapor left. Refer to Chapter 2, Sections 4 and 5, for more information on saturated refrigerant.

					Figure 8-49 shows a system that is severely low on refrigerant. The system has been electrically off for ten 
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				Figure 8-49: Checking the Charge on an R-410A 

				System with a Severely Low Refrigerant Charge

			

		

		
			
				System is Electrically Off and Equalized
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				minutes and the pressures are equalized. The pressure measured is 109.4 PSIG, which converts to an R-410A saturated temperature of 36°F. The outdoor unit tube temperature is 80°F and the indoor air temperature is 72°F. The pressure converted to saturated temperature is 36°F less than the lower of the two ambient temperatures measured (72°F - 36°F = 36°F). This indicates that the system has leaked out about 7/8 of its full refrigerant charge. Leak detection must be performed. This can be done by using an electronic refrigerant leak detector and non-corrosive bubble leak detector. After finding the leak, the remaining refrigerant within the system must be recovered down to a pressure of 0 PSIG (atmospheric pressure) before fixing the leak. After fixing the leak, pressure test with nitrogen to determine if any other leak spots are present. 

					If the saturated temperature matches either the indoor air temperature or the tube temperature, this does not mean that the system is accurately charged. This only means that the refrigerant in the system is saturated. The amount of liquid in the system is still unknown. The system could still be undercharged, correctly charged, or overcharged. 

					B. Applying Total Superheat to a Mini Split 

					While a mini split is running in air conditioning mode, total superheat can be measured at the outdoor unit vapor line service port. To measure the total superheat, connect a test gauge at the vapor port. Convert this pressure to saturated temperature. Measure the temperature on the vapor line within a few inches of this port. Total superheat is the vapor line temperature minus the saturated temperature. Figure 8-50 shows an example of measuring total superheat on the same running system at different points in time. The total superheat will fluctuate as the system runs because an inverter system controls the running speed of the compressor, outdoor fan, indoor fan, and the opening size of the EEV. Some systems may change the operation of any one of these components every 20 to 120 seconds. These changes 
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				Figure 8-50: Attempting to Check the Charge on the Same 

				System at Different Times

			

		

		
			
				41°F - 38°F = 3°F Total Superheat

			

		

		
			
				49°F - 44°F = 5°F Total Superheat

			

		

		
			
				43°F - 42°F = 1°F Total Superheat
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				in speed and EEV opening size will result in a change of total system operating capacity and refrigerant in use, at any given time. Any excess refrigerant gathers in the accumulator. These changes affect the running total superheat. 

					Also, during the initial startup, these systems may begin at the last operational speed, or take around ten minutes to level out at an efficient total superheat. Remember that the system’s PCB makes decisions for operation based on the user selected temperature as well as the five or more factory mounted temperature inputs on the system. The system monitors these temperature inputs but may not directly measure superheat and subcooling while running. The programming simply results in an efficient superheat and subcooling during operation. Because of this, superheat is only a verification of efficient operation, not a means for the technician to “check the charge”. The system is continually modulating, even if the indoor fan speed is selected by the user and the temperature is set. As a result, total superheat will fluctuate as the system runs and makes changes.

					During air conditioning mode, (if all indoor zones are running) after the first ten minutes of run time, the inverter mini split system may operate with a total superheat between 0°F to 20°F. Mini splits may even run with a total superheat as low as 0°F to 5°F. This allows for a very efficient heat transfer at the indoor coil, resulting in a high Delta-T. Delta-T is discussed in Chapter 17. Be aware, manufacturers have preset algorithms which are programmed at the PCBs, so operation and actual running superheat may differ based on the circumstances, programming, user selected temperature and mode, as well as the heat load. If an inverter system seems to be continually running at a high superheat such as 30°F or higher, this may be a sign that there is a problem with either the refrigerant charge level or one or more components in the system. This is discussed in Chapter 20, Section 4.

					Some manufacturers may provide a button or function to lock all the inverter system’s components at a specific speed, position, and/or operating capacity, during air conditioning mode. This allows the superheat method to be used to measure the refrigerant charge level. Only a few models/manufacturers have this function, and rarely does a manufacturer provide a target superheat to compare to the actual running total superheat. While the system has a locked operating capacity, the actual running total superheat can be compared to the target superheat, if one is supplied by the manufacturer. If the actual running total superheat is higher than the target, the system may have a low refrigerant charge, a stuck or restricted metering device, a faulty tube thermistor, a fault on the main PCB, or another 
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				issue. Electrical component operation and troubleshooting are examined in Unit 3 of this book. If the actual running superheat is close to the target superheat, the system’s charge may be correct.

					Because mini splits rarely have a function to lock the speed, position, and/or operating capacity of each of the components, and even more rarely does a manufacturer supply a target superheat, the total superheat measured should not be used for refrigerant charging. However, in some circumstances, total superheat can be used during air conditioning mode for troubleshooting. 

					In reference to heating mode, total superheat cannot be measured at the vapor port at all because the refrigerant measured at this location is the discharge gas from the compressor. 

					C. Inaccurate Refrigerant Charge

					If an inaccurate refrigerant charge is suspected, (such as a low refrigerant charge, due to a leak) first perform a leak test. Leak testing is discussed in Chapter 6. If a refrigerant charge problem seems to exist, the only course of action is to turn the system off and recover the full amount of refrigerant. The recovery procedure, including recovery on systems with a leak, is discussed in Chapter 9, Section 4. After the full refrigerant charge has been recovered, compare this weight against the amount that is supposed to be in the system (includes the factory charge and additional refrigerant for the extra installed line set length). This allows the technician to determine whether the system was undercharged, correctly charged, or overcharged with refrigerant.

					After any leaks are fixed, pressure test the system with nitrogen, perform the vacuum procedure, and a standing vacuum test. Break the vacuum with the correct amount of refrigerant, based on the factory charge and the cumulative line set length. This is usually the only way that manufacturers recommend to adjust the refrigerant charge of a system and the only way to verify if the amount of refrigerant within the system is accurate. This is why it is so important for technicians to be able to perform these procedures in a fast, safe, and effective manner. 
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				Chapter 9

				Refrigerant Recovery Setup 

				and Bottle Preparation 

				1. Recovery Bottle

					A recovery bottle should be used as a storage vessel for only one type of refrigerant. It can be a “one time use” or a “reusable recovery bottle”. The “one time use” bottles come in a variety of sizes but typically range from 20lb to 30lb bottles. Reusable recovery bottles are typically manufactured as 30lb, 50lb, or larger. These bottles have a gray body and yellow top/neck. Bottle ratings are stamped on the neck. Figure 9-1 shows a 30lb and a 50lb reusable recovery bottle. Reusable recovery bottles have a dip tube on the red liquid port, which goes down inside the bottle, toward the bottom where the liquid refrigerant is. The blue vapor port connects to the top of the bottle where the refrigerant vapor is. Recovery bottles made for A2L refrigerants may have special indicators and possibly left-handed threads. For these tanks, a left hand to right hand adapter may be used. 

				2. Preparation of a Recovery Bottle

					If the recovery bottle is new, it must be prepared for use prior to recovering refrigerant. A recovery bottle is usually shipped from the factory with nitrogen inside. This nitrogen serves two purposes. One purpose is to verify that with positive pressure, no leaks are present. The second purpose is to keep the inside of the bottle dry. The nitrogen inside the bottle should be vented out prior to vacuuming the bottle.

					A vacuum is achieved using a vacuum pump and a vacuum gauge to reach a level below 500 microns. A target vacuum of 200 microns or lower is best. Connect the vacuum gauge to the red liquid port and the vacuum hose to the blue vapor port (See Figure 9-2). 

					Open the bottle port handles and turn the vacuum pump on. After the vacuum 

			

		

		
			
				Figure 9-1: 50lb and 30lb 

				Recovery Bottles, Showing Dip Tubes
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				Figure 9-2: Vacuuming the Recovery Bottle
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				gauge reaches a level of 500 microns or lower, close the blue port handle and turn off the vacuum pump. Wait ten minutes to see if the vacuum level rises. This is referred to as the Standing Vacuum Test. If during the standing vacuum test, the micron level does not rise and stays below 500 microns, this indicates that there are no leaks, and that water, air, and nitrogen have been removed. Figure 9-3 shows the standing vacuum test after the vacuum hose has been removed. After testing the vacuum for at least ten minutes to verify that the micron level has not risen, close the red liquid port handle and disconnect the vacuum gauge. The bottle is now ready for use. Do not try to store the bottle under vacuum for a long period of time. Make sure to break the vacuum with refrigerant immediately after the standing vacuum test is complete. 

				Recovery Bottle information is stamped on the neck of each bottle (See Figure 9-4).

					• TW is the empty bottle Tare Weight.

					• WC is the liquid Water Capacity inside the bottle.

					• Date Stamp is the last year the bottle was hydro-

				 statically tested (retests are every five years).

					• Max PSI is the Maximum Pressure Rating.

					• Max Temp is the Maximum Temperature Rating.

					In order to determine the amount of liquid refrigerant in a used recovery bottle, use an electronic scale to measure the total weight of the bottle. The total weight consists of the TW (Tare Weight) and the refrigerant inside. The recovery bottle should only be filled up to 80% of its internal volume. Water capacity (WC) is used as the basis for calculating internal volume, based on weight. This is because water is a common fluid that has a relatively consistant density as the liquid changes temperature. 

			

		

		
			
				Figure 9-3: Standing Vacuum Test
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				Figure 9-4: Recovery Bottle Neck
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				 Refrigerants have varying densities and must be compared to water's density at a specific temperature. This comparison is referred to as specific gravity (SP). At 77°F the specific gravity of R-22 is 1.195, R-410A is 1.062, R-454B is 0.988, R-32 is 0.964 and water is 1.0. Because water is considered the basis for specific gravity, it is 1.0. At 77°F, R-22 is 1.195 times denser than water. At 77°F, R-32 is 0.964 times less dense than water. This means that a recovery bottle filled to 80% with R-22 weighs significantly more than a bottle filled to 80% with R-32. Although 77°F is a recognized temperature for determining specific gravity, 120°F can be used instead. This is done to be safe when filling a recovery bottle to 80% at high temperatures. At 120°F the specific gravity of R-22 is 1.100, R-410A is 0.926, R-454B is 0.875, and R-32 is 0.855. 

					Figure 9-4 shows a recovery bottle with a WC of 47lb. A recovery bottle with a WC of 47lb or higher may also be referred to as a 50lb bottle. The following are examples of finding the max weight of a 50lb bottle with various refrigerants. The formula to determine the max weight of both the refrigerant bottle and the refrigerant allowed in a recovery bottle is as follows: (WC x 0.8 x SG) + TW = Max Weight 

				 • Recovery Bottle with R-22: (47lb x 0.8 x 1.100) + 27 = 68.36 lb Max Weight

				 • Recovery Bottle with R-410A: (47lb x 0.8 x 0.926) + 27 = 61.82 lb Max Weight

				 • Recovery Bottle with R-454B: (47lb x 0.8 x 0.875) + 27 = 59.90 lb Max Weight

				 • Recovery Bottle with R-32: (47lb x 0.8 x 0.855) + 27 = 59.15 lb Max Weight

					The maximum pressure rating, maximum temperature rating, and the 80% liquid capacity must not be exceeded. To avoid overfilling the bottle, use an electronic scale to measure the bottle’s weight before and during the recovery process. Figure 9-5 shows an empty 50lb bottle with a tare weight of 27lb. Figure 9-6 shows a 50lb bottle with a TW of 27lb, weighing 61lb, that is filled to almost 80% capacity with R-410A refrigerant inside. When a recovery bottle is not in use, it must be stored in an area that is lower in temperature than the maximum temperature rating. This maximum temperature is usually 120°F or lower. However, all manufacturers’ instructions supersede these guidelines. Always 
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				Figure 9-5: Empty 

				Recovery Bottle

			

		

		
			
				Figure 9-6: Close to Full 

				R-410A Recovery Bottle
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				Figure 9-7: Rating Plate 

				Refrigerant Type and Factory Charge
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				follow manufacturers’ instructions, so that a situation does not occur, such as a bottle bursting due to the specifications being exceeded. Be sure to read the specifications stamped on the neck of each bottle prior to use.

					The following are examples of finding the Maximum R-410A Weight Allowed for a 30lb recovery bottle with a WC of 26lb and a tare weight of 17lb:

				Example 1: Finding the Max R-410A Weight Allowed (WC x 0.8 x SG) + TW = Max Weight

					• WC = 26lb, SG of R-410A = 0.926, TW = 17lb

					• 26lb x 0.8 = 20.8lb

					• 20.8lb x 0.926 = 19.26lb

					•19.26lb + 17lb = 36.26lb Max Weight Allowed for the Bottle and R-410A

				Example 2: Finding the Allowable R-410A Capacity Remaining in the Bottle

				 Max Weight - Actual Weight = Allowable Capacity Remaining

					• WC = 26lb, SG of R-410A = 0.926, TW = 17lb, Existing Bottle Weight = 29lb

					• 26lb x 0.8 = 20.8lb

					• 20.8lb x 0.926 = 19.26lb

					• 19.26lb + 17lb = 36.26lb Max Weight 

					• 36.26lb - 29lb = 7.26lb Allowable Capacity Remaining

					Once the allowable capacity remaining inside a recovery bottle is known, the amount of refrigerant that is about to be recovered must be determined. When recovering refrigerant from an existing system, view the outdoor unit rating plate, the manufacturer’s installation literature, and measure the total cumulative line set length actually installed. 

					The rating plate lists the type of refrigerant and the total weight of refrigerant that was factory charged by the manufacturer (See Figure 9-7). This factory charge includes enough refrigerant for the outdoor unit, the indoor unit(s), and a specific total length of line set. If extra line set length was installed, additional refrigerant should have been added to the system. This amount of refrigerant would be in addition to the factory charge posted 
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				on the outdoor unit rating plate. The total amount of refrigerant in the system, including the factory charge and any additional refrigerant, needs to be taken into account before recovery. If the amount of refrigerant in the system, which must be recovered, is less than the allowable capacity remaining in the bottle, then it is safe to recover the full amount. Read the recovery bottle weight with a digital scale prior to and during the recovery. If the allowable capacity remaining in the bottle is lower than the amount that must be recovered, stop the recovery mid-procedure in order to switch out the full recovery bottle for an empty recovery bottle.

					To avoid overfilling the bottle, the weight of the bottle must be monitored before and during the recovery process. A single recovery bottle may be used to recover the refrigerant charge out of multiple systems. Each refrigerant charge must be the same refrigerant as the first type recovered into the bottle. Eventually the recovery bottle will be filled to 80% of the bottle's liquid refrigerant capacity.

					After this capacity is reached, exchange the bottle at the distributor for a new bottle of the same size. In most cases, the technician must have the exact same type of recovery bottle that the distributor stocks, in order to be eligible for the exchange. Prior to exchanging the bottle, the technician and the distributor need to agree to the terms of the exchange. Distributors’ exchange rates and policies differ. Below are some examples:

					• The distributor may pay per pound for certain refrigerants.

					• The distributor may exchange the bottle at no cost.

					• The distributor may exchange the bottle at a fixed cost.

					• The distributor may find that the bottle contains two or more refrigerants 

					mixed together, and charges an extra fee, or refuses to exchange the bottle.

					It is important not to mix refrigerants in the same bottle. It is also important not to allow air or nitrogen to enter the bottle. If the distributor uses a P/T chart to determine the type of refrigerant that is in the bottle, the bottle must be at a stable temperature for at least several hours before measuring. 

					Regardless of how full or empty the bottle is, as long as there is liquid refrigerant in it, the pressure will align to the saturated temperature of the refrigerant, at a given temperature, as listed on a P/T chart. The saturated temperature of the refrigerant should be the same as the temperature on the outside of the bottle. Figure 9-8 shows a recovery bottle with R-410A refrigerant inside and a temperature reader on the side of the bottle, reading 70°F. A refrigerant analyzer can also be used to determine the type of refrigerant.
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				Figure 9-8: R-410A Recovery Bottle 

				at 70°F and 201 PSIG

			

		

		
			
					If the pressure of the bottle, which is 201 PSIG, is converted to an R-410A saturated temperature of 70°F using a P/T chart, and the bottle temperature is 70°F, then the refrigerant is verified as R-410A. This also indicates that there is no air, nitrogen, other refrigerants, or mixed refrigerants in the bottle.

					Figure 9-9 shows a recovery bottle with R-22 refrigerant inside and a temperature reader on the side of the bottle, which reads 70°F. If the pressure of the bottle, which is 121 PSIG, is converted to an R-22 saturated temperature of 70°F and the bottle temperature is 70°F, then the refrigerant is verified as R-22. This also shows that there is no air, nitrogen, other refrigerants, or mixed refrigerants in the bottle. 

					If the distributor finds that the bottle pressure, converted to the saturated temperature does not equal the surrounding air temperature, the bottle exchange may be declined or the price of the exchange may be increased because the refrigerant is contaminated. Contamination of the refrigerant in a recovery bottle can be caused by several factors. Air may have entered the bottle through a loose connection or a system leak during recovery. This can happen if the refrigerant is recovered down to a level below 0 PSIG, from a system with a leak. Another mistake that can allow air into the bottle is not purging the air from the hose setup, prior to the recovery procedure. A third mistake can occur if the recovery bottle is not vacuumed prior to its first use. If the type of refrigerant in a recovery bottle is not confirmed prior to adding more refrigerant into the bottle, contamination may occur. This happens if the bottle is mislabeled or is assumed to be holding a certain type of refrigerant. This is why it is important to mark the recovery bottle with an identification tag that clearly states the type of refrigerant that is inside.
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				Figure 9-9: R-22 Recovery Bottle at 70°F
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					If refrigerant is recovered from a system, it can be charged back into the same owner’s system. Use a new, empty, and vacuumed recovery bottle to ensure that contaminants are not passed from the bottle into the system. Unfortunately, some newly exchanged empty recovery bottles received by the technician from distributors may still contain old oil that was not removed from the bottle by the reclamation facility. If a bottle contains old contaminated oil, the contaminated oil could make its way into a system, when charging the system from this recovery bottle. Refrigerants recovered from one owner’s system must not be used to service a different owner’s system. Refer to EPA Section 608 guidelines through www.epa.gov and/or through an approved EPA 608 certification testing agency website. Be sure to wear proper PPE prior to and during refrigerant recovery. Be sure to complete any necessary A2L safety and procedural training/certifications as they supersede safety precautions and procedures mentioned in this book. 

				3. Recovery Machine Hose Setup and Preparation

					A self-contained recovery machine (See Figure 9-10) can be used to recover refrigerant from a system while the system is off. The self-contained recovery machine has its own motor and pump assembly that is capable of recovering refrigerant into a recovery bottle without the assistance of the system’s compressor. A self-contained recovery machine is usually just referred to as a recovery machine. Prior to recovery, mount a new filter drier to the inlet of the recovery machine in order to keep both the recovery bottle and the recovery machine clean. 

					There are several ways to set up the refrigerant hoses between the recovery machine and the system. If the system is equipped with a valve core at the access port, it is best to use a valve core removal tool (VCRT) to remove the valve core before recovery. This is so the valve core does not restrict the port pathway. Hoses used for recovery should not have a valve core depressor in the end, because it restricts refrigerant flow. 

					Figure 9-11 shows a hose end with a valve core depressor and another hose without a valve core depressor. Recovery time will be faster when using short, large diameter hoses that do not have a valve core depressor. The hose that connects from the outlet of the recovery machine to the 
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				Figure 9-10: Recovery Machine
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				Hose End With a 

				Valve Core Depressor

			

		

		
			
				Hose End Without a 

				Valve Core Depressor

			

		

		
			
				Figure 9-11: Hose End 

				Examples
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				inlet of recovery bottle should be as short as possible. The diameter of the outlet hose can be 1/4” on smaller recovery setups.

					If the system is equipped with a valve core at the access port, install a VCRT on the port in order to remove the valve core (See Figure 9-12). Removal of the valve core will increase the volumetric flow rate of the refrigerant during recovery. This reduces the time it takes to recover the refrigerant from the system and provides a more accurate pressure reading during recovery. It also reduces the likelihood of the pressure rising after the recovery machine is turned off.

					If the valve core is left in the access port during recovery, it will restrict refrigerant flow and cause the pressure reading to be inaccurate. The pressure in the hose outside the system will be lower than the actual pressure inside the system. This is because the pressure gauge is closer to the recovery machine than it is to the refrigerant inside the system. When the recovery machine is turned off, the pressure displayed on the gauge will likely rise significantly. However, if the valve core is removed, the pressure reading will be more accurate. In this case, when the recovery machine is turned off, the refrigerant pressure will be less likely to rise.

					Figure 9-13 shows the valve core being removed from the port. After the valve core is removed, close the valve on the VCRT until the rest of the recovery hose setup is connected.

					Figure 9-14 shows the hose connected to the end of the VCRT. Keep the valve on the VCRT in the closed position until the hoses are tightly connected. Once the recovery hoses are connected to both the recovery machine and the recovery bottle, open the VCRT valve to purge the air from the setup. Purge the air at the recovery 

			

		

		
			
				Figure 9-12: Valve Core Removal Tool Mounted

			

		

		
			
				Figure 9-13: Valve Core Removed

			

		

		
			
				Figure 9-14: Hose Connected to Valve Core Removal Tool
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				bottle port connection while the recovery bottle valve is in the off position. Another way to remove air from the hose setup, is to perform a vacuum on the hose setup which can then be broken with refrigerant from the system, by opening the VCRT handle. This requires the use of an additional fitting on the hose setup. Follow current EPA 608 guidelines on whether to purge the air or vacuum the recovery hose setup, as current EPA 608 guidelines supersede any instructions in this book.

					There are various recovery machine hose setups that can be used. Setups differ depending on the recovery machine, hoses, and other tools that are used. Regardless of the setup, the pressure must be accurately monitored during recovery. Reading system pressure allows the technician to know when the recovery procedure is complete. Most recovery machines have either compound gauges or a digital pressure display. If the recovery machine does not have accurate pressure gauges or a digital display, then a test gauge or a manifold gauge set must be added to the recovery hose setup. Recovery machine hose setups that do not include a manifold gauge set allow for a faster recovery process, because there are less restrictions and less hoses.

					Figure 9-15 shows a recovery machine hose setup using the recovery machine’s digital pressure display to monitor pressure. One VCRT is being used. 

					If a recovery machine without a digital display is used, pressure can be read without adding the manifold gauge set to the hose setup. In order to measure pressure, connect a test gauge to the side port of the VCRT (See Figure 9-16). Prior to mounting the VCRT to the system access port, it is best to remove the valve core from the side port of the VCRT and connect the test gauge. 

			

		

		
			
				Figure 9-15: Recovery Hose Setup Without the Manifold Gauge Set, Using Digital Display
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				Figure 9-16: Recovery Hose Setup

				with Test Gauge on VCRT
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				Figure 9-17: Recovery Hose Setup

				Including the Manifold Gauge Set

			

		

		
			
					Figure 9-17 shows a two port manifold gauge set included as part of the recovery machine hose setup. Three hoses are used for this setup. This recovery setup is slower than a two hose setup shown in Figures 9-15 and 9-16 because there is an additional hose, more turns, and more restrictions.

					To use the recovery machine hose setup shown in Figure 9-14, connect a hose from the recovery machine inlet to the VCRT mounted to the system’s access port. Next, add a hose from the recovery machine outlet to the bottle at the liquid or vapor port. 

					When the power is off to the outdoor unit, the refrigerant in the system is in the saturated state. Because of this, the recovery will draw both vapor and liquid refrigerant into the inlet of the recovery machine. The recovery machine outlet is usually attached to the vapor port of the recovery bottle. If the recovery machine is capable of liquid recovery, and the inlet is connected to a port that has liquid refrigerant present, the outlet hose of the recovery machine can connect to the liquid port on the bottle. However, most single zone mini split systems only have one access port which is located on the vapor service valve, so only vapor or saturated refrigerant is present when the system is off. In this case, the outlet hose on the recovery machine can be connected to the blue vapor port of the recovery bottle. The recovery bottle must be weighed before and while recovery is performed. Prior to and during the use of a recovery machine and a recovery bottle, always wear appropriate PPE. Always follow manufacturers’ instructions as they supersede instructions in this book.

					On existing systems, the tubing pathway from the outdoor unit to the indoor unit is already open at the service valves. This allows refrigerant from the tubing, outdoor unit, and indoor unit to all be recovered. This is referred to as a full system recovery. Recovery is performed while the electrical power is turned off on the system. During recovery and while the electrical power is off, the slide within the reversing valve should partially shift to allow all tubes to slightly connect in the outdoor unit. This allows the refrigerant on both sides of the compressor to be recovered even if the EEV metering device happens to be internally closed. However, if there is an issue during the recovery procedure which requires the EEV 
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				Figure 9-17: Air Purge Location while the Recovery 

				Bottle Valve Remains Closed
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				Air Purge Location
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				to be internally opened to access tubing within the outdoor unit, further investigation must be done. Refer to Chapter 14, Section 7B, for more information on this.

					When only recovering refrigerant from the line set and indoor unit, the service valves at the outdoor unit must be manually front-seated. When the service valves are front-seated, the access port on the vapor service valve provides an open pathway to recover refrigerant from the vapor line, indoor coil, and liquid line. Instead of recovering refrigerant from the line set and indoor unit, a pump down may be performed. See Chapter 10 for information on pump-down procedures. Be sure to keep the electrical power off when the service valves are in the closed position. 

				4. Recovery Procedure After the Hose Setup is Connected

					After both the system and the recovery bottle are connected to the recovery machine, the air inside the hoses needs to be purged. Purging is done at the connection port of the recovery bottle, while the bottle remains closed. If there is a flow valve on the recovery machine, turn it to the recovery position. Although the recovery machine power switch is off during the air purging process, the machine usually still allows air and refrigerant to pass through to the outlet.

					To purge the air from the hoses, all hose connections need to be hand tightened, but the connection at the inlet of the bottle should be loose. Turn the valve on the VCRT to the open position to start the air purging process. If a refrigerant manifold gauge set is included in the setup, the handle connecting the hoses must be opened. Refrigerant will push the air through the recovery machine and out the loose hose connection at the recovery bottle (See Figure 9-17). 

					A visual and/or auditory change will indicate when all the air is purged. Be sure not to release refrigerant out of the connection. Once the air is purged, the recovery bottle hose connection must be tightened and the recovery bottle valve 
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				must be opened. Turn on and zero out the digital scale. Place the recovery bottle on the scale to view the weight. 

					Always wear proper PPE such as safety glasses, butyl lined gloves, and other PPE prior to and during refrigerant recovery. Always make sure to have fresh air available or wear a SCBA (Self-Contained Breathing Apparatus) and never breathe in refrigerant gases. Follow current EPA 608 guidelines found through www.epa.gov and through an EPA approved certification testing agency website for whether to purge air or to vacuum the recovery hose setup prior to recovering refrigerant from a system. Be sure to complete any necessary A2L safety and procedural training/certifications as they supersede safety precautions and procedures mentioned in this book. 

					If an additional VCRT or a 3-port manifold gauge set is included in the recovery machine hose setup, a vacuum can be pulled on this setup. This eliminates the need to purge air from the hose setup. In order to do this, the VCRT handle at the access port, must first remain in the closed position. After vacuuming, the vacuum pump needs to be isolated from the recovery machine hose setup and the vacuum must be broken with refrigerant from the system. Breaking the vacuum with refrigerant is accomplished by opening the valve on the VCRT connected to the system port. After the hose setup is at a positive pressure, zero out the scale. Place the recovery bottle on the scale to view the weight. Next, open the recovery bottle valve.

					The hose setup has now been prepared by either air purging or vacuuming. At this point, the valves on both the recovery bottle and the VCRT are open and the recovery bottle is on the scale. The recovery machine is now ready to be turned on. (Note: There are many different types of recovery machines. Some are water cooled or built differently. This text is referring to smaller recovery machines used for residential and light commercial applications. Prior to use, always read the manufacturer’s instructions for each recovery machine for safety and application. When recovering A2L refrigerants, be sure to use A2L approved tools and an approved recovery bottle. The manufacturer’s instructions supersede instructions in this book.)

					While the recovery machine is on, monitor both the outlet pressure and the inlet pressure on the recovery machine. The outlet pressure should not exceed the maximum pressure rating listed on the recovery bottle. Often, the maximum pressure is 400 PSIG but the specifications on each bottle neck must be read prior to using a recovery bottle. If the outlet pressure reaches the maximum pressure, stop the recovery process and use a new bottle or cool the existing bottle. After the new recovery bottle is connected and the air is purged from the hose, the recovery 
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				process can continue. Before the recovery machine is turned off, the inlet pressure at the recovery machine must reach the required vacuum level. The required vacuum levels for recovery in the United States of America are listed through www.epa.gov and through approved EPA 608 testing agency websites. For example, as of the date of publication, a system that contains 200lb or less of a high pressure refrigerant must be recovered down to a level of 0” Hg. Both R-22 and R-410A fall into this category. Other refrigerants may need to be recovered down to levels below 0” Hg, such as 4” Hg or another level. Remember, 0” Hg = 0 PSIG.

					If a system has a refrigerant leak, the recovery level must not be drawn below 0” Hg. Otherwise, noncondensables will be sucked into the tubing through the leak spot in the system. These contaminants will enter the recovery machine and mix with the refrigerant in the recovery bottle. This must be avoided so that the refrigerant inside the recovery bottle is not contaminated.

					Once the recovery vacuum level is at or below the required level, close the recovery bottle valve, at the handle, and turn off the recovery machine. Wait ten minutes to see if the vacuum level rises. If the vacuum level rises above the required vacuum level, the recovery bottle valve must be opened and the recovery machine must be turned on again. After reaching the required value for the second time, close the recovery bottle valve and turn off the recovery machine again. Wait ten minutes to see if the vacuum level rises again. If the vacuum level rises, perform the prior steps again. This rising pressure is due to any remaining liquid refrigerant that is within the system, which is now vaporizing and applying pressure. To recover the full refrigerant charge from a mini split system, a recovery machine may need to be run several times, in order to eventually hold the required vacuum level. Once the vacuum level holds steady, below the required level (and the recovery machine does not have a purge function), the recovery is complete and the hoses can be disconnected. If the system is holding a vacuum below 0” Hg, nitrogen can be added to the system in order to raise the system pressure above atmospheric pressure, before disconnecting the hoses. This prevents the system from drawing in humid air from the outside environment. It is important to prevent moisture in the air from entering the system.

					If the recovery machine has a purge function, then the shutdown procedure will be slightly different. After reaching the required vacuum level, close the bottle valve and turn off the recovery machine. Wait ten minutes to see if the vacuum level rises. If the vacuum level does not rise, turn the flow valve on the recovery machine to the purge function and open the recovery bottle valve. Turn the recovery machine back on until the internal pressure is below the required vacuum level, close the recovery bottle valve, and turn off the recovery machine. 
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					After the recovery is complete, regardless of whether or not the recovery machine has a purge function, there will be pressure in the outlet hose. Since the bottle pressure is the same pressure as the hose pressure and the recovery machine cannot increase the pressure in the hose any higher, the refrigerant in this hose will not enter the recovery bottle. This is why it is important to use a short hose at this location. This helps minimize the amount of refrigerant vented when disconnecting this refrigerant hose. 

				5. Recovery on Multi-Zone Systems

					A. Recovery Setups for Two Zone Systems

					Recovering the full refrigerant charge from a multi-zone system is similar to recovering refrigerant from a single zone system, because only one access port is required to recover the full refrigerant charge. Since all the zone service valves for the installed zones are already in the fully open position, any access port on the system has an open tubing pathway to the rest of the system. 

					A two zone mini split system is usually equipped with both a liquid line service valve and a vapor line service valve for each zone. These are located on the outdoor unit. Usually each zone only has one access port which is on the vapor line service valve. If all the service valves are open, recovery of the whole system can be pulled through one zone’s access port (See Figure 9-18) or from both zones’ access ports (See Figure 9-19), at the same time. 

			

		

		
			
				Figure 9-18: Recovering from One Port on a Two Zone System

			

		

		
			
				Figure 9-19: Recovering from Both Ports 

				on a Two Zone System
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					B. Recovery Setups for Three to Five Zone Systems

					A three to five zone system usually has master service valves installed. The recovery setup can be attached directly to the available master vapor line service valve access port (See Figure 9-20). If the system is equipped with an access port on both the master vapor and master liquid line service valves, the recovery setup can be attached to both access ports (See Figure 9-21). 
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				Figure 9-21: A Five Zone System, 

				Recovering from Two Ports

			

		

		
			
				Figure 9-20: A Five Zone System, 

				Recovering from a Single Port 

			

		

		
			
					Regardless whether each zone has flare adapters or zone service valves, the recovery setup can be the same. Recovery can be performed at the master service valve access port(s) because the zone service valves for each installed zone are already in the fully open position. Likewise, flare adapters are fixed in an open position. This means the tubing pathways are all connected. 

					If there is an access port available on each installed zone, as well as the master service valve access port(s), the zone ports can be included in the recovery setup, if desired. This may be done if there are long line set runs and it is desired to complete the recovery faster. However, the hose setup must have a means to monitor pressure within the system after the recovery machine is turned off. This is in case some remaining liquid refrigerant is present and vaporizes to apply pressure within the system. If some refrigerant is still present, it must also be recovered.
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					C. The Recovery Setup for a Mini-VRF System with a Branch Box

					The steps and setup to perform the recovery procedure on a multi-zone mini-VRF system (which includes a branch box to connect all the zones to the outdoor unit) differ from that of a multi-zone system which connects all the indoor zones directly to the outdoor unit. A mini-VRF system requires investigation in order to determine whether each zone’s tubing pathway within the indoor branch box is open or closed. 

					

					The indoor branch box connects to tubing from the outdoor unit. The branch box typically has flare adapters which connect to each indoor zone. The EEVs for each zone of the system are located in the branch box. Prior to recovering the system’s full refrigerant charge, the branch box may need electrical power for a brief period of time in order to open the internal pathway of each EEV. This may be done during a test mode recommended within the manufacturer’s literature. There are usually very specific recovery procedures stated by the mini-VRF manufacturer, so refer to the manufacturer’s installation and service literature for step-by-step guidance. When recovering refrigerant from systems without a branch box, do not turn on the electrical power to any part of the system during the recovery process. Manufacturer’s instructions supersede any instructions in this book.
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				Chapter 10

				The Pump Down Procedure 

				1. Pump Down Explained

					The pump down of a mini split system is performed by using the system’s compressor to pump all the refrigerant from the indoor coil and line set into the outdoor unit where the refrigerant is locked and stored. After a pump down is performed, the line set and indoor coil(s) are empty of refrigerant pressure.

					The pump down procedure may be performed by the technician in order to accomplish one of the following tasks: 

					• Moving the outdoor unit from one location to another

					• Removing a functioning outdoor unit to be used at another location

					• Replacing an outdoor unit

					• Adding another zone to a multi-zone system that is equipped with zone flare 

					adapters and not with zone service valves

					• Fixing a leak on the line set or indoor coil

					• Moving the indoor unit to another location

					The pump down procedure avoids having to perform the full recovery procedure on the system, during the time of service. If a system is being replaced with a new one, a pump down can be performed at the job site, but a full recovery of the outdoor unit must still be performed at a later date. If the technician does not choose to perform a pump down or a full recovery, the service valves of the outdoor unit can be closed and the remainder of refrigerant in the line set and indoor coil can be recovered. This would be considered a partial recovery. If this is performed, take note of how much refrigerant is recovered and the length of line set on the system. 

					Although a pump down may be performed on a mini split, it is not advisable to perform such a procedure, unless the exact amount of refrigerant within the 
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				system is known. This is because the refrigerant charge of most inverter mini splits cannot be checked at a later date, while the system is running. In most cases, the best option is to recover the full refrigerant charge and then close the service valves after the full recovery is complete. This protects the system from moisture and allows the unit to be reinstalled with a known amount of refrigerant, which can be weighed in. 

					If a pump down must be performed on a inverter mini split, make sure that the indoor unit is running in air conditioning mode and the temperature on the remote or thermostat is set low enough so that the system does not shut off during the procedure. If the unit has an emergency air conditioning button or the system is capable of locking itself at max cooling capacity, make sure this function is used during the pump down procedure. Remember that an inverter mini split system is continually monitoring temperatures at various points in the system. If an irregularity is noticed, such as high discharge temperature or low indoor coil temperature, the system may ramp down to a lower running capacity. Alternatively, the system may display an error code and turn off the compressor. If the compressor turns off during the pump down, turn off the electrical power to the unit and perform the recovery procedure instead. 

					Some larger or multi-zone systems may have a pump down function specifically used for this task. This function may be accessed via the outdoor unit PCB display and user buttons. Make sure to follow the equipment manufacturer’s service instructions to determine if the unit has a pump down feature or is capable of being pumped down. Manufacturers’ instructions supersede any instructions in this book. 

					Prior to performing a pump down, remove the end caps from the outdoor unit service valves and remove the vapor line port cap. Mount a pressure gauge to the vapor line port to monitor pressure. Next, turn the system on in air conditioning mode or with the pump down function. Front-seat (close) the liquid line service valve using a service wrench or hex key. This allows the compressor to pump the refrigerant from the vapor line into the outdoor coil, but it does not allow the refrigerant out of the outdoor unit. Once the compressor moves all the refrigerant into the outdoor unit, the vapor service valve must be front-seated. This locks the refrigerant inside the outdoor unit. After both service valves are shut, immediately turn off air conditioning mode or turn off power to the outdoor unit. In the case of a larger or multi-zone system equipped with a pump down function, this function can simply be turned off. Monitor the vacuum level at the port while the system’s compressor is off, to make sure that it does not rise above the required vacuum 
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				level. The object is to perform a successful pump down with a final vacuum level that does not rise. If the vacuum level rises, the remaining refrigerant must be recovered down to the required vacuum level.

					Required vacuum levels are stated through www.epa.gov and through approved EPA 608 certification testing agency websites. For instance, at the date of publication, an R-410A high pressure system with less than 200lb of refrigerant must be pumped down to a level that is held at or below 0” Hg after the compressor is off. If the vacuum holds, the part of the system that is at or below 0” Hg can be opened to atmospheric pressure for servicing. Nitrogen can also be used to raise the pressure to atmospheric pressure before opening.

					If a system has a refrigerant leak, it must not be pumped down to a level below 0” Hg because the leak point will allow air to be pulled into the system and mix with the refrigerant.

				2. Steps for a Pump Down on an Inverter Mini Split
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				Figure 10-1: Step 1 of the Pump Down

			

		

		
			
				Figure 10-2: Step 2 of the Pump Down 

				(Courtesy of Cooper&Hunter)

			

		

		
			
				Step 2 (Figure 10-2): Turn on the system in air conditioning mode and set the temperature low, so that the system does not turn off. If the system has an emergency AC mode button or a manual air conditioning button for full AC capacity, press this button at the indoor unit to turn the system on. If the system is equipped with a pump down function, enter this function at the outdoor unit PCB.

			

		

		
			
				Step 1 (Figure 10-1): Connect the test gauge or the manifold gauge set and purge any air from the hoses. Take both service valve end caps off. Insert the hex key into the liquid service valve.
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				Step 3 (Figure 10-3): Front-seat the liquid line service valve using the hex key tool. 
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				Figure 10-3: Step 3 of the Pump Down 

			

		

		
			
				Figure 10-4: Step 4 of the Pump Down 

			

		

		
			
				Figure 10-5: Step 5 of the Pump Down 

			

		

		
			
				Step 4 (Figure 10-4): Insert the hex key into the vapor line service valve. Monitor the vapor pressure as it lowers.

			

		

		
			
				Step 5 (Figure 10-5): Anticipate when to start front-seating (closing) the vapor line service valve, so that when it is fully front-seated, the vacuum level will be at, or slightly below, the required vacuum level. The pressure at which the vapor service valve should start to be shut will vary due to the system size and the speed of the technician turning the hex key tool. 
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				Step 6 (Figure 10-6): Fully front-seat the vapor line service valve. If the unit is equipped with a pump down function, immediately use it to turn off the compressor. If the system does not have a pump down function, immediately turn off air conditioning mode or turn off the power to the outdoor unit at the electrical disconnect switch. Figure 10-6 shows a vacuum of 4” Hg. If the required vacuum level is 0” Hg and the system does not have a leak, the system can be pumped down to 4” Hg, in order to make sure that the vacuum level does not rise above 0” Hg while the compressor is off. If the system has a leak, do not pump down the system below 0” Hg, or air will be pulled in through the leak point and mix with the refrigerant. After pumping down the system, monitor the vacuum level for ten minutes, to make sure it does not rise above the required vacuum level. If it does not rise, the tubing can be opened to atmospheric pressure. If it does rise, any remaining refrigerant in the line set and coil, must be recovered. 

				3. The Problem of Rising Pressure After the Pump Down

					If there is a rise in pressure at the port after the pump down, it is the result of liquid refrigerant still in the line set and indoor coil. After the compressor is off, any remaining liquid refrigerant in the tubing vaporizes, which increases the pressure inside the tubing. If the pressure measured at the port rises above the required vacuum level, then this remaining refrigerant must be recovered with a recovery machine and a recovery bottle. In order to avoid having to recover any leftover refrigerant, pump down the system to a slightly deeper vacuum level than what is required. This way, after the compressor is off, the vacuum level may not rise above the required level, after waiting ten minutes. If the system tubing is at or below the required vacuum level, pressure can be risen to above atmospheric pressure using nitrogen. After this, the line set tubing can be opened to atmospheric pressure. If a mini split system cannot be pumped down, simply recover the system’s refrigerant.

			

		

		
			
				Figure 10-6: Step 6 of the Pump Down 
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				Chapter 11

				Fundamentals of Electricity

				1. Understanding Electricity 

					In homes, commercial buildings, and anywhere we work or visit, electricity is used to provide power for lighting, appliances, and other equipment. Electricity allows these devices and machines to perform work automatically or when manually switched on. When it comes to HVACR, understanding the basics of electricity is as important as understanding the basics of refrigeration. This is because there is a direct relationship between heat, temperature, work, and energy. The study of this relationship is known as thermodynamics. The laws of thermodynamics govern the generation and transfer of heat and energy. The following sections cover basic terminology and application of electrical energy to provide a clearer understanding of how HVACR systems use electrical energy to operate. Although a basic understanding of these principles is important, Unit 3 primarily focuses on applying electrical principles to mini split systems. 

					When it comes to mini split systems, electricity is necessary for both powering and controlling various parts of these machines. Specifically, electricity is used to provide power for all of the electrical components to function. It also allows communication between the user and the system, as well as from the system to its various components. In order to work on these electrical systems and devices, technicians must obtain a basic understanding of how electricity works and how to safely protect themselves and others while working on these systems. 

					Knowledge of how electricity works and personal safety should be applied together. These two concepts allow a technician to determine how an electrical circuit can be completed, while being aware of any safety risks or concerns that may be present. It is crucial for a technician to work under a licensed HVACR professional, complete a state approved HVACR apprenticeship program (which includes HVACR related electrical training), and to be OSHA 30 hour certified for safety before working on HVACR systems. This chapter is not a replacement for a formal education through the prior mentioned training. It is intended as a compliment to such training.
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				2. Brief Description and Definition of Basic Terms

					Electricity is a form of energy based on the charge and movement of electrons. Electrons are negatively charged particles that are drawn from a point that is negatively charged to a point that is positively charged. This movement of electrons takes place in a completed circuit (pathway). To reach a positively charged destination, electrons can travel through a conductor. However, electrons do not easily travel through insulators. 

					The rate at which electrons move through a conductor is known as current, which is measured in Amperes (Amps or A). In order for electrons to move from one point to another, a potential difference in charge must exist. This potential difference is referred to as voltage and it acts as the pressure which pushes current through a conductor. This amount of pressure can be measured in volts (V). Resistance slows or opposes the flow of current in an electrical circuit. Resistance is proportional to the material type, diameter, and length of a circuit. The amount of heat present on the circuit also effects resistance. Resistance is measured in Ohms (Ω). Electrical energy is used for the purpose of performing work. Electrical power is the rate over time at which electrical energy is used to perform work. Power is primarily expressed in units of watts (W). A load is any object that uses electrical energy to perform the work. See Figure 11-1 for a reference of electrical terms and units.

					To better understand how electricity works, a metaphor of water flowing through a channel can be used (See Figure 11-2). In this example, the water represents electrons, the generator connected to the water turbine represents the electrical energy source, the channel represents the conductor, the water pressure represents voltage, flow rate represents current, and restrictions within the channel represent resistance. The amount of water that is flowing through the channel, in a set period of time, represents power. This power is used to move the water turbine connected to the light, which represents a load. It is important to remember that the water does not disappear after this point but is recirculated back to the original turbine generator. A generator turns by mechanical or chemical means.
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				Figure 11-1: Electrical Terms and Units 
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					A major fundamental principle of electricity is Ohm’s Law. This law defines the relationship of voltage, current, and resistance, using the following equation, where E = Voltage, I = Current, and R = Resistance: Ohm’s law: E = I x R 

				Ohm’s law stated using units of measurement: Volts = Amps x Ohms

					If two of these three values are known, the third can be determined. This principle allows devices, such as multimeters (See Chapter 13), to determine the missing value for testing purposes. Likewise, a mini split system can determine the electrical resistance of a temperature sensor (See Chapter 14, Section 3) by applying a certain voltage and current in the circuit.

					Power is primarily expressed in units of watts. The relationship between power, voltage, and current can be defined using the following equation, where 

				P = Power, I = Current, and E = Voltage: P = I x E

				This relationship can also be stated in units of measurement as: Watts = Amps x Volts

				The following equation shows how to determine the power of a light bulb in a completed circuit, if voltage and current are known:

				Watts = Amps x Volts

				__ watts = 0.5 amps x 120 volts

				60 watts = 0.5 amps x 120 volts

				The following equation shows how to determine the resistance of a light bulb (while powered) in a completed circuit, if voltage and current are known:

				Volts = Amps x Ohms

				120 volts = 0.5 amps x __ 

				120 volts ÷ 0.5 amps = 240 ohms

			

		

		
			
				Figure 11-2: Water Metaphor for 

				Electrical Power Flowing
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					Figure 11-3 shows the relationship between voltage, current, power, and resistance. If at least two values are known, the other two can be determined. The inner circle with P, I, E, and R, simply states that there is a relationship between these values. The outer circle encompasses the equations that define the relationships. The equations in each outer color wedge correspond to the value in the inner wedge, of the same color. For example, when looking at the top right yellow outer wedge, the equation I = P ÷ E allows Current (I) to be determined if P and E are known. Additional principles are added to these relationships when referring to powering specific types of loads, such as inductive motors. In the case of a motor, the inductor is the coil within the motor. When powering an inductive motor, to change electrical energy to mechanical energy, inductive reactance (opposition to current flow in an AC circuit, by the inductor) occurs. Impedance (electrical resistance) is the result of both the electrical resistance of the inductor and the inductive reactance that occurs.

				3. Direct Current

					Within a completed circuit, electrons travel from a negatively charged point to a positively charged point. This is referred to as electron flow. However, conventional current flows from positive to negative. Two distinct forms of electricity are used. These are direct current (DC) and alternating current (AC). Direct current travels in one direction consistently, whereas, alternating current changes the direction of the electrons based on a changing polarity. 

					Figure 11-4 shows a very basic DC circuit where a battery (DC energy source) powers a light bulb (load). This occurs because the electrons stored on the negative side of the battery, travel through the conductor and load, 
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				Figure 11-4: Direct Current 

				from a Battery to a Light Bulb 

			

		

		
			
				Figure 11-3: The Relationship Between Voltage, Current, Power, and Resistance 
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				to the positive side. This movement is due to the imbalance of electrons across the battery. The negative side has many more electrons than the positive side. Therefore, when the circuit is completed, the electrons travel to positive side, through the load. 

					The voltage (potential difference) of electrons across a battery can be measured. As a battery is used to power a load, more electrons travel to the positive side, resulting in a lower voltage (See Figure 11-5). 
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				Figure 11-6: Alternating Current from an Outlet is Shown 

				Changing Directions as it Powers a Light Bulb
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				Figure 11-5: New Battery Voltage (Left) and Drained Battery Voltage (Right)

			

		

		
			
				4. Alternating Current

					Figure 11-6 shows a very basic AC circuit where the receptacle (AC energy source) powers a light bulb (load). This occurs due to the voltage (potential difference) of the electrons available at the receptacle. When the circuit is completed, the 

			

		

		
			
				Direction 1

			

		

		
			
				Direction 2

			

		

	
		
			
				196

			

		

		
			
				CHAPTER 11: Fundamentals of Electricity

			

		

		
			[image: ]
		

		
			
				electrons travel from the negative side, through the conductor and load, to the positive side. In the case of AC power, the positive and negative sides alternate. Therefore, current changes direction based on the polarity. This change in polarity and therefore, current, occurs many times per second. 

					Alternating current is harder to visualize than direct current because of the repeating change in the directional flow of electrons and also the change in voltage. A sine wave depicts the increase and decrease of the voltage as well as the change in polarity, over time. Figure 11-7 shows voltage vertically and the rate of time horizontally. One full sine wave is shown across 1/60th of a second. The amount of full sine waves that occur over time is known as frequency. The amount of full sine waves that occur per second is measured as hertz (Hz). The common frequency supplied by power stations within the USA is 60Hz, while most non-North American countries utilize 50Hz. 

				5. Power Generation

					Energy cannot be created or destroyed. It can only be transferred or transformed from one form of energy to another. Electrical energy is primarily converted from mechanical or chemical energy. This conversion/generation process is typically done by power plants, using large generators. These produce electricity by using water, steam, or exhaust to turn a rotating armature within the generator. 

					In simple terms, magnets are passed by coils of copper wires within the generator. Passing a magnet back and forth over a coil of conductive wire causes the pushing or pulling of electrons on the copper wire. This is because a magnet has two poles, a positive and negative. If the positive pole is passed by the coil, the electrons will be pulled. If the negative pole is passed by the coil, the electrons will be pushed. The movement of electrons is the basis for electrical power generation. 

					Figure 11-8 shows an example of how magnetism can be used to generate electricity is shown. As the negative magnetic pole on the rotor gets closer to the electrical coil on the stator, the voltage increases, as electrons are pushed away. After the negative pole passes by the coil and then moves away from the coil, the voltage decreases, as the pushing force of the magnetic field is moved away. This occurs until the voltage is zero. 
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				Figure 11-7: Single Phase AC at 60Hz
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					Next, as the positive magnetic pole on the rotor gets closer to the electrical coil on the stator, the voltage increases, as electrons are pulled back. After the positive pole passes by the coil and then moves away from the coil, the voltage decreases, as the pulling force of the magnetic field is moved away. This occurs until the voltage is zero, at which point the cycle repeats. 

					This push-pull effect is what gives us alternating current. Power generation stations produce three phases of electrical energy. In order to accomplish this, there are three large coils set at 120° intervals around the rotor. As the magnetic poles on the rotor pass these coils, electric current is generated on each coil. Because there are three sets of coils, offset by 120°, each coil will be in a different position of its phase (sine wave), at a given time (See Figure 11-9). This means that instead of a single current flow, three separate phases are generated. The speed in which the rotor spins is directly proportional to the frequency of the phases. The 
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				Figure 11-8: Current Generated by a Magnet Moving Across a Wire Coil
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				common frequency supplied by power stations within the USA is 60Hz, while most non-North American countries utilize 50Hz. These three phases are transmitted into the power grid and distributed. 

					In order to distribute the electrical power, a step-up transformer is used at a substation to increase the voltage, prior to the electrical power traveling through the transmission lines (See Figure 11-10). Because voltage and current are relative to each other, (Electrical Power = Voltage x Current), the voltage is increased so that current will decrease, but still allow the same amount of electrical power through the lines. Transmission lines are limited due to their diameter and alloy type. The smaller the conductor, the more electrical resistance the conductor will have. More electrical resistance 
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				Figure 11-9: 3-Phase Power Generation 

				with Wire Coils at 120° Apart 

			

		

		
			
				Figure 11-10: Electrical Power Distributed from the Generating Plant to the End Users

			

		

		
			[image: ]
		

	
		
			
				199

			

		

		
			
				CHAPTER 11: Fundamentals of Electricity

			

		

		
			[image: ]
		

		
			
				results in a lower current being carried safely. When voltage is increased, current decreases relative to the percentage in which voltage increases. This solves the problem for transferring a large amount of electrical power over long distances. 

					After long distance transmission, as power approaches where it is needed, substations use step down transformers to decrease the voltage. Distribution substations are connected to the power poles and the three phases of electricity can be delivered to commercial buildings. This may require another step down transformer for each phase, at the poles, before the three phase wires connect to the building. 3-phase electrical power is used to efficiently start and run 3-phase wound motors used at commercial buildings. Examples include 3-phase refrigerant compressor motors and fan motors in HVACR equipment. 

					The most electrically efficient motor to run from the power produced by a 3-phase generator is a 3-phase motor. This is because the supplied phases match the design of the motor. These motors do not need a capacitor, or other start assist (such as in the case of a single phase, permanent split capacitor type motor), to begin rotation when power is applied. A 3-phase motor always has at least two magnetic forces applied at any given time, because each phase is offset by 120°. This makes 3-phase motors the ideal motor design for efficient electrical operation.

					Residential and light commercial buildings are usually powered by single phase electricity. As the three phases are carried along the poles by three separate wires (See Figure 11-10), one phase is tapped and the wire connects to a single phase transformer (See Figure 11-11). This lowers the voltage to a usable amount for the building. The primary side of a transformer connects to the phase at the pole, while the secondary side of the transformer connects to the power wires running to the building. The secondary coil within the transformer is tapped at both ends and the center. The center is considered the neutral. Each tap on the two ends is a single hot leg. These three wires enter the building’s breaker box as two hot legs and one neutral. The potential difference (voltage) between each hot leg and the neutral is 120V. The potential difference between the two hot legs is 

			

		

		
			
				Figure 11-11: Single Phase Transformer Supplying AC at 240 Volts 
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				240V (See Figure 11-12). This electrical supply power is referred to as single phase (in some cases as split phase). A building’s breaker box (panel box) distributes this alternating current to the various circuits within the building as either 120V or 240V. Each circuit is protected from overcurrent by an individual breaker or fuse within the breaker box.

				6. Imitated 3-Phase Frequency

					Most inverter mini split systems are designed to be powered from a single phase AC electrical circuit from the building. The mini split takes this alternating current and converts it to direct current in order to control specific components within the system. This is especially true for any motors within the units. These motors are typically 3-phase wound DC motors. To effectively control these motors, the mini split unit replicates 3-phase AC power, but uses direct current instead. By using direct current, the unit is able to pulse the DC voltage in a manner which imitates AC frequency. Electrical frequency directly correlates to a fan motor’s rotational speed and a compressor’s pumping speed. Because DC power is used and can be controlled, frequency and voltage can both be precisely controlled. By adjusting the imitated frequency, the motor speed can be ramped up or down, as needed. This results in an effective and energy efficient control for these motors. Figure 11-13 compares a 3-phase AC sine wave at 60Hz to an imitated 3-phase "DC" modified sine wave at 180Hz. This type of power may be generated for the purpose of operating a refrigerant compressor motor. Mini split units also control other components with DC pulsed power, such as the EEV, louver motor(s), and other parts.

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Figure 11-13: 3-Phase AC at 60Hz (top), and Imitated 3-Phase DC Modified Sine Wave at 180Hz (bottom)

			

		

		
			
				Figure 11-12: Single-Phase AC at 240 Volts
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				Chapter 12

				Power Wiring, Communication Wiring, 

				and Circuit Boards

				1. Power Supply Introduction

					In order to electrically power a mini split unit, electrical power must be connected from the building’s breaker/fuse box panel to the electrical disconnect for the outdoor unit. This electrical supply run and disconnect is installed by a licensed electrician. The disconnect is mounted in an exterior location near where the outdoor unit is to be installed (See Figure 12-1). A surge protector is commonly installed at the disconnect, to protect the unit. Wiring connects the disconnect to the outdoor mini split unit. HVACR master license holders may be allowed to connect the electrical whip from the outdoor electrical disconnect to the outdoor mini split unit, depending on state codes, restrictions, and requirements. A whip is a flexible, watertight, and UV resistant conduit that contains the line voltage electrical wir ing from the disconnect to the mini split unit. It is up to the master license holder to verify code requirements and license restrictions for their state. State HVACR master license requirements/restrictions super-sede instructions in this book.

					

					Most residential and light commercial mini split systems are powered with single phase, 110-130V or 208-230V electrical power. The voltage of 110-130 may be referred to as 120V and 208-230 may be referred to as 240V. The outdoor unit’s rating plate (See Figure 12-2) states the phase and voltage rating of the unit. The most common units installed are 208-230V. However, units installed on mobile homes and some residences may be 110-130V models. 
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				Figure 12-1: Outdoor Unit Electrical Wiring 

				and Rating Plate
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					When replacing or installing a new mini split system, the technician must visually verify that power at the building is single phase. The electrical ratings of the outdoor unit (as listed on the rating plate) must be determined and compared to the ratings of the breaker/fuse size, electrical feed wire, and the electrical disconnect provided at the building. Likewise, the supply voltage must match the unit’s voltage rating. Consult a licensed electrician if ratings are not evident or cannot be determined.

					The feed wire’s current carrying capacity and the disconnect’s max current rating can be higher than needed. However, the breaker/fuse size must be the same as the max breaker/fuse size that is posted on the rating plate of the new outdoor unit (See Figure 12-2). If the breaker/fuse size is lower, the breaker may trip or the fuse may blow, when the unit is operating at a full load. If the breaker/fuse size is higher than what is posted on the outdoor unit rating plate, the breaker/fuse will not trip when needed, to safeguard the unit. If the operating current exceeds the max breaker/fuse rating of the unit and the breaker/fuse in the building’s panel box does not trip, an electrical fire could result. Likewise, if the electrical feed wire or disconnect’s current ratings are not high enough, an electrical fire could result. If any ratings are incorrect or unknown, an electrician may be required to install new power wiring, breaker/fuse, and disconnect. Consult a licensed electrician whenever possible. 

				2. The Electrical Whip and Electrical Disconnect

					An electrical whip connects the electrical wiring from the disconnect to the outdoor unit. A whip is made up of a protective, flexible conduit with three wires inside. Two wires are for the electrical power feed and one is for the ground. These wires must be of the correct gauge size, to carry the electrical current for the system. The “min circuit ampacity” can be used to help size the electrical wiring in the whip, but it may be safest to use a wire gauge size that matches the “max breaker/fuse”. Refer to approved state/local code references for wire types, ampacity, and sizing. Figure 12-3 shows a basic general guide for copper wire gauge sizes and electrical current ratings, to size the wiring in the whip. However, follow local electrical codes as they supersede any charts/instructions in this book.

			

		

		
			
				Figure 12-2 Rating Plate Phase, Voltage, and Current

			

		

		
			
				Figure 12-3 Wire Sizing Chart
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					The whip includes three insulated stranded wires. For a 208-230V unit, the wire colors typically used are one black, one red, and one green (See Figure 12-4). The black is for one power leg, the red is for the other power leg, and the green is for the ground. In the outdoor unit, one power leg is connected to L1 and the other power leg is connected to L2, in the unit. It doesn’t matter if black is connected to L1 or L2, as long as the red is connected to the other, remaining L terminal. This is because, on a unit that requires a 208-230V power supply, both power legs supply 120V and when used together provide 240V. The green wire is connected to the green or bare ground connector in the unit. 

					On a 110-130V system, the three wire colors typically used are black, white, and green. The black wire is the 120V power leg and is connected to L1. The white wire is the common/neutral connected to N. The green is connected to the ground. 

					Make sure the voltage rating of the outdoor unit matches the power supply voltage. This will prevent accidental connection of a 240V power source to a 110-130V system. This also prevents connection of a 120V power source to a 208-230V system. If the incorrect power source is connected, it may permanently damage the unit’s main PCB by causing the capacitor, fuse, or multiple components to fail. Verify that the electrical power to the disconnect is off at the building panel breaker before connecting the whip to the disconnect. A lockout/tagout procedure should be performed.

					The wiring used in the whip is typically “THHN/THWN-2”. THHN stands for thermoplastic high heat resistant nylon coated wire. THWN stands for thermoplastic heat and water resistant nylon coated wire. The “-2” on “THWN-2” refers to a higher heat rating than “THWN”. Most wire supplied for whips is “THHN/THWN-2” because it has a rating of up to 194°F and is water resistant, which can be used in both outdoor and attic applications (as long as the wires are protected by a conduit). These three stranded wires are fished through the conduit and a sealed connector is used on each end of the whip to connect to both the outdoor unit and the disconnect box. This creates a UV resistant, protective, and water-tight connection for the electrical wiring. 

			

		

		
			[image: ]
		

		
			
				Figure 12-4: 208-230V Electrical Whip Connections
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					In the case of a single phase 208-230V mini split, a two pole disconnect is used. This disconnect has a means to break the electrical circuit to the outdoor unit for servicing. At the disconnect (See Figure 12-5), there is a set of line lugs, load lugs, and a ground terminal block. The two line lugs have the electrical feed wires attached. The ground terminal block has the electrical feed ground wire attached. When installing a whip to connect the mini split, one power wire is attached to one of the load lugs and the other power leg is attached to the remaining load lug. The ground wire is attached to the ground terminal block. Follow the disconnect box manufacturer’s instructions, lug layout, and ratings because configurations may be different than shown in Figure 12-5. Follow local codes as these supersede any instructions in this book. 

					A surge protector is also commonly installed at the outdoor unit disconnect, attached to the load wires and the ground terminal block. A surge protector helps protect the outdoor unit’s electrical components from damage, caused by excessively high voltage. Excessively high voltage may occur due to a nearby lightening strike or a power supply problem. A surge protector protects the system by temporarily directing the high voltage electrical current to ground. A 240V surge protector (See Figure 12-6) has three wires and is installed in parallel with the load and ground wiring. These connections are attached to, but do not separate, the load wires. To install a surge protector, attach the surge protector ground wire to the ground terminal block. Attach one surge protector wire to one of the load wires, via a wire nut. Attach the other surge protector wire to the other load wire, via a wire nut. This avoids an electrical code problem by not putting two wires into a single load lug.

					Leave the electrical disconnect’s switch, pull tab (See Figure 12-7), or fuse, and the building's breaker, in the off position until the wiring and full installation is complete. The full wiring and installation includes the 

			

		

		
			
				Figure 12-7: Disconnect in the Off Position

			

		

		
			
				Figure 12-5: Two Pole 

				Disconnect Box

			

		

		
			
				Figure 12-6: Disconnect with 

				a 240V Surge Protector 

				(Courtesy of DITEK Surge Protection)
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				mounting of the indoor unit, power wire whip, communication wiring, refrigerant tubing, condensate lines, etc. Make sure that the lines have been vacuumed and refrigerant from the outdoor unit has been released into the rest of the system. Make sure that the rest of the installation is complete before turning on power to the unit. 

					Make sure to follow all electrical codes, requirements, and restrictions as they supersede any instructions in this book. Also, make sure to follow the equipment manufacturer’s and surge protector manufacturer’s wiring instructions as those supersede any instructions in this book. If local codes or restrictions do not allow an HVACR Master License holder to connect to the disconnect, install the whip, and/or install surge protection, make sure to hire a licensed electrician to install these. 

				3. Communication Wiring from the Outdoor Unit to the Indoor Unit

					Communication wiring must be installed to connect the outdoor unit to the indoor unit (See Figure 12-8). This communication wiring not only allows the outdoor unit PCB and the indoor unit PCB to electrically communicate, but this wiring also provides the electrical power to the indoor unit. The indoor unit is directly powered from the outdoor unit terminals only. This means that if the outdoor electrical disconnect is pulled, not only does the outdoor unit lose power, but the indoor unit is electrically turned off as well. 

					Some jurisdictions/codes re-quire that the electrical wiring con-necting the outdoor unit to the indoor unit must have a disconnect switch in an accessible location near the indoor unit. This switch acts as an emergency/service disconnect switch for the indoor unit. However, other local jurisdictions/codes may not require this indoor unit service switch. Check local codes before installing.
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				Figure 12-8: Communication Wiring Connecting the Outdoor Unit to the Indoor Unit
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					Unlike the short electrical whip for the power supply, containing three stranded wires that are loosely run through the flexible conduit, communication wiring for mini split units come in a long pre-cased roll. Communication wiring usually has four lengths of 16 gauge stranded wire. These four individually insulated, stranded wires are cased in a thin flexible PVC jacket (that resembles the outside of an extension cord) (See Figure 12-9) or cased in metal clad with UV rated and water-resistant PVC coating on the outside (See Figure 12-10). Although it may be common to see non-shielded communication wiring exposed outside on an existing installation, this usually does not meet code requirements. Usually, communication wiring must be shielded when running from the outdoor unit to where it enters the building structure. This is because, not only is the wiring allowing low voltage signals for communication, but also high voltage power to run to the indoor unit. Make sure that either the communication wiring is shielded with flexible conduit, or use communication wiring that is already shielded. Pre-shielded communication wiring may use metal clad with UV rated and water-resistant PVC coating on the outside. In any case, make sure that water-tight connectors are used at the outdoor unit for the shielding/conduit connection (See Figure 12-11). If the outdoor unit is a multi-zone unit, this requires communication wiring to be installed from the same outdoor unit to each of the indoor units. If a system with a branch box is installed, the communication wiring may differ. Make sure to read and follow the manufacturer’s installation instructions before wiring as manufacturer’s installation guidelines supersede any instructions in this book.

					On a single zone system, the communication wiring connection points are fairly simple. These are labeled as 1, 2, 3, and G at both the indoor and outdoor units. Make sure to connect the green ground wire to the G ground terminal. 

			

		

		
			
				Figure 12-11: Water Tight Connectors on Flexible 

				Conduit (Top) and Shielded Wiring (Bottom)
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				Figure 12-9: Non-Shielded Communication Wiring

			

		

		
			
				Figure 12-10: Shielded Communication Wiring

			

		

		
			
				Non-Shielded PVC Jacket 

			

		

		
			
				Flexible Conduit

			

		

		
			
				Watertight Connector

			

		

		
			
				Watertight Connector

			

		

		
			
				PVC Coated Metal Clad

			

		

		
			
				Metal Clad 

			

		

		
			
				UV Rated PVC Coating

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

	
		
			
				207

			

		

		
			
				CHAPTER 12: Power Wiring, Communication Wiring, and Circuit Boards

			

		

		
			[image: ]
		

		
			
				Connect the three remaining wires (black, red, and white) at both the indoor and outdoor unit, one on each of the three numbered terminals. The sequence of these wires does not matter, as long as the color wire installed on each numbered terminal matches at both the indoor and outdoor unit. For instance, black can be installed on 1, red can be installed on 2, and white can be installed on 3, at both the indoor and outdoor units (See Figure 12-12). 

			

		

		
			[image: ]
		

		
			
				Figure 12-12: The Color and Number Terminal Must Match 

				When Wiring the Indoor and Outdoor Unit
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					On a multi-zone system, make sure to install the communication wiring for each indoor zone on the appropriate zone terminal block, at the outdoor unit. Wiring an indoor zone onto the incorrect zone terminal block is a common mistake which can cause improper operation and/or damage to the system. An example is, when one indoor unit that should not have air conditioning running, has refrigerant flowing through its coil, but the fan is off. At the same time, another indoor unit that should have air conditioning running, does not have refrigerant flowing through its coil, but the fan is on. The result is that in the first indoor unit the coil is freezing up, while the second indoor unit is not lowering the air temperature in the room. Some multi-zone outdoor units come with a calibration function on the outdoor unit PCB, which can solve this problem without switching the wiring to the zone terminal blocks. This function reassigns the terminal block to the correct EEV, temperature sensors, and indoor zone. However, the wire color sequence on the terminal block must match that of the indoor unit on terminals 1, 2, and 3.
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				4. Electrical Circuit Boards in the Outdoor Unit

					A. PCB

					Within the outdoor unit, there is a main PCB (printed circuit board) (See Figure 12-13). This is considered the main electrical brain of the system. The indoor unit also has a PCB. The outdoor unit main PCB works together with the indoor unit PCB for system operation. Each PCB contains an EEPROM chip. This is a read-only memory chip whose contents can be erased and reprogrammed using a pulsed voltage. This EEPROM is programmed by the factory and contains the algorithmic data that the PCB needs, in order to take measurements and make decisions, for the operation of each electrical component it controls. The EEPROM programming should not be field adjusted. 

					The outdoor unit main PCB controls multiple components and has multiple inputs and outputs. Components connected to the outdoor unit PCB are discussed in Section 5. Data that is gathered by the outdoor unit main PCB, is communicated to the indoor unit PCB, along with operational parameters. The indoor unit PCB also gathers its own data, including user control information, which it shares with the outdoor unit main PCB. Components connected to the indoor unit PCB are discussed in Section 6. The outdoor and indoor unit PCBs work together as a system. Because of this, precise adjustments in operation can be controlled, as the PCBs make decisions for the operation of each electrical component. To control certain motors, an IPM (intelligent power module) is needed. In this case, the PCB electrically communicates with the IPM to make these changes. This results in an intelligent and efficient use of electrical power while controlling the refrigerant and airflow. The result is an effective heat transfer inside and outside the building.

					B. Outdoor and Indoor Unit PCB Communication

					The outdoor unit main PCB communicates with each connected indoor unit PCB through the communication wiring, using low-voltage direct current signals. This occurs on the #3 and #2 terminals and usually fluctuates back and forth from negative 
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				Figure 12-13: An Outdoor Unit PCB
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				to positive voltages. These signals may range from -25V to +25V (See Figure 12-14) on common systems. Even though the #1 and #2 terminals are usually the power wires supplied from the outdoor unit to the indoor unit, #2 has a dual use. Its second use is to complete the electrical circuit for the low-voltage communication signals from the #3 terminal. The example described here covers the most common type of wiring and communication on residential systems, but it is only one example. Manufacturers make systems with different types of communication and power wiring orientation and operation. Not all orientations and combinations are covered in this book. Each model and manufacturer may have different specifications and electrical operations, so make sure to read the appropriate install and service literature for the system being installed or serviced. Manufacturer literature supersedes any instructions in this book. 

					C. IPM

					The IPM is the intelligent power module (See Figure 12-15). This circuit board delivers electrical power to one or more 3-phase wound, brushless DC (direct current) motors, within a mini split. To do this, the IPM converts single phase alternating current (AC) to direct current (DC) as modified sine waves in order to power the motor(s). The conversion and manipulation of this electrical power results in heat generated at the IPM. The IPM must reject this heat from its circuit board to prevent from overheating. 
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				Figure 12-14: DC Voltage Electrical Signals Measured on Terminals #3 and #2

			

		

		
			
				Figure 12-15: Intelligent Power Module (IPM)

			

		

		
			[image: ]
		

	
		
			
				210

			

		

		
			
				CHAPTER 12: Power Wiring, Communication Wiring, and Circuit Boards

			

		

		
			[image: ]
		

		
			
					I. IPM Heat Exchangers

					To reject heat, the IPM has a large aluminum heat exchanger mounted to it. The heat exchanger may be designed to reject heat to the air or to refrigerant tubing. The version that rejects heat to the air is the most common. This design includes an aluminum heat exchanger with multiple aluminum fins to maximize surface area, in order to reject heat to the crossing air (See Figure 12-16). The aluminum fin section of this circuit board is positioned outside of the electrical compartment, in the pathway of the air, which is crossing the refrigerant coil.

					The version that rejects heat to the refrigerant tubing is less common but more effective and reliable. This design includes an aluminum heat exchanger made from two aluminum blocks, that sandwich the refrigerant tubing (See Figure 12-17). As refrigerant travels through the tubing, heat is transferred from the IPM, to the aluminum block, to the tubing, and finally to the refrigerant. In the case of a refrigerant heat exchanger block, the IPM may have its own refrigerant zone within the system, which may include an EEV to direct the refrigerant flow, as needed. 

					II. IPM Operation

					The IPM receives low-voltage DC pulses, as communication from the PCB, in order to direct the IPM to supply power to the motor(s) at a certain rate. The IPM has an EEPROM that has a factory set algorithm which allows it to function and communicate with the PCB. 

					The PCB also supplies the IPM with single phase power. This single phase power is converted by the IPM from AC to DC for the purpose of creating three artificial phases of power. The IPM manipulates this power to imitate 3-phases of alternating current, even though technically, the power is delivered as direct current (See Figure 12-18 and 12-19). Because the sine waves are artificial, voltage and frequency can be easily manipulated. This highly controlled electrical power is then 
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				Figure 12-16: Large Aluminum Heat 

				Exchanger on an IPM

			

		

		
			
				Figure 12-17: Refrigerant Tubing Heat 

				Exchanger on an IPM

			

		

	
		
			
				211

			

		

		
			
				CHAPTER 12: Power Wiring, Communication Wiring, and Circuit Boards

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Figure 12-19: Imitated 3-Phase DC Modified Sine Wave at 180 Hz

			

		

		
			
				Figure 12-18: 3-Phase AC at 60 Hz

			

		

		
			
				supplied to a 3-phase wound, brushless DC motor. This is done in order to control the startup and rotation of the motor in a very accurate and electrically efficient manner. The IPM increases or decreases the frequency to control motor speed. The IPM may also change the voltage supplied. The increase in frequency allows the rotational speed of the motor to increase. The decrease in frequency allows the rotational speed of the motor to decrease. This creates an easy startup of the motor and a precise control of the speed of a running motor. Rotational speed in a compressor controls the amount of refrigerant being pumped. Rotational speed in a fan motor controls the amount of air being moved. 

					Because the outdoor unit main PCB monitors multiple temperature inputs within the system, it can make decisions on the operational speed for each of the motors within the system. The outdoor unit main PCB communicates with the IPM to make these changes. This efficient motor control is coined as the term “Inverter Driven” or simply as “Inverter”. If a unit is labeled as an “Inverter”, it is referring to the ability to precisely control the pumping speed of the compressor, in an electrically efficient manner. However, inverter circuit boards may also control fan motors for efficient operation. The term “Inverter” may be stamped on the outdoor unit or stated on the unit packaging and/or in the manufacturer’s literature. 
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					III. Inverter IPM vs. VFD

					A variable frequency drive (VFD) differs from an inverter. A VFD is supplied with 3-phase AC electrical power from the building. The VFD in an HVACR unit adjusts the frequency of the 3-phase AC power equally before sending this power to a 3-phase AC motor. By increasing the AC frequency, a VFD can increase the speed of a motor. By decreasing the AC frequency, a VFD can decrease the speed of a motor. The cost of a VFD is significantly high and is only used in a unit supplied with 3-phase AC power from the building. In the case of a building supplied with single phase, an IPM uses its inverter capability to efficiently control motor speed. An IPM is significantly lower in cost than a VFD and can power a 3-phase wound, DC motor in an electrically efficient manner, while controlling motor speed.

					D. Combination PCB/IPM in the Outdoor Unit

					Older inverter mini split outdoor units had an IPM that was separate from the main PCB. On small, modern units, manufacturers often use a combination PCB and IPM all-in-one board (See Figure 12-20). On large, modern units, there still may be a separate main PCB and IPM board. In this case, the heat generated on the IPM by powering the compressor and fan motor(s) does not affect the main PCB. 

					E. Multi-Zone Outdoor Unit PCB and IPM

					Multi-zone outdoor units usually have the main PCB separate from the IPM(s). The primary reason is to safeguard the main PCB from heat generated by the IPM. Keeping the heat off the main PCB, helps protect the main PCB from failure. Voltage spikes/irregularities, as well as heat, are the leading causes of PCB failure. 

					Having a separate main PCB and IPM board may also be necessary due to physical space limitations. Separating the main PCB and IPM allows each board to be oriented in a different position and location, if necessary. Remember that 
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				Figure 12-20: PCB/IPM All-In-One Board
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				each IPM that utilizes an aluminium fin heat exchanger, needs space for the heat exchanger to be mounted in the outdoor unit air stream. Also, the main PCB needs space for the multiple plugs, for each zone. These plugs may include multiple indoor and outdoor temperature inputs, communication wires to the indoor unit PCBs, EEV outputs, etc. Some multi-zone systems have an IPM for the compressor and a separate IPM for the fan motor(s). 

					F. Diagnostic Features on the PCB

					The multi-zone outdoor unit main PCB is not only the brain of the system, it is the diagnostic center for the system. This is because it is the singular hub for all the zones. This main PCB may contain setup and diagnostic functions, along with troubleshooting features, such as LED lights or an LED display, to show error codes or symbols (See Figure 12-21). The indoor units may be capable of displaying a small list of error codes, which are shown at the affected zone. 
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				Figure 12-21: LED Error Code Indicators on a Multi-Zone PCB (Left) 

				and Digital Display on Multi-Zone PCB (Right) (Courtesy of Cooper&Hunter)

			

		

		
			
					A single zone outdoor unit main PCB may or may not contain a diagnostic feature, such as LED lights or an LED display, for showing error codes. Typically, single zone systems show any error codes at the indoor unit. The user can swipe through the diagnostics and setup at the indoor unit, using the remote or hard-wired wall control. Error codes and common problems are discussed in Chapter 20.

				5. The Outdoor Unit PCB and Electrical Components

					During operation, the outdoor unit main PCB monitors multiple inputs and controls multiple outputs. In this section, a combination PCB/IPM is used in the following figures. 

					A. The Outdoor Unit PCB Temperature Inputs

					A single zone outdoor unit main PCB usually has three to four temperature inputs (See Figure 12-22). One temperature sensor (if equipped) is mounted on 
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				the refrigerant tubing between the metering device and the small liquid line service valve (sometimes referred to as T2B). The T3 temperature sensor is measuring the coil temperature and is located on the tubing next to the outdoor coil. The T4 temperature sensor is measuring the outdoor ambient air temperature and is mounted on the back of the unit, on the outside of the coil, where the air enters the coil. The last temperature sensor (typically referred to as TP) is on the discharge tube of the compressor. For more information on the electrical operation of the temperature sensors, see Chapter 14, Section 3.

					B. The Outdoor Unit PCB Pressure Input(s)

					On some single zone and multi-zone units, there may be one or two pressure switches on the discharge line of the compressor (See Figure 12-23). The main PCB monitors the pressure switch(es) to make sure that the high side pressure does not rise too high, signaling a problem. If there is one pressure switch installed, it typically acts as an input for the main PCB operation, in order to operate efficiently and monitor for any problems. If there is a second pressure switch installed, it may act more as a safety to stop the system operation, in the case of extremely high pressure. 

			

		

		
			
				Figure 12-22: Temperature Sensor Locations
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				Figure 12-23: High and Low Pressure Switch Location and Wiring
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					Some systems are factory installed with a low-pressure switch near the inlet of the accumulator. The outdoor unit main PCB monitors this switch in case it electrically opens. This signals that the system is either low on refrigerant or there is a liquid line restriction. If this switch opens, the main PCB limits operation to a lower capacity or turns the system off, in which case the outdoor unit main PCB may display an error code. The indoor unit PCB may also display an error code, signaling that service is required. For more information on the electrical operation of the pressure inputs, see Chapter 14, Section 2.

					C. The Outdoor Unit PCB Controls the EEV

					A single zone outdoor unit is equipped with either an EEV (electric expansion valve) or capillary tubing, as the metering device. Most modern inverter heat pumps with a rating of 12,000 BTU/HR or higher, are equipped with an EEV (See Figure 12-24). The main PCB sends 12V DC pulses to the wires on the head of the EEV, in order to rotate the internal needle up or down on the internal threading. This controls the opening size of the restriction inside the tubing at the metering device. The main PCB controls the opening size of the EEV based on the temperature inputs. 

					Some modern inverter systems may have a second EEV to control the refrigerant flow to an IPM’s heat exchanger, in order to remove heat from the IPM. In this case, the IPM heat exchanger has a temperature sensor which is monitored. For more information on the electrical operation of the EEV, see Chapter 14, Section 7.

					D. The Outdoor Unit PCB Controls the Reversing Valve

					A mini split heat pump is equipped with a reversing valve (See Figure 12-25) that changes the directional flow of the refrigerant. The electrical coil (solenoid coil) on the 

			

		

		
			
				Figure 12-24: EEV Location and Wiring
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				reversing valve is typically energized with the same voltage as is supplied to the outdoor unit. The outdoor unit main PCB controls when this reversing valve solenoid coil is powered. This is based on the mode of operation, such as, heating, air conditioning, or defrost. Most mini split reversing valves are powered during heating mode and non-powered during air conditioning mode. However, each manufacturer and model system may be different, so verify the operation in the manufacturer literature, as manufacturer’s liter-ature supersedes this text. For more information on the electrical operation of the reversing valve, see Chapter 14, Section 1.

					E. The Outdoor Unit PCB Controls the Outdoor Fan

					The outdoor unit fan motor may be one of several types. Some types are powered directly from the main PCB, while others are powered directly from an IPM. Outdoor fan motor types are discussed in Chapter 15, Section 2. In the case of a motor powered by an IPM, the main PCB communicates the desired speed to the IPM. In Figure 12-26, the combination PCB/IPM powers a 3-phase wound, brushless DC fan motor with a varying voltage and electrical frequency. The outdoor unit main PCB monitors the temperature inputs and communicates with the indoor unit PCB to determine the appropriate outdoor fan speed. For more information on the electrical operation of the outdoor fan, see Chapter 15, Section 2.

			

		

		
			
				Figure 12-25: Reversing Valve Location and Wiring

			

		

		
			
				Figure 12-26: Fan Motor Location and Wiring

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Fan Motor

			

		

		
			[image: ]
		

		
			
				Reversing Valve

			

		

		
			[image: ]
		

		
			[image: ]
		

	
		
			
				217

			

		

		
			
				CHAPTER 12: Power Wiring, Communication Wiring, and Circuit Boards

			

		

		
			[image: ]
		

		
			
				Figure 12-28: Crankcase Heater and Wiring

			

		

		
			
					F. The Outdoor Unit PCB Controls the Refrigerant Compressor

					The outdoor unit main PCB communicates with the outdoor compressor motor’s IPM. The IPM may be a separate electrical circuit board in the outdoor unit or combined with the main PCB as a combination board. In Figure 12-27, the combination PCB/IPM powers the 3-phase wound, brushless DC compressor motor with a varying voltage and electrical frequency. The outdoor unit main PCB monitors the temperature inputs and communicates with the indoor unit PCB to determine the appropriate compressor pumping speed. For more information on the electrical operation of the refrigerant compressor, see Chapter 14, Section 4.

					G. The Outdoor Unit PCB Controls the Compressor Crankcase Heater

					The outdoor unit main PCB directly powers the crankcase heater (See Figure 12-28). The crankcase heater is powered in order to preheat the compressor oil. This is done prior to the compressor operating in low outdoor ambient temperatures. Preheating the compressor oil reduces the chance of refrigerant migration toward the compressor. The main PCB only powers the crankcase heater after the programmed time increment has passed, and if it measures a low enough outdoor temperature. For more information on the electrical operation of the crankcase heater, see Chapter 14, Section 5.
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				Figure 12-27: Compressor and Wiring
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					H. The Outdoor Unit PCB Controls Power to the Base Pan Heater

					The outdoor unit main PCB directly powers the base pan heater (See Figure 12-29) in order to keep any condensate from freezing in the bottom of the outdoor unit. The base pan heater is powered after the unit has been running in heating mode for a set amount of time, but only if the main PCB measures an outdoor temperature below 32°F. The pan heater is also electrically powered any time defrost occurs. The pan heater remains on for a short period of time after defrost is complete. For more information on the electrical operation of the base pan heater, see Chapter 14, Section 6.

					I. The Outdoor Unit PCB and All Electrical Components

					Figure 12-30 shows all the devices/components wired to the outdoor unit’s combination PCB/IPM.

			

		

		
			
				Figure 12-29: Base Pan Heater and Wiring
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				Figure 12-30: All Components Wiring Connected to the Outdoor Unit PCB/IPM
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				6. The Indoor Unit PCB and Electrical Components

					During operation, the indoor unit PCB monitors the user display circuit board for any changes in mode and temperature, which are selected by the user. The indoor unit PCB monitors both indoor temperature sensors. It powers the louver motor(s) before turning on the fan motor. It also communicates with the indoor unit fan motor IPM or speed controlling board (within the fan motor shell) to operate the fan motor at a certain speed.

					A. Indoor Unit PCB Temperature Inputs

					The indoor unit PCB usually has two temperature inputs (See Figure 12-31). One is measuring the temperature of the incoming air crossing the coil. This is referred to as the “room temp” sensor (usually T1). The other sensor is measuring the temperature on the tubing of the indoor coil (usually T2) (See Figure 12-32). Temperature sensors operation is discussed in Chapter 14, Section 3. 
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				Figure 12-31: T1 and T2 Temperature Sensors

			

		

		
			
				Figure 12-32: Typical Locations of T1 and T2 Temperature

				Sensors on an Indoor Wall Mounted Unit
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					B. Indoor Unit PCB Connection to the Indoor Louver Motor(s)

					The indoor unit PCB powers the louver motor(s) with low voltage, direct current (typically 12V). This is done in order to open the louvers, adjust the angle of the louvers, and to close the louvers. Some indoor units may have one vertical louver motor. Others may have one vertical louver motor and one horizontal louver motor. Figure 12-33 shows a horizontal louver. Louver motor operation is discussed in Chapter 14, Section 8.

			

		

		
			
				Figure 12-33: Louver Motor Connected to the Indoor Unit PCB (Courtesy of Cooper&Hunter)
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					C. Indoor Unit PCB Connection to the Indoor Fan

					The connection to the indoor fan depends on the fan motor type installed in the unit. On a modern, wall mounted indoor unit, the fan motor type commonly installed is a brushless DC motor with a speed controlling circuit board within the shell of the motor. In this case, the PCB connects directly to the fan motor via a wiring harness (See Figure 12-34). Using this harness, the PCB supplies high voltage power along with low voltage power. In the same harness, there is a speed output for the fan motor, which is monitored by the indoor unit PCB to determine fan motor rpm (revolutions per minute). Fan motor types and operation are discussed in Chapter 15. 

			

		

		
			
				Figure 12-34: A 5-Wire DC Fan Motor Connected to the Indoor Unit PCB (Courtesy of Cooper&Hunter)
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					Some indoor unit types, such as a universal floor/ceiling unit, may have an indoor fan motor that does not connect directly to the indoor unit PCB. This is because the fan motor is a 3-phase wound, brushless DC motor. In this case, there is no circuit board within the motor shell. There is a separately mounted IPM for this type of fan motor. The PCB communicates to the IPM, which then powers the fan motor (See Figure 12-35).
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				Figure 12-36: User Display Circuit Board
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				Figure 12-35: A 3-Wire DC Fan Motor Connected to the Indoor Unit IPM (Courtesy of Cooper&Hunter)

			

		

		
			
					D. Indoor Unit PCB Connection to the User Display Circuit Board

					The indoor unit PCB connects to the user display circuit board. This display may be visible on the outside of the unit (except on a slim duct unit, where it may be an optional wired display board). On some units, the display may not be visible until the unit is powered on and displays the set temperature through a semi-translucent cover in the front of the unit. The user display circuit board interfaces with an IR (infrared) remote, wired remote control, or a wireless interface adapter and app, in order for the user to enter the desired temperature, mode, or settings for the system (See Figure 12-36). 
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					E. User Controls: Wireless Remote, Wired Remote Controller, 

					Mobile Device Application

					In order for the user to set the desired mode of operation, indoor air temperature, indoor fan speed, louver direction, and other settings, one of the following devices/methods must be used. These devices/methods are a wireless remote, wired remote controller, and a wireless interface adapter and mobile device app (application). Some systems may be designed to be controlled by only one of these devices/methods, while others allow the option of two or even all three options. Refer to Chapter 16 for more information on the wireless remote, wired remote controller, mobile device application, and settings.

				7. Determining if a Fault is on a Circuit Board or a Component

					Both the indoor and outdoor unit PCBs have an EEPROM that is factory set with algorithms for operation by the manufacturer. These algorithms are not open source or shared. Therefore, the technician servicing the system may not know the intended operating capacity, speed, or position of each component in the running system. The indoor fan, outdoor fan, and compressor are each powered at different speeds, while the EEV is only powered to change the internal opening size. The operation follows the algorithms preprogrammed in both PCBs and makes changes over time, based on the temperature inputs and user set temperature. 

					Since the algorithms used by the PCBs are unknown, the best way to determine if the PCBs are operating correctly, is to test the connected components. This allows the technician to rule out other potential problems before testing or condemning a circuit board. For instance, calibration of temperature sensors can be verified and other troubleshooting can be performed. Pressure switches can be checked. Components, such as the reversing valve, are simply powered or not powered. A pressure switch is either closed or open. In the following chapters, we will discuss multimeter testing and the operation/troubleshooting of the electrical components connected to the PCB and IPM. Specific troubleshooting procedures for PCBs and IPMs must follow the manufacturer’s instructions. This is because each manufacturer may have different test point locations and measurement value requirements.
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				Chapter 13

				Multimeter Testing and Safety

				1. Electrical Safety

					A safe and thorough knowledge of electricity and multimeter testing is needed to diagnose a system. Before using a multimeter to measure HVACR electrical circuits, make sure to complete an approved HVACR apprenticeship school program and work under a licensed master electrician or a licensed master HVACR technician, and follow all NEC and OSHA 30-hour safety considerations. This book discusses testing points and locations, but is not a substitute for proper in-person safety training that can only be done through an approved HVACR apprenticeship program and through OSHA safety training. Electrical safety taught in apprenticeship programs and through OSHA training supersede any instructions written in this book. 

					Serious injury or death can occur if proper safety awareness, codes, and procedures are not followed. Electricity is a serious danger to the human body that is not visible to the eye and other senses. The human brain uses small electrical signals to communicate movement for the parts of the body. Likewise, it takes very little electrical power to throw the heart out of normal rhythm and/or to stop the heart completely. High current can immobilize and burn through the human body, if part of the body comes in contact with the electrical circuit. 

					In order for current to flow, electricity needs a completed circuit. If the body is between a hot wire and the literal ground that you stand on, electrical current can flow across the body to complete that circuit to the ground. If the body is between a hot and a common, or another path to complete the electrical circuit, the electricity will cross through the body. If there is an already completed circuit but the body comes in contact with the circuit, electricity will travel in the path of least electrical resistance in order to complete the electrical circuit. 

					Make sure to keep your hands, face, and body at a safe distance when testing live electrical circuits with a multimeter. Only handle the plastic/rubber parts of multimeter probes. Take every precaution necessary to keep safe, especially when working outside or in damp locations. Water conducts electricity, so do not test live electrical circuits in the rain, or while standing in a puddle of water and 
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				use a GFCI (ground fault circuit interrupter) receptacle or a GFCI protected power cord to power tools. Only perform multimeter testing on live HVACR electrical circuits after experience and apprenticeship under a licensed professional and after proper safety training. Be especially cautious if performing multimeter testing on live HVACR electrical circuits and only do this if the current on the electrical circuit is low. Always wear rubber insulated gloves, safety glasses, and other PPE (Personal Protective Equipment). To repair/replace electrical components or sections of the wiring in an HVACR system, first verify the electrical power is off to the unit. 

					Whenever possible, troubleshoot a mini split system with the electrical power off by measuring electrical resistance of components. The most common multi-meter functions needed when testing mini splits are “voltage for AC” (alternating current), “voltage for DC” (direct current), and “electrical resistance”. However, other functions may be used, such as the AC amp clamp, frequency, capacitance, and non-contact voltage (See Figure 13-1). 

				2. Testing for Voltage on an AC Circuit

					Voltage is the pressure that allows electrons to flow, to power a load, when the circuit is completed. Electron flow is referred to as current. In an AC circuit, current flows in both directions. In an alternating current circuit, the voltage amount and polarity constantly change back and forth in a repeating pattern. However, when using a multimeter, the voltage will be displayed as a fairly constant number on the display. This is because the multimeter is either taking a RMS (root mean square) measurement or an average measurement, depending on the model and 

			

		

		
			
				Microamps: DC

			

		

		
			
				Non-Contact Voltage

			

		

		
			
				Temperature

			

		

		
			
				Resistance

			

		

		
			
				Continuity

			

		

		
			
				Diode

			

		

		
			
				Capacitance

			

		

		
			
				Voltage: DC

			

		

		
			
				Voltage: AC

			

		

		
			
				Current: AC

			

		

		
			
				Frequency

			

		

		
			
				Figure 13-1: Multimeter Functions Labeled
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				type of multimeter. RMS multimeters are the most preferred meters because they can accurately measure the voltage of a distorted or non-pure sine wave. Typically, these meters are rated to measure up to a maximum of 600V. However, be sure to read the multimeter manufacturer’s specifications before using it, because some meters could be rated for less. Manufacturer’s guidelines supersede this text.

					The voltage of an AC circuit can be measured by turning the multimeter dial to the V with the sine wave above it (Ṽ), and using the probes. This measurement is used for electrical diagnosis and for safety. By using a multimeter, a technician can verify whether the power is on or off to an HVACR unit, before working on the system. The AC voltage function is used frequently because the main power source to a building is alternating current and subsequently alternating current is used to power HVACR units. 

					Always verify that the power is off to a system before replacing or working on components within a unit. In the case of an outdoor unit, pull the outdoor electrical disconnect plug or fuse holder, to turn off the power. Confirm that the power is off to the outdoor unit by measuring for voltage at the unit’s terminals with the multimeter. On a single phase 208-230V system, there should be two power wires and a ground wire connecting from the outdoor disconnect to the outdoor unit power terminals. Wear proper PPE, such as rubber gloves, and make sure there are no other hazards present, such as water puddling or rain at the location. Turn the multimeter to V for AC, and only hold the plastic part of the probes. Place one multimeter probe on one of the two power terminals and place the other probe on the remaining power terminal. The reading should be 0.0V (See Figure 13-2). Double check by moving one of the probes to the ground terminal. The reading should still be 0.0V. Move the probe from the power terminal it is on, to the other power terminal. The reading should still be 0.0V. If a measurement such as 120V is read between a power terminal and ground, the electrical power is still on. The same is true if a measurement such as 240V is read between the two power terminals. If the power is still on, the disconnect box is 
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				Figure 13-2: Confirming that Electrical 

				Power to the Unit is Off
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				wired incorrectly. If the electrical power is confirmed to be off, a lockout/tagout can be mounted at the electrical disconnect. This is done to inform others that the electrical power must remain off while the system is being serviced. 

					Testing for voltage in AC circuits may be used when determining whether various components are powered, such as reversing valves, crankcase heaters, basepan heaters, and other AC powered components, as discussed in Chapter 14.

				3. Testing for Voltage on a DC Circuit

					Voltage is the pressure that allows electrons to flow, to power a load, when the circuit is completed. Electron flow is referred to as current. In a DC circuit, current flows in a single direction. DC circuits are used in mini split systems to communicate between multiple electrical circuit boards. Direct current is also used to power small electrical components within the system, as well as, devices on the circuit boards. In order to determine if a component is operating correctly, the voltage of the DC circuit may need to be measured, while troubleshooting. This voltage can be measured by turning the dial of the multimeter to the V function with the straight/dotted line, and using the probes. 

					A simple example of a direct current power source is a battery. To determine if a battery is still good and has stored power, voltage can be measured. Place one multimeter probe on one end of the battery and the other probe on the opposite end. AAA batteries and AA batteries are rated as 1.5V. When these batteries are new, they may measure as much as 1.65V (See Figure 13-3). As the battery is drained of stored energy, the voltage reduces. A battery that measures lower than 1.4V (See Figure 13-4) may not have enough stored energy to effectively power a device, such as a wireless remote for a mini split. 
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				Figure 13-3: New Battery

				Measuring 1.65 Volts DC
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				Figure 13-4: Old Battery

				Measuring 1.39 Volts DC
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					In a remote, two batteries are mounted next to each other but are still connected in series. This means that the voltage from both batteries are added together. Remove the batteries to test them. Make sure to replace batteries in wireless remotes every 6 months.

					Testing for voltage in DC circuits may be used during the diagnosis of circuit boards, certain fan motors, and other components, as discussed in Chapters 14 and 15.

				4. Testing for Electrical Resistance

					Electrical resistance is the opposition to current flow within a circuit. In other words, a circuit resists electrical flow if the electrical resistance is high. If a circuit has air between the switching contacts, the electrical resistance is so high that the circuit is considered open and no longer connected. This is the case when an electrical switch is in the off position. When a switch is in the on position, there is little to no measurable resistance between the contacts, and the circuit is completed.

					Electrical devices/components within a mini split system are designed to have a specific resistance, in order to function properly within a system. Some devices change in electrical resistance as the temperature of the device changes. This is how temperature sensors function. There are multiple temperature sensors mounted on mini split systems to measure air and coil temperature. Testing of these devices requires a multimeter and an accurate temperature reader. All testing of electrical resistance is done while the power is off to the system and the component or section of wire being tested, is isolated from the rest of the system. In order to determine whether a non-powered circuit is open or closed, electrical resistance can be measured with a multimeter.

					The measurement of resistance is displayed on the multimeter as ohms. Before measuring the electrical resistance of a component, or determining if a circuit is open or closed, confirm that the multimeter and/or probes are intact and not damaged. To do this, turn the meter to the resistance function (Ω) and perform two tests. First, measure the electrical resistance while the probes are not touching and are separated by the air. Second, measure the electrical resistance while the two probes are in contact with each other.

					While the probes are in the air and separated, the electrical resistance measurement should be 0.L (See Figure 13-5), as long as the probes are not touching any other surface. In the field, 0.L may be referred to as “Open Line”, “Over Limit”, “Open Limit”, “Open Loop”, or other phrases. Any of these phrases can be used, as 
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				they all mean the same thing. A measurement of “0.L” means that the circuit or switch being measured is open. When measuring 0.L, the probes are being separated by the air and the resistance of the air is so high, it is immeasurable. For safety and accurate measurements, maintain a habit of keeping any fingers away from the metal end of each probe, and only touching the plastic/rubber. If any measurement is displayed other than 0.L, the meter may have shorted on the inside and is bad. 

					The symbol “Ω” stands for ohms, when measuring electrical resistance. When touching the probes together, the measurement should be 0.0Ω of electrical resistance (See Figure 13-6). The reading should be 0.0Ω because there is no electrical resistance whatsoever between the two probes. If the measurement is 0.1Ω or higher, there could be a problem with the meter, the probe wires, or the surface of the probes. Turn the meter’s power off and clean the surface of the probes with non-soaped, steel wool. Take the measurement again. If the measurement is still not 0.0Ω of resistance, replace the probes with new ones. If this solves the problem, the old probes are bad and the multimeter is good. If replacing the probes does not solve the problem, the multimeter may have an internal problem. 

					After verifying that the multimeter is functioning accurately, the electrical resistance across a switch, component, wire, or a full circuit can be measured. Make sure that the power is off to the system and the section or component being tested is isolated from the rest of the system.

					To demonstrate the testing of electrical resistance, a low pressure refrigerant switch is used in the following examples. To measure the resistance across a pressure switch, make sure the power is off to the system and disconnect the pressure switch wires. When the system is off and the refrigerant pressures within the system are equalized, the pressure switch should be electrically closed (refrigerant pressures may equalize after ten minutes). To measure for electrical resistance across the switch, place one probe on one terminal of the pressure 
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				Figure 13-6: Probes Touching, Measuring 0.0Ω
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				Figure 13-5: Probes Not 

				Touching, Measuring 0.L
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				switch and the second probe on the other terminal. If the switch is open, the measurement should be 0.L (See Figure 13-7). A measurement of 0.L indicates that either the system is extremely low on refrigerant, or the pressure switch is bad. 

					A measurement of 0.0Ω indicates that the pressure switch contacts are closed. This means there is enough refrigerant pressure in the system to close the switch. On a normal system with a low or high pressure switch, the measurement should be 0.0Ω across each switch, provided the refrigerant pressures are equalized and there is no refrigerant leak (See Figure 13-8). 

					If a measurement of 0.3Ω or higher is displayed, this usually indicates pitting across the pressure switch contacts, while the switch is supposed to be closed. This could be a sign that the switching mechanism and contacts within the pressure switch are worn. The resistance value may cause a voltage drop across the switch during normal operation, which can cause a problem. This pressure switch may need to be replaced. The refrigerant must be recovered before replacing a pressure switch. For a table summarizing electrical resistance value measurements, refer to Figure 13-9. The next chapter explains multimeter testing of various components.

			

		

		
			
				Figure 13-8: Pressure Switch is Closed, Measuring 0.0Ω

			

		

		
			
				Figure 13-9: Resistance Value Measurement Chart
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				Figure 13-7: Pressure Switch is Open, Measuring 0.L

			

		

		
			[image: ]
		

	
		
			
				230

			

		

		
			
				CHAPTER 14: Electrical Component Operation and Testing

			

		

		
			[image: ]
		

		
			
				Chapter 14

				Electrical Component Operation and Testing

				1. Reversing Valve

					A. Reversing Valve Operation

					The reversing valve changes the directional flow of the refrigerant within a heat pump. When the pilot valve solenoid coil is electrically powered, the coil becomes an electrical magnet, which moves the small U-shaped slide within the pilot valve body (See Figure 14-1). When the compressor is running, this movement changes the pressures in the pilot tubes, which are connected to each side of the main reversing valve body. The main internal slide within the reversing valve shifts, because the pressure on one side is higher than the pressure on the opposite side, while the compressor is running. This shift changes the directional flow of the refrigerant within the system. If it is thought that the reversing valve is jammed and not fully shifting, a temperature measurement can be taken across the two low temperature tubes to check for a temperature change. To do this, tape a bead type 
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				Figure 14-1: Non-Powered Pilot Valve in AC Mode (Left)

				and Powered Pilot Valve in Heat Mode (Right)
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				temperature sensor on each of the tubes, about 6 inches away from the reversing valve body. Place insulation over these two bead type temperature sensors. There is no exact number distinguishing between whether the valve is shifting fully or not, during operation. However, if there is a high temperature change measured, such as 8°F or higher, between two tubes which are supposed to be connected, this shows there is some refrigerant leaking across the inside of the valve. This may be due to a low refrigerant charge, resulting in the lack of a pressure differential. A proper pressure differential is needed to push the main internal slide to the other side of the valve body. Other factors that may prevent the reversing valve from fully shifting are debris within the reversing valve body, a partially damaged solenoid coil, or low electrical power to the solenoid coil. 

					A reversing valve coil is electrically powered by the main outdoor unit PCB, when needed. When electrically powered, the reversing valve’s solenoid coil becomes an electrical magnet, capable of pulling the iron core within the pilot valve body toward the center of the solenoid coil. This electrically generated magnetic force overcomes the force of the spring pressure within the pilot valve body. This shifts the tubing connections within the pilot valve body. When electrical power is no longer present at the solenoid coil, the spring pressure pushes the iron core back to its original position. The reversing valve coil is typically rated to be powered with the same electrical power as is supplied to the outdoor mini split unit. For example, if a mini split is powered with 208-230V, the reversing valve solenoid coil is typically rated to be powered with 208-230V. However, read the ratings on each solenoid coil to be sure. The solenoid coil is designed for a specific voltage and if the electrical power is not sufficient, the electrical coil will not exert enough magnetic force to overcome the spring pressure, applied to the iron core, within the pilot valve body. If powered, do not remove the solenoid coil from the pilot valve body for any length of time during testing. Otherwise, the coil may overheat and burn out because there is no iron core in the middle. When determining whether the solenoid coil is powered, use a multimeter to measure the voltage at the solenoid terminals. This is done to determine whether the solenoid valve is powered and if the voltage applied to the coil matches its rated voltage.

					B. Reversing Valve Testing

					To determine if the solenoid coil is intact, measure the electrical resistance of the coil. To do this, set the system on standby mode using the user control and then turn off the electrical power to the unit. Isolate the solenoid coil from the system wiring. Turn the multimeter on and set it to electrical resistance. Place one probe on one wire/terminal and place the second probe on the other wire/terminal of the coil. On a 208-230V coil, an electrical resistance of 2,000Ω (2kΩ) (See Figure 14-2) may 
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				2. Pressure Switch

					A. Pressure Switch Operation

					A pressure switch (See Figure 14-4) acts as a safety monitor for the system. It is mounted on the refrigerant tubing in some outdoor unit models. Some systems are equipped with one or more pressure switches, while other models may have none. This switch opens or closes contacts based on the applied refrigerant pressure. The PCB sends electrical power through the pressure switch in order to monitor if the switch is open or closed. If a pressure switch is open, the system may display an error code on either the indoor unit display and/or at the outdoor unit main PCB. In this case, the unit may stop operating until the error has been addressed.
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				Figure 14-4: Pressure Switches Found on Mini Split Units
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				Figure 14-3: Burnt Open Coil Measuring 0.L

			

		

		
			
				Figure 14-2: Intact Coil, 

				Measuring 2.0kΩ (or 2000Ω)
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				mean that the coil is intact. The electrical resistance on a 208-230V coil is usually between 1,200Ω and 2,200Ω, depending on the construction of the coil and its magnetic force. A 110-130V coil will have an electrical resistance value that is lower, in hundreds of ohms. (Note: Each system’s solenoid coil may measure a different resistance value due to the magnetic force it was designed to apply and its voltage rating.) Inspect the solenoid coil for any burn marks and/or burnt smells, as these can indicate a problem in which the solenoid would need to be replaced. If 0.L or mΩ (mega-ohms) is displayed, the coil is burnt apart and needs to be replaced (See Figure 14-3). 
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				Figure 14-5: Internal Parts of a Pressure Switch

			

		

		
			
					There may be one or two pressure switches on the discharge tube, at the outlet of the refrigerant compressor. These are high pressure switches. If the pressure at this location is excessively high, the switch will open. This occurs when the compressor pumping speed is too high, a temperature sensor is out of calibration, or another problem exists.

					There may be a pressure switch on the suction tube, at the inlet of the accumulator. This is a low pressure switch. If the pressure is too low at this location, the switch will open. If there is a refrigerant leak on the system, this switch may open, depending on how severe the leak is. If the system is electrically off and has an accurate refrigerant charge, any pressure switches installed on the system should be in the closed position. 

					The internal parts of a pressure switch are very similar, regardless of whether the pressure switch is designed as low pressure or high pressure (See Figure 14-5). The pressure switch has a copper tube at its base which is brazed onto the system’s tubing. The copper tube is welded to a stainless steel body. The stainless steel body has an extremely thin stainless steel sheet diaphragm at the end, which flexes up or down based on the amount of refrigerant pressure applied. Next to the stainless steel diaphragm is a slightly thicker metal disc. This metal disc is between the diaphragm and the push rod. It protects the diaphragm from any damage resulting from contact with the push rod. Next, the plastic insert has a hole through the center for the push rod. The push rod opens or closes the contacts based on the amount of pressure that is applied. The contacts lead to spade terminals or wires which exit through the end of the outer shell. There is either a copper or stainless steel crimp ring that holds the outer shell to the stainless steel body. 

					The ratings for a pressure switch are usually noted on the side of the switch. These typically include a model number, cut in and cut out pressure, a max voltage, and a max current rating (See Figure 14-6). The pressures may be 
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				shown in PSI, Bar, or MPa. Each pressure switch is rated with a specific cut in and cut out pressure. On a low pressure switch, the higher pressure is the cut in (switch closes), and the lower pressure is the cut out (switch opens). On a high pressure switch, the lower pressure is the cut in (switch closes), and the higher pressure is the cut out (switch opens). A pressure switch is designed with a pressure differential between the cut in and cut out pressures, otherwise, the PCB would notice short cycling (turning on and off rapidly) of the switch.

					Figure 14-6 shows an example of a low pressure switch’s ratings and internals. This pressure switch closes on a pressure rise and opens on a pressure drop. For the switch to close, the refrigerant pressure to the switch must first exceed the cut in rating. At this point, the switch will remain closed unless the pressure to this switch falls below the cut out rating, at which point it will open. The switch will not close again until the pressure again exceeds the higher, cut in rating. For instance, a low pressure switch used on an R-410A or R-32 mini split heat pump may have a cut in pressure of 40 PSI and a cut out pressure of 15 PSI. This switch is used by the main PCB to monitor for severe refrigerant leaks in the system, for liquid line restrictions, and for other problems. The cut in and cut out pressure ratings on a low pressure switch are designed for the exact system in which they are installed. For example, because a hyper heat unit is designed to run at a lower outdoor temperature during heating mode than a non-hyper heat unit, it requires a pressure switch with different ratings. 

					Figure 14-7 shows an example of a high pressure switch’s ratings and internals. This pressure switch closes on a pressure drop and opens on a pressure rise. For the switch to close, the refrigerant pressure to the switch must remain at, or fall below, the cut in rating. At this point, the switch will remain closed unless the pressure to this switch rises above the cut out rating, at which point it will open. The switch will not close again until the pressure again drops below the lower, cut in rating. For instance, a high-pressure switch used for R-410A or R-32 may have a cut out pressure of 640 PSI and a cut in pressure of 550 PSI. This switch is used by the main PCB to monitor the high side pressure in case 
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				Figure 14-6: Low 

				Pressure Switch Ratings (Left),

				Internals (Right)
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				Figure 14-7: High 

				Pressure Switch Ratings (Left),

				Internals (Right)
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				one or more temperature sensors are out of calibration, the compressor pumping speed is too high, there is air mixed with the refrigerant, or another problem is causing high pressure.

					The job of the pressure switch on a mini split differs from one used on a conventional single speed ducted system. On a conventional system, a pressure switch may be used to directly control the cycling of the outdoor fan motor or to turn off power to the electrical contactor. When power is turned off to the contactor, electrical power is immediately disconnected from both the outdoor fan and the refrigerant compressor. On a mini split unit, pressure switches are used as electrical inputs for the main PCB. If a pressure switch trips, the outdoor unit main PCB will communicate with the indoor unit PCB. The indoor unit may show an error code on the user display board. The outdoor unit main PCB may also display an error code directly on the board, via a display or flashing LED light (if equipped).

					If the main PCB notices that either the high pressure or low pressure switch is open, it will make a decision regarding the operation of the system. If the high pressure switch is open, the decision may result in the system running at a limited capacity, or stopping operation completely. If the low pressure switch is open, the main PCB may adjust operation or totally stop operation. Usually, the compressor will be stopped and an error code will be displayed, until the error is addressed.

					B. Pressure Switch Testing

					A pressure switch can be tested, by using a multimeter at the electrical terminals/wires, while measuring pressure at the vapor port. The measured refrigerant pressure is compared against the pressure ratings of the switch, in order to determine if the switch should be open or closed.

					To test a pressure switch while the system is off, electrical resistance can be measured across the switch. With the power off to the system, disconnect the wires connecting the pressure switch to the main PCB. Place one probe on a terminal/wire of the switch. Place the second probe on the other terminal/wire of the switch. 

					If 0.L is measured, the switch is open (See Figure 14-8). If 0.0Ω is measured, the switch is closed. If a measurement such as 3Ω or higher is displayed, the switch is closed but there is high electrical resistance across the contacts. In this case, the contacts inside the switch may be pitted and not touching properly. The high resistance will cause a voltage drop across the switch when the system is running, resulting in a problem.
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					To test a pressure switch while the power is on to the system, voltage can be measured. If the voltage across the switch is AC, turn the multimeter function to Ṽ. This will set the multimeter to measure voltage for alternating current. Place one probe on a pressure switch terminal and the second probe on the ground frame. Measure for voltage. Keep the probe on the ground frame, but move the probe from the one terminal to the other terminal. If the multimeter measures the same voltage at both terminals, the switch is closed. If 0.0V is measured in one test, but the correct voltage is measured in the other test, this means the switch is open. If voltage is measured from each terminal to ground, but from one terminal to ground, the voltage measurement is lower than the other terminal to ground, the switch is closed but there is high resistance across the switch contacts.

					If the voltage across the pressure switch is DC, turn the multimeter function to the V with the solid or dotted straight line above it. This will set the multimeter to measure voltage for direct current. Place one probe on a pressure switch terminal. Place the second probe on the other terminal. If the voltage measured is 0.0V, this means the switch is closed and there is no potential difference across the switch. If the switch is closed but there is high electrical resistance across the switch, a voltage drop will be displayed on the multimeter. If the PCB sends 5V to the switch, and 5V is measured when one probe is on a terminal and the second probe is on the other terminal, this means the switch is open. 

					If the switch contacts are closed when the cut in and cut out pressures show that it should be open, the switch should be replaced. If the switch contacts are open when the cut in and cut out pressures show that it should be closed, the pressure switch should be replaced. If there is high resistance or a voltage drop measured across the switch, the pressure switch should be replaced. Note that a pressure switch that opened during operation, may close after the compressor turns off and the pressures equalize. Be sure to recover the refrigerant in the system and verify that the tubing is at atmospheric pressure before cutting a bad pressure switch out, prior to replacement. Pressure switches rarely fail. Rather, they signal 
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				Figure 14-8: Low Pressure Switch Open, Measuring 0.L

			

		

	
		
			
				237

			

		

		
			
				CHAPTER 14: Electrical Component Operation and Testing

			

		

		
			[image: ]
		

		
			
				when another component fails. The most common reason for a low pressure switch to open is a low refrigerant charge due to a leak. Make sure to follow manufacturer’s testing procedures as manufacturer’s guidelines supersede any instructions in this text.

					C. Pressure Switch vs. Pressure Transducer

					A pressure transducer may look similar to a pressure switch but it is slightly taller and usually has three wires instead of two. This device may be found in some VRF and mini-VRF systems. A pressure transducer is a refrigerant pressure measuring device that electrically communicates the pressure measurement to the main PCB. It is typically powered with 5V DC from the main PCB via two wires and the third wire is the output 0V to 4.5V wire that communicates the pressure to the main PCB. The higher the pressure, the higher the voltage within its range of 0V to 4.5V. Calibration can be checked using a manufacturer supplied “pressure/output voltage” chart while measuring both the pressure and the low voltage DC. 

				3. Temperature Sensor

					A. Temperature Sensor Operation

					Temperature sensors are used as the main operational inputs for the PCB on mini split systems. They monitor both refrigerant temperature and air temperature. Mini split temperature sensors are typically classified as NTC (negative temperature coefficient), which means that they decrease in electrical resistance as temperature increases. Two main types of temperature sensors are used (See Figure 14-9). One is a bead thermistor, which is commonly used to measure air temperature. The other is a tube thermistor which is commonly used to measure refrigerant temperature, but in some cases may also be used to measure air temperature. The PCB sends low voltage direct current through each sensor in order to monitor the change in electrical power received back at the PCB. This allows the PCB to calculate the resistance of the sensor, which correlates to the temperature of the sensor. This enables the PCB to know the temperature at the sensor’s location. 
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				Figure 14-9: Bead Thermistor (Left) and Tube 

				Thermistor (Right)
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					An NTC bead thermistor is a temperature sensor that is composed of a semiconductive material between two wire ends, with an outer epoxy resin coating to seal the assembly (See Figure 14-10). The two wires extend out of the sealed assembly. A semiconductor is a material that has a conductivity between that of an insulator and a conductor, which changes its electrical resistance, based on its temperature. 

					An NTC tube thermistor is simply a bead thermistor which is sealed inside a copper or stainless steel tube. The bead thermistor is usually sealed in place within the tube with epoxy or rubber. Attaching this metal tube to the outside of the bead thermistor increases the surface area and provides a good contact point for absorbing heat. A tube thermistor takes a longer time to change in temperature due to the increased surface area. This reduces the chances for fluctuations in temperature measurements. A tube thermistor is typically mounted to the side of refrigerant tubing via a stainless steel spring clip (See Figure 14-11). Because copper is a good conductor of heat, the refrigerant’s heat transfers through the refrigerant tubing to the tube thermistor. 

					If a bead thermistor is used to monitor the temperature of the air entering the coil, it is typically held in place with a plastic bracket. At the indoor unit, this temperature sensor may be mounted to the front of the coil in a plastic bracket or it may be mounted alongside the front plastic cover. At the outdoor unit, this sensor is typically mounted in the back of the unit, on the side of the coil, in a plastic bracket (See Figure 14-12). This sensor measures the temperature of the air entering the outdoor coil. 

					When a thermistor is mounted at the 

			

		

		
			
				Figure 14-12: T4 Thermistor Mounted to the

				Outdoor Coil (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 14-11: TP Thermistor Mounted 

				to the Refrigerant Tubing 

				(Courtesy of Cooper&Hunter)
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				Figure 14-10: 

				Semiconductor

				 in a Bead Thermistor
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					NTC thermistors come in a variety of resistance ratings. The equipment manufacturer selects the proper ratings needed for the system type. Typically, all the bead and tube thermistors selected for the system will have the same rating, except for the TP sensor (temperature protection sensor). Because all other bead and tube thermistors on the system will have the same rating, the thermistors will align to the same temperature/ohm table (See Appendix A). The manufacturer usually supplies a temperature/ohm chart for testing the accuracy of thermistors. A separate temperature/ohm table is supplied for the TP sensor (See Appendix B). Remember that a tube thermistor is simply a bead thermistor inside a metal tube. 

					The TP (temperature protection) tube thermistor is mounted to the discharge line from the compressor. This measures very high temperature refrigerant at the compressor outlet. Some units may come equipped with a tube thermistor mounted on top of the compressor shell, near the electrical compartment. This monitors the compressor to ensure it does not overheat. 

					On a single zone mini split system, there is typically five to six temperature sensors that are factory installed. Two temperature sensors are mounted at the indoor unit (T1 and T2) (See Figure 14-13). At the outdoor unit, there is typically three to four temperature sensors installed (T2B, T3, T4, and TP) (See Figure 14-14). Usually, T1 and T4 are bead thermistors used to measure air temperature. However, some system manufacturers use tube thermistors in these locations.

			

		

		
			
				Figure 14-14: T2B, T3, T4, and TP Thermistors Wired to the Outdoor Unit Main PCB

			

		

		
			
				Figure 14-13: T1 and T2 Thermistors Wired to the Indoor Unit PCB
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				indoor unit, the two wires from the thermistor connect to the indoor unit main PCB (See Figure 14-13). When a thermistor is mounted at the outdoor unit, the two wires from the thermistor connect to the outdoor unit main PCB (See Figure 14-14). 
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				T1: Typically, a bead thermistor is mounted in front of the indoor coil to measure the room air temperature. (This is normally designated as the “indoor room temperature sensor”.) 

				T2: A tube thermistor is mounted to the side of the indoor coil tubing or on the tubing itself, to measure the temperature of the refrigerant in the indoor coil. (This is normally designated as the “indoor coil temperature sensor”.)

				T2B: If equipped, a tube thermistor may be installed between the liquid line service valve and the EEV. (This is normally designated as the “indoor coil exhaust temperature sensor”.) In air conditioning mode, this measures the temperature of the refrigerant exiting the EEV. In heating mode, this measures the temperature of the refrigerant exiting the indoor coil. 

				T3: A tube thermistor is mounted to the tube connecting to the outdoor coil. (This is normally designated as the “outdoor coil temperature sensor”.)

				T4: A bead thermistor is mounted on the back of the unit near the outdoor coil to measure the temperature of the outdoor air, entering the coil. (This is normally designated as the “outdoor ambient temperature sensor”.)

				TP: A tube thermistor is mounted to the discharge tube exiting the compressor. (This is normally designated as the “compressor discharge temperature sensor” or “temperature protection sensor”.)

					If a temperature sensor fails and opens the electrical circuit, the PCB will display an error code for that specific sensor. If the wires coming from one of the sensors short together, or one of the wires breaks and opens the electrical circuit, the PCB will display an error code for that specific sensor. Typically, the system will not operate until the sensor is replaced with a thermistor of the correct temperature/resistance rating. 

					B. Temperature Sensor Testing

					If a sensor is thought to be inaccurately measuring temperature, it can be tested after setting the indoor unit on standby mode and after turning the power off to the system. Follow the sensor wires to the PCB. Disconnect the sensor’s 2-wire plug from the PCB, to isolate it from the rest of the system. Set the auto-ranging multimeter to measure electrical resistance in ohms. Place one multimeter probe on one wire in the back of the plug. Place the second probe on the other wire in the 
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				back of the plug. Be careful not to damage the connector plug or terminals while testing. Note the resistance value in ohms. 

					Next, measure the temp-erature near the sensor (See Figure 14-15). It is best to temporarily tape the thermistor to the temperature reader’s sensor to get an accurate temperature reading. Also, be sure to keep any body heat, sunlight, and wind, away from the sensors. 

					Compare the actual temp-erature reading and the actual ohm measurement to the values shown in the manufacturer’s temperature/ohm table. To do this, view the chart and find the temperature closest to the actual temperature measured. Next, view the ohm measurement that lines up with the temperature in the table. If the actual ohm measurement of the sensor is 7% off from the listed ohm measurement, the sensor may be off by more than 3°F. If this is the case, the PCB will be operating the system under faulty information. This decreases the electrical efficiency of the system. In this case, replace the temperature sensor with a new one of the proper rating. 

					Before condemning a temperature sensor, make sure that the temperature reading tool and the multimeter are both accurately calibrated. Appendix A shows an example of one manufacturer’s T1, T2, T3, and T4 temperature/ohm table. Figure 14-16 shows an excerpt from the Appendix A table, which can be used as a reference, in the following examples.
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				Figure 14-15: Testing Thermistor 

				for Resistance

			

		

		
			
				Figure 14-16: Example of 

				Thermistor Resistance Values for 

				T1, T2, T3, and T4
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					Temperature sensors are not only monitored while the compressor is running. They are also used to monitor the indoor room temperature (T1) and the outdoor ambient temperature (T4) to know when the compressor should be turned on. If the outdoor temperature is at an extreme high or extreme low, the system may not turn on and may show an error code. The outdoor temperature sensor may also be used to monitor for defrost mode. The indoor room sensor is used to monitor the indoor air temperature, to determine when the compressor should be running. The remaining sensors may also be monitored while the compressor is off. This allows the main PCB to measure for any irregularities, at all times.
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				Figure 14-17: Example 1, Thermistor Resistance Measuring 10 KΩ, at 71.6°F

			

		

		
			
				Figure 14-18: Example 2, Thermistor Resistance Measuring 0.L

			

		

		
			
				Example 1: The T1 temperature sensor has an electrical resistance value of 10kΩ (10,000Ω) at a steady temperature of 71.6°F (See Figure 14-17). However, the chart shows that the sensor should have an electrical resistance of 11.5 kΩ (11,500Ω). Because 11.5 is 15% higher than 10, this means that the temperature sensor is faulty and should be replaced with a new one of the same rated value.

				Example 2: The T1 temperature sensor measures 0.L and the wires are intact (See Figure 14-18). This means that the temperature sensor has opened and is faulty. Replace this temperature sensor with a new one of the same rated value.
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					If the user sets the desired room temperature with a remote, the indoor unit’s display board receives the IR (infrared) signal from the remote. Next, the display circuit board communicates the parameters to the indoor unit PCB for operation. The indoor unit PCB communicates with the outdoor unit main PCB. After the user sets the desired temperature, the remote is no longer needed and is not used by the indoor unit PCB to monitor the indoor room air temperature. The indoor unit PCB monitors the air temperature via the T1 sensor. It does this by running the fan at a low airflow speed to circulate air from the room, across the sensor. Using the measured air temperature, along with the desired mode and temperature set by the user, the indoor unit PCB determines whether heat or air conditioning needs to be turned on. The indoor unit PCB communicates with the outdoor unit main PCB to turn the whole system on, as needed. 

					Instead of using a wireless remote, a wired remote controller may be connected to an indoor unit. The temperature sensor in the wired remote controller may function as the main sensor to monitor the indoor air temperature. In this case, the wired remote controller determines when the whole mini split system turns on and off, to maintain room temperature. However, T1 is still monitored and is also used during operation.

					Multi-zone outdoor units have additional temperature sensors in the outdoor unit to monitor the EEV for each zone. Each indoor unit still has two sensors connected to the indoor unit PCB. Each indoor unit PCB communicates with the multi-zone outdoor unit main PCB. The outdoor unit PCB has one outdoor ambient air temperature sensor, one outdoor coil sensor, one compressor discharge sensor, and typically two sensors for each zone’s EEV (one on each side, a few inches away). Some units have an additional temperature sensor mounted on the compressor shell, near the electrical terminals. 

				4. Refrigerant Compressor

					A. Refrigerant Compressor Operation

					The refrigerant compressor is located in the outdoor unit and is typically black in color (See Figure 14-19). The most common type of inverter mini split compressor is the rotary-vane compressor. This has an accumulator tank mounted to its side. The job of 
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				Figure 14-19: Rotary-Vane Compressor (Courtesy of Cooper&Hunter)
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				a refrigerant compressor is to increase the pressure of the vapor refrigerant, so that the temperature of the refrigerant also increases. This occurs before the refrigerant enters the heat exchanger. 

					A rotary-vane compressor consists of an electrical motor and pumping assembly, within a hermetically sealed (welded shut) shell. At the top of the compressor, there are electrical connections, which are under a plastic cap (See Figure 14-20). On an inverter mini split unit, the three spade terminals at the top of the compressor connect to three wires which lead away from the compressor, and connect to the outdoor unit IPM (intelligent power module). There may be a thermal overload switch or thermistor mounted under the plastic cap. If present, this switch or sensor monitors for high temperature at the compressor shell, and the wires connect to the outdoor unit PCB. Also, there is usually a thermistor mounted on the discharge tube of the compressor. The thermistor wires connect to the outdoor unit main PCB (printed circuit board) to monitor the refrigerant discharge temperature.

					Within an inverter compressor's shell, the motor is a 3-phase wound, brushless DC (BLDC) motor. There is no electrical circuit board within the shell. All power to the compressor motor is directly supplied and controlled by the outdoor unit IPM. The IPM converts the single phase AC power to DC power, which is sent as an imitated 3-phase power supply. The DC modified sine waves replicate AC phases of electrical power. To learn more about 3-phase electrical power, refer to Chapter 11. The IPM is capable of changing the voltage and frequency of all three phases, as needed, in order to change the speed of the motor. The lower the frequency of the phases supplied to the motor, the slower the RPM (revolutions per minute) of the motor. The higher the frequency of the phases supplied to the motor, the faster the rpm (revolutions per minute) of the motor. All three phases remain offset 120° from each other, but the IPM modulates the frequency of all three phases together, to ramp up or down the speed. The motor speed has a direct correlation to the pumping speed (pumping frequency) of the compressor. The pumping speed of an inverter driven compressor may range from roughly 25% to 110% of its rated capacity. 
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				Figure 14-20: Compressor Top
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					Figure 14-21 shows an example of a 3-phase wound, brushless DC motor. The rotor is the inner section that rotates on the shaft and the stator is the outer section, which is fixed in position. These do not touch, as there is space between them. The rotor has permanent magnets attached. The stator has wire coil wraps inserted into slots, between the stator’s iron teeth. The motor works by applying electrical energy to the various coils, in order to generate multiple magnetic fields at appropriate intervals. These magnetic fields oppose or attract the permanent magnets on the rotor. This pushes or pulls the rotor, in order to turn it. 

					The rotor in Figure 14-21 has three north and three south permanent magnets on its perimeter. The permanent magnets are equally spaced from each other, and are mounted so that magnets with the same polarity are positioned 120° from each other. This results in an alternating pattern of polarity around the perimeter of the rotor. In this example, blue indicates negative polarity and red indicates positive polarity. 

					On the stator, each individual wire coil wrap is inserted into equally spaced slots between the stator’s iron teeth. Each coil of wire surrounds a group of iron teeth. When a single winding coil is electrically energized, it creates a magnetic field that is applied onto these teeth. The polarity on the stator’s iron teeth, which face the rotor, may either be positive or negative, depending on the polarity of the voltage applied to the coil, at a given time. In this example there are nine wire coils on this stator. There are three groups, with three coils in each group. Each group 
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				Figure 14-21: 3-Phase Wound, Brushless DC Motor
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				of three coils is mounted 120° from each other (See Figure 14-22, Step 1). The object is to provide a strong positive or negative magnetic force at the group of three coils, so that the three opposite polarity permanent magnets on the rotor are drawn to these magnetic fields, thereby turning the rotor. 

					Each group of three coils is energized by one electrical phase. Thus, three electrical phases energize three groups of three coils. Each electrical phase is supplied at a slightly offset time interval from the other phases. This causes the magnetic forces generated by the coils to be slightly offset from each other, resulting in differing magnetic forces applied on the rotor, which cause the rotor to turn.

					Figures 14-22 and 14-23 show an example of how a motor uses these forces to turn the rotor. Study the electrical phases supplied to each group of windings by viewing the box labeled “Present Position in Phase”. Within each box, there is a vertical line which indicates the position of the electrical phase supplied to each group of windings. This is important to know because the magnetic force applied by the group of three windings to the stator teeth, match each of these sine waves. Also study the box labeled “Magnetic Force on the Iron Teeth”. This is the color guide used on the iron teeth, to indicate the magnetic strength and polarity. The magnetic strength and polarity are based on the present position of the winding’s electrical phase.

					Steps 1-6 indicate the first six steps of rotation on a 3-phase wound DC motor. These show the magnetic forces delivered by the windings to turn the rotor. After Step 6 the rotor will have turned 120° as the steps start back at Step 1.

				Rotation Step 1: Winding 1 = At peak positive magnetic force

					Winding 2 = Increasing in negative magnetic force

					Winding 3 = Decreasing in negative magnetic force

				Rotation Step 2: Winding 1 = Decreasing in positive magnetic force

					Winding 2 = At peak negative magnetic force

					Winding 3 = Increasing in positive magnetic force

				Rotation Step 3: Winding 1 = Increasing in negative magnetic force

					Winding 2 = Decreasing in negative magnetic force

					Winding 3 = At peak positive magnetic force

				Rotation Step 4: Winding 1 = At peak negative magnetic force

					Winding 2 = Increasing in positive magnetic force

					Winding 3 = Decreasing in positive magnetic force
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				Figure 14-22: 3-Phase Wound, BLDC Compressor Motor Rotational Cycle, Steps 1-4
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					The illustrations and steps in Figures 14-22 and 14-23 are designed to help the reader better understand the complex nature and design of a 3-phase wound electrical motor. Any time a motor rotates, whether it is electrically or mechanically driven, opposing electrical forces are generated. These are referred to as back EMF (Electromotive Force). Additional forces and principles also factor into the operation of a motor. Motors are designed based on their intended use. In this case, the 3-phase wound motor is for a compressor to move a specific volume of refrigerant. The application for which the motor is designed for dictates the number of permanent magnets present, the size of the wires, and the number of wraps used on the stator. Also, differing stator and rotor designs may be used. 

					Figures 14-22 and 14-23, show the rotation on the motor rotor based on the electrical frequency supplied. In inverter mini split applications, DC power, rather 

			

		

		
			
				Rotation Step 5: Winding 1 = Decreasing in negative magnetic force

					Winding 2 = At peak positive magnetic force

					Winding 3 = Increasing in negative magnetic force

				Rotation Step 6: Winding 1 = Increasing in positive magnetic force

					Winding 2 = Decreasing in positive magnetic force

					Winding 3 = At peak negative magnetic force
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				Figure 14-23: 3-Phase Wound, BLDC Compressor Motor Rotational Cycle, Steps 5-6
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				than AC power, is supplied to the compressor motor. Due to how its generated, the frequency of AC power is fixed at 60hz or 50hz (for more information, see Chapter 11, Sections 5 and 6). However, the frequency that can be generated using DC power is only limited by the IPM. This is because the IPM supplies thousands of DC pulses to imitate a single AC phase. The IPM can easily control these thousands of timed DC pulses, to imitate 3-phases of AC. This is extremely useful because if a mini split can control the electrical frequency applied to the compressor motor, the speed of rotation and therefore, the pumping speed, can be increased or decreased. This means that while the compressor is operating, its speed can be controlled in an electrically efficient manner. These DC pulses occur so quickly that if measured with a multimeter, the frequency, voltage, and current may be measured as AC.

					B. Refrigerant Compressor Testing

					To troubleshoot whether an inverter mini split compressor has electrically failed, turn off the power to the unit. Disconnect the three wires that lead to the compressor from the IPM. There may be a plug near the IPM that can be used for disconnection. After the compressor wires are disconnected from the IPM, measure the electrical resistance of the wires in pairs. Because there are three wires, three pairs of measurements must be taken. The order in which the pairs are measured does not matter. Because it is a 3-phase wound motor, the electrical resistance value of each pair should match exactly. This is because each of the three windings inside the motor were made with the exact same length and gauge wire. Figure 14-24 shows an example of resistance values measured on a 3-phase wound, brushless DC compressor motor. Because all three measured resistance values match at 2Ω, the compressor is not open and the windings are likely good. If this is the case, the wires do not need to be disconnected from the compressor terminals for further testing.
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				Figure 14-24: Measuring Resistance on Compressor Wires
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					If the three pairs of resistance values do not match, and/or 0.L is measured between any of the pairs, diagnosis must move to the compressor’s electrical terminal location. The plastic electrical cover at the top of the compressor must be removed. Visually inspect the condition of the wires for any burn marks and/or loose connections. These may indicate a problem, such as a loose electrical connection and/or a high current problem. It is also possible to find that the system has leaked the full refrigerant charge from the system at this location. This may have happened if one of the terminals heated up excessively and melted the location. Even though the compressor has a welded steel shell, the location of the electrical connections is a weak spot, because it is made of a non-conductive material where the wire terminals penetrate through. If the location appears to be intact, disconnect the wires from the terminals, for testing purposes. To do this, wear appropriate PPE and cautiously pull the wire connectors from the spade terminals of the compressor. Remember to remove the wires carefully because there is a potential for this terminal location to be weak. Jostling the wire connections could result in refrigerant leaking and possible danger to the service technician. 

					After the wires have been disconnected from the compressor, measure the electrical resistance at the spade terminals in pairs. Measuring the spade terminals removes the possibility of one or more of the connected wires being mistaken for a compressor winding problem. Before condemning a compressor, and while the electrical power is off, verify electrical resistance measurements at both the compressor terminals and the wire ends. Because there are three spade terminals, three pairs of measurements must be taken. The order in which the pairs are measured does not matter. If the resistance measurements between each pair now match, the previous problem was caused by the faulty connected wiring. If the resistance measurements still do not match, the compressor windings are bad. Figure 14-25 shows an 0.L measurement on one of the three pairs. 
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				Figure 14-25: Measuring Resistance on Compressor Terminals
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				In this example, the compressor is bad and must be replaced. Before removing the condemned compressor, recover the full refrigerant charge from the system. 

					A measurement of 0.L indicates that a winding has melted and is now open between the two points measured. A resistance measurement that is lower than the other two pairs indicates that wire loops from a winding have melted together and the electrical path between the two points is now shorter. If one pair's resistance measurement differs from the others, the motor is bad. This is why it is simply put that all three pairs must have a matching resistance measurement, that is not 0.L. Having a mismatched pair indicates a problem with the motor within the compressor shell. Because a compressor is hermetically sealed, the motor of a compressor cannot be fixed. The compressor is faulty and needs to be replaced. 

					Compressor wires/terminals should also be tested for electrical resistance against the ground frame of the compressor. A compressor may have one of its windings or wires within the compressor shell shorted to ground. The term “shorted” means that the electrical current is taking a shorter path than what is intended. To test for a short to ground, place one probe on a cleaned section of copper tubing near the compressor, or on the compressor shell where there is exposed metal. Place the second probe on one of the three compressor wires or terminals (See Figure 14-26). In this case 0.L means that the winding measured is not touching the ground frame. Leave the one probe on the copper tube/compressor shell and move the second probe to a different terminal. The measurement should still be 0.L. Move the same probe to the final terminal. Each of these three measurements should always be 0.L because the windings and wires within the compressor shell should never touch the ground frame. If there is any electrical resistance measured such as 0.0Ω, 100,000Ω, or even higher, it means that one of the motor windings or wires within the compressor shell is touching the ground frame. If a resistance value other than 0.L is measured between one of the compressor wires and the ground frame, make sure to inspect at the compressor terminals. The wire connector may have disconnected from the terminal and is 
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				Figure 14-26: Testing for an Electrical Short to Ground on a Compressor
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				now touching the compressor shell. 

					Before measuring electrical resistance of any component, make sure to test the multimeter for accuracy. To do this, refer to Chapter 13, Section 4. Make sure to follow manufacturer instructions for compressor testing and electrical resistance ranges, as manufacturer literature supersedes instructions in this book. 

					Due to its simple design, a 3-phase wound, brushless DC compressor rarely fails. When it does fail, it is typically due to outside circumstances. A circumstance such as overcharging, results in high electrical current, mechanical problems, and lack of compressor oil between the metal to metal pumping components. 

					Extra long line set lengths, excessive line set rise/drop, improper installation (e.g. vertical looping of any excess installed line set), or refrigerant continually leaking from the system may result in a lack of oil return to the compressor. Lack of oil can lead to mechanical problems and eventually the compressor will seize. Vertical coil loops create an accidental oil trap, as each loop stops the oil from returning to the compressor. 

					If the crankcase heater fails and is not powered during the off cycle of a mini split, the unit’s compressor may become damaged, upon startup. The crankcase heater preheats the oil and pumping assembly, within the compressor. Crankcase heater operation and troubleshooting are discussed in the next section.

					If a compressor fails, try to investigate the cause, before replacing it. If during refrigerant recovery, it is noticed that the amount of refrigerant within the system is abnormally high, the system may have been severely overcharged. Overcharging leads to liquid entering the vapor compressor, which damages it. This is the most common cause of compressor failure. 

					When a winding fails within the compressor shell, a compressor burnout may occur. As a result, black carbon soot may be found throughout the system’s tubing. To replace a compressor, the system’s refrigerant must first be fully recovered. The refrigerant lines must be cleaned after removing the old compressor and before installing the new compressor. This can be done with an appropriate chemical cleaner and/or internal tube cleaning method. However, not everything can be cleaned, such as the tubing within the outdoor unit. Typically, only the line set can be cleaned. When a compressor burnout occurs, serious consideration should be given to replacing the entire system. This may be more advantageous than only replacing the compressor. This is because, even after the line set has been 
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				cleaned, there is the possibility that the reversing valve, strainer screens, and other small system components may still become clogged. 

					Another reason to consider replacing the entire system after a compressor burnout, is the possibility that acid may form within the system as a result of the burnout. This acid may eat away the resin on the electrical windings, inside the newly installed compressor. The resin is the insulation which separates each copper wire wrap of the compressor windings. If acid is present within any system, it may dissolve the resin, and the compressor windings may short together and fail. 

				5. Compressor Crankcase Heater

					A. Compressor Crankcase Heater Operation

					A compressor crankcase heater is an electrical resistance strip heater that is encased in rubber and is strapped around the lower section of the refrigerant compressor shell (See Figure 14-27). It is powered in order to preheat the compressor oil, prior to the compressor turning on during low outdoor ambient temperatures. This device is used to prevent liquid refrigerant migration from occurring. During the winter when the system is off, liquid refrigerant migrates to the lowest temperature location within the system. The lowest temperature location is the outdoor unit, which is where the compressor is located. This extra liquid at the compressor location may result in liquid refrigerant slugging the compressor at startup, during heating mode. This results in a lack of oil lubrication within the compressor, at its pumping assembly, upon startup. The vapor compressor is not designed to pump liquid refrigerant, so this scenario will cause difficulty during mechanical operation, especially at startup. 

					The crankcase heater is electrically powered, when needed, by the outdoor unit main PCB. The crankcase heater's power supply rating is typically the same as that of the power supplied to the outdoor unit. For example, if a mini split is powered with 208-230V, the crankcase heater is typically rated to be powered with 208-230V. However, read the ratings on each crankcase heater to be sure.
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				Figure 14-27: Crankcase Heater on a Refrigerant Compressor 

				(Courtesy of Cooper&Hunter)

			

		

		
			
				Compressor Crankcase Heater
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					The outdoor unit main PBC only supplies power to the crankcase heater if two conditions are met. One condition is that the compressor has been off for a certain period of time, such as one hour. The second condition is that the outdoor temperature measured by the outdoor unit main PCB, on the T4 sensor, is below roughly 34°F. T4 is typically the outdoor ambient air temperature sensor. After these two conditions are met, power is supplied to the crankcase heater until one of these events occur: the compressor is powered or the outdoor unit main PCB measures an outdoor temperature that is above roughly 41°F. Once the crankcase heater is turned off, it will not be powered again until the initial conditions are met. If the compressor crankcase heater fails, or the outdoor unit main PCB does not power the crankcase heater at the appropriate times, liquid refrigerant migration may occur.

					B. Compressor Crankcase Heater Testing

					To test whether the compressor crankcase heater is still intact, set the unit to standby mode and turn the power off to the outdoor unit. Confirm that the electrical power is off. Follow the crankcase heater wires to the main PCB. Disconnect the 2-wire plug from the main PCB, to isolate the crankcase heater from the rest of the system. Set the auto-ranging multimeter to measure electrical resistance in ohms. Place one multimeter probe on one wire in the back of the plug and the second probe on the other wire in the back of the plug. Make sure not to damage the connector plug or terminals while testing. Note the resistance value in ohms. The measurement should not be 0.L. A measurement of 0.L means that the crankcase heater has broken or melted apart internally and must be replaced. A simple 20 watt, 208-230V crankcase heater may measure around 2kΩ of electrical resistance (See Figure 14-28). If the crankcase heater has the correct resistance value, and when connected, does not seem to be powered, further testing may need to be performed. Either there is a loose wire connection, a cut wire, or the main PCB is not powering the crankcase heater when it should. Use the manufacturer supplied electrical resistance values to determine if the crankcase heater 
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				Figure 14-28: Testing Resistance on a

				Crankcase Heater 
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				is intact. Be sure to follow the manufacturer’s instructions for crankcase heater testing because manufacturer instructions supersede instructions in this book.

				6. Outdoor Unit Base Pan Heater

					A. Outdoor Unit Base Pan Heater Operation

					The base pan heater is also known as the chassis heater. This is located at the base of the outdoor unit, right below the outdoor coil (See Figure 14-29). Some systems are factory equipped with a base pan heater. In other systems a base pan heater is an accessory that can be field installed. During low temperature operation, the base pan heater must be powered at appropriate times to prevent any water in the base pan from freezing, before the water has a chance to drain.

					Frost gathers on the outdoor coil during heating mode, due to humidity in the air crossing the low temperature outdoor coil. As the water vapor in the air crosses the outdoor coil, it condenses and then freezes to the coil. As frost/ice gathers on the coil, the system’s ability to transfer heat reduces. To combat this, the system enters defrost mode, which circulates high temperature refrigerant through the coil, to melt the frost/ice. This frost/ice melts and drips down into the base pan. The base pan heater must be powered, in order to prevent the water from refreezing, and growing upwards onto the coil and fan blade.

					When needed, the PCB electrically powers the base pan heater. The base pan heater power supply rating is typically the same as that of the power supplied to the outdoor mini split unit. For instance, on a 208-230V outdoor unit, the base pan is typically powered with 208-230V single phase electrical power. Unlike the crankcase heater, which is rated at a lower wattage (such as 20W), the base pan heater is typically rated at a higher wattage (such as 120W). This allows the base pan heater to heat up quickly. The base pan heater is powered by the outdoor unit main PCB, based on preset algorithms that are factory programmed. Remember, each manufacturer has different preset algorithms for operation, so values differ from system to system. The following are three examples of when a base pan heater may operate.

			

		

		
			
				Figure 14-29: Base Pan Heater in Outdoor Unit
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				Example 1: The unit has been running in heating mode for more than 25 minutes and the outdoor temperature measured at T4 is below 37°F. At this point, the base pan heater may be powered for a 5-minute period. 

				Example 2: T4 measures a temperature below 34°F during defrost. At this point, the base pan heater is powered, and will remain powered, until 5 minutes after defrost is complete. 

				Example 3: If defrost has occurred once during a run cycle, and the main PCB is about to initiate defrost a second time, the PCB may power the base pan heater for 5 to 10 minutes, before defrost is initiated. This only occurs if the outdoor air temperature at T4 is below 34°F. The base pan heater continues to be powered until 5 minutes after defrost is complete.

					B. Outdoor Unit Base Pan Heater Testing

					To test whether the base pan heater is operating, without touching the base pan heater, feel if there is heat present, nearby. Make sure not to touch the base pan heater during operation due to heat and electrical hazards. Voltage can be measured at the base pan heater electrical connections using a multimeter. The safest and most preferred way to determine if the base pan heater is intact, is to measure its electrical resistance. To do this, set the system to standby mode and turn the power off to the unit. Confirm the power is off. Follow the base pan heater wires to the main PCB. Disconnect the 2-wire plug from the main PCB, to isolate the base pan heater from the rest of the system. Set the auto-ranging multimeter to measure electrical resistance in ohms. Place one multimeter probe on one wire in the back of the plug and the second probe on the other wire in the back of the plug. Make sure not to damage the connector plug or terminals while testing. Note the resistance value in ohms. The measurement should not be 0.L. A measurement of 0.L means that the base pan heater has broken or melted apart internally, and must be replaced. An example of an electrical resistance measurement on a 120 watt, 208-230V base pan heater may be 350Ω (See Figure 14-30). Make sure to follow manufacturer instructions for base pan heater testing, voltage, and electrical resistance ranges as manufacturer literature supersedes instructions in this book. 
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				Figure 14-30: Testing Resistance

				on a Base Pan Heater
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				Figure 14-31: EEV in the Closed Position (Left), and in the Open Position (Right)

			

		

		
			
				7. EEV

					A. EEV Operation

					There is only one metering device on mini split heat pumps. This metering device is mounted on the liquid line, within the outdoor unit. In modern, high efficiency, inverter heat pumps, an EEV is used. The EEV (electrical expansion valve) is a metering device used to precisely control the amount of refrigerant entering the indoor coil or outdoor coil. The outdoor unit main PCB controls electrical power to the EEV head to adjust the pathway size within the EEV body. The internal pathway size of the EEV can be enlarged or reduced (See Figure 14-31), to adjust the volume of refrigerant flowing through it. This is done to match the compressor’s pumping speed, along with the indoor and outdoor fan speeds. The internal pathway size of the EEV is electrically controlled by the EEV head, which operates in the same manner as a 12V DC stepper motor. To learn more about the internal pathway and mechanical parts within the EEV, see Chapter 4, Section 5D.

			

		

		
			
					The pathway size in the body of the EEV is controlled based on the inner pin position. The pin position is controlled by rotating the permanent magnet within the stainless steel shell. Rotating this inner magnet is accomplished by the EEV head, which is mounted outside the stainless steel shell. Inside the EEV head are four electrical solenoid coils: two in the upper section of the head and two in the lower section. Around each pair of coils, there are two iron casings. Along the inner perimeter of each iron casing, there is a set of teeth. There are four sets of iron teeth. Each tooth is slightly offset from all the others. These 
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				triangular teeth are exposed and can be seen along the inner perimeter of the EEV head (See Figure 14-32). The outside of the EEV head is sealed and protected by black plastic.

					EEVs used in most mini split applications, have either 5 or 6 wires attached to the head. If a 5-wire EEV head is used, one of the five wires is a common connection point for all four solenoid coils. If a 6-wire EEV head is used, there are two common connection points. One is the common connection point for the two upper coils and the other is the common connection point for the two lower coils. However, even if a 6-wire EEV head is used, the two common wires may connect at the outdoor unit main PCB. In this case, the term “common” simply means a shared connection point for the coils. Figure 14-33 shows a simplistic version of the wires, commons, and coils of a 6-wire EEV. 

					Various wire colors may be used on an EEV head, based on the manufacturer. In Figure 14-33, the colors red (common), yellow, and blue are used for the upper coils. Brown (common), white, and orange are used for the lower coils. To understand how an EEV works, it is best to focus on one pair of coils at a time. The following paragraph references the upper coils in each example.

					An EEV solenoid coil is designed to be powered with 12V direct current, to create a magnetic field. The resulting magnetic field within the coil has either a north pole at the top and a south pole at the bottom, or the reverse. This is based on which of the two coil wires is powered with -12V. Figure 14-34 shows the resulting magnetic polarity when the yellow wire is powered with -12V so the current travels from the + red wire to the - yellow wire. This results in a north polarity at the top and 
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				Figure 14-33: The Coils and Wires of a 6-Wire EEV are Illustrated as 

				Different Colors

			

		

		
			
				Figure 14-34: Polarity on Powered Coils

			

		

		
			
				Figure 14-32: Iron Teeth in the EEV Head (Courtesy of Cooper&Hunter)
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				a south polarity at the bottom. Figure 14-34 also shows the resulting magnetic polarity when the blue wire is powered with -12V so the current travels from the + red wire to the - blue wire. This results in a south polarity at the top and a north polarity at the bottom. 

					On each pair of coils, there are two iron casings, one at the top and one at the bottom. There are four iron casings in total. On each of these iron casings, there are teeth that protrude along the inner perimeter of the coils (See Figure 14-35). When powering a coil, the top casing and teeth are temporarily magnetized as either a north or south pole, while the bottom casing and teeth are temporarily magnetized with the opposite pole. Most EEVs have 40 to 50 inner teeth in total. In the case of a 40 tooth EEV, ten teeth are attached to each casing. The iron casing teeth at the top and bottom are slightly offset from each other. In fact, all iron casing teeth in the EEV head are offset from each other. These iron casing teeth can be visually seen when looking at the inside of an EEV head (See Figure 14-32). The magnetized north teeth and the magnetized south teeth line up directly with the magnetic poles on the inner permanent magnet, which is located within the stainless steel shell of the EEV. 

					Figure 14-36 is based on an EEV with 40 iron teeth. The inner permanent magnet within the stainless steel shell of the EEV has ten north and ten south poles. When the iron teeth are magnetized by powering one of the four coils, the ten north poles and ten south poles of the inner permanent magnet align with the ten south teeth and ten north teeth of the iron casings. If the inner permanent magnet is not aligned with these 20 magnetic forces, the outer magnetic forces turn the inner permanent magnet to align. The inner permanent magnet has threads mounted to its inner section. As the inner permanent magnet rotates, based on powering each of the coils in sequence, the inner threads ride up or down the stationary thread post. This either raises or lowers the pin.

			

		

		
			
				Figure 14-35: Iron Teeth on the 

				Top and Bottom of a Pair of Coils
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				Figure 14-36: Iron Teeth in the EEV Head
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				Figure 14-37: 5 Steps of an EEV 

				Rotating Clockwise with Electrical Pulses
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				Step 4. +12V to Brown and -12V to White

			

		

		
			
				Step 1. +12V to Red and -12V to Yellow

			

		

		
			
				Step 5. +12V to Red and -12V to Yellow

			

		

		
			
				Step 2. +12V to Brown and -12V to Orange

			

		

		
			
				Step 3. +12V to Red and -12V to Blue
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					The outdoor unit main PCB temporarily powers each of the four coils in a specific sequence and continues to repeat this sequence in order to rotate the inner permanent magnet. On a 40 tooth EEV, this requires at least 40 temporary 12V pulses, supplied to the coils, ten pulses to each coil, in a specific sequence. If there are six full 360° revolutions needed to fully open the EEV from the closed position, this requires at least two hundred forty 12V pulses. However, to ensure the EEV is fully open, the outdoor unit main PCB may supply more 12V pulses in sequence than are needed. For instance, an EEV that requires two hundred forty pulses may be supplied with three hundred and sixty pulses to ensure it is fully opened or closed. 

					The technician can typically hear the noise created by the EEV adjustment. When the EEV is either fully open or fully closed, the noise created is typically a continuous clicking sound, until the EEV is no longer powered. This may occur before startup if the power was disconnected during the unit’s last operation. The outdoor unit main PCB may fully close and reopen the EEV to verify that it knows the current position. During operation, precise changes in the pathway size can be accomplished by only providing a limited number of pulses in sequence. For instance, if a refrigerant flow adjustment is needed, the outdoor unit main PCB may only supply ten to twenty pulses to the EEV head. After a minimum of thirty seconds, and after the main PCB monitors for any temperature 
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				Step 3. +12V to Brown and -12V to Orange

			

		

		
			
				changes at the temperature sensors, the main PCB may determine that this pathway size is adequate. If the pathway size must be enlarged or reduced, the main PCB may supply another ten to twenty pulses. The 12V pulses may also be referred to as steps. In the case of a 40 tooth EEV, when ten 12V pulses are supplied in sequence, the permanent magnet located within the EEV shell, will rotate ¼ of a revolution (90°). 

					Figure 14-37 shows a represent-ation of the clockwise rotation of the inner permanent magnet and pin assembly, inside the EEV head and stainless steel shell. The rotating magnetic field on the outer head of the EEV allows this to occur. Figure 14-37 also shows which teeth are magnetized with a north polarity and a south polarity for steps/pulses 1 through 5. The step/pulse list also shows an example sequence for temporarily powering specific wires, to achieve a clockwise rotation when looking down at the EEV head. In this case, the main PCB sends five pulses to the EEV head, to turn the inner permanent magnet within the EEV shell 1/8 of a 360° revolution (45°). 

					To turn the permanent magnet within the EEV shell in the opposite direction (counterclockwise), the PCB may simply reverse the order in which the 12V pulses are supplied. Figure 14-38 shows an example of this.

					The EEV is also capable of producing microsteps (half steps), as long as the main PCB is factory programmed to do so. In this case, every other half 
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				Figure 14-38: 5 Steps of an EEV 

				Rotating Counterclockwise with Electrical Pulses
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				step requires two coils to be powered. This allows the inner permanent magnet to only rotate half the distance, because there are two sets of magnetic forces applied at one time. 

					

					It is important to know that after the EEV pathway size is in the correct position, the outdoor unit main PCB does not provide any more 12V pulses, until there is a need for a pathway size adjustment. The EEV pin simply stays in the current position, without the head being powered. If electrical power is manually disconnected from the system, the next time the unit turns on, the outdoor unit main PCB fully closes and opens the EEV to know its starting pin position. Adjustments to the pathway size are then made during operation. 

					B. EEV Testing

					It is important to know how the EEV works, so that proper methods are used for testing. For instance, if the technician desires to open the EEV’s internal pathway manually, while the system is off, the correct servicing tool must be used. Rotating a standard permanent magnet around the outside of the EEV shell will not rotate the inner permanent magnet within the shell. This is because a standard magnet is not designed with the multiple north and south poles necessary, to match those of the permanent magnet, within the shell of the EEV. A specialty EEV servicing tool (See Figure 14-39) with the correctly oriented north and south poles, must be used. These specialty EEV servicing tools may have two sets of iron teeth wrapped around the magnet, which replicate the magnetic poles of a powered EEV coil. To use this tool, remove the EEV head while the power is off, and rotate the servicing tool around the outside of the stainless steel shell, either clockwise or counterclockwise. This rotates the inner permanent magnet in order to open or close the internal EEV pathway. Typically, when looking downward on the top of the EEV shell, clockwise usually decreases the pathway size, while counterclockwise typically enlarges the pathway size. However, some designs are opposite. A manual servicing tool does not pierce the EEV tubing seals. In most cases, such a tool is not needed to perform service on a unit. Remember, the technician does not know the actual pathway size within the EEV because there is no visual or measured reference. Also, if a technician tries to measure the 12V pulses, most digital multimeters are not capable of reading and displaying the short pulses, quickly enough.
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				Figure 14-39: EEV 

				Servicing Tool
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					Given that the EEV is entirely controlled by the outdoor unit main PCB, and since there is no visual reference for the position of the internal pin, very little can be done in terms of troubleshooting an EEV. The following tips can be applied when troubleshooting:

					• Listen for audible noises, to determine whether the EEV is being powered. 

					• Visually inspect the EEV head to determine if rust has formed between the

					teeth and the stainless steel shell. Rust may interfere with the rotating 

					magnetic field, that the 12V pulses produce. Remove any rust that is present. 

					If the head cannot be removed from the stainless steel shell, the entire EEV 

					will need to be replaced, after recovering the full refrigerant charge. 

					• The electrical resistance of the coils can be measured to make sure that the 

					coils are intact. 

					To measure the electrical resistance of the EEV coils, turn off the power to the unit, and follow the EEV wiring harness to the outdoor unit main PCB. Disconnect the harness plug and place the auto ranging multimeter on the electrical resistance function. Measure between each pair, with one probe in the back of the harness plug on one wire, and the other probe on another wire. In the case of a 5-wire EEV, find the one common wire, which is connected to each of the other four wires. This is the wire that measures an equal resistance value between each of the other four wires. 

					Below is an example of measuring the resistance values of a 5-wire EEV head, in pairs (See Figure 14-40). Red indicates the common wire. Each pair that includes the common wire has a lower resistance value.

				Red to Blue = 45Ω

				Red to Yellow = 45Ω

				Red to Orange = 45Ω

				Red to White = 45Ω

				Blue to Yellow = 90Ω

				Orange to White = 90Ω

				Orange to Yellow = 90Ω

				Orange to Blue = 90Ω

				White to Yellow = 90Ω

				White to Blue = 90Ω
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				Figure 14-40: EEV Wiring Diagram 

				and Resistance Measurement
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					If any pair of wires on a 5-wire EEV head measures 0.L (See Figure 14-41), the EEV head is bad and must be replaced. Keep in mind, that because they are powered with such short electrical pulses, the coils typically do not fail. 

					If a 6-wire EEV head is being measured for electrical resistance, first find the two common wires. Each common wire is attached to two other wires in the same set of coils. Measuring between a common wire and another wire, in the same set of coils, will produce the lowest resistance values. A reading of 0.L will be measured between any wire from the lower coils and any wire from the upper coils, because they are not connected. A measurement of 0.L between any pairs within the same set of coils indicates the circuit is broken and the coil is bad.

					Below is an example of the resistance values of a 6-wire EEV in pairs (See Figure 14-42). 

				Red to Blue = 45Ω

				Red to Yellow = 45Ω

				Brown to Orange = 45Ω

				Brown to White = 45Ω

				Blue to Yellow = 90Ω

				Orange to White = 90Ω

				Orange to Yellow = 0.L

				Orange to Red = 0.L

				Orange to Blue = 0.L

				Brown to Yellow = 0.L

				Brown to Red = 0.L

				Brown to Blue = 0.L

				White to Yellow = 0.L 

				White to Red = 0.L

				White to Blue = 0.L

					Specific EEV electrical resistance values and a wire color guide may be supplied by the manufacturer, in their troubleshooting literature. Compare the measured resistance values to the manufacturer stated resistance values, listed along with their wire color guide. If these measurements are significantly different, or 0.L is measured when it should not be, this may indicate a bad EEV head. Manufacturers’ troubleshooting instructions supersede instructions mentioned in this book. 
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				Figure 14-42: EEV Wiring Diagram 

				and Resistance Measurement
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				Figure 14-41: 5-Wire EEV Measuring 0.L
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				8. Louver Motors

					A. Louver Motor Operation

					One or more louver motors are equipped on each non-ducted indoor mini split unit. Their purpose is to quietly and precisely move the directional supply air louvers. Indoor wall mounted units with vertical louvers typically have one louver motor installed. Indoor wall mounted units with both vertical and horizontal louvers typically have two louver motors installed. In this case, the user can use the remote to select the air flow direction and louver air opening size. If the fan is not running, the unit will close the louvers, so the opening for the supply air is closed. Figure 14-43 shows a horizontal louver motor.

					Louver motors are typically 12V DC stepper motors. The indoor unit PCB controls power to the louver motors based on the desired opening size and direction. The PCB has factory set algorithms for the number of 12V pulses needed to fully open or fully close the air opening at the louver location. 

					Louver motors typically come with five color coded wires that terminate at the plug end. These 5-wire, 12V stepper motors are very similar to the design used in an EEV. One main difference is that there are multiple gears within the louver motor case. The gearing increases the number of 12V pulses needed to rotate the shaft. This creates a more fluid and controlled adjustment of the louver blades. Where an EEV may require 10 separate 12V pulses to rotate the shaft ¼ of a full 360° revolution (90°), a louver motor may require 600 separate 12V pulses to achieve the same ¼ revolution. 

					On a 5-wire louver motor, there is one common connection point wire. The other four wires lead to four separate coils, which terminate at the shared common wire. Each coil has the same resistance value, when measured against the common wire. There are two coils toward the top and two coils toward the bottom of the motor. There are iron teeth covering each coil, which are temporarily magnetized when the coil is electrically powered, similar to an EEV. For more information on how a 5-wire, DC stepper motor functions, refer to Section 7.

			

		

		
			
				Figure 14-43: Horizontal Louver Motor in Indoor Unit 

				(Courtesy of Cooper&Hunter)
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					B. Louver Motor Testing

					To test if the louver motor coils are intact, set the system on standby mode and turn the power off to the system. Disconnect the louver wire plug from the indoor unit PCB. The resistance value between the common and each of the other four wires should match. The value is usually between 100Ω to 500Ω, based on the size of the louver motor. Refer to the example below, with the red wire as the common, for sample resistance measurements:

				Red to Blue = 195Ω

				Red to Yellow = 195Ω

				Red to Pink = 195Ω

				Red to Orange = 195Ω

				Blue to Yellow = 390Ω

				Blue to Pink = 390Ω

				Blue to Orange = 390Ω

				Pink to Yellow = 390Ω

				Pink to Orange = 390Ω

				Orange to Yellow = 390Ω

				 	If any measurement is 0.L (See Figure 14-44), one of the four coils within the stepper motor is broken and is open. In this case, the louver motor is bad and must be replaced. If all the resistance values match when measured across to the shared common wire, the motor coils are good. A louver motor can also be visually inspected for damage and the shaft can be physically turned slightly to determine if a mechanical problem exists.

				9. Reactor

					A. Reactor Operation

					In the outdoor unit of a mini split, there is a reactor (See Figure 14-45) connected to the IPM, via wiring. The reactor is made of one heavy gauge wire wrapped around an iron core, in a specific pattern. At each end of the wire coil, there is a terminal to connect the reactor to the IPM. The electrical resistance from one terminal to the other is very low and should be roughly 0.0Ω to 0.1Ω of resistance. When electrical power travels through the wound wire of the reactor, it creates a magnetic field. This magnetic field helps to smooth the peaks in the 
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				Figure 14-44: Measuring Resistance on a Louver Motor
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				voltage of the power, traveling through the reactor. This smoothing is referred to as buffering or reducing harmonic distortion. The purpose of this component is to protect the IPM’s sensitive chips from any rise or fall in the peak voltage due to an electrical power supply issue or while a high current load (such as a motor) is being turned on or off. 

					B. Reactor Testing

					A reactor rarely fails, as it is made with heavy gauge wire, and doesn’t produce much heat as a side effect. To test if a reactor is intact, set the system on standby mode and turn the power off to the system. Wait for a few minutes to allow the capacitors in the IPM to drain naturally of electrical power. Before disconnecting the wires connected to the reactor, note which color wire is attached to each IPM terminal. There are typically two different colored wires extending from the reactor. Disconnect the wires from the IPM. Measure the electrical resistance in ohms. A measurement of 0.L means that the reactor wire is melted apart and the circuit is open. Any measurement other than 0.0Ω (See Figure 14-45) or 0.1Ω, may mean that the reactor is bad. If the reactor is determined to be good, reconnect the wiring in the same manner as it was. Make sure to follow the manufacturer’s specifications and instructions for testing the reactor. Manufacturer’s instructions supersede any instructions in this book. 

				10. Circuit Boards

					A. Circuit Board Operation

					PCBs (printed circuit boards) are found in both the indoor and outdoor unit. The outdoor unit main PCB has multiple inputs (temperature sensors) and multiple outputs (the EEV, reversing valve, crankcase heater, etc.). This circuit board also electrically communicates with both the indoor unit PCB and the outdoor unit IPM (intelligent power module), via low voltage, direct current signals. The outdoor unit 

			

		

		
			
				Figure 14-45: Measuring Resistance 

				on a Reactor
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				main PCB (See Figure 14-46) is considered the main brain of the system. This circuit board makes decisions for operation, based on factory preset algorithms in its EEPROM chip. In some systems, the outdoor unit PCB is integrated with the IPM as an all-in-one board. 

					The IPM (See Figure 14-47) converts single phase, alternating current to direct current and manipulates this to imitate three phases of alternating current. This is done to control the electrical power and speed of connected 3-phase wound, brushless DC motors, such as a compressor and/or fan motors. The IPM can adjust the speed of connected motors by changing the electrical frequency and voltage supplied. The outdoor unit main PCB, the indoor unit PCB, and the IPM, along with connected components, are discussed in Chapter 12, Sections 4 through 7. 

					B. Circuit Board Testing

					Several methods can be applied to troubleshoot whether circuit boards, such as the outdoor unit main PCB, the indoor unit PCB, or the IPM, are not functioning properly or have failed.

					• Look for an error code, which may be displayed at the indoor unit display 

					and/or on the outdoor unit main PCB, indicating a fault on one of the circuit 

					boards.

					• Look and smell for any burnt component or section on one of the circuit 

					boards.

					• Refer to the manufacturer supplied troubleshooting guides, if any, for specific 

					test points on the circuit boards. 
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				Figure 14-46: The Main Outdoor Unit PCB
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				EEPROM

			

		

		
			[image: ]
		

		
			
				Figure 14-47: IPM Board Connections Labeled

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Fan Power Out

			

		

		
			
				Reactor

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Compressor Power Out
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				AC Power In

			

		

		
			
				Main PCB Connection
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					• Rely on a technical support phone call or online chat with the equipment 

					manufacturer. 

					If there is a problem with the mini split system’s operation and the issue is not evident, based on one of the previous methods, the technician must rely on knowledge of how the system is supposed to work. This includes the role of each of the components that are connected to the circuit boards. If the role of each of the connected components is known, then the technician is aware of when the circuit boards are supposed to be powering these devices. Electrical power from the circuit board to these devices (such as the reversing valve, crankcase heater, etc.), can be measured. Likewise, with the power off, most of these devices can be checked to determine if they are electrically intact, by measuring the electrical resistance of each component. Measuring electrical resistance is the safest way to determine if a component is intact and accurately calibrated. If a fault involves both a circuit board and its connected components, the first step of troubleshooting should be to eliminate the possibility that a connected component is the problem.

					When troubleshooting, eliminate the most common problems first, before moving to the more complex problems. If the system is functioning abnormally, one of the most common problems is that the system has leaked refrigerant and no longer has enough to properly operate. If the manufacturer’s technical support is called to help troubleshoot, one of the first questions they may ask is if the amount of refrigerant within the system is known and is accurate. 

					Another common problem is when a system cannot accurately monitor the temperature, at one of its test points, due to a faulty temperature sensor. If a thermistor has failed open, the system may display an error code. However, if the sensor is no longer functioning within its calibrated range, the temperature being measured may be off by 5°F or more. This leads to major system problems. Always check the connected components before assuming that the circuit board is faulty.

					If the indoor unit display does not show any errors, and there are no signs that it is electrically on, the outdoor unit main PCB or indoor unit PCB may be at fault. However, check simple things first, such as power switches, whether a safety switch has tripped, loose wire connections, etc. If there is an indoor condensate safety switch installed, and it has tripped, it may be breaking one of the power wires. Verify that the breaker within the building’s breaker box panel and the outdoor unit electrical disconnect are both in the “on” position. If the system is still not turning on, even when power is thought to be supplied to the outdoor unit, 
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				measure for supply voltage. This can be done at the L1 and L2 terminals inside the outdoor unit (See Figure 14-48). If the unit has the correct electrical power, yet nothing is happening, turn off the power to continue troubleshooting. Remove the outdoor unit’s shroud and visually inspect the outdoor unit main PCB for any burn marks, and smell for any possible burnt components. Inspect the unit for any loose power wiring. There should be one or more fuses mounted to the outdoor unit main PCB. With the power off, test the fuse by measuring its electrical resistance. Sometimes these fuses are directly soldered to the circuit board. In these cases, they can also be visually inspected through the fuse’s clear glass. Move the glass protector, if present, and determine if the fuse wire is still intact. If the fuse has blown or the PCB is faulty, there may have been a power supply problem or another issue that caused them to fail. 

					When determining if the IPM is at fault, first measure for voltage, to verify that alternating current is being supplied to the IPM. Make sure that power is on to the unit and the user control is set to run the compressor in AC mode or heating mode. Wait five minutes to allow the system to perform any start up procedures. If power is not being supplied, the fault is likely not the IPM, but the PCB, which is supposed to be supplying the power. If high voltage AC power is measured, move onto the next step. To determine if the AC to DC rectifier in the IPM is working properly and if the circuit board mounted capacitors are intact, measure on the back of the board, for voltage at the IPM capacitors. The capacitor location may be indicated by a circle on the back of the IPM. There is a positive and negative terminal for each installed capacitor. One multimeter probe can be placed on the positive capacitor terminal and the second probe on the negative terminal, to measure the voltage of the capacitor. These may be indicated by a "P" or + for positive and an "N" or - for negative, inside each circle. However, some IPM boards may not have a positive and negative indicator. This is measured as direct current. If no voltage or only a low voltage is measured here, the IPM may be faulty. On a 208-230V system, the IPM capacitors may each measure around 300V to 350V DC (See Figure 14-49). 
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				Figure 14-48: Testing for Voltage at the 

				208-230V Outdoor Unit L1 and L2 Terminals
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				Measure the voltage on each capacitor to verify they are all intact. Make sure to reference the equipment manufacturer’s literature to compare the actual measurement to the specified reading. 

					To determine if the IGBT (Insulated Gate Bipolar Transistor) or another section of the IPM has failed, power must be turned off to the system. Measure the voltage at the capacitors to make sure they have drained. Power stored in the capacitors will drain automatically, after power is off, but this may take a few minutes. Do not attempt to discharge the capacitors on the circuit board manually, as this is hazardous and may cause damage to the circuit board. Electrical resistance values may be measured on the back of the IPM, from one terminal of a capacitor to any one of the compressor terminals. Figure 14-50 shows an electrical resistance measurement from one of the capacitor terminals to the U terminal for the compressor. The measurement should typically be in mega-ohms, but reference the manufacturer’s literature to determine the appropriate values. Note this measurement. Next, move the probe from the U terminal, to the V terminal and note the resistance value. Move the probe from the V terminal to the W terminal and note the resistance value. If the IGBT of the IPM is intact, each resistance value should match. Next, move the probe that was on the capacitor terminal to the other terminal on the same 

			

		

		
			
				Figure 14-50: Testing for MΩ between the IPM’s 

				Capacitor Tab and Compressor Tab
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				Figure 14-49: Testing for DC Voltage at the IPM Capacitors
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				capacitor. With the other probe, measure the U, V, and W terminals again, one at a time. If the IGBT of the IPM is intact, all three resistance measurements on this side of the capacitor terminal, to the U, V, and W, should match. However, these measurements may have a slightly different mega-ohm reading than the previous measurements. This test can be done when measuring from any of the main IPM capacitors to the compressor terminals. 

					The electrical resistance test can also be done if the IPM controls power to a fan motor. Simply perform the same tests as above, on the back of the IPM, at the U, V, and W terminals for the fan motor. The terminal letters may be different than U, V, and W, so make sure to test the appropriate terminals. Use the manufacturer’s troubleshooting guide for the specific unit being tested, to determine if the measurements are accurate.  Manufacturer specific troubleshooting instructions supersede any instructions in this book. To determine the relevant and accurate measurement points and values, only use the manufacturer’s literature for the exact model being serviced. Manufacturer technical support may also be contacted for relevant information. Remember that each system is unique in its design, programming, and operation, so the manufacturer of the equipment is always the best resource for troubleshooting information. 
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				Chapter 15

				Fan Motor Operation and Testing

				1. Indoor Fan Motors

					The indoor fan (blower) motor is mounted in the indoor unit, next to the indoor coil (See Figure 15-1). The job of the indoor fan is to move air across the indoor coil and to push this air across the room at a desired speed. 

					A. Fan Wheels

					Several fan wheel versions exist. The type of fan wheel used depends on the application and indoor unit type.

				 • Cross-Flow Fan Wheel (See Figure 15-2): This version is typically used in wall mounted units and mini-console units. Air is drawn under the blades and pushed forward.

				 • Cassette Fan Wheel (See Figure 15-3): This version is typically only used in indoor mounted cassette units. Air is drawn in through the center and pushed out the sides.

				 • Dual Squirrel Cage Fan Wheels (See Figures 15-4): A universal floor/ceiling unit and slim duct unit typically have two squirrel cage fan wheels, one on each side of the motor. Air is drawn in through the open sides and pushed forward.
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				Figure 15-1: Fan Mounted Near Indoor Coil (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 15-2: Indoor Wall Mounted Unit Fan Wheel and Motor (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 15-4: Slim Duct Unit with a 

				Fan Wheel on Both Sides of the Motor

				(Courtesy of Cooper&Hunter)
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				Figure 15-3: Ceiling Cassette Unit Fan Wheel and Motor (Courtesy of Cooper&Hunter)
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				Figure 15-5: Indoor 6-Wire AC

				Fan Motor (Courtesy of 

				Cooper&Hunter)

			

		

		
			
				Figure 15-6: Indoor 3-Wire BLDC Fan Motor (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 15-7: Indoor 5-Wire BLDC Fan Motor (Courtesy of Cooper&Hunter)
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					B. Indoor Fan Motor Types

					There are three common types of indoor fan motors used in mini splits. The type of fan motor used depends on the type of unit and the age of the unit.

				 • 6-Wire AC Induction Fan Motor (See Figure 15-5): This AC induction fan motor may be found in older indoor models, such as wall mounted units. This motor requires a capacitor to start and run. This capacitor is typically mounted on the indoor unit PCB. 

				 • 3-Wire Brushless DC Fan Motor (See Figure 15-6): This 3-phase wound, BLDC (brushless direct current) fan motor is commonly used in present day units that have room in the indoor unit for a separate IPM. Typically these fan motors are used in universal floor/ceiling units and slim duct units. 

				 • 5-Wire Brushless DC Fan Motor (See Figure 15-7): This 5-wire BLDC fan motor is commonly used in present day indoor units equipped with a long tube style fan wheel (such as wall mounted units).

					On an inverter mini split indoor unit, the indoor unit PCB has an EEPROM with factory set indoor fan speeds. There are typically three to four rotational speed settings for the user to choose from on the wireless remote, wired remote controller, or mobile device application. The indoor unit PCB operates the indoor fan at one of these three to four speeds. The speeds are low, medium, high, and turbo (if equipped). However, the PCB can still operate the fan motor at a slightly higher or slightly lower speed than the one selected, unless turbo is selected. Turbo is typically a max speed. This means that it is possible for the fan to operate at nine speeds plus turbo, which is the tenth speed. In order to accomplish this, the PCB must have a way to ramp up or ramp down the fan speed. Fan motors installed in inverter units can accommodate this task.
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				2. Outdoor Fan Motors

					The outdoor fan motor is located within the outdoor unit, next to the outdoor coil (See Figure 15-8). The primary job of the outdoor fan is to pull air across the outdoor coil. This is done in order to transfer heat to and from the refrigerant traveling through the coil. In outdoor units that have an IPM with an air source heat exchanger, this air movement also removes heat from the IPM.

					A. Outdoor Fan Blades

					The fan blade (See Figure 15-8) is made from composite plastics and is factory matched to the hole size in the front of the outdoor unit shroud. This fan blade is made to a specified weight in order to balance the fan motor during operation. Clip weights may be added to the blades by the factory, to ensure there is no wobble when rotating.

					B. Outdoor Fan Motor Types

					There are two types of outdoor fan motors commonly used in mini splits. These motor types are similar to those used in the indoor units. However, the frame of the motor typically has four mounting slots. 

				 • 3-Wire Brushless DC Fan Motor (See Figure 15-9): The 3-wire BLDC fan motor is commonly used in single zone and multi-zone units. This motor is controlled and powered by an IPM, separate from the motor. In multi-zone units, there may be an IPM specifically for the fan motor(s). In single zone systems, the IPM used is usually the same one that controls and powers the compressor.

				 • 5-Wire Brushless DC Fan Motor (See Figure 15-10): The 5-wire BLDC fan motor is commonly used in single zone outdoor units. This motor has an internal motor driver board, inside the fan motor case.
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				Figure 15-8: Outdoor Fan Near Coil and IPM Heat Exchanger (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 15-9: Outdoor 3-Wire BLDC Fan Motor (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 15-10: Outdoor 5-Wire BLDC Fan Motor (Courtesy of Cooper&Hunter)
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					In an inverter mini split outdoor unit, the main PCB has an EEPROM with factory set outdoor fan speed parameters. If the outdoor unit is equipped with a 5-wire brushless DC motor, the outdoor unit main PCB controls the motor directly. If a 3-wire brushless DC motor is in the outdoor unit, the main PCB communicates the desired speed to the IPM and the IPM powers the outdoor fan at the appropriate voltage and frequency to attain the desired speed. 

				3. 6-Wire AC Induction Fan Motor

					A. Operation and Wiring

					Early inverter mini splits used a single phase AC induction fan motor at the indoor unit, which included a speed sensor circuit board (See Figure 15-11). This motor has two wire harnesses with three wires on each harness. The 3-wire harness coming from the body of the motor includes the two AC power wires and the capacitor wire. The capacitor, which is permanently mounted to the indoor unit PCB, is typically in a black or gray box which has ratings on the side of the box. The fan motor speed is controlled by the PCB and is dependent on the amount of power applied to the fan motor by the PCB. However, the ability to reduce the rotational speed is limited compared to the 5-wire and 3-wire BLDC fan motors. Also, electrical efficiency is less than the 5-wire and 3-wire BLDC fan motors, especially at lower speeds.

					The other 3-wire harness is the speed sensor harness. This is the harness connecting closest to rotor of the motor. This is used by the PCB to monitor the actual RPMs (Revolutions Per Minute) of the motor while the motor spins. The motor spins based on the power supplied to the motor on the separate power harness. The power applied and RPMs must match the preset algorithms within the EEPROM chip on the PCB. If they do not match, the PCB recognizes there is a problem, the unit will stop operating, and an error code will be shown at the indoor unit display. 
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				Figure 15-11: 6-Wire AC Induction Fan Motor with Speed Sensor (Courtesy of Cooper&Hunter)
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					B. Testing

					Testing the 6-wire AC induction fan motor can be done using a multimeter. Voltage can be measured on the power harness wires to see if the motor is receiving power. If the motor is receiving power but not rotating, the capacitor may be bad or the motor may be mechanically stuck. If the capacitor is bad, the PCB must be replaced because the capacitor is soldered to the control board and is not able to be easily changed out. 

					The electrical resistance values of the motor’s windings can be measured 
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				Figure 15-12: Speed Sensor Harness on a 6-Wire Motor (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 15-13: Hall Effect Sensor on a 6-Wire Motor (Courtesy of Cooper&Hunter)
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					The speed sensor harness has three wires (See Figure 15-12), two are 12V DC power wires and the center one is the output voltage from the Hall effect sensor. The Hall effect sensor is a device that is activated by an external magnetic field. This sensor is mounted next to a permanent magnet which is mounted to the rotor shaft (See Figure 15-13). This permanent magnet is mounted outside the motor itself on the shaft. As the motor is electrically powered and spins, the permanent magnet mounted on the shaft spins. This rotation applies an alternating north and south magnetic field. The Hall effect sensor is mounted next to this spinning magnet within the alternating magnetic field. This is done to monitor how fast the magnetic field changes. The 12V power supplied to the sensor board is changed by the Hall effect sensor, depending on the speed of the change of the magnetic field, to produce an output signal. This output signal is measured by the indoor unit PCB and interpreted as a specific rotational speed. 
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				when the power is off and the wiring harness is disconnected from the PCB. Below is an example of electrical resistance values measured on the power harness of a 6-wire, 115V fan motor, from a 12,000 BTU/HR indoor unit (See Figure 15-14). 
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				Figure 15-14: Measuring Resistance on the Windings of a 6-Wire AC Induction Motor

				(Courtesy of Cooper&Hunter)

			

		

		
			
					To determine if the electrical resistance between each pair of windings is accurate, add the two lesser values together. The sum should equal the largest electrical resistance value (66.5Ω + 89.5Ω = 156Ω). If the sum of the lesser electrical resistance values does not total the largest resistance value, the motor windings may be bad. If 0.L is measured between any of the pairs, this means that a motor winding is open. In this case, the motor is bad and needs to be replaced. 

					The speed sensor is not usually in an easily accessible location to visually inspect. The speed sensor board is typically under the molded plastic housing. Voltage can be measured on the two outer input wires to make sure that 12V DC power is applied to the speed sensor board. However, do not try to measure the low voltage signal on the center wire because the multimeter may accidentally alter the signal going to the PCB or hinder its ability to detect speed. 

					Make sure to visually inspect all wires for cuts or crimps, and verify that the wires in the plug terminals are pushed in and secured. Also, determine whether there are any burnt smells, which indicate the motor has shorted. This style motor typically produces more heat than a DC fan motor, so it is possible for the motor windings to overheat and the resin covering each wrap of the windings to break down over time. This causes the windings to short together, which results in the motor failing. 
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				Some motors may have a high temperature protection device mounted externally on the motor (See Figure 15-15). This device acts as a switch to open the electrical circuit on a temperature rise. This is a protection device connected to the indoor unit PCB by two wires or it may directly break one of the power wires at the fan motor. At normal temperatures, the device is in the closed position.

				4. 3-Wire Brushless DC Fan Motor

				 

					A. Operation and Wiring

					A 3-wire BLDC fan motor is a simple 3-phase wound, brushless motor (See Figure 15-16). A 3-phase wound motor does not have an electrical circuit board or RPM sensor within its shell and has a simple design. Power to the motor is controlled by a separate IPM. The IPM converts single phase alternating current to direct current and manipulates this to imitate three phases of alternating current. This is done to control the electrical power and speed of the connected 3-phase wound, BLDC motor. The IPM can adjust the speed of connected motors by changing the electrical frequency and voltage supplied. An increase in frequency allows the rotational speed of the motor to increase. A decrease in frequency allows the rotational speed of the motor to decrease. This creates an easy startup of the motor and a precise control of the speed of a running motor. 
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				Figure 15-15: High Temperature 

				Protection Switch on a 6-Wire AC Induction Motor (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 15-16: A 3-Wire, 3-Phase Wound, BLDC Indoor Motor (Left) and Outdoor Motor (Right) 

				(Courtesy of Cooper&Hunter)
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					B. Testing

					To determine if a 3-phase motor is bad, set the system on standby mode and turn the power off to the unit. Unplug the wire harness of the motor from the IPM. Make sure the motor can spin freely. Make sure there is no wobble noticed on the fan blades while spinning. Stop the motor from spinning and measure the electrical resistance of each pair of wires. Each pair should match because it is a 3-phase wound motor. Below is an example of the resistance values measured on a 3-wire, 3-phase fan motor. The ratings posted on the motor in this example are 34W, 310V, and 0.16A (See Figure 15-17).
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				Figure 15-17: Measuring Resistance on the Windings of a 3-Wire BLDC Motor

				(Courtesy of Cooper&Hunter)

			

		

		
			
					The electrical resistance value measured between all three pairs should match. If these values do not match, the motor is bad. If 0.L is measured between any of the pairs, this means that a motor winding is open, also indicating that the motor is bad. If the motor is bad, it must be replaced.

					If there is a ground, such as a metal frame, the electrical resistance between each of the wires to the metal frame should measure 0.L. Measuring 0.L means that the windings are not shorted to the ground frame. Rarely does a 3-phase wound motor go bad, unless there is a mechanical problem that seizes the motor. 

				5. 5-Wire Brushless DC Fan Motor

					A. Operation and Wiring

					A 5-wire indoor fan motor (See Figure 15-18) has a shell that contains both a 3-phase wound BLDC motor and a BLDC motor driver board. This 5-wire DC motor assembly does not need a separate externally mounted IPM to control the 
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				motor because of the internal BLDC motor driver board (See Figure 15-19). This BLDC motor driver board receives high voltage power, low voltage power, and a speed command signal from the unit’s PCB. The BLDC motor driver board sends an RPM feedback signal to the unit’s PCB. 

					The unit’s PCB interprets the RPM feedback signal and verifies that it matches the speed command signal given to the BLDC motor driver board. The PCB does this by using preset algorithmic data programmed on its EEPROM at the factory. If the PCB senses that the speed is out of range compared to the command signal, the unit will stop operating and an error code may appear on the indoor unit user display. The five wires may terminate in a 5 pin or 6 pin connector. If a 6 pin connector is used, one pin remains empty. Below are the abbreviations and functions for each of the five wires. However, make sure to follow manufacturers’ wire abbreviations and functions as they supersede anything in this text. Motors are built differently by various manufacturers so always use the specific manufacturer’s troubleshooting information.

					B. 5-Wire Abbreviations and Functions:

				 • VDC: This stands for “Voltage of Direct Current”. The abbreviation may also be VM which stands for “Voltage Main”. This is the high voltage power supply to the motor assembly. The high voltage amount depends on whether the motor is installed in a 110-130V or 208-230V system. A common motor voltage for a 110-130V system may be 170V. A common motor voltage for a 208-230V system may be 270V or 350V.

				 • GND: This stands for “Ground”. This is the ground for both the high voltage and low voltage power supply and is used as the potential difference ground for any testing of voltage measurements.
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				Figure 15-18: Indoor 5-Wire BLDC Fan Motor (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 15-19: Circuit Board inside an 

				Indoor 5-Wire Motor
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				 • VCC: This stands for “Voltage Common Collector”. This is the low voltage DC power supply to the motor assembly. This is usually between 14V to 17.5V DC.

				 • VSP: This stands for “Voltage Speed Control Pin”. This is also known as the “Variable Speed Pin” and the “Motor Speed Adjusting Voltage”. This is the low voltage DC input signal to the motor assembly from the PCB. The PCB electrically communicates the required speed by supplying voltage between the range of 0.0V to 6V DC to this pin. The higher the voltage signal, the higher the speed required. A voltage of 0.0V DC at the pin means that the motor should not be spinning.

				 • FG: This stands for “Feedback Generator” or “Frequency Generator”. The abbreviation for this wire may also be PG which stands for “Power Generator”. This is the low voltage output that communicates the motor’s speed to the unit’s PCB. The voltage is usually between 1V to 17.5V, but the electrical frequency is directly proportional to the RPM of the spinning motor. The higher the RPM of the motor, the higher the frequency.

					C. Testing

					If the system is electrically off and the motor is seized or won’t spin freely, simply replace the motor. If the motor wheel is jammed, free the wheel and resecure it. Then test the motor to see if it runs correctly. If it doesn’t run correctly, replace the motor.

					Visually examine the wiring for any cuts or crimps that may be stopping or restricting the flow of electricity. Also, make sure that all electrical wires are fully in the connectors and that the connectors are pushed together and secured. Check for a burnt smell, which indicates a burnt motor or burnt wiring. If there is a burnt smell or burnt wiring, replace the motor.

					Because this motor has an internal circuit board, multimeter testing can be done while the motor is electrically powered. If the unit is calling for the fan to run, but it is not spinning, voltage can be measured on the motor wires. For an example of motor testing, refer to the wiring diagram in Figure 15-20 and the sequence of measurements shown in the following steps:

			

		

		
			
				Figure 15-20: 5-Wire BLDC Fan Motor 

				Wiring Diagram
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					1. Measuring Voltage at VDC: Place one multimeter probe on the GND terminal. Place the second probe on the VDC terminal (See Figure 15-21). Measure for proper high voltage DC (for a 208-230V system this may be 270V or 350V). If it is not present, there is an issue with the unit’s PCB. If the correct voltage is present, move to the next step.

			

		

		
			
				Figure 15-22: Measuring Voltage Between VCC and GND 

				(Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 15-21: Measuring Voltage Between VDC and GND 

				(Courtesy of Cooper&Hunter)
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					2. Measuring Voltage at VCC: Place one multimeter probe on the GND terminal. Place the second probe on the VCC terminal. Measure for proper low voltage DC (See Figure 15-22). If it is not present, there is an issue with the unit’s PCB. If voltage is present between 14V to 17.5V DC, move on to the next step.
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					3. Measuring Voltage at VSP: Place one multimeter probe on the GND terminal. Place the second probe on the VSP terminal. Measure for proper low voltage DC. If 0.0V is measured while the fan is supposed to be running, there is an issue with the unit’s PCB. A measurement of 0.0V indicates that the motor is not receiving a signal to turn on. If voltage is present between 0.3V and 6V DC (See Figure 15-23), the motor is receiving a signal to turn on. If the motor is receiving a signal to turn on, but is still not spinning, there is something wrong with the fan motor or the fan wheel is stuck.

			

		

		
			
				Figure 15-23: Measuring Voltage Between VSP and GND 

				(Courtesy of Cooper&Hunter)
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					If the motor is spinning, the voltage between the FG and the GND should be between 1V and 17.5V. However, most manufacturers do not disclose the appropriate frequency related to RPMs for use during troubleshooting. If the motor RPMs are erratic, the problem could be the motor assembly’s ability to measure RPMs or the unit’s ability to interpret the RPM frequency signal. In this case, both the motor assembly and the unit’s PCB may need to be replaced. One can be replaced at a time to narrow down the problem. Make sure to follow all manufacturers’ literature and technical support as manufacturer guidance on their equipment supersedes any instructions in this book. Remember, that all manufacturer equipment and parts may differ and the manufacturer is the proper source for troubleshooting information on their systems. 

				6. Other Fan Motors

					Other fan motors exist, such as the 8-wire BLDC outdoor fan motor. However, this is not a commonly installed fan motor. The 8-wire BLDC is a 3-phase wound 
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				motor with a speed monitoring board, inside. There are typically two wire harnesses. One harness has three wires to power the 3-phase wound, DC motor. These are W, V, and U wires. The other 5-wire harness is made up of a GRD, VCC, Hu, Hv, and Hw. The GRD is for the ground. The VCC is the low voltage DC input for the hall sensor(s). Hu, Hv, and Hw are hall sensor outputs for determining RPMs. Follow manufacturer's service literature for information on their fan motors. Manufacturer's literature supersedes any information in this book.
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				Chapter 16

				User Controls

				1. Various User Control Types

					Older indoor wall mounted units were designed to only be equipped with the ability to be controlled by a wireless remote (See Figure 16-1, Left Side). Wireless remotes work by sending an IR (infrared) signal to the display on the front of the unit. This IR signal communicates the user specified changes to the indoor unit. Over time, some manufacturers allowed for indoor wall mounted units to also be controlled by a wired remote controller (See Figure 16-1, Center), which was field installed by a technician. To allow this, manufacturers added a wiring plug (which connected to the indoor unit PCB or user display board) within the electrical compartment of the indoor wall mounted unit. In order to install a wired remote controller, a technician must install a manufacturer supplied section of wire between the wired remote controller and the indoor wall mounted unit. This wire has a plug on each end. The wired remote controller can be installed on a wall, away from the supply air of the indoor unit. This is done so the wired remote controller senses the average air temperature, not the air temperature exiting the indoor wall mounted unit. 

					Other indoor units, such as a mini floor console unit, universal floor/ceiling unit, and a ceiling cassette unit, may have the option of being controlled by either a wireless remote or a wired remote controller. Ceiling cassette units come in various versions. Some ceiling cassette unit versions have a user display circuit board, which can receive inputs from a wireless remote. Some installations require that ceiling cassette units only be controlled by a wired remote controller. In these cases, the visible shroud does not include a user display. Instead, a wired remote controller is connected to the ceiling cassette unit’s PCB. 

					Slim duct models and ducted air handler models are usually controlled with a wired remote controller. Some slim duct models are capable of having an exterior user display control, that can be field installed in the room being conditioned. This allows the unit to be controlled by a wireless remote instead of a wired remote controller. Ducted air handler units may come with both a remote and a wired remote controller. In this instance, the wired remote controller may be capable of receiving an IR signal from the wireless remote. 

					Each mini split manufacturer and model may be different, so make sure to research each unit’s user control capabilities before purchasing and installing. 
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					Some modern indoor mini split units may come equipped with three different options for user control (See Figure 16-1). The wireless remote option usually has no additional setup (excluding slim duct models and some ceiling cassette models). Some units come with a 4-wire or 5-wire plug end for the connection to a wired remote controller. Ducted air handler units may require a two-wire connection to the wired remote controller. Some indoor units come with a USB input slot available on the user display circuit board. A manufacturer supplied USB drive that is inserted in the USB slot, acts as the wireless interface adapter (See Figure 16-1, Right Side). This enables the unit to be controlled through a mobile device app on a phone or other smart device. 
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				2. Wireless Remote

					A user can control the mode, temperature, fan speed, and other settings for the system by pointing a wireless remote at the indoor unit, while pressing the desired function buttons on the remote. The indoor unit may acknowledge these changes by blinking an LED light, making an audible sound, or displaying the setting change, if any. A wireless remote sends an IR (infrared) signal to the IR receiver on the front of the indoor unit. In order for the remote to send this data to the receiver, a beam of IR light is rapidly switched on and off in a specific pattern (See Figure 16-2). The IR receiver at the indoor unit receives this light as data, in order to convert it to electrical signals. 

			

		

		
			
				Figure 16-1: A Wireless Remote (Left), Wired Remote Controller (Center), and Wireless USB Interface (Right) (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 16-2: Remote Sending IR Signal to the IR Receiver on an Indoor Unit

				(Courtesy of Cooper&Hunter)
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					In order to send this signal, the remote must be within range of the indoor unit, have strong batteries, and be pointed directly at the receiver, without anything blocking the path in-between. The indoor unit’s IR receiver may be visible on the outside of the indoor unit or mounted behind a semi-translucent cover. The IR receiver is connected to the user display circuit board. The user display circuit board receives the commands and electrically communicates them to the indoor unit main PCB and subsequently to the outdoor unit main PCB.

					If a wireless remote does not seem to be functioning, replace the batteries with new ones. To determine if the remote is sending an IR signal, a camera, which does not filter out an IR signal, can be used. To make the light more visible to the camera, turn off any lights, so the room or area is dark. Turn on the video camera. With the remote’s IR transmitter visible to the camera, but not pointed directly at the camera, press the function buttons on the remote. Turn the camera off and view the video to see if the IR light was recorded. If present, an IR signal is being sent, but it is not known what information is being sent to the receiver. If the IR light was not recorded, verify the camera is not filtering it out. Some newer cameras have this filtering function. If the camera does not have this function and the IR signal is not seen, even after replacing the batteries, the remote is faulty. 

				3. Wired Remote Controller

					An indoor unit may be designed to work with a wired remote controller. If installing a wired remote controller, it must be designed by the manufacturer to work specifically with the indoor unit model. A wired remote controller usually comes with a separate 10’ or 25’ length of wiring with a molded connector preinstalled on both ends (See Figure 16-3). These molded plugs allow for quick installation of the wiring between the wired remote controller and the PCB or user display circuit board. Using this premade section of wiring reduces the likelihood of any signal loss between the wired remote controller and the PCB or user display circuit board. A signal loss may be caused by a bad wire connection that has high electrical resistance. The wiring is usually made of either four or five lengths of 18-22 gauge, stranded copper wires, with insulation covering each length of wire. The insulation for each wire is color coded. This group of wires is covered by a protective casing, has a specified length, and has a plug on both ends. These stranded wires 
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				Figure 16-3: Wired Remote Controller with Separate Length of Wire

				(Courtesy of Cooper&Hunter)
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				carry low voltage direct current communication signals. Most units communicate with +5V to –5V DC signals. However, some units may communicate with +12V to –12V DC signals, or other low voltages. Some wired remote controllers (typically on ducted air handler units) are designed to communicate with the indoor unit main PCB, using a set of two stranded wires. In this case, stranded 18 gauge wiring may be required for the connection of this wired remote controller.

					Make sure to follow the specific manufacturer and model’s troubleshooting literature, for the wired remote controller used. Settings and diagnostics may be available through the wired remote controller display or through another avenue. Trying to measure the low voltage DC communication with a multimeter may not help during diagnosis, because the technician may not know what the voltages are supposed to represent. Only do this if the manufacturer’s instructions provide directions for doing so. This is because measuring these voltages with a multimeter may disrupt or possibly cause damage to the circuit boards, which are communicating with these signals. 

					If a system has both a wireless remote and a wired remote controller connected, the wired remote controller may override the remote as the primary means for controlling the user settings. When only a wireless remote is used, it sends IR signals to the user display control to send user selected data. The wireless remote does not act as a thermostat, but only as a data transmitter. This data is electrically communicated to the user display circuit board, and subsequently, to the indoor unit main PCB. The indoor unit user display circuit board or main PCB, monitors the indoor air temperature, by running the indoor unit fan at its lowest speed. The T1 thermistor measures the temperature of the circulated air. This occurs even after the system has reached the target temperature for the room, during heating or air conditioning mode. This is done to compare the user set air temperature, to the actual room air temperature, in order to determine when the system should turn on the outdoor unit compressor.

					When a wired remote controller is connected, it may monitor this room air temperature itself, instead of at the indoor unit. Some systems may monitor temperature at both the indoor unit and at the wired remote controller. Some remote controllers even have an IR receiver, so a wireless remote can send user selected data to the wired remote controller. Each system design and wired remote controller, may differ. This is based on the manufacturer and model, so be aware of this when changing settings or troubleshooting a problem. 

					Install Tip: Any time a wired remote controller is installed, always make sure there is extra slack in the wiring. This slack should be behind the wired remote 

			

		

	
		
			
				291

			

		

		
			
				CHAPTER 16: User Controls

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				controller, in the wall, to make a drip loop with the wiring. This way, if there is a water leak present in the building, it will not run down the side of the wiring and directly into the wired remote controller. This drip loop allows any water to drip off the loop. Also, after connecting the wires, and before mounting the wired remote controller face to the base frame on the wall, cover the hole in the wall with a non-conductive filler, such as thumb-gum, silicone, or another material. This way the air temperature within the wall will not affect the wired remote controller’s air temperature sensor, which is measuring the room air temperature. If a hole is made in the top plate or bottom plate of the wall, to fish the wiring, be sure to seal this hole with fire-rated sealant, after the wiring is in place.

				4. Wireless Interface Adapter and Mobile Device Application

					Some indoor units are capable of being controlled via an app (application) on a mobile device (such as a phone or tablet), over the internet. In order to accomplish this, the manufacturer typically installs a USB slot on either the indoor unit user display circuit board or the indoor unit main PCB. The USB drive is the wireless interface adapter, which is typically sold separately and must be field installed by the technician (See Figure 16-4). Installing this is done by inserting the USB drive into the USB slot and following the manufacturer’s setup instructions. The user must download the manufacturer’s specific app in order to control the system from a mobile device, over the internet. 

				5. Settings

					A. User Settings

					Many settings are available on user control devices. These include operating modes and temperature selections, timer (programmed run time) modes, sleep mode, child lock protection, clock and time, fan speed, fan (louver) swing, dry mode, and others. Each of these options allows for the user to have an increased comfort level. For instance, if humidity is an issue, dry mode can be selected, if equipped. This allows the indoor fan to run at a lower than normal speed, while the indoor coil is low in temperature. In this mode, the indoor air is able to cross the coil slower, which increases the amount of humidity from the air, that condenses on the low temperature coil. After the humidity condenses on the coil, it drains down into the pan, and out of the unit. Humidity is removed during air conditioning mode, but dry mode is designed to further reduce the amount of humidity.

			

		

		
			
				Figure 16-4: Wireless USB Interface and User Display Board (Courtesy of Cooper&Hunter)
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					B. Fan Speeds

					Most remotes (wired and wireless) allow the user to set the indoor fan speed on three different air speeds, and sometimes on a turbo setting. These speeds are typically referred to as low, medium, high, and turbo. However, the inverter system may cause modulation of the indoor fan speed, even when one of these speeds is selected. For example, when low speed is selected, the unit may decide to function at a slightly lower speed, a slightly higher speed, or right on this low speed. This means, for the user selected speed of low, there may actually be three possible running speeds that are available to the system. This is the same for medium and high speed. If there are three separate running fan speeds for low, medium, and high, that means the fan is actually capable of running at nine different speeds. If turbo is included, then the fan can run at ten different fan speeds. An inverter mini split system may allow these various running speeds to increase the system’s electrical efficiency. If the user selected temperature is not being reached fast enough, the system will run the indoor fan (and other system components) at a slightly higher speed. 

					The user may accidentally limit the system’s ability to transfer heat, by setting the fan speed on low, when it actually needs to be on medium or high. The only thing the system can do when the fan speed is set to low, is to ramp the fan speed up slightly higher, but this speed will still be below the medium fan speed. Whenever possible, set the indoor fan speed on auto. This allows the system to decide the appropriate fan speed. The auto setting increases electrical efficiency and reduces compressor run time.

					C. Louvers

					The adjustment of vertical and horizontal louvers can allow the user to feel more comfortable, while being able to set the temperature higher during air conditioning mode, or lower during heating mode. This is due to the evaporation effect that takes place on the user’s skin. As air crosses the user’s skin, it removes moisture from the skin, which in turn, lowers the user’s body temperature. This makes the user feel colder. This is the body’s way of regulating temperature. 

					If during heating mode, the louvers are able to direct the air away from the area where the user is, the user will feel comfortable at a temperature that is lower than if the air was blowing across the user’s body. 

					If during air conditioning mode, louvers can direct the air toward the area where the user is, the user will feel comfortable at a temperature that is higher than if the air was not blowing across the user’s body. When louvers are directed properly, the user’s comfort level can be increased and electrical energy consumption can be reduced.
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				Chapter 17

				Delta-T

					Delta-T (ΔT) is the change in DB (dry bulb) air temperature, across a coil. To measure the indoor Delta-T, take one air temperature measurement in the return and one in the supply, as close as possible, to the indoor unit. Figure 17-1 shows an indoor Delta-T measurement of 24°F on a system operating in air conditioning mode, with an accurate refrigerant charge.

				Indoor Delta-T for AC Mode = Return Air Temp - Supply Air Temp 

				Indoor Delta-T for Heat Mode = Supply Air Temp - Return Air Temp

					Inverter mini split systems are known for having a higher average Delta-T than traditional single speed ducted systems. During air conditioning mode, an inverter mini split system may operate with an average Delta-T of 20-25°F, if it has an accurate charge and good airflow. If the outdoor temperature happens to be in the range of 70-80°F, the system may be capable of working so efficiently that the Delta-T could be as high as 30°F. A traditional, single speed ducted system with an accurate charge and good airflow may only be able to reach a Delta-T of 18-21°F. This is because a traditional system utilizes a factory set TXV metering device, which holds the superheat in the indoor coil, between 10-14°F. Most inverter mini splits have an EEV metering device, which may allow the system to operate with low superheat, such as 0-8°F. Because, on average, a mini split operates with less superheat, the coil is filled with more saturated refrigerant. This allows more heat to be absorbed by the refrigerant, and therefore, more heat is removed from inside the building. This allows the Delta-T to be higher than traditional systems. Also, the accumulator in a mini split allows the system to operate safely at 0°F of superheat, by only allowing vapor refrigerant to enter the compressor. 

					If a mini split is operating with a Delta-T of 18-25°F during air conditioning 

			

		

		
			
				Figure 17-1: Measuring Delta-T at the Indoor Unit
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				mode, the system may have enough refrigerant to operate. However, the system could be running at a low operating capacity, due to a low refrigerant charge. Remember that the user can control the indoor airflow speed, so if the user sets the airflow to high speed, but the set temperature is only 1° lower than the current room air temperature, the resulting total superheat may be high. This is due to the increased heat load applied at the indoor coil, because of the high fan speed. 

					If the user sets the system to a low temperature and the fan speed to auto or medium, the Delta-T should be fairly high, while the system is running in air conditioning mode. Remember to allow the system to run for ten minutes before measuring Delta-T. If Delta-T is significantly lower than 18-25°F during air conditioning mode, the system may be low on refrigerant, have a stuck or restricted metering device, a clogged strainer, a faulty thermistor, a fault on the main PCB, or another issue. Electrical components, their operation, and troubleshooting are examined in Unit 3 of this book. 

					Delta-T is a good indicator of whether the system is running at an optimum operating capacity, but it is not a method that can be used to check or adjust the refrigerant charge level. Also, note that the running Delta-T is dependent on the SEER (seasonal energy efficiency ratio) rating of the system. The higher the SEER rating, the more coil there is to transfer heat. Higher SEER equals higher energy transfer. Also, if the user sets the indoor airflow speed to a high amount, the Delta-T will be less. In this case, a lower Delta-T does not mean that there is less heat transfer occurring, but simply that the heat transfer is spread across a larger amount of air, which is crossing the coil. 

					During heating mode, if the user sets the system to a high temperature and the fan speed to auto or medium, the Delta-T may range from 20-50°F on a correctly charged system, dependent on the indoor and outdoor temperatures. The lower the outdoor ambient temperature is and/or the higher the indoor fan speed is, the lower the Delta-T will be. An average Delta-T may be 30-40°F, if the indoor fan speed is left on medium or auto, the user selected temperature is set high, and the outdoor ambient temperature is above 25°F. However, Delta-T is less useful during heating mode, unless the manufacturer supplies a target Delta-T chart. Remember, the amount of heat that an inverter mini split can absorb from outside and reject inside, reduces as the outdoor ambient temperature lowers. Delta-T may lower after the outdoor temperature falls below 25°F on an inverter heat pump, and 5°F on a hyper heat model. Delta-T is simply the result of changing operating conditions and system speed. Hyper heat and non-hyper heat pump systems are discussed in Chapter 19.
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				Delta-T during heating mode will depend on the following:

					• Whether the unit is a hyper heat or non-hyper heat pump 

					• Whether frost has gathered on the outdoor coil

					• Seer rating

					• Factory set system programming

					• Outdoor ambient temperature 

					• Indoor air temperature

					• Indoor fan speed selected
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				Chapter 18

				System Capacity and Sizes

					The rated capacity of a mini split, in heating and air conditioning, is expressed in BTU/HR (British Thermal Units per Hour). This is the amount of heat removal or heat addition the system can deliver in the building at optimal conditions. The actual amount of BTU/HR delivered by the system depends on both the indoor and outdoor air temperatures and the unit types. A unit’s rated capacity in BTU/HR may be found on its rating plate and/or model number nomenclature. 

					The size (heat removal or heat addition capacity) of a mini split system is also referred to as tonnage. A 24,000 BTU/HR heat pump may also be described as a 2 ton heat pump. The tonnage does not refer to the physical weight of the system but rather to the heat transfer capacity of the system. The basis for this is how many BTU/HR it takes to melt a 1 ton (2,000lb) block of ice, in order to complete the melting process during a 24 hour period. In a 24 hour period, it takes 288,000 BTUs to melt 2,000lb of 32°F ice into a 32°F puddle of water. If you divide 288,000 BTUs by 24 hours, the heat required is 12,000 BTU/HR. This heat input or heat removal capacity of 12,000 BTU/HR is referred to as a ton of capacity. For instance, a 36,000 BTU/HR air conditioner can be referred to as a 3 ton air conditioning system. A 48,000 BTU/HR heat pump can be referred to as a 4 ton heat pump. Technicians often refer to BTU/HR simply as “BTUs”, during conversation.

				1. Common Single Zone Mini Split Sizes

					A single zone outdoor unit must be matched with an indoor unit of the same size, model, and manufacturer. For instance, a 12,000 BTU/HR outdoor unit must be matched with, and connected to, a 12,000 BTU/HR indoor unit. Residential and light commercial, single zone, outdoor mini split units may be available in sizes ranging from 6,000 to 60,000 BTU/HR. There are many system sizes available, depending on the indoor unit type. Manufacturers may only stock certain sizes, out of the ones listed below. Some manufacturers produce system sizes unique to their manufacturing brand, instead of all the sizes listed below.

				Common outdoor unit sizes for residential to light commercial are as follows: 

				6,000 BTU/HR; 7,000 BTU/HR; 9,000 BTU/HR; 12,000 BTU/HR; 15,000 BTU/HR; 18,000 BTU/HR; 24,000 BTU/HR; 30,000 BTU/HR; 36,000 BTU/HR; 48,000 BTU/HR; and 60,000 BTU/HR.
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				2. Common Indoor Unit Sizes

					• Indoor wall mounted units are typically available in sizes ranging from 6,000 

					BTU/HR to 36,000 BTU/HR. 

					• Ceiling cassette units are typically available in sizes ranging from 9,000 

					BTU/HR to 48,000 BTU/HR. 

					• Slim duct units are typically available in sizes ranging from 9,000 BTU/HR 

					to 60,000 BTU/HR. 

					• Universal floor/ceiling units are typically available in sizes ranging from 

					12,000 BTU/HR to 60,000 BTU/HR.

					• Mini floor console units are typically available in sizes ranging from 9,000 

					BTU/HR to 24,000 BTU/HR

					• Ducted air handler units are typically available in sizes ranging from 18,000 

					BTU/HR to 60,000 BTU/HR

				3. Multi-Zone Indoor Unit Sizes

					Two or more indoor units can be connected to a multi-zone outdoor mini split unit. A multi-zone outdoor unit may be designed as a two zone, three zone, four zone, or five zone system. An outdoor unit designed with more zones, will have a higher BTU/HR rated capacity than one designed with less zones. The BTU/HR size of the outdoor unit is listed on its rating plate or within the model number nomenclature. A technician can easily determine the number of zones on a system by counting the number of flare adapter pairs on the outdoor unit. In the case of a four zone 48,000 BTU/HR capacity outdoor unit matched with four indoor units, each indoor unit can be 12,000 BTU/HR in size. 

				(4 x 12,000 = 48,000 BTU/HR)

				A four zone 48,000 BTU/HR capacity outdoor unit, could have one 18,000 BTU/HR, one 12,000 BTU/HR, and two 9,000 BTU/HR indoor units installed. 

				(18,000 + 12,000 + 9,000 + 9,000 = 48,000 BTU/HR)

					Not all indoor zones need to be connected to a multi-zone outdoor unit for the system to operate. Sometimes a system is installed with a plan of adding an 
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				addition to the building at a later date, which requires adding one or more zones to the system later. The BTU/HR capacities of all installed indoor units, added together, can be slightly lower or slightly higher than the rated capacity of the outdoor unit. In some cases, depending on the outdoor unit version, the installed indoor unit capacities added together, can be from 66% to 133% of the rated outdoor unit capacity. However, be sure to follow the manufacturer’s indoor unit sizing and capacity instructions, as they supersede any instructions in this book. Capacities differ on inverter hyper heat pump models compared to non-hyper heat pumps. Each manufacturer specifies the sizing requirements for their specific outdoor unit models and systems, so follow the manufacturer’s installation guidelines. 

					Multi-zone systems can function properly with all or most of the indoor zones installed. When all the zones are installed, these systems allow some indoor zones to run, as needed, even while the other zones are not running. An inverter system can run at a level below its rated capacity, which allows for efficient electrical operation, when only some of the installed zones are in use. If all the indoor zones need to be operating at the same time, the system can run at, or slightly above, its rated capacity, in order to meet the need. 

				4. Heat Load and Loss Calculations

					A heat load and loss calculation is used to determine the size of the HVAC system needed for the heat removal and heat addition for a building. The size of the HVAC system is expressed in BTU/HR of heat removal and heat addition. The calculation needs to be performed prior to a proposal being written up for the customer. This calculation, along with a layout drawing for the installation of the system, is needed for the submission of city permits. The mini split system size must be selected, based on a proper heat load and loss calculation. A heat load and loss calculation is done based on the building, the building’s location, and the desired temperature difference between the outside and inside air.

					Over time and with experience, a technician may gain a sense of roughly how many BTU/HR are needed to heat or cool a building, by measuring the square footage, measuring insulation levels, and taking a walk through the existing building to see the layout. However, this should never be used as the final decision making process for system sizing. A technician can get into trouble by using this walk and view method, to size a system. During the middle of winter or the heat of summer, the system may not be able to keep up with the heat load or heat loss of the building. The technician should always do what is best for the building owner and perform the proper heat load and loss calculations, before recommending a 
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				system size. Not only should the calculation determine the system size needed for the building, but also for each room, within the building. This determines the indoor unit sizes for each room when installing a multi-zone mini split heat pump as the heating and air conditioning system for the entire building.

					The heat load and loss calculation is done to guarantee system efficiency, make sure that the system can handle the heat load and loss of the building, allow comfort to the occupant(s) of each room, help the lifespan of the system, reduce humidity levels properly during the summer, as well as to show the customer that care and consideration were taken, during system sizing. As such, technicians should not take short cuts in guessing system sizes or replacing systems with new ones of the same size ratings. Often, older systems were oversized, and if this is the case, the building may not require a new unit of the same size. If the new system is undersized, the unit will never turn off, during a high load condition.

				5. Determining the Mini Split System Size

					Heat loss is the amount of heat lost hourly from the building during low outdoor temperatures. Heat gain is the amount of heat gained hourly in the building, due to people, appliances, and/or outdoor temperature. The heat load and loss is expressed in BTU/HR and is determined based on a required design temperature for inside and outside the building.

					For instance, if during the heat load and loss calculation, the technician finds that 35,000 BTU/HR of heat addition and 19,000 BTU/HR of heat removal capacity are needed, the technician must select a system that meets or slightly exceeds those capacities. In this case, because an inverter mini split heat pump provides both heat and air conditioning, the system size that is selected must be based on the heating output. This is because the heat addition required for the building is higher than the heat removal required. An inverter system can still operate correctly during air conditioning mode because the system can ramp down and operate at a lower capacity, as needed. If the system was only a single speed unit, it would be too oversized for during air conditioning mode. A single speed system would turn on and off too frequently and would not run long enough to remove humidity well. 

					To determine the highest BTU/HR output an inverter mini split heat pump system can produce, refer to the manufacturer’s performance data for the model and size unit selected. These outputs are listed while the system is running at various outdoor and indoor temperatures. Be sure to understand that these output amounts are calculated while a system is running at optimal, near-perfect conditions, and typically at maximum operating capacity. This differs 
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				from real-life installations, where the output will be lower, based on line set length, outdoor unit location, and many other factors. Performance table examples for a 12,000 BTU/HR single zone mini split heat pump, are found in Chapter 19, Sections 3 and 4.

					The equipment capacity selected must meet or slightly exceed the building’s heat load and loss calculations, unless energy conservation measures are done to the building. These measures can reduce the heat load and loss figures moving forward. Such measures include air sealing, higher insulation levels, insulation encapsulation, replacement of windows and doors with lower U-values, and other renovations.

				6. Data Required to Perform a Heat Load or Loss Calculation

					Computer programs can be used to calculate the heat load and loss of a building. Calculations may also be done with manual forms. On-site investigation and/or architectural drawings are needed to determine building location, orientation, and other factors.

					At a minimum, the following data is needed in order to formulate a heat load and loss calculation:

					• commercial or residential use

					• maximum occupancy

					• zip code

					• design temperatures

					• volume of the building

					• gross exterior walls

					• inside finishing and outside sheathing, insulation R-value

					• exterior door and window sizes and U-value, orientation, leakage, glass

					type and frame type

					• skylight U-value, orientation, glass type and frame type

					• floor dimensions, type of flooring insulation value underneath, and if there

					is any ventilation underneath

					• ceiling dimensions, ceiling type, rafter height, insulation value, ventilation 

					above, encapsulation, and if the ceiling is a cathedral

					• lighting specifications for heat offset

					• appliances for heat offset

					• tightness of the building

					• room sizes and percentage of the load or loss

					• location of the duct and insulation value of the duct (if installing a slim duct unit) 

					• mechanical ventilation, if used
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				Chapter 19

				Mini Split Heat Pump Types, 

				Heating Output, and Defrost

				1. Heat Pump in Heating Mode Explained

					In heating mode, heat pumps utilize the refrigeration cycle to absorb heat from the outdoor air and to reject this heat inside the building. It does this by circulating refrigerant, which absorbs heat from the outdoor air, then increases in pressure, rejects the heat to the indoor air, and then lowers in pressure, so it can start the cycle over. To rise the refrigerant pressure, a compressor is used. To lower the refrigerant pressure, a metering device is used. To transfer heat to and from the air, fans are used. At the outdoor coil, a heat pump is capable of lowering the refrigerant pressure so much that its saturated temperature is lower than the outdoor air temperature. Because the temperature of the outdoor air is higher than that of the refrigerant traveling through the outdoor coil, heat transfers from the air crossing the coil, into the refrigerant flowing through the coil. This is possible even when outdoor ambient temperatures are low. Even though an outdoor air temperature (such as 25°F) feels cold, there is still an excessive amount of heat available to be absorbed by the heat pump. The heat pump increases the pressure of the refrigerant before it travels to the indoor coil, inside the building. This is done to increase the refrigerant’s temperature to a higher temperature than the indoor air crossing the coil. This heat is rejected into the building to raise the indoor air temperature.

				2. Mini Split Inverter Heat Pump

					An inverter mini split heat pump performs much better than a single speed heat pump at absorbing and rejecting heat. This is because an inverter can adjust the amount of refrigerant flowing at any given point, by controlling both the compressor and EEV. The inverter also controls the amount of airflow crossing both the indoor and outdoor coils. Because it can control and modulate the flow of both the refrigerant and the air, and because it measures multiple temperature inputs across the system, an inverter can make electrically efficient decisions for operation, based on the circumstances. For instance, if the outdoor temperature is 57°F and the system must run in heating mode to provide heat within the building, an inverter system can run at 1/3 of its full capacity, if needed. When a significant 
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				amount of heat is present in the outdoor air, such as at 57°F, the system does not have to waste electricity operating at full capacity. If the outdoor temperature is lower, such as 0°F, the system can run in full capacity to meet the heating load. Depending on the manufacturer and model, inverter heat pumps may be capable of operating and providing heat, even when the outdoor air temperature is as low as -13°F.

				3. Mini Split Inverter Heat Pump: Output and Examples During Heating 

				 Mode

					Equipment is tested at the factory to produce performance data for both air conditioning and heating modes. Figure 19-1 shows a sample table of the performance data for a specific single zone, inverter mini split, during heating mode. This table is based on a 12,000 BTU/HR rated, 21.5 SEER, inverter heat pump unit, of a specific model. BTU/HR stands for British Thermal Units of energy per hour. SEER is seasonal energy efficiency ratio.
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				Figure 19-1: CH-12SPH-230VI Inverter Heat Pump 

				Performance Data Table, Heating Mode (Courtesy of Cooper&Hunter)

			

		

		
			
					In Figure 19-1, DB stands for dry bulb, which is a standard outdoor air temperature. TC stands for the total net capacity in 1,000 BTU/HR. Input is the amount of electrical power applied in kilowatts (kW). COP is the ratio of heat energy output in watts compared to electrical energy input in watts. The higher the COP, the more electrically efficient the system is. It is important to realize that tests for any performance data tables are typically done in near perfect conditions, which may not fully represent in-field installations. Also, these tests were done with the system running at near full operating capacity, for all outdoor conditions, even when the outdoor temperature was high, such as 57°F. In real operating scenarios, the system ramps down or up, as needed, to operate effectively. These tests were done to highlight the full potential output (TC) in BTU/HR, for each of the given outdoor conditions. The following examples are referencing the indoor condition of 70°F. 

				Example 1: At an indoor DB condition of 70°F, an outdoor DB condition of 53.6°F, 

					and at a power input of 1.09kW, the output is 13,500 BTU/HR. 

			

		

	
		
			
				303

			

		

		
			
				CHAPTER 19: Mini Split Heat Pump Types, Heating Output, and Defrost

			

		

		
			[image: ]
		

		
			
				Example 2: At an indoor DB condition of 70°F, an outdoor DB condition of 24.8°F, 

					and at a power input of 1.29kW, the output is 12,200 BTU/HR.

				Example 3: At an indoor DB condition of 70°F, an outdoor DB condition of 19.4°F, 

					and at a power input of 1.31kW, the output is 10,900 BTU/HR.

				Example 4: At an indoor DB condition of 70°F, an outdoor DB condition of 5°F, and 

					at a power input of 1.35kW, the output is 8,950 BTU/HR.

				Example 5: At an indoor DB condition of 70°F, an outdoor DB condition of -13°F, 

					and at a power input of 1.16kW, the output is 6,180 BTU/HR.

					In each of the previous examples, the indoor DB temperature is 70°F. The total net capacity during the outdoor condition of 53.6°F, shows that the system can produce 13,500 BTU/HR, which is a higher output than its 12,000 BTU/HR rating. Likewise, during the outdoor condition of 24.8°F, the total net capacity of 12,200 BTU/HR, is still greater than its 12,000 BTU/HR rating. During the outdoor condition of 19.4°F, the total net capacity of 10,900 BTU/HR, is lower than its 12,000 BTU/HR rating. During the outdoor condition of 5°F, the total net capacity of 8,950 BTU/HR, is lower than its 12,000 BTU/HR rating. During the outdoor condition of -13°F, the total net capacity of 6,180 BTU/HR, is lower than its 12,000 BTU/HR rating. 

					The previous examples show that as the outdoor ambient temperature falls, the BTU/HR output also falls. For this reason, it is important to consider the lowest outdoor ambient design temperature for the region, in which the system will be installed. This design temperature is used in the equations needed, to develop a heat load and heat loss calculation on the building. This calculation is required to determine the BTU/HR needed for heat and air conditioning. After determining the required BTU/HR needed for the building, a system size (BTU/HR) can be chosen. This system size must be determined while taking into consideration the BTU/HR output in heating mode, during the low outdoor ambient conditions. If a heat load and loss calculation is not performed and/or an undersized system is chosen for the building and installed, the system will not be able to output enough BTU/HR during low outdoor ambient temperatures. This causes the temperature inside the building to fall, instead of rising or remaining at a steady temperature.

					Remember that an inverter mini split system operates at more than one speed. The system can run at full capacity, during heating mode, when the outdoor temperature is low, and at 1/2 or 1/3 capacity when the outdoor temperature is higher. Because of this, system sizing requires taking many factors into account, 
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				Example 1. At an indoor DB condition of 71.6°F, an outdoor DB condition of 53.6°F, 

					and at a power input of 1.34kW, the output is 15,070 BTU/HR. 

				Example 2. At an indoor DB condition of 71.6°F, an outdoor DB condition of 17°F, 

					and at a power input of 1.85kW, the output is 13,080 BTU/HR. 
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				Figure 19-2: CH-HYP12SPH230VO Inverter Hyper Heat Pump 

				Performance Data Table, Heating Mode (Courtesy of Cooper&Hunter)

			

		

		
			
				to avoid selecting an oversized or undersized mini split system.

				4. Mini Split Inverter Hyper Heat Pump: Output and Examples During 

				 Heating Mode

					If the outdoor climate is predominantly low in temperature and the plan is to install a mini split, an inverter hyper heat pump may be the best choice. A hyper heat model is capable of producing more heat than a non-hyper heat model, of the same BTU/HR rating. 

					Figure 19-2 shows a sample table of performance data, during heating mode, based on a 12,000 BTU/HR rated, 22.5 SEER, inverter hyper heat pump unit. In this sample table, DB stands for dry bulb, which is a standard outdoor air temperature. TC stands for the total net capacity in 1,000 BTU/HR. Input is the amount of electrical power applied in kilowatts (kW). It is important to realize that tests for any performance data tables are typically done in near perfect conditions, which may not fully represent in-field installations. Also, these tests were done with the system running at near full operating capacity, for all outdoor conditions, even when the outdoor temperature is high, such as 53.6°F. In real operating scenarios, the system ramps down or up, as needed, to operate effectively. These tests were done to highlight the full potential output (TC) in BTU/HR, for each of the given outdoor conditions. The following examples are referencing the indoor condition of 71.6°F. 
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				Example 3. At an indoor DB condition of 71.6°F, an outdoor DB condition of 5°F, 

					and at a power input of 1.87kW, the output is 12,000 BTU/HR. 

				Example 4. At an indoor DB condition of 71.6°F, an outdoor DB condition of -13°F, 

					and at a power input of 1.91kW, the output is 8,880 BTU/HR. 

				Example 5. At an indoor DB condition of 71.6°F, an outdoor DB condition of -22°F, 

					and at a power input of 1.92kW, the output is 5,220 BTU/HR. 

					In each of the previous examples, the indoor DB temperature is 71.6°F. The total net capacity during the outdoor condition of 53.6°F, shows that the system can produce 15,070 BTU/HR, which is a higher output than its 12,000 BTU/HR rating. Likewise, during the outdoor condition of 17°F, the total net capacity of 13,080 BTU/HR, is still greater than its 12,000 BTU/HR rating. During the outdoor condition of 5°F, the total net capacity of 12,000 BTU/HR matches its 12,000 BTU/HR rating. During the outdoor condition of -13°F, the total net capacity of 8,880 BTU/HR, is lower than its 12,000 BTU/HR rating. During the outdoor condition of -22°F, the total net capacity of 5,220 BTU/HR, is lower than its 12,000 BTU/HR rating. 

					As the outdoor temperature condition lowers, the COP lowers. COP is the ratio of heat energy output in watts compared to electrical energy input in watts. The higher the COP, the more electrically efficient the system is. For instance, an electrical strip heater may be 100% efficient at changing electrical energy to heat energy, so the COP is 1. However, a heat pump may be 300% as efficient in using electrical energy to produce heat energy. This can be seen in the inverter hyper heat pump table Figure 19-2, between the outdoor conditions of 44.6°F and 53.6°F. At an indoor temperature condition of 71.6°F and an outdoor temperature condition of 53.6°F, the COP is 3.3. Remember that a heat pump is using electrical energy to extract heat from the outdoor air, to supply it inside the building, whereas an electric strip heater is directly converting electrical energy to heat energy. 

					The table in Figure 19-2, shows that during an indoor condition of 71.6°F and an outdoor condition of -13°F, the COP is still above 1, at 1.36 COP. However, after the outdoor condition lowers to -22°F, the COP is below 1, at 0.8 COP. It is still worth running the inverter hyper heat pump during these low outdoor temperatures, because the temperature fluctuates throughout the day. For instance, the outdoor temperature could be 17°F during the daytime and -20°F during nighttime. In this case, the COP during the daytime at 2.07 will outweigh the COP of 0.8 during the nighttime. The main concern is the system’s ability to produce heat during these low outdoor temperatures, which it remains capable of doing. 
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				5. Why Inverter Hyper Heat Models Produce More Heat than Non-Hyper 

				 Heat Models 

					Using the tables in Figure 19-1 and 19-2, it is clear that a hyper heat model is capable of producing more heat than a non-hyper heat model of the same rated capacity. This is because a hyper heat unit has an oversized compressor, which is capable of helping the system absorb and reject more heat. A hyper heat pump model may have a 15,000 BTU/HR rated compressor in the unit, but the unit is only rated as 12,000 BTU/HR. In fact, many hyper heat pump models are simply an oversized unit that is derated (limited) by the factory programming, for during normal operation. During heating mode, after the outdoor condition lowers below roughly 32°F, the programming of the outdoor and indoor unit PCBs allows the system to run at full capacity (as needed). The ability to do this may allow 20% more heat to be produced when heat is needed the most, during low outdoor ambient conditions, when compared to a non-hyper heat pump unit of the same ratings. Also, a hyper heat pump is capable of running at lower outdoor DB temperatures than a non-hyper heat unit. A non-hyper heat pump unit may be programmed to stop running before reaching the low outdoor DB temperature that a hyper heat unit may be capable of operating at.

					The drawback to having a hyper heat model installed, is that during operating conditions when the temperature is average, the COP will not be as high as on a non-hyper heat model. Electrical operation will not be as electrically efficient during average outdoor operating conditions (such as 40°F), because system components are larger and require more electrical energy to operate. Additionally, a hyper heat system cannot ramp down to as low of an operating capacity, as a non-hyper heat system of the same rating. For instance, a 12,000 BTU/HR rated hyper heat system may actually be a 15,000 BTU/HR system. If the system tries to ramp down to 33%, the hyper heat system may only lower to 4,950 BTU/HR. On the other hand, a non-hyper heat pump system rated at 12,000 BTU/HR, actually is a 12,000 BTU/HR system. If this system tries to ramp down to 33%, the system may lower to 3,960 BTU/HR. If only 3,500 BTU/HR is needed for the building, the non-hyper heat pump system has a higher COP and produces this heat at a slightly lower energy cost.

					For the sake of electrical efficiency, hyper heat units should only be installed for the purpose of heating in low outdoor ambient climates. If the average outdoor temperature stays above 32°F, a non-hyper heat pump model may suffice. Sizing must be done according to the performance data and comparing this to a properly performed heat load and loss calculation for the building and its climate. 
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				Note: The existence or addition of a base pan heater, does not differentiate a hyper heat or non-hyper heat system. This is simply an accessory that is either factory installed or field installed. For more information on the operation and purpose of base pan heaters, see Chapter 14, Section 6.

				6. Defrost

					A. Understanding Defrost

					During heating mode, the EEV metering device lowers the pressure and temperature of the refrigerant entering the outdoor coil. In order for the refrigerant to absorb heat from the outdoor air, the refrigerant traveling through the outdoor coil must be lower in temperature than the outdoor air. This means that if the outdoor temperature is lower than 45°F, the refrigerant and coil temperature are below 32°F. At this coil temperature and below, any humidity in the outdoor air crossing the coil fins may freeze onto the coil. The frost/ice covering the fins of the coil is the biggest problem facing a heat pump that is absorbing heat from the outdoor air. Frost acts as an insulator between the outdoor air and the refrigerant coil. As the outdoor coil becomes more covered in frost, the heat transfer reduces. 

					Defrost mode is a means by which the system can temporarily melt frost from the outdoor coil. Systems usually initiate defrost mode based on the outdoor coil temperature and cumulative run time of the compressor, during heating mode. In order to perform defrost, the outdoor and indoor fans stop running and the reversing valve switches the direction of the refrigerant flow. This is done to circulate low pressure refrigerant to the indoor unit coil, to absorb heat from the indoor air. 

					Ducted indoor units may need to run the indoor fan to help the refrigerant absorb heat, but the outdoor fan remains off during defrost mode. Because most indoor mini split units are installed in an open room and do not have ducting, the indoor unit fan does not need to run in order for the refrigerant flowing through the indoor coil to absorb heat. The heat absorbed at the indoor coil is transported via the refrigerant, to the outdoor unit compressor. The compressor increases the refrigerant pressure and temperature and transports it to the outdoor coil. At the outdoor coil, the high temperature refrigerant flows through the outdoor coil and melts the frost on the outside of the coil. 

					It is important that defrost operates until the frost has melted and the coil is dry. Otherwise, the melted frost will just refreeze onto the coil when the unit switches back to heating mode. On inverter mini splits, the base pan heater operates during defrost mode to ensure that any water accumulated in the pan melts and drains 
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				away from the unit, instead of freezing and rising to the height of the coils and fan blade. The base pan heater also operates right after the system turns off in heating mode. 

					B. Defrost Initiation and Termination

					The effective control of defrost mode in inverter mini splits differ from that of most traditional single speed systems. This is because inverter mini splits have significantly more control over defrost than traditional single speed systems. To initiate defrost mode in most traditional systems, there is typically one condition that must be met. The condition is usually a combination of time and a specific outdoor coil temperature. The coil temperature is a fixed number because the sensor mounted on the outdoor coil acts as a switch. The termination of defrost on traditional systems is typically based on the outdoor coil temperature and/or time. Some traditional systems have more advanced defrost modes, but the majority function in this way. Traditional single speed heat pumps usually have less parameters to initiate and terminate defrost than inverter mini split systems. 

					In inverter mini split systems, multiple combinations of parameters are used to initiate and terminate defrost. This makes the system incredibly effective at removing frost, while only allowing defrost to occur when necessary. Using multiple combinations of parameters for defrost also allows the system to perform defrost less often. The need for defrost lessens as the outdoor temperature lowers. This is because the amount of water vapor that the outdoor air can hold lessens as the temperature of the air lowers. For instance, air may hold 5 times less water vapor when at -4°F, compared to when the air is at 32°F. This means at -4°F, there may be five times less water vapor crossing the outdoor coil, if the volume of air crossing the coil remains the same. Factors may affect the amount of humidity in the air, but the maximum amount of water vapor that the air can hold is still less at lower temperatures. 

					On an inverter mini split, defrost is not initiated by the user. Also, to maximize overall system efficiency and BTU/HR output, the conditions for initiation cannot be set or adjusted by a technician. Instead, the outdoor unit main PCB is factory set with specific conditions that must be met. 

					For defrost to occur, the unit must first be running in heating mode. To initiate defrost mode, the unit monitors the outdoor coil temperature at the T3 sensor along with the cumulative run time of the compressor. There may be four to six combinations of time and T3 temperature conditions that are used to gauge when defrost must initiate. In some cases, the T4 outdoor ambient air temperature sensor may also be included in these conditions. 
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					To know when to terminate defrost mode, the system monitors three possible conditions:

					• A specific temperature measured by the T3 outdoor coil sensor

					• A specific duration of time in which the T3 outdoor coil sensor remains 

					above a specified temperature

					• Duration of defrost run time (typically 10 minutes)

					The first condition to be met terminates defrost. Typically, the max duration of defrost run time is not reached before one of the other two conditions are met.On an inverter mini split, the conditions for defrost initiation and termination are factory programmed in the outdoor unit main PCB's EEPROM. Not only are there multiple combinations of conditions to both initiate and terminate defrost, but the values within these combinations also change based on initial temperature sensor measurements, taken when the system first turns on in heating mode. 

					To learn more about the specific defrost conditions, refer to the equipment manufacturer’s defrost condition guides, as each manufacturer and model may have different conditions that are factory programmed. Typically, on smaller inverter mini split systems, there is no manufacturer supplied method to test defrost. If a defrost problem is occurring, the first step is to test the calibration of the temperature sensors, as discussed in Chapter 14, Section 3. If a defrost problem is occurring, it may be due to a bad thermistor, a low refrigerant charge or a faulty outdoor unit main PCB. Manufacturer’s instructions supersede any instructions in this book. 
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				Chapter 20

				Error Codes and Common Problems

				1. Error codes 

					If an error occurs on a mini split system, an error code may be displayed at the indoor unit display/LED lights and/or the outdoor unit PCB display/LED lights. Some outdoor unit PCBs may not have a display or any indicator lights.

					Indoor unit error codes may be displayed at the indoor unit display panel or wired remote controller as a combination of a letter and number, letters (See Figure 20-1), numbers, or as a flashing LED. For a flashing LED, a certain amount of blinks indicate a specific error. The error code or amount of blinks correlate to a specific error meaning which can be looked up in the manufacturer’s service literature or online. 

					Outdoor unit error codes may be displayed on the outdoor unit main PCB. The error code may be displayed as letters, numbers, or as a combination of a letter and number, on the PCB display panel, if equipped (See Figure 20-2, Left Side). If the outdoor unit PCB only has LED status lights (See Figure 20-2, Right Side), the error code may be shown based on the number of flashes from one or 
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				Figure 20-2: Digital Display on Multi-Zone PCB (Left) LED Error Code Indicators 

				on a Multi-Zone PCB (Right) (Courtesy of Cooper&Hunter)

			

		

		
			
				Figure 20-1: Error Code Displayed on Wired Remote Controller

				(Courtesy of Cooper&Hunter)
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				more colored LED lights. The outdoor unit main PCB’s LED lights and/or display may also have status codes active for normal operation, defrost, and stand-by.

					The parameters for the error codes are programmed into the EEPROM chips in both the indoor and outdoor unit PCBs, by the manufacturer. Any input or communication measured by the PCBs, outside of the normal operating parameters, indicate a problem. The service technician can view the error codes and interpret their meaning, using the manufacturer’s literature. This is done to provide a direction for initial troubleshooting. 

					The following errors and corresponding possible problems are generic and should not be relied upon for all models during troubleshooting. Each manufacturer’s system design is different and specific. Therefore, only use manufacturer’s model specific troubleshooting guides and/or technical support, to diagnose a problem. Manufacturers’ literature and technical support supersede anything stated in this book.

				2. Common Errors and Problems

					Each numbered error is followed by possible common problems that may have caused the error. There may also be issues that are not listed. 

				Error 1: Indoor/outdoor unit communication error 

					• The communication wiring on the 1, 2, and 3 terminals may be wired 

					incorrectly. This means the colored wires in the 1, 2, and 3 terminals of the 

					outdoor unit do not match the indoor unit. 

					• One or more of the communication wires may be broken/open by an indoor 

					disconnect switch or an overflow condensate safety switch.

					• The communication wire connections may be corroded or loose.

					• The ground connection or ground to the panel may have a problem.

					For information related to these problems, see Chapter 12 (Sections 1 - 4B).

				Error 2: Overvoltage or undervoltage protection

					• The outdoor unit main PCB notices either an excessively high or excessively 

					low voltage at the power supply.

					• A power supply problem may exist.

					• The ground circuit to the building may be faulty.
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					• The outdoor unit PCB may be bad.

					For information related to these problems, see Chapter 12 (Sections 1 - 4B) 

					and Chapter 14 (Section 10).

				Error 3: Zero-crossing signal detection error

					• This indicates that the PCB is noticing a problem with the power supply. 

					• The wiring from the outdoor unit to the indoor unit may be corroded or loose.

					• There may be a power supply problem to the building.

					• The PCB may be bad. 

					• There may be electrical interference nearby.

					For information related to these problems, see Chapter 12 (Sections 1 - 4B) 

					and Chapter 14 (Section 10). 

				Error 4: Indoor fan speed malfunction, speed has been out of control

					• The indoor fan motor wiring may be loose or wired incorrectly.

					• If the fan motor is not a 3-wire BLDC, the motor driver board or speed 

					sensing board, sealed within the motor shell may be bad. In this case, the 

					whole motor is bad.

					• The fan motor windings may be bad.

					• The fan motor may be mechanically seized or the fan wheel may be stuck.

					• In the case of a 5-wire BLDC fan motor or a 6-wire AC fan motor, the PCB 

					may be bad. In the case of a 6-wire AC fan motor, the capacitor on the 

					indoor unit PCB may be bad.

					• In the case of the 3-wire BLDC fan motor, the IPM or the PCB may be bad.

					For information related to these problems, see Chapter 12 (Section 4-7) and 

					Chapter 15.

				Error 5: Outdoor fan speed malfunction, speed has been out of control

					• The outdoor fan motor wiring may be loose or wired incorrectly.

					• If the fan motor is not a 3-wire BLDC, the motor driver board, sealed within 

					the motor shell may be bad. In this case, the whole motor is bad.

					• The fan motor windings may be bad.

					• The fan motor may be mechanically seized, or the fan blade may be stuck.

					• In the case of a 5-wire BLDC fan motor, the outdoor unit PCB may be bad.
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					• In the case of the 3-wire BLDC fan motor, the IPM or the PCB may be bad.

					For information related to these problems, see Chapter 12 (Section 4-7) and 

					Chapter 15.

				Error 6: Indoor room temperature sensor T1: open circuit or short circuit

					• The sensor or sensor wiring may be broken and the circuit is open.

					• The sensor or sensor wiring may be shorted and there is no electrical 

					resistance within the circuit.

					• The sensor wiring plug may be corroded, loose, or disconnected from the 

					outdoor unit PCB.

					• The indoor unit PCB may be faulty.

					For information related to these problems, see Chapter 14 (Section 3).

					

				Error 7: Indoor coil temperature sensor T2: open circuit or short circuit

					• The sensor or sensor wiring may be broken and the circuit is open.

					• The sensor or sensor wiring may be shorted and there is no electrical 

					resistance within the circuit.

					• The sensor wiring plug may be corroded, loose, or disconnected from the 

					outdoor unit PCB.

					• The indoor unit PCB may be faulty

					For information related to these problems, see Chapter 14 (Section 3).

				Error 8: Outdoor coil temperature sensor T3: open circuit or short circuit

					• The sensor or sensor wiring may be broken and the circuit is open.

					• The sensor or sensor wiring may be shorted and there is no electrical 

					resistance within the circuit.

					• The sensor wiring plug may be corroded, loose, or disconnected from the 

					outdoor unit PCB.

					• The outdoor unit PCB may be faulty.

					For information related to these problems, see Chapter 14 (Section 3).

				Error 9: Outdoor ambient temperature sensor T4: open circuit or short circuit

					• The sensor or sensor wiring may be broken and the circuit is open.
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					• The sensor or sensor wiring may be shorted and there is no electrical 

					resistance within the circuit.

					• The sensor wiring plug may be corroded, loose, or disconnected from the 

					outdoor unit PCB.

					• The outdoor unit PCB may be faulty.

					For information related to these problems, see Chapter 14 (Section 3).

				Error 10: Compressor discharge temperature sensor TP: open circuit or short circuit

					• The sensor or sensor wiring may be broken and the circuit is open.

					• The sensor or sensor wiring may be shorted and there is no electrical 

					resistance within the circuit.

					• The sensor wiring plug may be corroded, loose, or disconnected from the 

					outdoor unit PCB.

					• The outdoor unit PCB may be faulty.

					For information related to these problems, see Chapter 14 (Section 3).

				Error 11: Outdoor ambient temperature is too low

					• The outdoor ambient temperature sensor T4 is measuring an outdoor

					temperature that is too low for the system to run properly.

					• The outdoor ambient temperature sensor T4 may be out of calibration.

					For information related to these problems, see Chapter 14 (Section 3).

				Error 12: Refrigerant leakage detection

					• This occurs when the T2 temperature sensor measures an indoor coil 

					temperature that is too low. 

					• There is a low refrigerant charge due to a leak.

					• There is a low indoor fan speed or restricted airflow such as a clogged air filter.

					• The EEV or strainer screen is restricted.

					• The T2 temperature sensor may be out of calibration. 

					For information related to these problems, see Chapter 6 (Section 3), Chapter 

					8 (Sections 9 and 10) and Chapter 14 (Section 3).

				Error 13: Indoor unit EEPROM parameter error

					• Communication wiring may be mis-wired or have a connection issue.
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					• The indoor unit PCB EEPROM may have failed.

					• The outdoor unit PCB EEPROM may have failed.

					For information related to these problems, see Chapter 12, and Chapter 14 

					(Section 10).

				Error 14: Outdoor unit EEPROM parameter error

					• Communication wiring may be mis-wired or have a connection issue.

					• The outdoor unit PCB EEPROM may have failed.

					• The indoor unit PCB EEPROM may have failed.

				 

					For information related to these problems, see Chapter 12 and Chapter 14 

					(Section 10).

				Error 15: Overload current protection 

					• The compressor is drawing too much electrical current, the compressor 

					discharge temperature is too high, or the compressor’s discharge pressure 

					is too high.

					• TP temperature sensor is out of calibration or is faulty.

					• The high-pressure switch is faulty.

					• The outdoor coil is blocked with dust.

					• The outdoor fan speed is incorrect.

					• The system is overcharged with refrigerant.

					• There could be a power supply problem.

					• The IPM may be bad.

					• The outdoor unit PCB may be bad.

					For information related to these problems, see Chapter 12, Chapter 14 

					(Sections 2, 3, 4, and 10), and Chapter 15.

				Error 16: High temperature protection of IPM or compressor top

					• The TP temperature sensor is measuring an abnormally high temperature. 

					• The TP temperature sensor is out of calibration or is faulty.

					• The built-in temperature sensor on the IPM is measuring an abnormally 

					high temperature. 

					• The outdoor coil is blocked with dust.

					• The outdoor fan speed is incorrect.

					• The system is overcharged with refrigerant.
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					• There could be a power supply problem.

					• The IPM may be bad.

					• The outdoor unit PCB may be bad.

					For information related to these problems, see Chapter 12, Chapter 14 

					(Sections 3, 4, and 10), and Chapter 15.

				Error 17: IPM malfunction or IGBT overcurrent protection

					• This indicates an abnormal voltage signal problem measured on the IPM.

					• There could be a power supply problem.

					• The IPM may be bad.

					• The compressor motor windings may be worn.

					• The fan motor windings may be worn.

					• The PCB may be bad.

					For information related to these problems, see Chapter 12, Chapter 14 

					(Section 4 and 10), and Chapter 15.

				Error 18: Inverter compressor drive error

					• An abnormal speed, voltage, or communication error is occurring as it relates 

					to the compressor control. 

					• This could be a power supply problem.

					• The IPM may be faulty.

					• The outdoor unit PCB may be faulty.

					• The compressor motor windings may be worn.

					For information related to these problems, see Chapter 12 and Chapter 14 

					(Sections 4 and 10).

				Error 19: Low pressure protection

					• The low pressure switch is open.

					• The system may be low on refrigerant due to a leak.

					• The low pressure switch may be faulty.

					• The outdoor unit PCB may be bad.

					For information related to these problems, see Chapter 6 (Section 3), Chapter 

					8, and Chapter 14 (Sections 2 and 10).
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				Error 20: Water Level Alert

					• The internal condensate pump may have failed or is mechanically stuck.

					• The condensate line or termination may be blocked or clogged.

					• The water level sensor may be faulty.

					• The indoor unit PCB may be faulty.

					Some indoor units, such as a ceiling cassette unit or slim duct unit, may come 

					factory installed with an internal condensate pump. If the unit has a factory

					installed condensate pump, the unit usually comes with a factory installed 

					condensate safety switch. This switch stops the unit’s operation if the water 

					level in the primary condensate pan rises too high, signaling a problem. 

					Inspect any condensate traps or tubing, which are external to the unit, for

					clogs, which need to be cleaned out. After turning the power off to the unit, 

					visually inspect the primary pan within the unit for a high water level. Also, 

					inspect the condensate switch assembly, to see if it is tripped or has failed.

				Error 21: Indoor units mode conflict (multi-zone ONLY)

					• One indoor zone is calling for heating to operate while another zone is 

					calling for air conditioning to operate.

					• There may be a problem with the outdoor unit PCB.

					• There may be a problem with one indoor unit PCB.

					This error could occur if some units are user set to run in heating mode and 

					some are set to run in air conditioning mode. In some cases of an inverter 

					system, the unit will run in the mode first selected, until the temperature set 

					by the user is met. Then the system will run in the other mode, until that user 

					set temperature is met. However, on some systems, it may not run in either 

					mode and display an error code. In this case, set all indoor unit modes (heat 

					or air conditioning) as the same and see if the error code goes away. If the 

					error code continues, turn the power off for ten minutes and then turn the 

					power back on, to see if the error is still present. Remember, a mini-VRF 

					system with a branch box may be capable of running indoor units in separate 

					modes but an inverter system without a branch box is incapable of running 

					indoor units in separate modes. See Chapter 1 (Section 5) for information on 

					multi-zone systems.

			

		

	
		
			
				318

			

		

		
			
				CHAPTER 20: Error Codes and Common Problems

			

		

		
			[image: ]
		

		
			
				3. Most Frequent Causes of Mini Split Failure

					A. Refrigerant Leak

					The most common problem found on mini split systems is a refrigerant leak. This results in poor system performance and long run times. Error codes may or may not be displayed and eventual damage to the compressor may occur, due to a lack of oil return. This problem usually occurs due to poor installation of line set connections, during the initial installation. However, corrosion, defects, and leaking components may also be to blame. 

				The following are common causes for refrigerant leaks, related to initial installation:

					• Improper flaring techniques

					• Improper torque value when tightening flare connections (overtightening, 

					under tightening)

					• Pressure testing was not performed to check for leaks, during initial 

					installation

					• The tubing has corroded due to a dissimilar metal connection, failure to seal 

					the ends or openings of any insulation on the line set tubing, or as the result 

					of another issue 

					• The valve core is leaking and the cap is not tightened on the access port 

				To determine if there is a leak, find the leak, and determine the cause of the leak, review the following sections:

					• Refer to Chapter 5 for line set connection, flaring, insulation, ports, and 

					valve cores

					• Refer to Chapter 6 (Section 3) for leak testing

					• Refer to Chapter 8 (Sections 9 and 10) for determining if there is a leak

					B. PCB in the outdoor or indoor unit fails due to a power supply 

					problem

					A PCB may fail due to undervoltage, overvoltage, a spike in power, or an imbalance of power. This may be the result of lightning strikes, power grid switching issues, power pole and transformer issues, corrosion, loose power supply connections, and/or improper installation. To reduce the likelihood that any of the previous problems affect the PCB, make sure to install the system to a correctly 
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				sized and grounded power supply. Also, make sure to either add a surge protector or a voltage monitor with built-in surge protection. 

				The following are avoidable common causes for PCB failure, related to the initial 

				installation of a mini split to the power supply:

					• Failure to install a surge protector or a voltage monitor with surge protection

					• Powering a mini split from an improperly sized power supply conductor 

					• Powering a mini split from a conductor protected by an incorrect breaker/

					fuse size

					• Powering a mini split from an improperly grounded circuit

					• Installing a 110-130V unit to a 208-230V power supply

					• Installing a 208-230V unit to a 110-130V power supply

					• Improperly tightened power supply connections in the electrical disconnect 

					or in the unit

				To determine the cause, troubleshoot, and/or to protect the system in the future, review the following sections:

					• Refer to Chapter 12 for power wiring, surge protection, PCB Introduction 

					and components connected to the PCB

					• Refer to Chapter 14 (Section 10) for circuit board testing

					C. Thermistor opens, shorts, or is out of calibration

					A thermistor may degrade, due to its lifespan, exposure to the elements, changing temperatures, and/or vibration. The connected wiring may also become damaged due to stretching, vibration, cuts, and heat. Calibration may be affected by any degradation of the thermistor or change in resistance across the connected wiring. The factors that affect the thermistors may not be preventable. If the thermistor is out of calibration, the system may operate with poor performance, but an error code may not be displayed. An error code related to a thermistor is often displayed only if the thermistor is fully open or shorted, with little to no electrical resistance.

				To test for a failed thermistor or check the calibration, review the following sections:

					• Refer to Chapter 14 (Section 3) for thermistor types, locations, and testing
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					D. IPM in the outdoor unit fails due to overheating 

					This is usually due to the outdoor coil clogging with dust, especially at the upper corner where the aluminum heat sink of the IPM is installed. Air crossing through the coil and over the heat sink allows the IPM to lower in temperature. If there is a clog blocking airflow at this location of the outdoor coil, airflow across the heat sink will be limited. To prevent this, clean the outdoor coil thoroughly. Some manufacturers are switching over from an air source heat sink on the IPM, to a refrigerant heat exchanger, in order to limit the possibility of the board from overheating.

				To determine the cause, troubleshoot, and/or to protect the system in the future, review the following sections:

					• Refer to Chapter 10 for IPM types, location, and connected components

					• Refer to Chapter 14 (Section 10) for troubleshooting

					E. Refrigerant compressor failure, due to overcharging

					A compressor may fail for a variety of reasons, such as, acidic oil, lack of oil return, undercharging, overcharging, liquid refrigerant migration, and/or contaminants within the tubing. However, the most common cause of failure is due to improper charging methods, leading to compressor slugging. If a technician charges refrigerant into the system using a method other than weighing the appropriate amount of refrigerant, based on the factory charge and line set length, the system can easily become overcharged. Overcharging usually occurs when a 

				technician uses a charging method meant for single speed units, on an inverter unit. If there is too much refrigerant in the system, the accumulator can no longer protect the vapor compressor from liquid refrigerant entering. This slugs the compressor, which causes mechanical failure within the pumping assembly, which is usually followed by an electrical failure at the compressor motor location.

				To determine the cause, troubleshoot, and/or to protect the system in the future, review the following sections:

					• Refer to Chapter 8 for charging and checking the charge

					• Refer to Chapter 14 (Section 4) for electrical troubleshooting
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				4. A Common Troubleshooting Scenario, During AC Mode 

					During air conditioning mode, if the mini split system continues to run, but the indoor temperature does not seem to lower, the system may have one or more problems. In order to diagnose the problem(s), the following process can be used. Gather information from the building’s occupant. View the indoor and outdoor unit to determine if any error codes are being displayed. Also, make sure the indoor air filter and fan wheel are clean and the indoor and outdoor coils are clean. While the system is set to run in air conditioning mode, check and verify that the indoor and outdoor fans are running. Next, view the line set tubes and indoor unit(s) to check if they have frost or ice on them. If frost or ice is present, power off the unit(s) with the system’s user control (wireless remote, wired remote controller, or wireless interface adapter) to allow this to melt. 

					Utilize the user control to set the system to air conditioning mode and adjust the desired temperature to a low set temperature. Set the indoor fan to medium speed or to auto. (If there is a manual override button on the indoor unit for air conditioning mode, press this instead.) The first thing to measure on the system is Delta-T. This gives the technician an indication of how high the temperature is inside the building and if the system is lowering the temperature of the air enough at the indoor unit. Allow the system to run in air conditioning mode for ten minutes before measuring Delta-T. Refer to Chapter 17 for guidance on Delta-T.

					Next, measure total superheat at the outdoor unit's vapor port. While measuring this, note if the saturated temperature is below 32°F. If it is, the tubing will start to gather frost as the humidity in the air freezes to the tubing. The following three measurements may indicate that there is not enough refrigerant entering the indoor coil:

					• The saturated temperature is below 32°F.

					• The vapor line temperature is at or close to the same temperature as the 

					indoor air

					• If the total superheat is 30°F or higher

					This limited amount of refrigerant in the indoor coil is likely the result of one of the following problems. However, the problem may often be a low refrigerant charge. 

					• Rust has gathered between the head of the EEV and the stainless steel shell. This rust interferes with the magnetic field generated by the EEV head, which prevents proper movement of the permanent magnet and pin within the shell. Visually inspect the head for rust. Turn the system power off and clean, as necessary.
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					• The EEV head has a bad coil or broken wire. Testing can be done such as shown in Chapter 14, Section 7B.

					• The EEV may be internally jammed. After turning on the power to the unit, the system usually fully closes and re-opens the EEV. Listen to hear if the EEV makes a clicking sound when it is supposed to be fully closed and again when it is supposed to be fully open. If it internally clicks at these positions, it is likely not internally jammed.

					• One of the thermistors may be out of calibration. The indoor coil tubing thermistor may be telling the system that the coil is at a higher temperature than what it is actually at. The indoor room air thermistor may be telling the system that the indoor air temperature is lower than what it is actually at. To check the calibration of a thermistor, set the system to standby mode with the user control and turn the power off to the system. Disconnect the thermistor wire plug from the PCB to measure temperature and resistance values as shown in Chapter 14, Section 3B.

					• The strainer/muffler that is upstream or downstream of the EEV may be clogged with foreign debris. To determine if this is clogged, take a temperature measurement on both sides of the strainer/muffler. If the temperature change is more than 1-2°F and the temperature reading tool is calibrated, the strainer is likely clogged. 

					• The outdoor unit main PCB may not be allowing the EEV to open enough due to a fault, programming, or other temperature inputs. The manufacturer’s service literature and/or tech support may be required to determine if a PCB is controlling the system in a faulty manner. 

					• The system has a refrigerant leak and is low on refrigerant. Search for leaks.

					The most common problem that occurs is that the system is low on refrigerant. If the manufacturer tech support is called, the first question they may ask is if a refrigerant leak search has been performed and if the correct amount of refrigerant is known to be in the unit. Make sure to check the flare connection joints with an electronic leak detector and/or non-corrosive bubble leak detector. Make sure to always rule out the more common reasons for failure first before suspecting bigger issues like the outdoor unit main PCB being at fault. The main PCB cannot control the system accurately if the system's refrigerant charge is low, the temperature inputs are incorrect, or the EEV head is not able to adjust the opening size of the tubing pathway.
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