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E Q U I P M E N T
O V E R V I E W

Tiering Strategy for Residential 
M1 Endeavor Product

C O M P R E S S O R  T Y P E S  
&  H O W  T H E Y  W O R K

• Single Stage Scroll 
• Two Stage Scroll 

• Twin Rotary 

• Variable Speed Scroll 

T R O U B L E S H O O T I N G ,  
S E R V I C E  P R O C E D U R E S  &  

B E N E F I T S
• Application, Installation

& Service Best Practices
• Compressor 

Winding Checks 

• Diagnosing Seized Compressors

• Diagnosing Compressor Solenoid 

TRAINING OVERVIEW
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S I N G L E  S T A G E  S C R O L L
C o p e l a n d :  Z P * * K 7 E

L G :  A P H * * * K  |  A B H * * * K  

T W O  S T A G E  S C R O L L
C o p e l a n d :  Z P S * * K 7 E

L G :  A P M * * * K  |  A B M * * * K

T W I N  R O T A R Y
H i g h l y :  A U H * * * R N  /  

A U E * * * U N

V A R I A B L E  S P E E D  
S C R O L L

C o p e l a n d :  Z P V * * * K E

SECTION OUTLINE

Presenter Notes
Presentation Notes
Copeland Nomenclature: ZPS**K7E  | Z = Scroll | P = Refrigerant type (R_410a) | S = 2 stage | ** = Capacity | K = Capacity Multiplier | 7 = Model Variation | E = POE Oil  |LG Nomenclature: APH***K | ABH***K | APM***K | ABM***K | A = Refrigerant type(410a) | P/B = Compressor Size | H = Gen 3 – 1 stage & M = Gen 3 – 2tage | *** = Compressor capacity | K = Motor code (Fixed speed)Highly Nomenclature: AUH***RN / AUE***UN | A = Refrigerant type(410a) | U = Pump Structure | H = Motor Outside Diameter | *** = compressor displacement | R or U = R & U = Ultra Efficiency | N = Voltage (208-230) |Script:With current M Equipment today we utilize only scroll compressors most of which are Copeland. Considering the current supply chain challenges, It is Ruud’s desire to created a diverse component strategy to help mitigate some of these challenges. As you can see on the slide, we will be utilizing 4 different compressor types;  single stage scroll, two stage scroll, twin Rotary, and variable speed scroll compressors. Some of the compressor listed here are compressors we utilized in M product today. Some of the other compressors have undergone Rheem’s largest equipment field trail in the history of the Air Conditioning division. (**NOTE: Highly compressors are utilized by our water heater division**) Through out this section of the presentation our goal will be to familiarize you with the different compressor types and how they work. Additional notes: When our compressor vendors change to R454B / A2L Refrigerants the refrigerant type character will change in the nomenclature. See below.     LG = Y     Highly = M     Copeland = Y
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SINGLE STAGE SCROLLS 
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LG - APH***K | ABH***K Copeland - ZP**K7E

SINGLE STAGE SCROLLS

Presenter Notes
Presentation Notes
Script:The first type of compressor we are going to be talking about is the single stage scroll that our industry has been utilizing in unitary residential product for over a decade. The two compressors shown here are the ZP**K7E & APH***K / ABH***K. (**NOTE: the only difference in the APH***K & ABH***K is the diameter of the compressor. Compressors in larger tonnages will be larger in outside diameter.**) 



Motor Type: Induction Motor

Refrigerant Type: R410a

Oil Type: POE 

Power Supply:

Voltage - 208-230VAC +/- 10% (187-253VAC)

Phase - 1

Frequency - 60hz

COPELAND SINGLE STAGE SCROLLS – ZP**K7E

6COMPRESSORS |

Presenter Notes
Presentation Notes
The first compressor we will cover is the ZP**K7 Copeland compressor. In the picture you can see an example of the compressor if we were to remove the middle of the shell. Something that is not pictured here is the Motor windings and the stator, but you will see other examples of that through out the presentation. 



COPELAND SINGLE STAGE SCROLLS – ZP**K7E

Crank Shaft & Rotor 
The crank shaft sits inside the rotor, 
and both coupled together are the mechanisms 
that rotate to turn the scroll.

Suction Funnel
Mechanism that the forces 

refrigerant directly into 
the scroll set.

Oil Sump or Oil Pool 
This where the oil 

is accumulated 
in the compressor.

Scroll Set
Is the combination of the fixed and orbiting scroll 
which are the mechanisms inside the 
compressor that compress vapor.

Discharge Fitting and Check Valve
prevents back flow into the 
low side of the compressor 

during shutdown.

Stator (Not pictured)
Magnet that is energized by the 
motor windings in order to turn the 
main bearing.

7COMPRESSORS |

Presenter Notes
Presentation Notes
So, lets dive into some of the main components listed on the screen. Discharge Check Valve:A low mass, disk-type check valve in the discharge fitting of the compressor prevents the high side, high pressure discharge gas from flowing rapidly back through the compressor after shutdown.Suction Funnel:The ZPK7 compressor includes a suction funnel which is bolted onto the fixed scroll internally. The funnel can be seen by looking through the suction tube from the outside of the compressor. The suction funnel is designed to force refrigerant vapor directly into the scroll set for that low pressure vapor to be compressed.Oil Sump or Oil Pool:This is where the oil will accumulate with inside the compressor for the pump to carry that oil through out the moving pieces of the compressor in order to keep those components lubricated. Scroll Set:Is the combination of the fixed and orbiting scroll which are the mechanisms inside the compressor that compress vapor. The Scroll Set is something that we will dive deeper into in the next slide.Crank Shaft & Rotor:The rotor is the rotating part of the motor assembly that drives the rotation of the crankshaft.The Crankshaft is the metal shaft that sits inside the rotor that couples the motor to the scroll mechanism.Stator: The stator is not pictured here, but it is the fixed part of the motor that surrounds the rotor. It is a magnet which is energized by the electricity flowing through the windings of the motor. When the stator is energized it turns the rotor which turns the crank shaft and orbiting scroll.



COPELAND SINGLE STAGE SCROLLS – ZP**K7E – SCROLL SET 

Scroll Set
Made up of many different parts that’s 

root purpose is to compress vapor.

Compression 
Pocket

8COMPRESSORS |

Presenter Notes
Presentation Notes
Now let's take a deeper look into the scroll set and what its function is. When we think about compressors in unitary AC equipment, we know that the primary job of the compressor is to compress vapor refrigerant. The scroll set is the mechanism that creates that compression of vapor refrigerant. When the stator is energized the bottom/orbiting scroll will orbit inside the fixed scroll which creates multiple compression pockets through out the scroll set. The pockets will continue to build until the pressure is so high that it discharges through the top of the scroll and through the discharge line of the compressor. Just hold tight, and we will show you a short illustration of that process in a few slides.



COPELAND SINGLE STAGE SCROLLS – ZP**K7E – SCROLL SET CONT’D

Floating Seal 
provides a positive seal for the discharge of 

the scrolls and places pressure on the scrolls 
to keep them in compliance.

Oldham Coupling
converts the rotational motion of the crank 

shaft to the orbiting motion of the scroll.

Unloader Bushing
couples the crank shaft to the orbiting scroll. 

It works in conjunction with the Oldham 
Coupling to convert motions.

Fixed Scroll
The Top scroll is the scroll that stays 

stationary during the compression process.

Main Bearing Housing
supports upper end of crankshaft stator rotor 

assembly.

Orbiting Scroll
The bottom scroll is attached to the orbiting 

bearing and is the scroll that orbits inside the 
fixed scroll to compress the gas. 

9COMPRESSORS |

Presenter Notes
Presentation Notes
As we stated in the last slide the scroll set is the combination of the fixed and orbiting scroll. However, there are more component inside the scroll set than just the fixed and orbiting scroll. (**The descriptions are written on the slide above. The speaker can choice how in depth they want to go on each component.**)
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Copeland Single Stage Scrolls – ZP**K7E

10

Presenter Notes
Presentation Notes
https://youtu.be/A7AMLAqiHB4



COPELAND SINGLE STAGE SCROLLS – ZP**K7E

Overload Protection (OLP) 
Is designed to protect the 

motor windings from reaching 
excessive temperatures.

Thermal Disk (TOD)
Designed to route hot discharge 
back to the motor protector if the 

discharge gas gets excessively hot. 

Pressure Relief Valve (IPR)
Is designed to protect the compressor 

from excessive high pressure. Will open if 
pressure exceeds 550 – 625psig 

11COMPRESSORS |

Presenter Notes
Presentation Notes
Inside the Compressor there are also some protection devices. Let’s discuss some of these, but keep in mind we will go into depth on how to troubleshoot some of these during the troubleshooting section of this presentation.Motor Overload Protection (OLP):Conventional internal line break motor overload protection is provided. The overload protector opens the common connection of a single-phase motor. The overload protector (OLP) reacts to current and motor winding temperature. When both current and temperature rise rapidly the motor OLP will open in order to protect the compressor windings from getting too hot.Internal Pressure Relief (IPR) Valve:The internal pressure relief valve is located between the high and low side of the compressor. It is designed to open when the discharge-to-suction pressure differential exceeds 550 to 625 psig. When the valve opens, hot discharge gas is routed back into the area of the motor protector (OLP) to cause a trip.Thermal Disk AKA: Therm-O-Disc (TOD):The Therm-O-Disc™ or T-O-D is a temperature-sensitive snap disc device located between the high- and low-pressure side of the muffler plate. It is designed to open and route excessively hot discharge gas back to the motor protector when the internal discharge gas exceeds 225°F (was previously 275°).
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Refrigerant Type: R410a

Oil Type: POE 

Power Supply:

Voltage - 208-230VAC +/- 10% (187-253VAC)

Phase - 1

Frequency - 60hz
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LG SINGLE STAGE SCROLLS - APH***K | ABH***K 

Presenter Notes
Presentation Notes
Another single stage compressor we will be discussing is the LG APH***K | ABH***K Why LG?LG is a current supplier of scroll compressors to Rheem with a strong track record for quality, performance and delivery. Having additional sourcing options in our supply chain allows us to better navigate the challenges of lead time and component shortages.



LG SINGLE STAGE SCROLLS - APH***K | ABH***K 

Suction Guide
Purpose is to help guide suction 

vapor into the scroll set.  

Discharge Valve
Once the suction vapor has been 

compressed  to the highest possible 
pressure, it will exit this discharge valve. 

Orbiting Bearing 
Purpose is to turn the orbiting scroll. 
(convert rotation to orbiting motion.)

Crank Shaft
The crank shaft sits inside the 
stator and turns the top and 
bottom bearing.

Bottom Bearing 
Purpose is to support crank 

shaft to prevent damage.

Stator
Generate electromagnetic 
field that turns the rotor.

Discharge and Suction ports 
Where Vapor enters and exits the 

compressor. 

Oil Sump or Oil Pool 
This where the oil is 
accumulated in the compressor.

Top Bearing
Purpose is to support 

the crankshaft

13COMPRESSORS |

Presenter Notes
Presentation Notes
(**Speaker can decide how in depth they want to go on each part. **)(**The Speaker may want to note that the suction guide is NOT the same thing as a suction funnel.**)



SINGLE STAGE SCROLLS

Fixed / Top Scroll
The Top scroll is the scroll 
that stays stationary during 
the compression process.

Bottom / Orbiting Scroll 
The bottom scroll is attached to the 
orbiting bearing and is the scroll 
that orbits inside the fixed scroll to 
compress the gas. 

14COMPRESSORS |

Presenter Notes
Presentation Notes
(**Speaker can decide how in depth they want to go on each part. Most parts will have very similar purpose to the Copeland components**)



LG SINGLE STAGE SCROLLS 

Overload Protection (OLP) 
Is designed to protect the motor 
windings from reaching 
excessive temperatures.

Line

Run Capacitor Compressor

C
S

R

OLP

15COMPRESSORS |

Presenter Notes
Presentation Notes
(**Speaker can decide how in depth they want to go on each part. Most parts will have very similar purpose to the Copeland components**)Inside the LG there are also some protection devices. Let’s discuss some of these, but keep in mind we will go into depth on how to troubleshoot some of these during the troubleshooting section of this presentation.Motor Overload Protection (OLP):Conventional internal line break motor overload protection is provided. The overload protector opens the common connection of a single-phase motor. The overload protector (OLP) reacts to current and motor winding temperature. When both current and temperature rise rapidly the motor OLP will open in order to protect the compressor windings from getting too hot.



LG SINGLE STAGE SCROLLS 

Thermal Disk 
Designed to route hot 
discharge back to the motor 
protector if the discharge gas 
gets excessively hot. 

Pressure Relief Valve (IPR)
Is designed to protect the 
compressor from excessive high 
pressure. Will open if pressure 
exceeds 550 – 600psig 

16COMPRESSORS |

Presenter Notes
Presentation Notes
(**Speaker can decide how in depth they want to go on each part. Most parts will have very similar purpose to the Copeland components**)Internal Pressure Relief (IPR) Valve:The internal pressure relief valve is located between the high and low side of the compressor. It is designed to open when the discharge-to-suction pressure differential exceeds 550 to 625 psid (38-43 bar). When the valve opens, hot discharge gas is routed back into the area of the motor protector (OLP) to cause a trip.Thermal Disk AKA: Therm-O-Disc (TOD):The Therm-O-Disc™ or T-O-D is a temperature-sensitive snap disc device located between the high- and low-pressure side of the muffler plate. It is designed to open and route excessively hot discharge gas back to the motor protector when the internal discharge gas exceeds 275°F.



©
 2

02
2,

 R
he

em
M

an
uf

ac
tu

rin
g 

Co
m

pa
ny

 |
 C

O
N

FI
DE

N
TI

AL

17COMPRESSORS |

TWO STAGE SCROLLS 

LG - APM***K | ABM***KCopeland - ZPS**K7E 



TWO STAGE SCROLLS – COPELAND – ZPS**K7E

Motor Type: Induction Motor

Refrigerant Type: R410a

Oil Type: POE 

Solenoid: 24VDC Internal

Power Supply:

Voltage - 208-230VAC +/- 10% (187-
253VAC)

Phase - 1

Frequency - 60hz
18COMPRESSORS |



Scroll Set
Is the combination of the fixed 
and orbiting scroll which are the 
mechanisms inside the 
compressor that compress vapor.

Suction Funnel
Mechanism that the forces 
refrigerant directly into the 

scroll set.

COPELAND TWO STAGE SCROLLS - ZPS**K7E

Compressor Terminal 
Where the compressor harness 

connects to the compressor.

Discharge Fitting / Check Valve 
prevents back flow into the 
low side of the compressor

during shutdown.

Solenoid Terminals
The terminals that connects 
to the plug that receives 24VAC 
for a Y2 Call. The plug is 
mechanism used to convert the 
24VAC being sent to the solenoid 
plug connector to a 24VDC. 
To send to the solenoid.

19COMPRESSORS |

Presenter Notes
Presentation Notes
The 2nd compressor type we will be talking about is the 2 stage Copeland ZPS**K7 compressor. As you can see on the slide, most of the internal component stay the same as the single stage Copeland we discussed earlier. However, you will notice some extra parts and small differences in the scroll set. In the picture of the compressor cutaway, on the right-hand side, you can see what we are calling the Solenoid plug connector and Rectifier. Both components are related to the compressors 2 stage capability. The solenoid plug connector is what receives 24VAC from the indoor thermostat in order to engage 2nd stage cooling. A plug is normally supplied with the compressor and the wires are routed back to the control panel. The Y2 wire is typically located with the other spliced thermostat wires, and common is typically routed to the common circuit within the unit.
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Copeland Two Stage Scrolls - ZPS**K7E

Presenter Notes
Presentation Notes
Before we go to the next slide and talk about the scroll set, I would like to show a quick video that will give you a visual context when we go over the scroll set.https://youtu.be/QZ_wSNnVxuM



COPELAND TWO STAGE SCROLLS - ZPS**K7E

Bypass Ports 
Used to bypass low pressure 
gas in the scroll set for low 
stage operation.

3-way Solenoid Valve
Provides pressure to a lift 
ring assembly that is used to 
open and close the scroll 
modulation ports.

Lift Ring
Mechanism used to lift 
the modulating ring 
when pressurized.

Modulating Ring
Is the ring lifted by the lift 
ring that allows vapor to 

bypass the scroll.

Solenoid Terminals
Mechanism that connects 

to the plug that convert the 
24VAC being sent to the 

solenoid plug connector to 
a 24VDC.

21COMPRESSORS |

Presenter Notes
Presentation Notes
Now, that we have talked about the plug connector and Rectifier lets dive a little deeper into the scroll set operation and capacity control.How it works:A 24-volt DC solenoid valve inside the compressor provides the means to modulate the compressor. When the solenoid valve is energized the compressor is in full-load and when de-energized the compressor is in part-load. The ZPS*K7 is equipped with a 3-way solenoid valve that provides pressure to a lift ring assembly that is used to open and close the scroll modulation ports. A single-speed motor continues to run while the scroll modulates between the two capacity stages.Capacity Control:At any point in the compression process, there are several pockets within the scroll that are compressing gas. Modulation is achieved by venting a portion of the gas in the first suction pocket back to the low side of the compressor thereby reducing the effective displacement of the compressor. Full capacity is achieved by blocking these ports, thus increasing the displacement to 100%. When the solenoid is energized, the compressor is in full-load or 100% of its capacity. When the solenoid is de-energized the compressor is in part-load or approximately 67% of its full-load capacity. The loading and unloading of the two-stage scroll are done ‘on the fly’ without shutting off the motor between stages. See video for visual reference: https://youtu.be/QZ_wSNnVxuM



LG TWO STAGE SCROLLS - APM***K | ABM***K

Motor Type: Induction Motor

Refrigerant Type: R410a

Oil Type: POE 

Solenoid: 24VAC External

Power Supply:

Voltage - 208-230VAC +/- 10% (187-253VAC)

Phase - 1

Frequency - 60hz

22COMPRESSORS |

Presenter Notes
Presentation Notes
Now let’s talk about the LG 2 stage compressor. 



LG TWO STAGE SCROLLS - APM***K | ABM***K

Bypass Port Tubes 
Used to help move the “puck” 
inside the compressor for 2nd

stage operation.

Valve Solenoid 
Used to move spring loaded 

valve for 2nd stage operation. 

Thermal Disk 
Designed to route hot discharge 
back to the motor protector if the 
discharge gas gets excessively hot. 

Internal Pressure Relief Valve (IPR)
Is designed to protect the compressor 
from excessive high pressure. Will open 
if pressure exceeds 550 – 600psig. 

Discharge Valve
Where high pressure discharge 

gas exits the scroll set. 

Scroll Puck 
Used to control vapor for 1st

and 2nd stage operation. 

23COMPRESSORS |

Presenter Notes
Presentation Notes
Solenoid Valve:The first thing I would like to point out is the external solenoid valve on this compressor. Unlike what you have seen in the past with the Copeland,  the solenoid and the 3-way valve are mounted on the outside of the compressor. (It does have a cover that goes over the assembly) This solenoid is a 24VAC solenoid and there is no rectifier for DC voltage. If the solenoid fails, you can replace the solenoid without replacing the compressor. However, if the valve were to fail then a compressor would have to be replaced.There are also 2 wires connected to the solenoid valves. One is 24VAC power and the other one is 24VAC common. Both wires are routed back to the control panel. How it works:When the valve is de-energized the compressor is in first stage / Partial capacity, and when the valve is energized then the compressor is in 2nd stage / full capacity. 1st stage = 67% capacity and 2nd stage = 100% capacity. 1 stage:When the solenoid is de-energized pressure form the 3-way valve is used to open the scroll puck on the compressor which allows a vapor to recirculate through the bypass ports to the low side of the compressor. This process allows the compressor to run at a reduced capacity.  2nd Stage:When the solenoid is energized pressure from the 3-way valve is used to close the scroll puck on the compressor which does not allow vapor to be discharged back to the low side through the bypass ports. This process forces all the vapor to be compressed through the scroll set which results in full capacity operation.Bypass port tubes:Tubes that are connected to the 3-way valve that are used to help move the scroll puck inside the compressor for 1st and 2nd stage operation.Scroll Puck:Mechanism that used to either block the bypass ports for 2nd stage or open them up for 1st stage. Discharge port:Where high pressure discharge gas exits the scroll set. Thermal Disk:Designed to route hot discharge back to the motor protector if the discharge gas gets excessively hot. Around 275 degrees F.Internal Pressure Relief Valve:Is designed to protect the compressor from excessive high pressure. Will open if pressure exceeds 550 – 600psig. 



LG TWO STAGE SCROLLS 

Overload Protection (OLP) 
Is designed to protect the motor 
windings from reaching 
excessive temperatures.

Line

Run Capacitor Compressor

C
S

R

OLP

24COMPRESSORS |

Presenter Notes
Presentation Notes
Motor Overload Protection (OLP):Conventional internal line break motor overload protection is provided. The overload protector opens the common connection of a single-phase motor. The overload protector (OLP) reacts to current and motor winding temperature. When both current and temperature rise rapidly the motor OLP will open in order to protect the compressor windings from getting too hot.
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LG Two Stage Scrolls - APM***K | ABM***K

Presenter Notes
Presentation Notes
Now that we have had an opportunity to cover the LG 2stage scroll let's take a look at this video provided by LG for visual reference.https://youtu.be/MfRxhnwe7pI



LG TWO STAGE SCROLLS - APM***K | ABM***K

1st stage

26COMPRESSORS |

Presenter Notes
Presentation Notes
(**Showing a screen shot of the 3-way valve operation in 1st stage**)



LG TWO STAGE SCROLLS - APM***K | ABM***K

2nd stage

27COMPRESSORS |

Presenter Notes
Presentation Notes
(**Showing a screen shot of the 3-way valve operation in 2nd stage**)
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ALMotor Type: Induction Motor

Refrigerant Type: R410a

Oil Type: POE 

Power Supply:

Voltage - 208-230VAC +/- 10% (187-253VAC)

Phase - 1

Frequency - 60hz

28COMPRESSORS |

HIGHLY TWIN ROTARY - AUH***RN / AUE***UN

Presenter Notes
Presentation Notes
Now let's cover the new kid on the block. The Highly twin rotary compressor. For some of you that may not know we have traditionally only used scrolls compressors in our current M product but going forward we will be utilizing a twin rotary compressor in our Mid-tier M1 product.



HIGHLY TWIN ROTARY - AUH***RN / AUE***UN

Rotor 
Attaches to the crankshaft in order 
to spin the upper and lower rollers 

that are compressing refrigerant. 

Stator
Mechanism generates a rotating 

magnetic field by the motor 
windings in order to turn the rotor 

and the attached crankshaft.

Crankshaft 
Crankshaft is the mechanism 

attached to the rotors that allow 
them to spin. 

Upper & Lower Suction Port 
Where the refrigerant vapor enters 
the cylinders. 

Accumulator 
Designed to accumulate liquid to 
mitigate liquid flood back.

Overload Protection (Not pictured)
Is designed to protect the motor 

windings from reaching excessive 
temperatures

Discharge Line 
Where refrigerant vapor exits the 

compressor.

29COMPRESSORS |

Presenter Notes
Presentation Notes
Why Twin Rotary? The twin rotary compressors are held to the same reliability standard as our current scrolls. These compressors have been used in hundreds of millions of units globally and are the most common compressor used in ductless equipment, including our own. The Twin Rotary compressor is a design that is ideal for variable speed rotary reliability.  It minimizes vibrations as the compressor speed changes which in return reduces noise. The twin rotary can also be utilized with our new regal inverter drive and is going to provide some additional operation options we have not offered in the past. Why Highly?Highly is brand that is well known globally across different industries and is a brand that our water heater division currently uses in their water heaters.  The Highly twin rotary compressor has been tested extensively through our field trial process and has seen more than 115K run hours (>83K in cooling, >32K in heating).Highly Twin Rotary Component break down and basic sequence of operation:First thing I would like to make mention is the cutaway picture here shows the compressor as blue but be aware that is only for training purposes. The production models will be black.  Just like a scroll compressor, the twin rotary still posses a stator, main rotor, and crank shaft.. By this point in the presentation, we should all know that when the stator is energized it creates a magnetic field that turns the main rotor which also turns the crack shaft. However, there are some components here that we have not yet seen on the scrolls. The first one being the accumulator. Something that may stand out to you is that the accumulator is mounted to the side of the compressor. This is something that comes on all the twin rotary compressors we will be utilizing in our equipment. Not only will we be utilizing the accumulator on the side of the compressor, but there will be an additional accumulator inside of the unit that will not be attached to the compressor. This is because it is very important that we prevent any liquid by entering inside the compressor cylinders. Liquid entering the cylinders can cause damage to the compressor.  Let’s look inside of the accumulator.  (**Go to next slide.**) 



HIGHLY TWIN ROTARY - ACCUMULATOR

Suction Inlet 
Where refrigerant vapor will first 
enter in the accumulator.

Filter Screen
Designed to help block any liquid 

or debris from entering in the 
suction port.

Oil Return Holes 
Designed to return any oil back to 
the pump and limit the volume to 

prevent the liquid strike.

Suction Outlet
Where refrigerant vapor exits 

the accumulator and enters the 
compressor cylinders

Semi-sphere Cover
Cover that prevents liquid from 
entering the tube/suction port

30COMPRESSORS |

Presenter Notes
Presentation Notes
Highly Twin Rotary Component break down and basic sequence of operation Continued:Something else you may have noticed on this accumulator that is different from accumulators in unitary product is that the suction outlet has two ports, and they are located at the bottom of the accumulator instead of the top. So, how does this one work vs. accumulators we are used to seeing in unitary product? When the compressor is running you should have a superheated gas entering the suction inlet. If for some reason, there is liquid refrigerant coming back to the compressor the idea is that it would be caught first by the filter screen at the top of the accumulator. The screen is purposely shaped in a sphere design so that the liquid would roll away from the two suction tubes inside the accumulator and run down the inside of shell. This is so that the superheated vapor could enter in the suction tubes, but also so that the liquid refrigerant could have a chance to evaporate from the heat of the compressor / accumulator shell. When that liquid evaporates it will rise back to the top of the accumulator and  enter the internal suction tubes. Any oil that gets caught by the filter and runs to the bottom can re-enter the system through the oil return holes located on the bottom of the two suction tubes inside the accumulator.  But wait! Why is there two suction outlets exiting the accumulator and not just one? Let’s look at the next slide and, and I think that will answer that question. (**Go to the next slide**)



HIGHLY TWIN ROTARY – PUMP CUT AWAY 

Upper Rotor/Roller
Compresses refrigerant 
vapor and discharges it 

through the discharge 
port and up the cylinder.

Lower Cylinder 
It is the mechanism that the 
lower rotor rolls inside of in 

order to compress the 
superheated vapor.

Lower Rotor/Roller
Compresses 
refrigerant vapor and 
discharges it through 
the discharge port and 
up the cylinder.

Upper Cylinder 
It is the mechanism that 
the upper roller rolls inside 
of in order to compress the 
superheated vapor.
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Presenter Notes
Presentation Notes
Highly Twin Rotary Component break down and basic sequence of operation continued:As you can see on the right side of the picture you have those two suction outlets from the accumulator entering the compressor. That is because you have two sets of rotors and cylinders, also known as compression chambers. Inside the cylinder is where the compression of the superheated vapor is taking place, and the rotor is the mechanism that is compressing that vapor and pushing it out of the chamber discharge port. A question you may be asking your self is “Why do you need two rotaries and not just one?” That is a great question, and the answer is you don’t “need” two / twin rotaries to accomplish compression. However, notice how the rotors are 180 degrees opposed from one another. They are placed on the crank shaft like that by design. By having the rotors offset one another it allows the compressor to be more balanced while running and while varying in speed. A more balanced motor means less noise and less vibration. Now let’s take an even deeper dive into the pump assembly. (**Go to next slide.**)



HIGHLY TWIN ROTARY – PUMP CUT AWAY (CONT’D)

Upper Rotor/Roller
Compresses refrigerant vapor and 

discharges it through the discharge 
port and up the cylinder.

Lower Rotor/Roller
Compresses  refrigerant 
vapor and discharges it 

through the discharge 
port and up the cylinder.

Upper Cylinder 
It is the mechanism that the upper roller 

rolls inside of in order to compress the 
superheated vapor.

Lower Cylinder 
It is the mechanism that the lower rotor rolls 

inside of in order to compress the 
superheated vapor.

Suction Port
Hole in the cylinder that 
superheated suction gas 
enters the cylinder to be 
compressed.

Discharge Port
Hole in where discharge gas 
exits the cylinder through the 
pump and out of the 
compressor

Sliding Vane
Sliding vane serves the 
purpose of separating the 
high- and low-pressure zones 
in the cylinder

 Discharge Port
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Presenter Notes
Presentation Notes
Highly Twin Rotary Component break down and basic sequence of operation continued:This slide shows a digital cut out of the pump itself and a live animation of what the operation of that rotor looks like inside the cylinder. So, just as a recap here is the basic sequence of operations of the highly twin rotary compressor:Voltage is sent to the motor and energizes the stator.The stator creates a magnetic field that turns the main rotor that is attached the crank shaft. The crank shaft then turns both the lower and upper rotor which is compressing superheated vapor entering from the two suction outlets exiting the accumulator.Once the refrigerant is compressed it is being discharged through the discharge port up the motor and out the discharge line. 
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ALMotor Type: Brushless Permanent Magnet (BPM)   

Refrigerant Type: R410a

Oil Type: POE 

Power Supply:

Voltage – Varies From Drive 

Phase - 3

Frequency - 60hz
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COPELAND VARIABLE SPEED SCROLL

Presenter Notes
Presentation Notes
The last compressor we will be discussing is the ZPV Copeland compressor. The ZPV compressor is what we currently utilize in what is known as our 17 & 20SEER M product and will be utilized in our 18SEER2 M1 equipment. 



COPELAND VARIABLE SPEED SCROLL

Upper Counterweight Cup
Mechanism that allows oil to accumulate 

during low RPM operation. 

Positive – Displacement Oil Pump 
ensures an adequate supply of oil to the 
bearing system throughout the operating 
speed range of 900 to 7000 RPM.

BPM Motor
Three-phase brushless permanent
magnet (BPM) motor that allows for 
variable speed operation.

Crank Shaft & Rotor 
The crank shaft sits inside the rotor, and 

both coupled together are the mechanisms 
that rotate to turn the scroll.

Scroll Set
Is the combination of the fixed 
and orbiting scroll which are the 
mechanisms inside the 
compressor that compress vapor.

Suction Baffle 
Mechanism that helps deflect liquid from 

entering the scroll set.
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Presenter Notes
Presentation Notes
The variable speed scrolls use a three-phase brushless permanent magnet (BPM) motor and are designed to work in conjunction with what we referred to as an Inverter drive. (The inverter drive is discussed more in the inverter training) The ZPV has a speed range of 900 to 7000 revolutions per minute and will vary between those ranges depending on the frequency output of the inverter drive. The frequency output is typically dictated by the load conditions of the space by the Econet thermostat.Component Overview:Scroll Set: Like the other scrolls we have discussed the variable speed scroll has the same functionality. It Is the combination of the fixed and orbiting scroll which are the mechanisms inside the compressor that compress vaporBPM Motor: Three-phase brushless permanent magnet (BPM) motor that allows for variable speed operation. Induction Motors Vs. BPM Motors:An induction motor has two basic electrical parts: a rotor and a stator. The stator is the stationary electrical component composed of wire coils that create an electromagnet when energized.The rotor is the rotating component, also capable of being an electromagnet. The rotor is located inside the stator. When AC current is supplied to the stator, it produces a rotating magnetic field, which then induces a separate magnetic field in the rotor. The induced magnetic field of the rotor is attracted to and follows the rotation of the magnetic field of the stator. Because the field of the rotor is induced, there is always some lag time between the speed of the rotor and the magnetic field speed of the stator. This is referred to as “slip”, with the rotor’s speed always lagging a bit behind the stator’s magnetic field.In a permanent magnet motor, permanent magnets are on the rotor. When current is supplied to the stator, it does not induce a magnetic field on the rotor; rather, the permanent magnetic field of the rotor is synchronous with that of the stator.In other words, the rotor spins at the same speed as the stator’s magnetic field. One of the consequences of the rotor speed matching the magnetic field of the stator, is that there is no energy loss due to “rotor resistance”. In an induction motor, the rotor’s magnetic field resists induction by the stator, to a certain extent. The permanent magnet motor does not suffer this loss of energy, and this largely contributes to the higher efficiency of permanent magnet motor driven variable-speed pumps compared to induction motor driven single speed pumps. Crank Shaft & Rotor: The crank shaft sits inside the rotor, and both coupled together are the mechanisms that rotate to turn the scroll.Positive – Displacement Oil Pump:  ensures an adequate supply of oil to the bearing system throughout the operating speed range of 900 to 7000 RPM.Upper Counterweight Cup:  Mechanism that allows oil to accumulate during low RPM operation. 
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Variable Speed Scroll

Presenter Notes
Presentation Notes
Note: Compressor capacity and system capacity may differ. It’s important for the speaker to note that our equipment match the capacities stated in the video.HVE Valve = High Volumetric Effeciency.https://youtu.be/QZd-6qAQ6aE
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TROUBLESHOOTING, SERVICE PROCEDURES
& BEST PRACTICES 



APPLICATION, INSTALLATION, & SERVICE BEST PRACTICES –
BRAZING WITH NITROGEN 

Brazing with Nitrogen 

Brazing without Nitrogen 

• Heating up copper to above 500F can cause 
copper oxide to form rapidly inside and 
outside the copper.

• Purging with nitrogen displaces the oxygen.

• Elimination copper oxide inside the system 
can improve equipment life cycle.

• “Purge” is a flow rate of 2-5 SCF/H

• There are multiple tool venders who make 
purging tools. 
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Presenter Notes
Presentation Notes
When it comes to compressors, we as installation / servicing technicians must give them the best opportunity to succeed. So, how can we do that? the first thing you want to also make sure you are doing is following the directions in the installation and Operation manual. But on top of that there are some best practices that can have a direct impact on the longevity of that system. On of those things being purging with nitrogen.What happens when we do not purge with Nitrogen?:Copper and oxygen can react to create what is known as copper oxide but is also referred to as cupric oxide. When we heat copper over about 500°, copper oxide build up will occur rapidly. If you have ever paid attention to the outside of the copper when you are brazing you may have noticed a black flakey material build up around the copper. That black flakey material is what we are referring to when we say, “copper oxide.”  As the heat and oxygen increases around the copper the more copper oxide can build up. What does purging with nitrogen do?:Simply put, purging with nitrogen can prevent the copper oxide build up inside the system. When you purge with nitrogen it displaces the oxygen inside the copper piping while you are brazing. So, you do not have a reaction between the copper and oxygen when heat is applied. A simpler way of phrasing it is that the black flakey stuff does not form inside the copper which mitigates the opportunity of contaminates in the system. This practice can keep copper line sets, filter driers, screens, compressor oil, valves, etc. free from contamination and prevents many issues. It can also help speed up the evacuation process.What does the purging process consist of?:Keeping copper oxide out of the system can be a very simple process. There are several tool manufactures that make components specifically for this task. These components can either be bought as an individual component or sometimes you can find them built into nitrogen regulators.It is very important to remember that purging with nitrogen and pressurizing with nitrogen are two separate things. Purging with nitrogen takes a very small flow rate and if the flow rate is too high you can experience issues with your brazing alloy not holding in the joint. The flow rate required to purge is 2-5 standard cubic feet per hour AKA SCFH. You can always reduce the flow rate even lower when you start to make your last connection in order to mitigate pressure on your last braze joint.Also remember that it is best practice to remove the Schrader cores.



APPLICATION, INSTALLATION, & SERVICE BEST PRACTICES –
TRIPLE EVACUATION 

Evacuation and Leak Testing (Triple Evacuation Process) 

Steps:

Evacuate system to 1500 Microns.  
Once it has reached 1500 microns pressurize the system 
with dry nitrogen back up to 0Psig

Evacuate system to 1000 Microns.
Once it has reached 1000 microns pressurize the system 
with dry nitrogen back up to 0Psig

Evacuate System to 500 microns or less .
Perform a rise test by allowing the vacuum to hold >500 
microns without climbing for at least 30minutes. 
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Presenter Notes
Presentation Notes
The triple evacuation is another best practice that has proven to positively effect the life cycle of the equipment and reliability of components. When you have a closed system that contains moisture inside, and you remove atmospheric pressure from it too quickly it can sometimes crystalize / freeze that moisture. When that crystallization happens, it can give your micron gauge a false reading. This is because once you apply refrigerant to the system it can cause that crystalized moisture to turn back into moisture which mean you have non condensables in the system. This where the triple evac process comes into play. By removing moisture from the system then adding dry nitrogen back it allows more chances for the vacuum pump to remove any moisture that was crystalized before. 



CFM=
𝐵𝐵𝐵𝐵𝐵𝐵 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 ( 𝑉𝑉𝑉𝑉𝑉𝑉𝑂𝑂𝑉𝑉 𝑥𝑥 𝐴𝐴𝐴𝐴𝑂𝑂𝑉𝑉 𝑥𝑥 3.414)

𝐵𝐵𝑇𝑇𝐴𝐴𝑂𝑂𝑇𝑇𝑇𝑇𝑂𝑂𝑂𝑂𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑉𝑉𝑇𝑇 𝑥𝑥 𝐴𝐴𝐴𝐴𝐴𝐴 (𝑎𝑎𝑉𝑉𝑂𝑂𝑅𝑅𝑂𝑂𝑂𝑂𝑎𝑎𝑇𝑇 𝑐𝑐𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇𝑐𝑐𝑂𝑂𝑅𝑅𝑉𝑉𝑐𝑐 𝑓𝑓𝑎𝑎𝑐𝑐𝑂𝑂𝑉𝑉𝑇𝑇)

M E T H O D  1 :
A I R  F L O W  P E R F O R M A N C E  D AT A  C H A R T  

M E T H O D  2 :
T E M P E R AT U R E  R I S E  M E T H O D

APPLICATION, INSTALLATION, & SERVICE BEST PRACTICES –
CONFIRMING PROPER AIRFLOW
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Presenter Notes
Presentation Notes
In our industry there is one thing that you can guarantee, and that is if your airflow is not correct, nothing about the system will be correct. It all starts with the airflow. It is highly recommended that an ACCA Manual J & D calculation be done for an application before selecting the equipment for that specific application. Failure to do so could set yourself and the equipment up for failure. Once a manual J & D have been calculated for the application the equipment can be selected and installed. Before starting up & commissioning the equipment you should confirm the airflow is correct per the design specifications. You can confirm airflow many ways, but the two most common that can be done with minimal tools and instrument are by using the Airflow Performance Chart or calculating by the Temperature Rise Method. Method 1:To perform an airflow verification using the blower performance chart all you need is an instrument that will read total external static pressure (examples: magnehelic gauge & monometer). Once you have your instrument of choice you can energize a call for the cooling fan speed and perform a TESP check on the ductwork. When you calculate the TESP you will then be able to identify which speed tap you need to utilize on your airflow performance data chart. (Use chart above as you see fit for example purposes)Method 2: To perform an airflow verification using the temperature rise method you will need to first confirm that the TESP of the ductwork is with in the allowable range published in the airflow performance data chart.  Static pressure ranges can very depending on the type of air handler being used. Once you have verified the TESP is with in range you will need to disconnect power to the ODU, energize your cooling and / or heating blower speed, and turn on your electric strip heat or gas furnace While the system is running you can use the above formula to calculate your total system CFM. Tools typically needed for this check is a instruments capable of checking static pressure, temperature, amps, & volts.



APPLICATION, INSTALLATION, & SERVICE BEST PRACTICES –
SYSTEM CHARGING

• Indoor ambient temperature must be 
between 70°F and 80°F dry bulb

• Cooling Mode ONLY: 55°F outdoor dry 
bulb and above

• Heating Mode ONLY: 40°F and 60°F 
outdoor dry bulb

• The system must run for a minimum of 15 
-20 minutes before fine tuning charge.

• Use the charging chart on the system to 
verify charge. (not by weight)
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Presenter Notes
Presentation Notes
System charging is also something that is critical in prolonging the life of a compressor. Once you have pulled a proper triple evacuation and verified airflow you can begin to charge the system. If your system has a line set over 15ft you may need to add additional refrigerant to the system. However, if your line set is 15ft or less you should still verify charge on every installation by the charging chart located inside the outdoor unit service panel. If you need to add charge during the start up procedure, then you will need to follow the following process: (Do not open unit service valves on the system until this procedure is complete.)Step 1. You will need to calculate the preliminary charge by weight. You can do that using the information below.Charge Adjustment = (Line Set (oz./ft.) × Total Linear Length) – Factory Charge for Line Set + 6 oz. (for field installed filter drier)1/4" [6.4 mm] O.D. = .3 oz./ft. [28.3 g/m]5/16" [7.9 mm] O.D. = .4 oz./ft. [37.7 g/m]3/8" [9.5 mm] O.D. = .6 oz./ft. [57.7 g/m]1/2" [12.7 mm] O.D. = 1.2 oz./ft. [113.3 g/m]Add 6 oz. [170 g] for field-installed filter drierExample: A three-ton heat pump unit requires 75ft. of line set with a liquid line diameter of 1/2”. Factory Charge for Line Set = 15 ft. × .6 oz. = 9 oz. Charge Adjustment = (1.2 oz. × 75 ft.) – 9 oz. +6 oz. = + 87 oz. Step 2. Once you have calculated what the preliminary charge needs to be you will need to use an accurate scale (+/– 1 oz. [28.3 g]) or volumetric charging device to adjust the refrigerant charge based on the actual line set length. (keep in mind that the system should not be running at this point and the unit service valves should still be closed.) When you weigh in the initial preliminary charge it should be done in a liquid state, and you should weigh it into the liquid side of the system. Since the system is in a negative pressure it will absorb most, if not all, the additional charge required. If you cannot force all the preliminary charge inside the system through the liquid side, do not worry, you can add the rest during the final charging procedure.Step 3. At this point you will need to open the service valves and give the system a desired call for cooling / heating. You will need to allow the system to run for 15-20 mins before checking the system pressures. Once the system has had time for the refrigerant pressures to stabilize you can start comparing the refrigerant pressures to the charging chart. If additional refrigerant still needs to be added, then you will need to preform this on the suction side of the system, but the refrigerant still needs to leave the refrigerant charging cylinder in a liquid state. (**Note speaker needs to make very clear to audience that liquid needs to be flashed into a vapor before entering the suction line. They can do this by using a charging device that regulates the refrigerant before it enters the suction line.**) This charging process needs to be done slow by adding just a few ounces while taking breaks periodically to compare the refrigerant pressures to the charging chart. Once your refrigerant pressures are in line with the charging chart your system should now be properly charged. Proceed to next step.Step 4. Record how much additional charge you added to the system and record that amount inside the ODU control panel and in your start up verification notes.



DIAGNOSING COMPRESSORS –
CHECKING THE OVERLOAD PROTECTION (OLP)

Line

Run Capacitor Compressor

C

S

R

OLP

Applies to: Copeland, LG, and Highly 
Single-Phase compressors.

• Measure resistance between C-R, 
C-S, and S-R.

• If both C-R & C-S show no 
resistance the OLP is likely open.

• If the OLP is open the motor has 
likely over heated. 
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COPELAND/LG HIGHLY

Presenter Notes
Presentation Notes
What is the purpose of an OLP?:As we discussed earlier in the presentation the OLP is an overload protection devise that measures current and temperature simultaneously. There is no one certain temperature or current it must sense before opening. It observes both and if there is an excessive amount of heat / current built up at once it will open in order to protect the motor windings from getting too hot. OLP is constantly looking at the rise rate of temperature and current. Compressor manufactures are required by UL to put these OLP devices through extensive testing. They are designed to withstand 15,000 overload trips or 15 days of continues overload trips. It is very important that the windings of the compressor motor do not get over heated. Located on the compressor windings is a coating that separates each winding from contacting each other. Overheating the compressor can result in the melting of that coating that separates the windings which could also cause what we know as compressor burn outs or a direct short.Why would you want to check an OLP?:The simple answer is because you want to know if the compressor windings have overheated. Knowing this would allow you to understand that you need to find the root cause of that over heating.Some examples of root causes can include incorrect wiring, Over voltage, Dirty condenser coils, bad run capacitor, bad fan motor, bad contactor, excessive indoor airflow, etc…Checking the OLP:When it comes to checking the OLP on a single-phase compressor regardless of the brand it is a simple 3 step process. Before performing your check, you will need to turn your electrical meter to the Ohms setting. (Keep in mind that different electrical meters have different types of settings. So, you will need to know how to properly set your meter depending on its functions). Once your meter has been set to the correct position you need to identify the wires inside the control panel that are connected to your common, start, and run windings on the compressor. (Remember, it also always best practice to ohm the compressor out by using the wires located in the control panel first. This is for safety reasons. If a compressor winding is compromised, it can sometimes weaken the compressor terminal. If the compressor terminal is weak then touching it with a meter lead can cause the compressor terminal to blow out. We know this as “venting a pin”) Once you have identified the proper wires that are connected to C, S, & R you should begin the check. Step 1: Measure Electrical resistance between C-RStep 2: Measure Electrical resistance between C-SStep 3: Measure Electrical resistance between S-RIf both C-R and C-S measure OPEN, then OLP is likely OPEN, and you will need to cool off the compressor to get it to close again. You will also need to identify the root cause.



DIAGNOSING COMPRESSORS –
CHECKING THE OVERLOAD PROTECTION (OLP)

Applies to: Copeland ZPV***KE, 3 Phase motor.

• The ZPV compressor is paired with the 
Emerson inverter drive.

• ZPV compressor does not have internal OLP

• The inverter drive senses discharge 
temp through a thermistor installed on the 
discharge line.

• If the temperature gets too high a system 
alarm will be generated.

U

V

W

Compressor 
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COPELAND/LG

Presenter Notes
Presentation Notes
The ZPV compressor does not have internal discharge gas temperature protection. That is because a thermistor is attached to the discharge line monitoring the temperature and reporting that back to the Emerson inverter drive. If that temperature where to get too high, the drive would report that back to the control and the system would shut down. When this happens, a code will be generated on the Econet thermostat and various other places.



DIAGNOSING COMPRESSORS –
CHECKING COMPRESSOR WINDINGS 

Line

Run Capacitor Compressor

C

S

R

OLP

Applies to: Copeland, LG, and Highly 
Single-Phase compressors.

• If no OLP issue, perform 
additional check 

• Measure resistance between C-R, 
C-S and S-R.

• S-R should equal the sum of C-R and C-S

• Example: IF C-R = 1.7ohm & C-S = 
1.3ohm, then S-R should = 3ohm +/- 10%.
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COPELAND/LG HIGHLY

Presenter Notes
Presentation Notes
If the compressor will not come on and OLP on the compressor is not found to be open, then you can perform an additional resistance check on the compressor. You will again want to start by setting your meter and identifying the wires inside the control panel that are connected to common, start, and run. Once you have done that you can measure the resistance between C-R & C-S. The sum of those to values should equal the resistance value between S-R.  



DIAGNOSING COMPRESSORS –
CHECKING COMPRESSOR WINDINGS

Applies to: Copeland ZPV***KE, 3 Phase motor.

• Measure resistance between W-U, W-V, 
and V-U.

• All resistance should approximately 
read equal in value.

• If equal, the compressor windings are good.

• If not equal, compressor windings 
are defective. 

U

V

W

Compressor 
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COPELAND/LG

Presenter Notes
Presentation Notes
When it comes to the ZPV compressor the winding check is slightly different. This is because the ZPV is a 3-phase type motor. So, the windings inside the compressor are different than a single-phase compressor.  However, the process is still very simple. You will want to start by setting your meter to the Ohm position and identifying the wires inside the control panel that are connected to U, V, and W. terminals.  Once you have located those wires you can begin the check. Compressor Windings: 2-3 Ton Condensers: Ohm value (U-V = .68, U-W = .68, V-W = .68)4-5 Ton Condensers: Ohm value (U-V = .203, U-W = .203, V-W = .203)Step 1: Measure Electrical resistance between W-UStep 2: Measure Electrical resistance between W-VStep 3: Measure Electrical resistance between V-UAll the resistance values should equal to be approximately the same between all terminals. If any combination of motor windings are not equal, the motor is defective. You will need identify a root cause and replace the compressor.



DIAGNOSING COMPRESSORS –
CHECKING ELECTRICAL SHORT TO GROUND

Line

Run Capacitor Compressor

C

S

R

OLP

Applies to: Copeland, LG, and Highly 
Single-Phase compressors.

• Measure resistance from C-Ground, 
S-Ground, and R-Ground.

• Resistance should read infinite or 
open to indicate no short to ground.

• If resistance is measured from 
any terminal to ground, compressor 
is shorted.

• If no resistance is measured, 
compressor is not shorted. 45COMPRESSORS |

Copeland/LG Highly

Presenter Notes
Presentation Notes
If the OLP on the compressor is not found to be open and the compressor winding resistance showed to be correct, then it is recommended to check the compressor windings to ground to see if the compressor is shorted. (**Note if the breaker that feeds the outdoor unit is tripped when you first arrive DO NOT reset it. Perform the following winding check before resetting the breaker. Failure to do so can result in the compressor venting a pin. If you find a breaker that is tripped when you arrive on the job, we recommend you start by checking all the high voltage loads on the system before performing others check or restoring power.**) You will again want to start by setting your meter and identifying the wires inside the control panel that are connected to common, start, and run. Once you have done that you can measure the resistance between C-Ground, S-Ground, & R-ground. If resistance is measured, then you have a compressor that is shorted to ground and will need to be replaced. If you show infinite resistance is indicated, the motor is not shorted to ground.



DIAGNOSING COMPRESSORS –
CHECKING ELECTRICAL SHORT TO GROUND

Applies to: Copeland ZPV***KE, 3 Phase motor.

• Measure resistance from W-Ground, 
U-Ground, and V-Ground.

• Resistance should read infinite or open to 
indicate no short to ground.

• If resistance is measured from any terminal 
to ground, compressor is shorted.

• If no resistance is measured, compressor 
is not shorted.

U

V

W

Compressor 
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COPELAND/LG

Presenter Notes
Presentation Notes
If you suspect an issue with the compressor, and the compressor windings checked okay between U, V, & W it is recommended you check the electrical windings to ground. (**Note if the breaker that feeds the outdoor unit is tripped when you first arrive DO NOT reset it. Perform the following winding check before resetting the breaker. Failure to do so can result in the compressor venting a pin. If you find a breaker that is tripped when you arrive on the job, we recommend you start by checking all the high voltage loads on the system before performing others check or restoring power.**) You will again want to start by setting your meter and identifying the wires inside the control panel that are connected to common, start, and run. Once you have done that you can measure the resistance between W-Ground, U-Ground, & V-ground. If resistance is measured, then you have a compressor that is shorted to ground and will need to be replaced. If you show infinite resistance is indicated, the motor is not shorted to ground.



DIAGNOSING COMPRESSORS –
DIAGNOSING SEIZED COMPRESSORS

Applies to: Copeland & LG single phase compressors.

• Identify correct setting on your AMP meter.

• Clamp amp meter to black common wire going to 
compressor from contactor.

• Give the system an active heating or cooling call.

• Monitor starting amperage of compressor .
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Presenter Notes
Presentation Notes
Before we start talking about how to diagnose seized compressors, lets define what I mean by a “seized compressor.”  When I refer to a seized compressor, I am talking about a compressor that will draw current (often LRA AKA Locked rotor amps), but not actually start. I am not referring to a compressor that seems to be starting slowly but will eventually come up to speed and run. So, what typically causes a compressor to “seize’ or “not start.” the three most common reasons seen through out our industry is bad run / start components, lack of lubrication, or liquid submerge. Let’s dive into those three things and talk about them for a minute. The first one is a bad run / start capacitor. When we refer to a run or a start capacitor it is important to know that we are talking about two different components. A run capacitor will discharge energy to assist the motor while running and start capacitor will typically store and discharge a larger amount of energy in order to start the compressor. However, the start capacitor will eventually disconnect itself from the circuit once back EMF is detected  so that the compressor windings will not get damaged. This is typically done through what is referred to as a potential relay. It is also important to know that not all units with induction style motors have start capacitors. So, you should always check your capacitors before condemning a compressor to be seized!While we’re on the subject this is also a good time to talk about when a “hard start kit” should be used. Sometimes compressors do struggle to start, and this can be due to:Low input voltage (usually due to voltage drop)Starting unequalized due to short cycling and or non-bleed (Hard Shut Off) expansion valvesLong line lengthsRefrigerant migration into the crankcaseCompressor wearIf you can identify the root cause of why a compressor is struggling to start, then the best thing to do is to fix what is causing that. This isn’t to say that hard start kits are a problem when sized properly. They can reduce LRA by allowing the compressor to come up to speed quicker, but they can sometimes mask the root cause of a compressor struggling to start. We only recommend that you use a hard start kit in the conditions that you have a low voltage supply or voltage drop. The 2nd one is Lack of lubrication. Lack of lubrication can be caused by multiple things:Liquid flood back. Liquid flood back can be caused by insufficient refrigerant charge, insufficient airflow, or installing it outside of its applications specifications. Continuous liquid flood back or slugging of liquid back to the compressor can dilute / wash out the oil from the components in the compressor. When we dilute the oil away from these components it causes metal to metal contact which eventually will wear out the compressor. Over time the components such as the bearings will lock up causing the compressor to draw high current, but not pump. Lack of Oil return. Lack of oil return can be caused by insufficient line set sizing, excessive line set lengths, oil / refrigerant traps, excessive vertical separation between ODU & IDU, etc.. The bottom line is that lack of oil return typically happens when the unit is installed outside of its application specifications. Always refer to the unit’s I&O manual when determining the application specifications.The 3rd one is Liquid submerge:Like liquid flood back, liquid submerge can happen for multiple reasons like an over charge system, incorrect charging method during start up, refrigerant migration in the off cycle,  etc.. However, the difference in liquid submerge is that the compressor is so flooded with liquid that the compressor cannot start. In some cases, you can remove the liquid from the compressor. You can do this by heating up the compressor with a crank case heater or you may have to remove refrigerant from the system. However, you still need to identify what is causing excessive amounts of liquid to make it back to the compressor. The compressor trying to start under these conditions can cause permeant damage to the compressor resulting in a compressor having to be replaced.Determining if a compressor is seized: Step 1. Make sure you have an electrical meter that can read amperage. Once you know you have the right meter turn the meter to the amperage setting and clamp it around the black common wire going to the compressor from the contactor.Step 2. Energize the unit by giving it a call for heat or cool.Step 3. Once the unit comes on monitor the amperage on your electrical meter. If the amp draw is equal to or greater than the rated LRA and does not come down, then the compressor is seized. Disconnect power from the ODU.Step 4. Determine if the compressor is seized because of a bad run / start component, liquid submerge, or if the rotor and crank is locked up. Step 5. Depending on your findings replace the capacitor, remove liquid refrigerant from the compressor, or replace the compressor.



DIAGNOSING COMPRESSORS –
DIAGNOSING SEIZED COMPRESSORS CONT’D

Applies to: Copeland & LG single 
phase compressors.

• Is the amperage greater than or equal to LRA?

• If so, determine root cause of seized compressor. 

• Bad start / run component, Rotor / crank locked 
up, or Liquid submerge?

• Take corrective action necessary 
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Presenter Notes
Presentation Notes
Determining if a compressor is seized: Step 1. Make sure you have an electrical meter that can read amperage. Once you know you have the right meter turn the meter to the amperage setting and clamp it around the black common wire going to the compressor from the contactor.Step 2. Energize the unit by giving it a call for heat or cool.Step 3. Once the unit comes on monitor the amperage on your electrical meter. If the amp draw is equal to or greater than the rated LRA and does not come down, then the compressor is seized. Disconnect power from the ODU.Step 4. Determine if the compressor is seized because of a bad run / start component, liquid submerge, or if the rotor and crank is locked up. Step 5. Depending on your findings replace the capacitor, remove liquid refrigerant from the compressor, or replace the compressor.



DIAGNOSING COMPRESSORS –
CHECKING UNLOADING SOLENOID 

Applies to: Copeland, ZPS**K7E 2 stage 
compressor. (Internal Solenoid)

• Energize a call for Y1 Cooling.

• Clamp Amp meter the black common 
wire going to the compressor.

• Energize a call for Y2 Cooling.

• Should see approximately 25% increase 
in amperage.  
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Presenter Notes
Presentation Notes
The Copeland ZPS**K7E compressor has a 2-step unloading solenoid scroll compressor. This compressor operates at 67% Capacity in first stage and 100% capacity in 2nd stage. If during a call for Y1 & Y2 (100% capacity) the compressor is not engaging 2nd stage, the problem is either the onloading solenoid plug is defective or the compressor’s internal unloading solenoid has failed. (**Note: Just because the thermostat says it is calling for Y1 & Y2 does not guarantee the solenoid is receiving Y2 voltage. Always check voltage at the end of the solenoid plug to verify the solenoid is receiving 24VAC.**) To confirm the compressor is unloading or loading through the bypass ports follow these instructions:Step 1: Take away any call for heating or cooling on the system. Step 2: With the system in the off mode, but still powered, take your amp meter and clamp around black common wire going to the compressor from the control panel. Step 3: Give the system a call for Y1 cooling from the indoor thermostat.Step 4: Once the system comes on record the amp draw reading from your amp meter.Step 5: Energize a call for Y2 cooling form the indoor thermostat. (**Note, you should have Y1 & Y2 energized at this point.**)Step 6: Once Y2 has been energized confirm the solenoid is receiving 24VAC. Step 7: If the solenoid has received 24VAC then the compressor amperage should increase approximately 25% more than what it was in 1st stage. If you do not see an increase in amperage, and you have 24VAC at the solenoid then you most likely have a bad solenoid internal of the compressor. The compressor would have to be replaced. 



DIAGNOSING COMPRESSORS –
CHECKING UNLOADING SOLENOID 

Applies to: LG, APM***K | ABM***K 
2 stage compressors. (External Solenoid)

• Energize a call for Y1 Cooling.

• Clamp Amp meter around d1 of the 
3 wires going to the compressor.

• Energize a call for Y2 Cooling.

• Should see approximately 
25% increase in amperage.  
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Presenter Notes
Presentation Notes
The APM***K | ABM***K  LG compressor has an unloading solenoid scroll external of the compressor. This compressor operates at 67% Capacity in first stage and 100% capacity in 2nd stage. If during a call for Y1 & Y2 (100% capacity) the compressor is not engaging 2nd stage, the problem is either the 3-way valve, or the compressor’s unloading solenoid has failed. (**Note: Just because the thermostat says it is calling for Y1 & Y2 does not guarantee the solenoid is receiving Y2 voltage. Always check voltage at the last connection point to verify the solenoid is receiving 24VAC.**) To confirm the compressor is unloading or loading through the bypass ports follow these instructions:Step 1: Take away any call for heating or cooling on the system. Step 2: With the system in the off mode, but still powered, take your amp meter and clamp it to 1 of the 3 high voltage wires going to the compressor from the control panel. Step 3: Give the system a call for Y1 cooling from the indoor thermostat.Step 4: Once the system comes on record the amp draw reading from your amp meter.Step 5: Energize a call for Y2 cooling form the indoor thermostat. (**Note, you should have Y1 & Y2 energized at this point.**)Step 6: Once Y2 has been energized confirm the solenoid is receiving 24VAC. Step 7: If the solenoid has received 24VAC then the compressor amperage should increase approximately 25% more than what it was in 1st stage. If you do not see an increase in amperage, and you have 24VAC at the solenoid then you most likely have a bad external solenoid or a 3-way valve. You can verify if the solenoid is working by listening for a clicking sound when 24VAC is applied to the solenoid coil. If the solenoid coil is bad, you can replace it without replacing the compressor. If you determine the 3-way valve is bad, you will have to replace the compressor.
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SHOW CUSTOMERS HOW YOU CAN HELP THEM LIVE MORE 
COMFORTABLY—AND RESPONSIBLY

Learn more about the Sustainability 
Standout™ seal and Ruud’s 
commitment to sustainability: 
www.Ruud.com/Sustainability 

Download our homeowner brochure:
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KEY TAKEAWAYS

52COMPRESSORS |

We will be utilizing multiple 
compressor technologies 
in the new M1 Product.

Compressor Types:

• Single Stage Scroll

• Two Stage Scroll
• Twin Rotary

• Variable Speed Scroll

We will be utilizing multiple 
compressor technologies 
in the new M1 Product.

Compressor Types:

• Single Stage Scroll

• Two Stage Scroll
• Twin Rotary

• Variable Speed Scroll

We will be utilizing multiple 
compressor technologies 
in the new M1 Product.

Compressor Types:

• Single Stage Scroll

• Two Stage Scroll
• Twin Rotary

• Variable Speed Scroll

1 2 3 4
We will be utilizing
multiple sources for
our compressors to

diversify our supply chain.

The compressors we
are choosing to use were 

extensively tested 
and proven during 

thousands of run hours 
through our field 

trial tests.

Understanding how to 
apply and install 

equipment will be crucial 
in prolonging the life of 

these compressors. 
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THANK YOU!
Q U E S T I O N S ?
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