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Safety

Important Safety Information

Those involved in the design, manufacture, and installation of a system, system purchasers, and service personnel may
need to be aware of hazards and precautions discussed in this section and throughout this document. OEMs integrating
the compressor into a system should ensure that their own employees follow this bulletin and provide any necessary
safety information to those involved in manufacturing, installing, purchasing, and servicing the system.

Responsibilities, Qualifications and Training

* OEMs are responsible for system design, selection of appropriate components, integration of this component into the
system, and testing the system. OEMs must ensure that staff involved in these activities are competent and qualified.

*« OEMs are also responsible for ensuring that all product, service, and cautionary labels remain visible or are
appropriately added in a conspicuous location on the system to ensure they are clear to any personnel involved in the
installation, commissioning, troubleshooting or maintenance of this equipment.

* Only qualified and authorized HVAC or refrigeration personnel are permitted to install, commission, troubleshoot and
maintain this equipment. Electrical connections must be made by qualified electrical personnel.

» Observe all applicable standards and codes for installing, servicing, and maintaining electrical and refrigeration
equipment.

Terminal Venting and Other Pressurized System Hazards

If a compressor’s electrical terminal pin loses its seal, pressurized oil, refrigerant, and debris may
spray out. This is called “terminal venting”.

The ejected debris, oil, and refrigerant can injure people or damage property. The oil and
refrigerant spray can be ignited by electrical arcing at the terminal or any nearby ignition source,
producing flames that may project a significant distance from the compressor. The distance depends on the pressure
and the amount of refrigerant and oil mixture in the system. The flames can cause serious or fatal burns and ignite
nearby materials.

Each compressor has a terminal cover or molded plug that covers electrical connections. The cover or plug helps to
protect against electric shock and the risks of terminal venting. If terminal venting occurs, the cover or plug helps contain
the spray of refrigerant and oil and reduces the risk of ignition. If ignition occurs, the plug or cover helps contain the
flames. However, neither the terminal cover nor the molded plug can completely eliminate the risk of venting, ignition, or
electric shock.

See copeland.com/terminal-venting for more details about terminal venting. Additionally, a compressor’s refrigerant lines
keep refrigerant and oil under pressure. When removing or recharging refrigerant from this component during service,
this can pose a pressurized fluid hazard.



https://www.copeland.com/en-us/training-support/safety-resource-center/terminal-venting
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Flammable Refrigerant Hazards

If flammable refrigerant is released from a system, an explosive concentration can be present in the air
near the system. If there is an ignition source nearby, a release of flammable refrigerant can result in a
fire or explosion. While systems using flammable refrigerant are designed to mitigate the risk of ignition
if the refrigerant is released, fire and explosion can still occur.

P>

See copeland.com/flammable-refrigerants for more information on flammable refrigerant safety.

Electrical Hazards

Until a system is de-energized, and capacitors have been discharged, the system presents a risk of
electric shock.

>

Hot Surface and Fire Hazards

While the system is energized, and for some time after it is deenergized, the compressor may be hot.
Touching the compressor before it has cooled can result in severe burns. When brazing system
components during service, the flames can cause severe burns and ignite nearby combustible
materials.

P>

Lifting Hazards

Certain system components may be very heavy. Improperly lifing system components or the
compressor can result in serious personal injury. Use proper lifting techniques when moving.

POE Oil Hazards

This equipment contains polyol ester (POE) oils. Certain polymers (e.g., PVC/CPVC and polycarbonate) can be harmed
if they come into contact with POE oils. If POE oil contacts bare skin, it may cause an allergic skin reaction.

Precautions

» Always wear personal protective equipment (gloves, eye protection, etc.).
* Keep a fire extinguisher at the jobsite at all times.
*» Keep clear of the compressor when power is applied.
- IMMEDIATELY GET AWAY if you hear unusual sounds in the compressor. They can indicate that

terminal pin ejection may be imminent. This may sound like electrical arcing (sizzling, sputtering or
popping). However, terminal venting may still occur even if you do not hear any unusual sounds.


https://www.copeland.com/en-us/training-support/safety-resource-center/flammable-refrigerants
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* Never reset a breaker or replace a blown fuse without performing appropriate electrical testing
- A tripped breaker or blown fuse may indicate an electrical fault in the compressor. Energizing a
compressor with an electrical fault can cause terminal venting. Perform checks to rule out an electrical
fault.

* Disconnect power and use lock-out/tag-out procedures before servicing.

- Before removing the terminal cover or molded plug, check that ALL electrical power is disconnected from the
unit. Make sure that all power legs are open. (Note: The system may have more than one power supply.)

- Discharge capacitors for a minimum of two minutes

- Always use control of hazardous energy (lock-out/tag-out) procedures to ensure that power is not reconnected
while the unit is being serviced.

* Allow time for the compressor to cool before servicing.

- Ensure that materials and wiring do not touch high temperature areas of the compressor.
+» Keep all non-essential personnel away from the compressor during service.
* For A3 refrigerants (R290) remove refrigerant from both the high and low sides of the compressor. Use a recovery
machine and cylinder designed for flammable refrigerants. Do not use standard recovery machines because they contain
sources of ignition such as switches, high- and low-pressure controls and relays. Only vent the R290 refrigerant into the
atmosphere if the system is in a well-ventilated area.
* Never use a torch to remove the compressor. Only tubing cutters should be used for both A2L and A3 refrigerants.

 Use an appropriate lifting device to install or remove the compressor.

* Never install a system and leave it unattended when it has no charge, a holding charge, or with the service valves
closed without electrically locking out the system.

* Always wear appropriate safety glasses and gloves when brazing or unbrazing system components.

» Charge the system with only approved refrigerants and refrigeration oils.

» Keep POE oils away from certain polymers (e.g., PVC/CPVC and polycarbonate) and any other surface or material
that might be harmed by POE oils. Proper protective equipment (gloves, eye protection, etc.) must be used when
handling POE lubricant. Handle POE oil with care. Refer to the Safety Data Sheet (SDS) for further details.

* Before energizing the system:

1. Securely fasten the protective terminal cover or molded plug to the compressor, and

2. Check that the compressor is properly grounded per the applicable system and compressor requirements.
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Signal Word Definitions

The signal word explained below are used throughout the document to indicate safety messages.

A CAUTION

DANGER indicates a hazardous situation which, if not avoided, will result in death or
serious injury.

WARNING indicates a hazardous situation which, if not avoided, could result in death or
serious injury.

CAUTION, used with the safety alert symbol, indicates a hazardous situation which, if not
avoided, could result in minor or moderate injury.
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Introduction

Product Description

The Copeland Variable Speed Reciprocating Drives have been developed specifically for the Copeland Variable Speed
Reciprocating Compressor A*V* Family. The drive will provide power to the compressor, control the compressor running
speed, provide compressor and drive protection and run as a standalone drive. The drive requires cooling and is typically
installed near the compressor.

The A*V* Copeland Variable Speed Reciprocating Compressors will be referred to as the “variable speed compressor”
or simply “compressor” and the Copeland Variable Speed Reciprocating Compressor Drives will be referred to as

“Variable Frequency Drive (VFD)” or “drive” throughout this bulletin.

Theory of Drive Operation

The primary purpose of the Variable Frequency Drive is to convert the 50/60 Hz AC input voltage into a variable
frequency, variable voltage output to power the variable speed compressor. The drive conditions the AC input voltage
through a series of processes to arrive at the desired output. The drive first converts the AC input voltage into a DC
voltage. The DC voltage is then pulse-width modulated to replicate a sinusoidal current at the desired frequency and
voltage.

Agency Recognition

When used with a matching compressor, the drives listed below are compliant with UL 60730-1 and IEC 60335-1
standards.

Technical Specifications

Drive Part Numbers

The listed compressors can only be used with the corresponding drive listed. This is due to the drive being the motor
protection for the specific compressor.

Table 1 Drive Part Numbers

Compressor Drive Power Input Voltage

ASVF112EU-HE9 (11 cc) 585-0373-02 1.0 kW 120V/240V (50/60hz) Single Phase Drive
ASVF061EU-HE9 (6cc) 585-0373-03 1.0 kW 120V/240V (50/60hz) Single Phase Drive
ASVF151EU-HE9 (15cc) 585-0373-04 1.0 kW 120V/240V (50/60hz) Single Phase Drive
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Figure 1 Drive and Compatible A*V* Compressor

Product Specifications

Table 2 Drive Storage and Operating Conditions

Storage Humidity < 85%

Storage Temperature -40°F(-40°C) to 185°F(85°C)

Operating Humidity < 85%

Minimum Air Ventilation 394 FPM (2 m/s)

Ambient Temperature -4 °F(-20°C) to 131°F(55°C)

Table 3 Drive Electrical Specifications

Input Voltage Rating 120VAC or 240VAC

Voltage Range (120V) 70 to 140VAC

Voltage Range (240V) 160 to 264VAC

Voltage Range Selection Automatic

Input Frequency Range 50 to 60hz

Maximum Input Current 15.5 Amps

Maximum Input Power 1100 Watts

| Output Frequency Range |
ASVF series 60 to 150hz
Maximum Output Current 6.2 Amps

Frequency, Serial Mode,
Drop-in

Control Mode




BULLETIN AE8-1437 R3

General Installation

Drive Handling

e Correct handling and storage of the drive is essential in preventing mechanical damage.

o To prevent possible electrostatic discharges, avoid having the drive cover contact with the internal electronic board.
¢ Never cut across the drive with any sharp materials.

¢ Do not stack the drives on each other.

e Do not drop the drive

o To avoid electrostatic discharges to the drive circuit, insert the ground terminals first.

Avoid holding the drive when your hand is in contact with Polyol Ester Oil (POE) to prevent damage to the
plastic cover.

A CAUTION

Failure to use caution when installing the drive may result in bodily injury.

After unplugging the drive, wait for at least 30 seconds before touching the drive or drive terminals.

Personnel handling the drives in a manufacturing plant environment should guard against static electricity by
using the appropriate equipment such as an anti-static wrist straps and mats.

Main Components

The Variable Frequency Drive comprises of the basic components below:

Drive Housing

Cover for Input Drive Connections
Compressor Output Connections
Heat Sink

Ground Wires

a B~ wWON =

Figure 2 Drive Stand Alone View 585-0373-XX
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Description 585-0373-02 585-0373-03
Drive Housing NONE NONE NONE
Cover 005-2070-00 005-2070-00 005-2070-00
Compressor Output Connections | NONE NONE NONE
Heatsink NONE NONE NONE

Communication Wires

029-0614-00 (White)
029-0614-01 (Yellow/Green)

029-0614-00 (White)
029-0614-01 (Yellow/Green)

029-0614-00 (White)
029-0614-01 (Yellow/Green)

Figure 3 Drive Dimensions
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Electrical

Disconnect the AC power supply before obtaining access to the connectors. Avoid contact of the Control Input
Cable (low voltage) with high voltage or power supply cables, due to electrical hazard and potential equipment
damage.

Motor connector must be properly mounted on the 3 pins of compressor hermetic terminal. Bad connection will
cause compressor malfunction.

The handling of the drive box must be careful to avoid contact with the internal electrical board, to prevent
possible electrostatic discharges.

Make sure all necessary connections are properly done before connecting the drive to the AC supply line.
The electronic drive must be installed in the vertical position.

When using Serial, Frequency communication mode or Drop-in mode, the drive has reinforced isolation.
To avoid ESD discharge to the drive circuit, insert the ground terminals first.

The line phase wire must be protected with a circuit-breaker. In single phase installation, the line phase wire must be
connected to the phase input connector of the drive and the line neutral to the neutral input connector of the drive.

Figure 4 Circuit Breaker Connection to Drive

Drive Inputs

1
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Drive Connectors

Figure 5 Drive Cable Connectors

Table 4 Connector Location Guide

Connector Locations

Number Description
1 Serial Communication
2 Frequency Input
3 Drop In
4 AC input (L+N)
5 AC Fan*
6 EMI Earth
7 Defrost Input
8 Software Input

*Mates with ¥4” faston receptable. Fan connector assembly is optional

12
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Ventilation

Refer to Figure 6 below for the recommended position of the fan for air ventilation.

Figure 6 Figure 6 Recommended Air Flow Direction
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To avoid loss of performance, make sure that the heat sink is not obstructed from the air ventilation.

Maximum power is only achieved with minimum forced ventilation of 394 ft/min (2 m/s) over the drive heat sink
and 306 cu. ft/min (520 cu. meter/hr) air flow over the compressor.

Fan to the compressor shell distance should be at most 11.8 inches (30 cm).

A CAUTION

To avoid burns and any possible injuries, avoid touching the heatsink as it could get very hot during the drive
operation.

13
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Figure 7 Recommended Positions for Proper Air Ventilation
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Note: All mentioned positions are acceptable.

Considering specific aspects as drive and motor-compressor cooling, the most recommended are positions 1-
4. The least recommended but still acceptable are positions 5 and 6.

Both air flow directions are acceptable, but the one above illustrated is preferred.

14
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Compressor Cable Installation

The drive should be installed only in the vertical position. The drive should be kept close to the compressor as to not
entirely stretch the connecting cable to guarantee functionality. The Drive comes with a cable to connect to the
compressor, the drive should not be placed farther than the cable allows with some slack so the connector can still be
firmly connected with the compressor fusite.

Refer to the steps 1-4 below for the cable installation procedures.

Step 1: Remove the terminal cover, insert a
screwdriver into the clip in the top of the cover and
push it down.

Step 2: Push the cover down and pull out of the
compressor.

Step 3: To connect the drive to the compressor,
attach the motor cable on the hermetic compressor
terminal

Step 4: Assemble the compressor fence cover

*The screw for fixing the cables must be torque within
0.8to 1.2 Nm.

15
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Optional AC Fan Switch Control

The drive can be equipped with AC Fan switch control. This switch is ON in case compressor is running and OFF once
compressor is stopped. Note, that AC Fan switch control is not powered. It operates like a switch to interrupt the AC
supply Line or Neutral of the FAN.

Following connections should be made for switching power of the AC Fan:

e one terminal of AC Fan output to the Phase (or Neutral);
¢ second terminal of AC Fan output to customer’s AC Fan terminal;
e the remaining terminal of customer’s AC Fan to the Neutral (or Phase)

A CAUTION

Check the drive carefully before operating. Make sure that all the wires are correctly and tightly connected.
Improper operation may cause fire or injury to persons.

The drive should only use rated AC power supply. Use of incorrect power supply may damage the drive. A user
should make sure that the correct combination of a power supply and drive was used. Do not connect the drive
to a power supply above 264VAC. Similarly, input voltage outside the covered range (140V to 160V) can also
reduce cooling capacity due to speed limitation.

Control Modes

The Variable Frequency Drive can support 3 different types of control modes (Serial, Frequency, Drop-in) which is
dependent on what connector (Figure 8) is utilized on the drive itself. Once one of the three ports are connected, the
drive with automatically select the respective control mode. To understand more about your systems control mode, read
through the respective sections below.

Frequency Control Mode

In this mode, an electronic thermostat provides frequency signal to the drive to control the compressor speed. The input
resistance for this mode is 1,200 ohms.

Refer to Figure 8 on how to connect the thermostat and drive using this control mode. Voltage signals ranging between
+0.7V to +4.5V is not recommended when using the frequency control mode.

16
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Figure 8 Thermostat and Drive Connections using Frequency Control Mode
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The limit speed shall be configured according to the system and compressor constraints (i.e. Maximum and
Minimum Compressor speed). By default, these parameters are initially loaded into the Copeland Variable Speed
Reciprocating Compressor Drive Software with the maximum/minimum allowed for the selected compressor.

Table 5 Frequency Control Mode Signal Range

Voltage Range

ON State

OFF State

Duty Cycle Range

Maximum Current

Figure 9 Voltage Signal

15V =g

4.5V ==

0.7V ==

-sv 4=

-5V to 156V

+4.5V to +15V

-5V to +0.7V

30 to 70%

15 mA at +15V

INDEFINITE STATE

OFF STATE

The maximum and minimum digital signal duty-cycle percentages shown in Table 5 above refers to the percentage of
time the drive signal is ON and running the compressor. For Example: A 50% Duty cycle means that based on the input
frequency, the drive is signaling the compressor to run 50% of that period.

17
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Table 6 Input Frequency versus Compressor Speed RPM

0 to 50 0
50 to 60 1800
60 to 66 30 x Hz
66 to 150 30 x Hz
>150 4500

100Hz input Freq. Signal @ 50% Duty Cycle= 5ms on of a period of 10ms

The Variable Speed Compressor, when energized, will run at the RPM specified from the frequency signal that was sent
to the drive from the installed frequency controller. The relationship between the Drive Input Frequency and Compressor
RPM is shown above in Table 6.

Speed (RPM)

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

Figure 10 Graphical lllustration of Input Frequency Signal vs. Compressor Speed
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Serial Control Mode

Figure 11 Thermostat and Drive Connection using Serial Control Mode
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The serial control mode uses an electronic thermostat to controls the drive through the serial communication protocol.
When using this mode, it is possible to define the compressor speed and check other parameters.

When using serial control mode, it is not recommended to use signals between +0.7V to +4.5V. The input resistance for
the serial communication is 1.2kQ.

Table 7 Serial Control Mode Signal Range

Voltage Range -5V to 15V

FALSE State +4.5V to +15V

TRUE State -5V to +0.7V

Maximum Current 2 mAat +15V

Table 8 Serial Mode Basic Communication Settings

Communication Type UART (Half Duplex)
Baud Rate 600 Baud
None
Flow Control None
Unit Size 5 Bytes

The serial communication structure is based on 2 main structures: Command Structure and Receive commands
Structure. The 1st byte in the 5-bit command structure is the identification byte. After the inverter identifies a valid A5H
as the identification byte it will start to read the next four bytes. After the inverter reads a valid command (examples in
Table 9) it will give a response based on the Receives Command (examples in Table 10).

19
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Table 9 Transmit Command Structure

Command ID CMD LSB MSB CK

Set Speed A5h C3h Speed (RPM) CK

Read Set Speed A5h 3Ch 80h 39h CK
Read Operation Status A5h 3Ch 83h 39h CK

Table 10 Receive Command Structure

Response to ID CMD LSB MSB CK

Set Speed 5Ah 83h Status* CK

Read Set Speed 5Ah 80h Speed (RPM) CK
Read Operation Status 5Ah 83h Status* CK
Communication Error 5Ah Code* * FFh FFh CK

* See Status Data table
**See Error Code table

Drop In Control Mode

Drop-in control mode does not require sensors to operate, only the thermostat outputs (On/Off and Optional Defrost).

Figure 12 Thermostat and Drive Connections using Drop-in Control Mode

DRIVE
(Y | DRCe-IN
() =
1
NG g Thermostat
I—

(2 N| NEUTRAL
< PHASE




BULLETIN AE8-1437 R3

Whenever the drive is turned-off from the power grid, the Drop-in logic will start at pull-down routine when it is
powered on next.

The Drop-in mode was designed with focus on meeting the cooling capacity and efficiency. The logic can be split into
two main routines:

e Pull Down Routine;

e Cycle Routine

Both routines are described further in the next section below. Figure 13 below shows an example of what the drive
routines and RPM adjustments look like during a on cycle.

Figure 13 Pull-down and Cycle Routine in the Drop-in Control Mode

800RPM
= A 3 E——
g L
% 400RPM 5 ;
& | |200RPM c
—— Evaporator Temperature 3
E = Reference temperature !
‘§’ i
2
g Temperature
£ reference change
ol
j— — - B 1

Pull-Down Cyde Routine

Upon startup, the appliance will immediately go into pulldown routine for the first three (3) cycles as shown on Figure
13 above. Afterwards, the speed is adjusted to achieve the Target Time On (A and B cycles), then once the routine
reaches the TTO, it will maintain a stable compressor speed (C cycle). In case the appliance temperature setpoint
changed (D cycle), the speed will be increased or decreased to find a new stable condition (E cycle).

Pull Down Routine

When the drive is powered up, the logic considers a pull-down state, and the compressor runs on the maximum allowed
speed to reduce the pull-down time. To identify the end of pulldown, the system compares the two last measured load
values when the thermostat sends turn-off signal. If this variation is inside a specific range, the pull-down is considered
as finished.

Figure 14 shows an example of the pull-down behavior, presenting the speed and cabinet temperature waveform. The
difference between the measured load at turn-off on the couple first cycles is large, which indicates that the cabinet
temperature is not stable, and the appliance should continue in pull-down. However, when the difference between the
measured load at turn-off on two consecutive cycles is small, as shown at points A and B, this indicates that the
temperature is uniform and stabilized. Thus, the appliance exits pull-down and enters normal cycle mode.

21
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Figure 14 Pull-down Routine
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Drop-In Parameters

Before using the Copeland Drop In software to optimize your drive, please read the End User License Agreement in
Appendix B. The Drop-In parameters including the description and range of values are shown on the table below.

Table 11 Drop-in Parameters Range and Default Values

Parameters Description Min Value | Max Value Default Unit

Defines the minimum step of speed of the compressor.
Minimum Speed Step | This parameter will affect the increase and decrease of 10 1000 200 RPM
speed

Maximum time the compressor should be ON each cycle.
The control will adjust the speed taking this value as 1 1092 75 minutes
reference.

Target Time On
(TTO)

VEIGEL T2 Ol Time after the cycle reaches the TTO, where the logic

U= (e will increment speed each time it reaches TTO Timeout. . ke e minutes

Timeout)

Disturbance Determines the sensibility of the system to detect thermal
. load variations. The higher the gain, less sensitive is the 0.25 4 100 X
Detection
system.
Max
Max Speed Maximum compressor speed allowed. Min Speed | Compressor 4500 RPM
Speed
Minimum
Min Speed Minimum compressor speed allowed. Compressor | Max Speed 1800 RPM
Speed

22
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Cycle Routine

The normal logic is the main routine and it controls the compressor’s behavior during the entire working time after pull-
down. This routine is composed by three (3) methods that run in parallel.

e Stability
e Heavy Duty
e Defrost Routine

Stability

This is the main method of Smart Drop-in; it selects the optimal speed to run the compressor to achieve the Target Time
On (TTO). The TTO parameter is selected by using the Variable Frequency Drive Software. This is the most important
parameter in the Drop-in control mode, and it needs to be determined based on tests with appliance.

Table 12 Smart Drop-in Variables

VEUETES Description

Next_Speed Indicates the speed of the next cycle

Current_Speed Indicates the speed of the next cycle

Defines the minimum speed step of the compressor

Al SpEEl SR (default value is 100 RPM)

TTO Maximum time the compressor should be ON at each
(Target Time On) cycle
TTO_Timeout Time where the logic will increment speed after the cycle

reaches TTO

N Number of steps performed after reaching TTO

Table 12 presents the 6 key variables that are necessary to understand the logic of how the drive controls the
compressor. The variables can also be modified to the user’s preferences that can help determine recovery time and
optimize the systems performance. For stability routine the Minimum speed step and TTO variables will be important.

As described above, the Target Time On (TTO) is the first important parameter that must be selected on the drive. This
is the amount of time you want the compressor to run for to reach set point per on cycle. Once the TTO is set the drive
will adjust the compressors speed based on its prior cycles run time to allow it to better satisfy the set TTO on the next
cycle. Figures 15-21 below describe the 5 possible actions the drive can perform to best optimize its speed.
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Table 13 Drop-in Control Mode Logic

Cycle Time on Value Possible Actions (Next_Speed)

If less than 50% of TTO Current_Speed — (4* Min_Speed_Step)
If between 50% to 65% of TTO Current_Speed — (2* Min_Speed_Step)
If between 65% to 85% of TTO Current_Speed — (1* Min_Speed_Step)
If between 85% to 100% of TTO Current_Speed
If greater than TTO but cycle ends after 50% of . "
TTO_Timeout Current_Speed + (Min_Speed_Step*N)
If greater than TTO but cycle ends before 50% of
TTO_Timeout Current_Speed

Figure 15 Cycle Time On is less than 50% of TTO
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— Real Speed
== Current Speed
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Speed [RPM]
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Time

If the Target Time On (TTO) is set on the drive for 20 minutes and the system gets to the set point in less than 10 minutes,
it means the compressor is running much faster than it needs to satisfy the TTO. As Figure 15 shows, to try and improve

its speed the drive will take the current speed and decrease it by 4 minimum speed steps.

Figure 16 Cycle Time On between 50% to 65% of TTO

— Real Speed
== Current Speed

o e S Rt

-2 = Min_Speed_Step

Speed [RPM]
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Time
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If the Target Time On (TTO) is set on the drive for 20 minutes and the system gets to the set point between 10-13
minutes, it means the compressor is still running faster than it needs to satisfy the TTO. The drive will decrease its speed

by 2 minimum speed steps to get closer to the TTO time of the compressor as shown in Figure 16.

Figure 17 Cycle Time On between 65% to 85% of TTO

—  Real Speed
== Current Speed

—1 + Min_Speed_Step

Speed[RPM]
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Time

If the Target Time On (TTO) is set on the drive for 20 minutes and the system gets to the set point between 13-17
minutes, it means the compressor is still running faster than it needs to satisfy the TTO. In this case the drive will only

decrease the speed by 1 minimum speed step as shown in Figure 17.

Figure 18 Cycle Time on Greater than 85% but less than TTO

' — Real Speed
== Current Speed

Speed[RPM]
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If the Target Time On (TTO) is set on the drive for 20 minutes and the system gets to the set point between 17-20
minutes, it means the compressor is running at a speed that satisfies the TTO. In this case the drive will not change the

speed and will run the same speed during its next on cycle as shown in Figure 18.
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Figure 19 CTO > TTO cycle ends before 50% TTO Timeout
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In the event where the cycle time on runs longer than the set TTO the drive will increase the compressor speed by your
minimum speed step times the number of steps after TTO (N variable) to get to set point quickly. In the case where the
cycle time on runs longer than the set TTO and shorter than 50% of your manually set TTO Timeout the compressor will
temporarily increase its speed by your minimum speed step multiplied by the number of steps after TTO (N variable) to
get to set point quickly as shown in Figure 19. The next time the compressor runs it will go back to running its original

speed from the last cycle.

Figure 20 CTO > TTO cycle ends after 50% TTO Timeout
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Timeout

If the cycle time on runs longer than the set TTO and longer than 50% of your manually set TTO timeout the compressor
will temporarily increase its speed to get to set point quickly as shown in Figure 20. When the drive cycles on again it
will start at its final speed from the last cycle. In an example where your TTO is set to 20 minutes and your TTO Timeout
is set to 5 minutes; if your compressor runs for 24 minutes to reach set point the drive will increase the speed by your
minimum speed step multiplied the number of steps N until it reaches set point. Once the drive cycles back on it will run

at the final speed from the last cycle.
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Figure 21 Cycle Time On larger than Target Time On
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In the event where the compressor runs longer than the specified TTO and the speed increase cannot satisfy the TTO
Timeout, the drive will run the compressor at max speed until the set point is satisfied. The next on cycle will start at the
step speed during the TTO timeout as shown in Figure 21.

Lock Decrease

The Smart Drop-in logic has a method to avoid changing stable speed due to a single short cycle as presented on Figure
22. This is to avoid losing stability because due to a cycle that ended due to a defrost. Therefore, in such cases, the
speed decrease is allowed just after two (2) consecutive reduction requests.

Figure 22 Lock Decrease

Cycle Time On<0.85*TTO
-

ie. Turn-off dueto Defrost

Speed [RPM]

Heavy Duty

This method runs on background to identify disturbances or exceptional cases during equipment operation. It checks
the compressor’s load, which is proportional to the evaporator temperature. The speed will increase if the load deviation
matches one of the predefined patterns. Each pattern has a different speed step multiplier.

The disturbances or exceptional cases can be caused by different types of actions such as door openings, reloads,
defrosts, changes on room temperature or other events that can affect the thermal load from the appliance.

Figure 23 shows an example of a large disturbance, in which the logic increases the compressor speed (cooling
capacity) to make the appliance return to desired temperature.
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Figure 23 Large Disturbance
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Figure 24 shows an example where the disturbance is so small that there is no need to increase compressor speed
(cooling capacity).

Figure 24 Small Disturbance

Speed [RPM]

Temperature [°F]

Power [W]

To detect disturbances that may happen while the compressor is turned-off and there is no load to measurement, the
drive also compares the load difference between the current and last cycles during the first minutes of operation. If the
current cycle’s measurement is higher than the last, the logic will consider that a disturbance on the appliance’s
temperature happened, and the speed will change.

It is important to note that this detection depends on measurements received by the drive, Thus, depending on the
characteristics of the system, some events may not be detected by this method. Considering this scenario, the user can
improve the method precision by changing the parameter 'Disturbance Detection’ on the Copeland Variable Speed
Reciprocating Compressor Drive Software.
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This routine needs 6 minutes to start compressor’s load measurement alter the thermostat sends a turnon
signal. This is required to avoid incorrect load measurements due compressor startup and pressures
stabilization.

Defrost Routine

This method aims to improve the appliance operation while or after a defrost happens. The type of defrost (heater or hot
gas) is also considered when performing actions accordingly. For both defrost cases, the cycle after defrost will start at
higher speed in order to recover the appliance internal temperature faster; furthermore, during hot gas defrost the
compressor will increase speed to maximum in order to increase heating capacity and reduce defrost duration. There
are two possible ways of using the defrost routine:

o with defrost input signal or
e without defrost input signal

This signal needs to be connected to drive defrost input.

With Defrost Input Signal

The use of this additional signal enhances the defrost detection and allows the method to act instantaneously. Figure
25 shows an example of the hot gas defrost behavior. When the defrost input is activated while thermostat is on the
compressor speed is set to the maximum value (step A). On the cycle after defrost (step B), the compressor speed is
increased by 3 'Minimum Speed Steps’ based on stabilized speed. Afterwards, the speed will resume to the stabilized
speed (step C).

Figure 25 Hot gas Defrost Response with Defrost Input

| | | T
— ~Maximum Speed
A — - Stabilized Speed
—Real Speed L
=)
o
e,
B C
g [ 3 vinspeeastep _ | _
(%3]
T T
—— Defrost status
— ~Thermostat status
ON = j——————— I e L
I 1 | ,
! ;! 1
1 1
;! ;) 1
I 1
1 I | I 1
OFF A 1 1 A

29



BULLETIN AE8-1437 R3

The use of a heater with defrost pin is presented on Figure 26. in this case, the Smart Drop-in will increase the
compressor speed on the cycle after defrost (step B), to recover the appliance internal temperature faster, and resume
to the stabilized speed (step C).

Figure 26 Heater Defrost Response with Defrost Input
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By using the signals of Thermostat (Drop-in) and Defrost, the method will detect automatically the defrost type
(heater or hot-gas).

Without Defrost Input Signal

The compressor load measurement is used to detect if a defrost is happening or happened during the last turn-off,
however, this measurement is only performed 6 minutes after the cycle starts. This delay is needed to avoid incorrect
measurements due to compressor startup. Figure 27 presents an example of the hot gas defrost behavior without defrost
input. The defrost is detection happens after 6 minutes, when the compressor speed is set to the maximum value (step
A). On the cycle after defrost (step B), the compressor speed is increased by 3 'Minimum Speed Steps’ based on
stabilized speed. Afterwards, the speed will resume to the stabilized speed (step C).

Figure 27 Hot gas Defrost without Defrost Input
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The use of a heater defrost without defrost pin is presented on Figure 28. in this case, the Drop-in will have a 6 minutes
delay to increase the compressor speed on the cycle after defrost (step B). The next cycle will start with the previous
stabilized speed (step C).

Figure 28 Heater Defrost without Defrost Input
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The figure is considering the 6 min detection, if the detections was caused by the defrost pin, the cycle will start
with the speed in +3 Min Speed Step.

Copeland Variable Speed Reciprocating Compressor Drive Software

This section covers the installation of the Variable Frequency Drive Drop-In Software as well as the hardware
connections required. This software is to be used when operating with the Drop-In Control mode to set the parameters
and optimize your system.

Using the Software

To become more familiar with the setup of the Drop-In software interface please use Appendix A in this document as it
shows the quick start guide for setting up the hardware to communicate to the drive and the two programs that are used.

Minimum System Requirements

For normal operation, the following minimum system requirements must be meet.

e Operating system: Windows 7, Windows 8 or Windows 10 or higher;

e Available hard-disk memory: 40 MB ’Copeland Control Development Tool’ and 10 MB for "You Control Production
Tool’;

e _NET Framework: 4.5 or higher;

e DirectX: 9 or higher;
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e Available USB port: 1 port 1.1 or 2.0 standard.

Software Interface Installation

Please see Appendix A for the step-by-step interface installation procedures on your computer.

Before using the Drop-In Software please see Appendix B and read the End User License Agreement.

Modules

The Copeland Control Kit includes:

e 25KkV isolation USB/RS485

e 3 kV isolation RS485/RS232

o 3kV isolation 12V power supply

e RS485 Cable

e USB to USB cable (type A to type B)

Figure 29 below shows the overview of the kit and how they are connected.

Figure 29 Copeland Control Kit Connections

tM-7561

DATA +: White/Blue
Cable 1 DATA - Blue/White
150,6ND: Black

Cable 2

DATA +: White/Blue
DATA -: Blue/White

i-7520R

+V's: Red

O GND: Brown

Ground Power Jack

VERO5US120-JA

To avoid serious electrical shock to user and damage to the drive do not handle Cable 3, the i-752R module or
the VER0O5US120-JA supply with the drive powered on.
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Avoid the use of serial communication with the drive while using the Variable Frequency Drive Software.

Hardware Connections

Please see Appendix A for the step-by-step installation of the cables and modules.
Copeland Variable Speed Reciprocating Compressor Drive Software

The Variable Frequency Drive Software was developed by Copeland to allow the customization of the drive Smart Drop-
in control mode, enabling the user to change parameters and find an optimal operation condition for each appliance.
This customization can be in real-time done during development stage, adjusting the parameters to meet the appliance
requirements and standards. The selected set of parameters will be latter used in the final product. The interface also
presents information about the compressor, such as real speed, power. All this information can also be exported to a
spreadsheet file.

Please see Appendix B for the information and guide how to navigate Variable Frequency Drive Software.

Diagnostics

The drives have two diagnostics method:

1 Using LED indication
2 Using serial communication protocol

LED Indication

Normal Operation
When the drive is in a normal state (no protection and fault), the LED will flash GREEN once for 30 seconds.

Communication Problem
When the drive is having communication fault, the LED will flash GREEN two (2) times for 5 seconds. Refer to the
Troubleshooting section within the Addendum for more information.

Drive Problem
When the drive is the one having problem, the LED will flash RED three (3) times for 5 seconds. Refer to the
Troubleshooting section within the Addendum for more information.

Compressor Problem
When the there’s a compressor fault, the LED will flash ORANGE four (4) times for 5 seconds. Refer to the

Troubleshooting section within the Addendum for more information.

No Power or Damaged Drive
The LED will have no light, when there’s no power or the drive was damaged,
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Table 14 LED Status Description

LED Status Period Color Description
1 Flash 30s Green Normal
2 Flashes 5s Green Communication Problem
3 Flashes 5s Red Drive Problem
4 Flashes 5s Compressor Problem
No Flash - - No Power / Damaged Drive

Note: The drive does not have the capability to recall recent LED status

Troubleshooting

The drive may indicate fault or protection for various reasons. If fault or protection occurs, users should power down the
drive, check the drive, and check the drive running condition carefully. For the description, check and handling of these
faults or protections, please refer to the table below.

Compressor Does Not Start

Problem Action

Compressor disconnected from the drive Verify the compressor cable connection

No AC power supply; or wrong voltage/terminals Verify AC input cable connection and measure AC input voltage.

connected
No control signal input or bad connection Verify control input cable connection and measure the signal from the thermostat.
Blown fuse (due to previous major failure) Return the unit to manufacturer, replacing it with new one.

Measure winding for open circuit between all pair of pins on the hermetic terminal. If

Open compressor motor windin S
p P 9 any winding is open, return compressor to manufacturer.

Compressor with locked rotor (due to|Replace compressor with new one and test for confirmation. Return damaged unit to
mechanical damage) manufacturer.

Dropped, damaged, burnt drive Replace with new one and test for confirmation. Return damaged unit to manufacturer.

Wait the necessary time or reset the drive disconnecting it from the AC power supply.

Drive on waiting time after failed start The reset time is about 50s.

Demagnetized rotor (only if compressor was
previously connected directly to the AC power
supply)

Replace compressor with a new one and test for confirmation. Return damaged unit to
manufacturer.

Unequaled pressures between discharge and

) . . . Allow the drive to equalize pressure between suction and discharge sides.
suction pressures in the refrigerating system

Low input voltage supplied to the drive Measure AC voltage to confirm
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Compressor Does Not Run at Selected Speed

Problem Action

Review system design, refrigerant gas load or compressor capacity is not suitable for
the application. If system is appropriated designed, speed will reach set value when
load condition is stabilized.

High compression load, with compressor being
subjected to a stall condition.

Check if the appropriate control signal is being correctly applied to the Control Input

No or incorrect control signal. .
Connection.

Drop-in Does not work properly

Problem Action

Verify if Copeland Control Kit’ modules and cables are correctly connected.
Check if USB port (PC) is working.

Check if PC is recognizing the virtual COM.

Check if the correct COM port was selected.

Connection Timeout

If the interface doesn’t reduce automatically the baud rate, stop the test, slide the 'Auto
Baud Rate’ to Off mode and set a lower baud rate (acceptable values 600, 1200, 2400,
4800, 9600).

Check Error Code table on Table 12

Copeland Variable Speed
Reciprocating Compressor
Drive Software Communication Error

Check that the drive power supply. Check thermostat signal connection to the Drop-in
No control signal input or bad connection input.
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Appendix Section

Appendix A: Quick Start Guide for Drop-In Control Mode setup of Copeland Variable Speed
Compressor Drive

To avoid serious electrical shock to user and damage to the drive do not handle Cable 3, the i-752R module or
the VER05US120-JA supply with the drive powered on.

Avoid the use of serial communication with the drive while using the Copeland Variable Speed Reciprocating
Compressor Drive Software.

Overview

Thank you for choosing Copeland Variable Speed Reciprocating Compressor Drive. This document guides you through
connecting the Variable Frequency Drive to your computer for the initial set up and install of the drive for the drop in
control mode. For more details on its application please refer to AE-1437 bulletin. For guidance on testing and optimizing
the drive for your application contact Application engineering.

Package Contents

Cable 1 Cable 2 Cable 3

Power Jack e '
re )
Module 1
tM-7561 Module 2
i-7520R

Extra Attachments
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Number

Connector Locations

Description

Serial Communication

2 Frequency Input
3 Drop In

4 AC input (L+N)
5 AC Fan*

6 EMI Earth

7 Defrost Input
8 Software Input
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Connecting the Hardware

Materials Needed

e 1 pc. flat head screw drive (2.4mm)
e Copeland Drop-in Control Kit
Procedures

1 Check all drive connector/module kits are complete and damaged-free.
2 Make sure the inverter is powered off while connecting hardware
3 With the drive OFF, connect Gray CABLE 1 from the USB port of the PC or Laptop to White MODULE 1

tM-7561
.
31
*;2 __:

4 With the drive OFF, connect Red Cable 2 to Module 1 as shown below.

tM-7561

» 1

o® Cable 2
= 2

Cable 1

™-7561
T —
lllllt!

DATA +: White/Blue
DATA -: Blue/White
ISO.GND: Black

5 With the drive OFF, connect the other end of Red CABLE 2 to Blue MODULE 2 as shown below. Note: Grounding
connection is optional but recommended to reduce any noise.

DATA +: White/Blue .
DATA -: Blue/White i-7520R

Cable 2 L E

O

Ground
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6 With the drive OFF, connect the red and brown wires of Black CABLE 3 into Blue MODULE 2. Also connect the DB9
connector on the other side as shown below.

i-7520R

e

Cable 3

+Vs: Red
GND: Brown

7 Connect the power supply into the designated connection on Black CABLE 3. **Do not plug in wall jack yet*
i-7520R

Power Jack

VERO5US120-JA

8 Connect Black CABLE 3 on the micro-USB port on the drive (port 8 as shown in Figure 1 above)

Micro-USB Type B

Cable 3

9 After all connections are made, the power jack can be connected to add power to the system.
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10 After connecting all the cables and modules, the full setup should look like below:

tM-7561
.

DATA +: White/Blue
DATA -: Blue/White
1SO.GND:; Black

Cable 2
Micro-USB Type B

DATA +: White/Blue i
DATA -: Blue/White I-7520R

+Vs: Red

o GND: Brown

Ground

Power Jack

VERO5US120-JA

Loading the Parameters using the Development Tool

Note: The steps below assume that all desired parameters enumerated on AE-1437 has been established

1 Contact Application Engineering to obtain a copy of the software. Download and install on your computer.
2 After installation, connect the drive to the laptop using the procedures enumerated on Section 4 of this document.
3 On your computer or laptop, open the variable speed software by double-clicking its icon.

4  Go to the connection screen by clicking “Show Cards” on the General screen of the software.

GEMNERAL CHART EXPORT & MERGE DATA ¥ Show Cards.

Parameters

@ Disturbance Detection @ 77O (min) @ TTO Timeaut fmin) 0 Min Speed (RPM)
Def ve it should be: ! - ¢ h ! :
o @ Minimum Speed Step (REM) O Max Speed (REM)
o bl 0 el
[ s |

5 On the serial port select ICPDAS tM-7561 USB-To-RS485 Converter. Set Auto Baud Rate to ON.

40



BULLETIN AE8-1437 R3

Serial Connection

Serial Port

ICPDAS tM-7561 USB-To-R5485 Converter (COM4) A

Auto Baud Rate

a@ o

6 On the same page, enter the details of the test including who is doing the test, model and description. Click “Start
Test”.

Test Manager

Responsible Model

Description

START TEST

If an error occurs, a code and description will be displayed.

7  Wait for the system to pre-load.

Performing system preload...

3

8 Go back to the general tab to view the default parameters loaded on the drive such as Target Time ON, Minimum
Speed Step, TTO Timeout, Minimum Speed and Maximum Speed.

GENERAL CHART EXPORT & MERGE DATA

¥ Show Cards

Parameters

@ Disturbance Detection @ 170 min} @ T70 Timeout (min} © Min Speed (RPM)
0 e o o
Cefine how sensitive it should be

A @ Minimum Speed Step [RPM) @ Max Speed (RPM)
O . .

- o b=

9 Each parameter can be changed manually and saved to the drive clicking “Apply” button.

Loading the Parameters using the Production Tool

Note: The steps below assume that all desired parameters enumerated on AE-1437 has been established
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1 To download the software, open your browser using a PC or laptop go to Copeland Online Product Information
website.

2 Click “Software Downloads”
3 Connect the drive to the laptop using the procedures on Section 4 of this document.
4 On your computer or laptop, open the variable speed software by double-clicking its icon.
5 Go to the connection screen by clicking on the gear icon on the top right of the screen
» _ X
Parameters
’ LOAD EXISTING PARAMETERS |
© 17O (min) © TTO Timeout (min) © Minimum Speed Step (RPM)
0 0 0
© Min Speed (RPM) © Max Speed (RPM) @ Disturbance Detection
0 0 0
SAVE PARAMETERS (F2)

6 On the serial port select ICPDAS tM-7561 USB-To-RS485 Converter. Set Baud Rate to ON. Click “OK”.

Serial Connection X

Serial Port Auto Baud Rate

- a@o

7 Click “Load Existing Parameter” if you have reference file containing established parameters. Click “Save Parameter”
to save the parameters into the drive.

Parameters

LOAD EXISTING PARAMETERS

o TTO (min) 0 TTO Timeout (min) 0 Minimum Speed Step (RPM)
0 0 0
© Min Speed (RPM) O Max Speed (RPM) @) Disturbance Detection

0 0

0
SAVE PARAMETERS (F2)
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Appendix B: Copeland End User License Agreement

Copeland Cold Chain End User License Agreement

June 1, 2023

This End-User License Agreement (“EULA”) is between Buyer (either an individual or an entity) (“Licensee”) and
Copeland and/or its Affiliates (“Copeland”) and applies to the use of the Copeland software to which this EULA is linked,
which includes computer software, firmware, associate media, materials, and documentation, provided by Copeland or
incorporated into or used in connection with Copeland Products (collectively, the “Software Products”). The Software
Products also include any updates, supplements, and future modifications provided by Copeland to Licensee. Licensee
includes Buyer and any authorized agents, employees, or users of Buyer permitted to use the Products. Any software
provided along with the Software Product that is associated with a separate end-user license agreement is licensed to
Licensee under the terms of that agreement.

This EULA is intended to be used in conjunction with Copeland Cold Chain's Terms including the Terms and Conditions
of Sale and of Service, both of which are incorporated herein by this reference. These terms may be found at
https://copeland.com/en-us/terms. Acceptance of these terms is strictly required, and any different or additional terms or
modification thereof are objected to and superseded by these terms. By installing, copying, downloading, accessing, or
otherwise using the Software Product, Licensee agrees to be bound by the terms of this EULA and all other terms
incorporated herein. The Software Product is protected by the copyright laws and international copyright treaties, as well
as other intellectual property laws and treaties, of the United States and other jurisdictions where this EULA is
signed. The Software Product is licensed and not sold to Licensee.

1. LICENSE: This EULA grants Licensee a non-exclusive, non-transferable license to use the Software Product on a
device Licensee owns, accesses, or controls, and as permitted by the usage rules set forth for Licensee’s device.
The license granted to Licensee by this EULA contains the following rights: (1) Systems Software: Licensee may
install and use one copy of the Software Product on a single computer, including workstation, terminal, or other
digital electronic device (“Devices”); (2) Licensee may store or install a copy of the Software Product on a storage
device, such as a network server, used only to install or run the Software Product on any of Licensee’s Devices
using the same internal network server; however, Licensee must acquire and dedicate a license for each Device on
or from which the Software Product is installed, used, accessed, displayed, or run that does not use the same
internal network server. Licensee is permitted to transfer the Software Product to a difference network server solely
in connection with an upgrade of its information technology systems. All rights not expressly granted to Licensee by
this EULA are hereby reserved by Copeland. Licensee must be at least eighteen (18) years to use the Software
Product. Licensee may only use the Software Product in a manner consistent with this EULA. Licensee may not
rent, lease, lend, sell, redistribute, sublicense, decompile, reverse engineer, disassemble, attempt to derive the
source code of, modify, or create derivative works of the Software Product. Any attempt to do so, including any
alteration of any proprietary notices, is a violation of the rights of Copeland and its licensors. If Licensee breaches
this restriction, Licensee may be subject to prosecution and damages. Information provided is for informational
purposes only. The use of the Software Product for various purposes should not replace appropriate user judgment,
as users will have the best understanding of the context in which the Software Product is being used.

2. UPGRADES & UPDATES:

a. Copeland is under no obligation to provide upgrades to the Software Product. If the Software Product is labeled
as an upgrade, Licensee must be properly licensed to use a product identified by Copeland as being eligible for the
upgrade in order to use the Software Product. A Software Product labeled as an upgrade replaces and/or
supplements the product that formed the basis for Licensee’s eligibility for the upgrade. Licensee may use the
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resulting upgrade product only in accordance with the terms of this EULA. If the Software Product is an upgrade of
a component of a package of software programs Licensee licensed as a single product, the Software Product may
be used and transferred only as part of that single product package and may not be separated for use on more than
one Device.

b. The Software Product may automatically download and install updates from Copeland from time to time. These
updates are designed to improve, enhance, and further develop the Software Product and may take the form of bug
fixes, new or enhanced functions, and completely new versions. These updates are provided at no extra cost to
Licensee. If Licensee does not want the Software Product to be automatically updated, Licensee may be able to set
its device settings to prohibit automatic updates.

CONFIDENTIALITY & INTELLECTUAL PROPERTY: Licensee acknowledges the Software Product contains
proprietary trade secrets of Copeland and agrees to maintain the confidentiality of the Software Product using at
least as great a degree of care as Licensee uses or would use to maintain the confidentiality of its own most
confidential information, but in no way less than a reasonable degree of care. The Software Product and all
information, documentation, and materials available on or through the Software Product are protected by trademark,
copyright, and/or other intellectual property laws and international treaty provisions. All websites, corporate names,
service marks, trademarks, trade names, logos, and domain names (collectively “marks”) of Copeland are and shall
remain the exclusive property of Copeland. Nothing in this EULA shall grant Licensee the right or license to use any
of the marks. All rights relating to the Software Product not expressly granted by this EULA are reserved by
Copeland.

In the event any third-party claim that the Software Product or Licensee’s possession and use of the Software
Product infringes that third-party’s intellectual property rights, Copeland will not be responsible for the investigation,
defense, settlement, and discharge of any infringement claim.

WARRANTIES & LIMITATION OF LIABILITIES: THE USE OF THE SOFTWARE PRODUCT IS AT LICENSEE’S
OWN RISK AND THE ENTIRE RISK AS TO SATISFACTORY QUALITY, PERFORMANCE, ACCURACY, AND
EFFORT IS WITH LICENSEE. THE SOFTWARE PRODUCT IS PROVIDED “AS I1S” AND “AS AVAILABLE”, WITH
ALL FAULTS AND WITHOUT WARRANTY OF ANY KIND, AND COPELAND HEREBY DISCLAIMS ALL
WARRANTIES AND CONDITIONS WITH RESPECT TO THE SOFTWARE PRODUCT, EITHER EXPRESS,
IMPLIED, OR STATUTORY, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES AND/OR
CONDITIONS OF MERCHANTABILITY, OF SATISFACTORY QUALITY, OF FITNESS FOR A PARTICULAR
PURPOSE, OF ACCURACY, OF QUIET ENJOYMENT, AND NON-INFRINGEMENT OF THIRD PARTY RIGHTS.

COPELAND DOES NOT WARRANT AGAINST INTERFERENCE WITH YOUR ENJOYMENT OF THE SOFTWARE
PRODUCT, THAT THE FUNCTIONS CONTAINED IN OR SERVICES PERFORMED OR PROVIDED BY, THE
SOFTWARE WILL MEET YOUR REQUIREMENTS, THAT THE OPERATION OF THE SOFTWARE PRODUCT
WILL BE UNINTERRUPTED, SECURE OR ERROR-FREE, THAT RESULTS THAT MAY BE OBTAINED FROM
USE OF THE SOFTWARE PRODUCT WILL BE ACCEPTABLE OR RELIABLE, THAT THE SOFTWARE PRODUCT
IS FREE OF VIRUSES OR OTHER HARMFUL COMPONENTS, OR THAT DEFECTS IN SOFTWARE PRODUCT
WILL BE CORRECTED. NO ORAL OR WRITTEN INFORMATION OR ADVICE GIVEN BY COPELAND OR ITS
AUTHORIZED REPRESENTATIVE SHALL CREATE A WARRANTY. SHOULD THE SOFTWARE PRODUCT
PROVE DEFECTIVE, LICENSEE ASSUMES THE ENTIRE COST OF ALL NECESSARY SERVICING, REPAIR,
OR CORRECTION. COPELAND MAKES NO WARRANTY, EXPRESS OR IMPLIED, NOR ASSUMES ANY LEGAL
LIABILITY OR RESPONSIBILITY FOR THE ACCURACY, COMPLETENESS, OR ANY THIRD PARTY'S USE OR
THE RESULTS OF SUCH USE OF ANY INFORMATION, APPARATUS, PRODUCT, OR PROCESS DISCLOSED,
NOR REPRESENTS THAT ITS USE WOULD NOT INFRINGE PRIVATELY OWNED RIGHTS. INCORRECT DATA
PLACED HEREIN TO ALLOW THE APP TO OPERATE IN A POSITIVE ENVIRONMENT DOES NOT TRANSLATE
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TO A PROPERLY SERVICED UNIT AND CAN POSE DANGEROUS RISK TO THE UNIT OWNER OR
CONTRACTOR. NEITHER COPELAND NOR ITS AFFILIATES, SUPPLIERS, EMPLOYEES, AGENTS OR
CONTRACTORS WARRANT THAT A NON-RECOMMENDED CONFIGURATION WILL ENABLE YOU TO
SUCCESSFULLY INSTALL, ACCESS, OPERATE, OR USE THE SERVICES. LICENSEE ACKNOWLEDGES ANY
SUCH INSTALLATION, ACCESS, OPERATION, OR USE COULD CAUSE A PRODUCT TO FAIL TO OPERATE
OR CAUSE DAMAGE TO THE PRODUCT, LICENSEE, AND/OR THE PREMISES. NEITHER COPELAND NOR
ITS AFFILIATES, SUPPLIERS, EMPLOYEES, AGENTS, OR CONTRACTORS SHALL HAVE ANY LIABILITY
WHATSOEVER FOR ANY SUCH FAILURE OR DAMAGE.

COPELAND, ITS THIRD PARTY LICENSORS AND CARRIERS SHALL NOT BE LIABLE FOR ANY DIRECT,
INDIRECT, INCIDENTAL, SPECIAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES, INCLUDING BUT NOT
LIMITED TO, DAMAGES FOR LOSS OF PROFITS, GOODWILL, USE, DATA, OR OTHER INTANGIBLE LOSSES
(EVEN IF COPELAND WAS ADVISED OF THE POSSIBILITY OF SUCH DAMAGES) RESULTING FROM: (1) THE
USE OR INABILITY TO USE THE SOFTWARE PRODUCT; (Il) THE USE OR INABILITY TO USE YOUR DEVICE
AS A RESULT OF THE SOFTWARE PRODUCT; (lll) UNAUTHORIZED ACCESS TO OR ALTERATION OF YOUR
TRANSMISSIONS OR DATA; OR (IV) ANY OTHER MATTER RELATED TO THE SOFTWARE PRODUCT.
COPELAND SHALL ONLY BE RESPONSIBLE FOR INTENTIONAL MISCONDUCT AND GROSS NEGLIGENCE,
AND IN NO EVENT SHALL COPELAND'S TOTAL LIABILITY TO LICENSEE FOR ALL DAMAGES (OTHER THAN
AS MAY BE REQUIRED BY APPLICABLE LAW IN CASES INVOLVING PERSONAL INJURY) EXCEED THE
AMOUNT OF FIFTY ($50) DOLLARS. THE FOREGOING LIMITATIONS WILL APPLY EVEN IF THE ABOVE
STATED REMEDY FAILS OF ITS ESSENTIAL PURPOSE.

Certain jurisdictions do not allow the exclusion or limitation of certain damages. If these laws apply to Licensee,
some or all the exclusions or limitations set out in this EULA may not apply, and Licensee may have additional rights.

INDEMNIFICATION: LICENSEE AGREES TO BE RESPONSIBLE FOR AND DEFEND, INDEMNIFY, AND HOLD
HARMLESS COPELAND, ITS EMPLOYEES, AFFILIATES, SUPPLIERS, AGENTS, AND CONTRACTORS AND
TO REIMBURSE COPELAND FOR ANY DAMAGES, LOSSES, OR EXPENSES (INCLUDING WITHOUT
LIMITATION, REASONABLE ATTORNEY'S FEES AND COSTS) INCURRED BY COPELAND IN CONNECTION
WITH ANY CLAIMS, SUITS, JUDGMENTS, AND CAUSES OF ACTION ARISING OUT OF THE FOLLOWING USE
OF THE SOFTWARE PRODUCT BY LICENSEE AND/OR ANY OF ITS ADDITIONAL USERS (l) MISUSE OF THE
SOFTWARE PRODUCT; (Il) VIOLATION OR INFRINGEMENT OF CONTRACTUAL RIGHTS, PRIVACY,
CONFIDENTIALITY, COPYRIGHT, PATENT, TRADEMARK, TRADE SECRET, OR OTHER INTELLECTUAL
PROPERTY AND PROPRIETARY RIGHTS ARISING FROM MISUSE OF THE SOFTWARE PRODUCT OR ANY
UNAUTHORIZED APPARATUS OR SYSTEM,; (lll) BREACH OF ANY PROVISION OF THIS EULA OR ANY OF
THE APPLICABLE COPELAND TERMS OR POLICIES BY LICENSEE OR ANY OTHER USER OR AUTHORIZED
USER; (IV) ACCOUNT ACCESS OR ACTIVITY DUE TO FAILURE TO PROTECT LOG-ON CREDENTIALS; AND
(V) ANY CAUSE OF ACTION BY ANY OF LICENSEE’S ADDITIONAL USERS, INCLUDING ANY AND ALL
ALLEGATIONS, SUITS, CLAIMS, AND PROCEEDINGS (INCLUDING REASONABLE ATTORNEYS’ AND
PROFESSIONAL FEES) (COLLECTIVELY, “CLAIMS”) AND ALL RELATED DAMAGES INCURRED BY LICENSEE
OR COPELAND AS A RESULT OF OR ARISING FROM LICENSEE’S ADDITIONAL USER'S BREACH OR
ALLEGED BREACH. IT IS UNDERSTOOD AND AGREED THAT LICENSEE, THE CUSTOMER, ASSUMES FULL
LIABILITY FOR A BREACH BY ANY OF ITS ADDITIONAL USERS OF THIS EULA. IT IS UNDERSTOOD AND
AGREED THAT LICENSEE ASSUMES FULL LIABILITY FOR A BREACH BY ANY OF ITS AUTHORIZED USERS
OF THIS AGREEMENT AND COPELAND SHALL HAVE NO LIABILITY FOR ANY MISUSE OR ACTION BY ANY
AUTHORIZED USER OR ANY OF LICENSEE’S AFFILIATES, SUPPLIERS, OR AGENTS.
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PRODUCT CLAIMS: Copeland is responsible for addressing any claims of Licensee or any third-party relating to
the Software Product of Licensee’s possession and/or use of the Software Product, including but not limited to: (1)
product liability claims;

(2) any claim the Software Product fails to conform to any applicable legal or regulatory requirement; and (3) claims
arising under consumer protection or similar legislation. Licensee must notify Copeland if it has, or is aware that any
third-party has, any such claims. Apple® and Google® have no responsibility to address any such claim even if the
Software Product was downloaded on one of their respective platforms.

PRIVACY: When Licensee downloads, installs, or uses the Software Product, Copeland may use automatic means
to collect information about the Device and about the use of the Software Product. Licensee may be required to
provide certain information about itself as a condition to downloading, installing, or the Software Product or certain
of its features or functionality, and the Software Product may provide opportunities to share information about
Licensee with others. Copeland may collect information, including but not limited to, information relating to the
manner or frequency of your use of the Software Product. This includes details about the Copeland product, as well
as data collected as part of the services. Some data Copeland collects is relatively static, such as data about the
product (for example, serial numbers and Device IDs and the Copeland model and serial number), but other data is
more dynamic, like information about current and past product usage levels, information about abnormal product
functioning, information about the status and location of Software Product and/or your Device. Copeland collects
this data directly from Licensee and the Software Product and transmits it through the network and/or Internet
services of Licensee. Monitoring may continue until Licensee disconnects the Software Products and the services
are cancelled or terminated. Note, if Licensee does not allow Copeland to collect this information, Copeland may
not be able to provide the full capabilities of the Software Product and other services. All information we collect
through or in connection with the Software Product and the use of Copeland mobile apps and devices is subject to
our Privacy Notice found at https://www.copeland.com/en-us/privacy-notice. Copeland will collect, use, and disclose
Licensee’s personal information and the personal information of its Additional Users as set out in that Privacy Notice,
and Licensee and its Additional Users or third parties it has granted access or control consent to Copeland doing
so. Note, the Privacy Notice applies subject to requirements of local law. In the event a conflict between the Privacy
Notice and applicable data protection laws, the stricter obligation applies.

DUAL MEDIA & BACKUP: Licensee may receive the Software Product in more than one medium. Regardless of
the type or size of the medium Licensee receives, Licensee may use only one medium appropriate for Licensee’s
single Device. Licensee may not use or install any other medium on another Device. Licensee may not loan, rent,
lease, lend, or otherwise transfer any other medium to another for use, except as part of the permanent transfer of
the Software Product. After installation of one (1) copy of the Software Product pursuant to this EULA, Licensee
may keep the original media on which the Software Product was provided by Copeland solely for backup or archival
purposes. If the original media is required to use the Software Product on the Device, Licensee may make one (1)
copy of the Software Product solely for backup or archival purposes, so long as all copyright and other notices are
reproduced and included on the back-up copy. Except as expressly provided in this EULA, Licensee may not
otherwise make copies of the Software Product or the printed material accompanying the Software Product.

SUPPORT SERVICES: If Copeland provides Licensee with support services related to the Software Product
("Support Services"), any such Support Services shall be governed by the Copeland policies and programs
described in the user manual, in "online" documentation, and/or other provided materials, including any applicable
Service Agreement between Copeland Licensee. Any supplemental software code provided as part of the Support
Services shall be considered part of the Software Product and subject to this EULA. With respect to technical
information Licensee provides to Copeland as part of Support Services, Copeland may use such information for its
business purposes, including for product support and development. Copeland will not utilize such technical
information in any form that personally identifies Licensee.
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10. SOFTWARE PRODUCT TRANSFER: Notwithstanding any provision herein, Licensee may make a one-time

11.

permanent transfer of this EULA and the Software Product only directed to an end user and solely in connection
with the sale of all of Licensee’s business and assets, provided the Licensee deletes all its setup files, and the
recipient agrees to the terms of this EULA. This transfer must include all the Software Product (including all
component parts, the media and printed materials, any upgrades, this EULA, and if applicable, the Certificate of
Authenticity). Such transfer may not be by way of consignment or any other indirect transfer. The transferee of such
one-time transfer must agree to comply with the terms of this EULA, including the obligation not to further transfer
this EULA and Software Product.

GENERAL TERMS:

a. Not for Resale: The Software Product is “Not for Sale” or “NFR,” and notwithstanding other sections of this EULA,
Licensee’s use of the Software Product is limited to Licensee’s own use including demonstration, test, or evaluation
purposes and Licensee may not publish, display, disclose, or, except as specifically provided herein, sell or transfer
(for value or otherwise) or copy the Software Product.

b. Terms of Use: Use of the Software Product or other features are further governed by our Terms of Use, which
are available at http://www.copeland.com/en-us/terms-of-use. Any violation of such Terms of Use will be deemed a
violation of this EULA. The Software Product may provide Licensee with access to Copeland’s website located at
www.copeland.com (the "Website") and products and services accessible thereon, and certain features, functionality
and content accessible on or through the Software may be hosted on the Website (collectively, "Content and
Services"). Licensee’s access to and use of such Content and Services are also governed by our Terms of Use and
Privacy Notice, both incorporated by this reference. Licensee’s access to and use of such Content and Services
may require acceptance of such Terms of Use and/or to register with the Website. Licensee’s failure to do so may
restrict it from accessing or using certain of the Software’s features and functionality.

c. U.S. Government Restricted Rights: The Software Product is commercial in nature, and constitutes "Commercial
Items", as that term is defined in 48 C.F.R. section 2.101, consisting of "Commercial Computer Software" and
"Commercial Computer Software Documentation”, as such terms are defined in 48 C.F.R. section 252.227-
7014(a)(5) and 48 C.F.R. section 252.227-7014(a)(1), and used in 48 C.F.R. section 12.212 and 48 C.F.R. section
227.7202, as applicable. If Licensee is the U.S. Government, or this EULA is intended for a U.S. Government end
user, then, consistent with 48 C.F.R. section 12.212, 48 C.F.R. section 252.227-7015, 48 C.F.R. section 27.7202
through 227.7202-4, 48 C.F.R. section 52.227-14, and other relevant sections of the Code of Federal Regulations,
as applicable, the Software Product is licensed to U.S. Government end users with only such rights as are granted
to all other end users, according to the terms and conditions contained in this EULA. The manufacturer is Copeland
Cold Chain LP, 8100 West Florissant Avenue, St. Louis, Missouri 63136.

d. Export Restrictions & Legal Compliance: This EULA is expressly made subject to any laws, regulations, orders,
or other restrictions on the export from the United States of America of the Software Product or information about
the Software Product which may be imposed from time to time by the government of the United States. Licensee
may not use or otherwise export or re-export the Software Product except as authorized by the United States law
and the laws of the jurisdiction in which the Software Product was obtained. In particular, but without limitation, the
Software Product may not be exported or re-exported (a) into any U.S.-embargoed countries or (b) to anyone on
the U.S. Treasury Department’s Specially Designated Nationals List or the U.S. Department of Commerce Denied
Persons List or Entity List. Licensee may not use the Software Product if it is located in any such country or on any
such list. Licensee must not use the Software Product for any purposes prohibited by United States law, including,
without limitation, the development, design, manufacture, or production of nuclear, missile, or chemical or biological
weapons.
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e. Termination: The license is effective until properly terminated by Licensee, the owner, purchaser, and/or controller
of the Software Product or by Copeland. Licensee may terminate at any time by permanently deleting all copies of
the Software product. Licensee’s right under this EULA will terminate automatically without notice from Copeland if
you fail to comply with any term of this EULA. Copeland may also terminate in the event of the dissolution or
termination of existence of Licensee, or if Licensee becomes subject to any bankruptcy or insolvency proceeding
which is not dismissed within ninety (90) days, or if Licensee becomes insolvent or subject to direct control by a
trustee, receiver, or similar authority. Upon termination of the license, Licensee shall cease all use of the Software
Product and permanently delete all copies, full or partial, of the Software Product. All representations, warranties,
warranty disclaimers, indemnifications, and limitations of liability contained in this EULA shall survive the termination
of this EULA; any other obligations of the parties hereunder shall also survive, if they relate to the period before
termination or if, by their terms, they would be expected to survive such termination.

f. Dispute Resolution: The terms of this subsection will apply to all disputes that may arise out of, are connected with
or relate to this EULA or the Software Product, subject only to the following two exceptions: (1) if Copeland
reasonably believes Licensee or any of its Additional Users have in any manner acted or failed to act in any manner
that may cause harm to Copeland or any third party, Copeland may seek injunctive or other appropriate relief in any
court of competent jurisdiction; or (2) any dispute may, at the option of the claiming party, be resolved in small claims
court provided that all claims by all parties in the dispute fall within the jurisdiction of the small claims court but
subject to the informal resolution below. In no event will the terms of this section limit Copeland’s ability to investigate
complaints or reported violations of this EULA or to take any action Copeland deems necessary and appropriate to
mitigate actions against Copeland, including reporting any suspected unlawful activity to law enforcement officials,
regulators, or other third parties.

i. Informal Resolution: If Licensee has any dispute with Copeland or any related third party, arising out of, relating
to, or connected with the Software, you agree to contact Copeland, at the address noted below; provide a brief,
written description of the dispute and contact information (including the username, if the dispute relates to an
account); and give Copeland thirty (30) days within which to resolve the dispute to satisfaction. If Copeland
does not resolve the dispute through good faith negotiations under this informal process, Licensee may pursue
the dispute in accordance with the arbitration agreement below or in small claims court as described above.

ii. Class Action Waiver: LICENSEE HEREBY IRREVOCABLY WAIVES ANY RIGHT IT MAY HAVE TO ACOURT
OR TO SERVE AS A REPRESENTATIVE, AS A PRIVATE ATTORNEY GENERAL, OR IN ANY OTHER
REPRESENTATIVE CAPACITY, OR TO PARTICIPATE AS AMEMBER OF A CLASS OF CLAIMANTS, IN ANY
LAWSUIT, ARBITRATION, OR OTHER PROCEEDING AGAINST COPELAND OR RELATED THIRD PARTIES
ARISING OUT OF, RELATING TO, OR CONNECTED WITH THIS EULA; ARBITRATION CAN THUS DECIDE
ONLY THE INDIVIDUAL CLAIMS; THE ARBITRATOR MAY NOT CONSOLIDATE OR JOIN THE CLAIMS OF
OTHER PERSONS OR PARTIES WHO MAY BE SIMILARLY SITUATED.

iii. Arbitration Agreement. Any claims by Copeland, or claims by Licensee not resolved by the informal resolution
procedure or in small claims court as provided above, arising out of, relating to, or connected with this EULA or
the Software Product must be asserted individually in binding arbitration administered by the American
Arbitration Association (“AAA”) in accordance with its Commercial Arbitration Rules and Supplementary
Procedures for Consumer-Related Disputes (including utilizing desk, phone or video conference proceedings
where appropriate and permitted to mitigate costs of travel). This EULA and each of its parts evidence a
transaction involving interstate commerce, and the Federal Arbitration Act (9 USC §1, et. seq.) will apply in all
cases and govern the interpretation and enforcement of the arbitration rules and arbitration proceedings. The
arbitration shall be held at a location determined by AAA pursuant to the Rules and Procedures (provided such
location is reasonably convenient for you), or at such other location as may be mutually agreed by Licensee
and Copeland. Judgment on the award rendered by the arbitrator may be entered in any court of competent
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jurisdiction. In addition to and notwithstanding the terms stated above, the following will apply to your dispute(s):
(1) thearbitrator, and not any federal, state, provincial, or local court or agency, will have exclusive authority to
resolve any dispute relating to the interpretation, applicability, enforceability, or formation of this EULA including
any claim that all or any part of this EULA is void or voidable; (2) the arbitrator will not have the power to conduct
any form of class or collective arbitration nor join or consolidate claims by or for individuals; (3) the arbitrator's
decision shall be controlled by the terms and conditions of this EULA and any of the other agreements
referenced herein that Licensee may have entered into in connection with the Services; (4) the arbitrator shall
apply Delaware law consistent with the AAA and applicable statutes of limitations, and shall honor claims of
privilege recognized at law; (5) to the extent permitted by law, the arbitrator shall not have the power to award
punitive, incidental, or consequential damages against Licensee or Copeland; (6) in the event the administrative
fees and deposits that must be paid to initiate arbitration against Copeland exceed $125 USD for claims less
than $10,000 or $375 for claims greater than $10,000 but less than $75,000, and Licensee is unable (or not
required under the applicable Rules and Procedures) to pay any fees and deposits exceeding this amount,
Copeland agrees to pay and/or forward them on Licensee’s behalf, subject to ultimate allocation by the
arbitrator. Further, if Licensee can demonstrate the costs of arbitration will be prohibitive as compared to the
costs of litigation, Copeland will pay as much of Licensee’s filing and hearing fees in connection with the
arbitration as the arbitrator deems necessary to prevent the arbitration from being cost-prohibitive; and (7) with
the exception of subpart (3) above, if any part of this arbitration provision is deemed to be invalid, unenforceable
orillegal, or otherwise conflicts with the Rules and Procedures established by AAA, the balance of this arbitration
provision shall remain in effect and shall be construed in accordance with its terms as if the invalid,
unenforceable, illegal, or conflicting provision were not contained herein. If, however, subpart (3) is found to be
invalid, unenforceable, or illegal, then the entirety of this Arbitration Provision shall be null and void, and neither
you nor Copeland shall be entitled to arbitrate their dispute. For more information on AAA and/or AAA Rules and
Procedures, visit the AAA Website at http://www.adr.org.

g. Third-Party Terms and Beneficiaries: Licensee must comply with all applicable third-party terms of agreement
when using the Software Product. If Licensee is using the Software Product on an Apple iOS device or on a Google
Android device, Apple and Apple’s subsidiaries and Google and Google’s subsidiaries, are third party beneficiaries
of this EULA and upon Licensee’s acceptance of this EULA, Apple and Google will have the right (and will be deemed
to have accepted the right) to enforce this EULA against your as a third party beneficiary thereof. Copeland affiliates
are third party beneficiaries of this EULA and upon your acceptance of this EULA, Copeland affiliates will have the
right (and will be deemed to have accepted the right) to enforce this EULA against Licensee as a third-party
beneficiary thereof.

h. Entire Agreement: This EULA shall constitute the entire Agreement between the parties relating to the license of
the Software Product. Any waiver or modification of this EULA shall only be effective if it is in writing and signed by
both parties. If any part of this EULA is found invalid or unenforceable by a court of competent jurisdiction, the
remainder of this EULA shall remain in full force and effect and shall be interpreted so as to reasonably effect the
intention of the parties.

i. Assignability, Severability, Relationship, & Wireless or Mobile Charges: Except as provided in Section 10,
Licensee’s rights and obligations under this EULA are not assignable. Copeland may freely assign its rights and
obligations in its sole discretion and without notice to Licensee. This EULA shall bind and inure to the benefit of the
parties and their successors and permitted assigns. If Copeland fails to insist upon or enforce strict performance of
any provision of this EULA, it shall not thereby waive any provision or right. Neither the course of conduct between
the parties nor trade practice shall act to modify any provision of this EULA. Both parties are acting as independent
contractors with respect to the activities hereunder. The Software Product will communicate information using the
wireless capabilities of Licensee’s Device. STANDARD DATA FEES AND TEXT MESSAGING RATES MAY APPLY
BASED ON LICENSEE'S PLAN WITH ITS INTERNET AND/OR MOBILE PROVIDER.
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j. Contact Information: Copeland may be contacted at: 8100 West Florissant Ave., St. Louis, MO, USA 63136

Revision Tracking R3

The document format has been updated to the new Copeland format
All occurrences of "Emerson" have been removed

A note regarding A3 and R290 venting has been updated

The contents of this publication are presented for informational purposes only and are not to be construed as warranties or
guarantees, express or implied, regarding the products or services described herein or their use or applicability. Copeland LP and/or
its affiliates (collectively "Copeland™), as applicable, reserve the right to modify the design or specifications of such products at any
time without notice. Copeland does not assume responsibility for the selection, use or maintenance of any product. Responsibility
for proper selection, use and maintenance of any Copeland product remains solely with the purchaser or end user.
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