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Foreword

The intent of this manual is to serve as a guide for placing your central chiller in service and operating and maintaining it
properly. Improper installation can lead to poor equipment performance or severe equipment damage. Failure to follow the
installation instructions may result in damage not covered by your warranty. It is extremely important that a qualified
refrigeration installation contractor perform all installation line sizing and piping. Please supply these instructions to your
authorized refrigeration contractor. This manual is for our standard product line with supplements as required to
accommodate any special items provided for a specific application. The written information contained in this manual, as
well as various drawings, are intended to be general in nature. The drawings included in this manual are typical only and
may not represent the actual unit purchased. Actual drawings are included with the equipment for troubleshooting and
servicing of the unit. Additional copies of drawings are available upon request. We strive to maintain an accurate record of
all equipment during the course of its useful life. Every effort was made to standardize the design features of these chillers,
the various options may make it necessary to rearrange some of the components; therefore, some of the general drawings
in this manual may differ from your specific unit.

Due to the ever-changing nature of applicable codes, ordinances, and other local laws pertaining to the use and operation
of this equipment we do not reference them in this manual. There is no substitute for common sense and good operating
practices when placing any mechanical equipment into operation. We encourage all personnel to familiarize themselves
with this manual's contents. Failure to do so may unnecessarily prolong equipment down time.

The chilling equipment uses chemical refrigerants for heat transfer purposes. This chemical is sealed and tested in a
pressurized system containing ASME coded vessels; however, a system failure will release it. Refrigerant gas can cause toxic
fumes if exposed to fire. Place these units in a well-ventilated area, especially if open flames are present.

Failure to follow these instructions could result in a hazardous condition. The standard refrigerant used in these units is a
hydro fluorocarbon (HFC) trade named R-134A. We strongly recommend our customers implement a refrigerant
management program including a survey of all equipment to document the type and quantity of refrigerant in each
machine. We recommend all refrigeration service technicians be licensed and certified by an EPA approved organization.
Follow good piping practices and the information in this manual to insure a successful installation and operation of this
equipment. We are not responsible for liabilities created by substandard piping methods and installation practices external
to the chiller.

We trust your equipment will have a long and useful life. If you should have any questions, please contact our Customer
Service Department specifying the serial number and model number of the unit as indicated on the nameplate.

Safety Guidelines

Observe all safety precautions during installation, startup, and service of this equipment due to the presence of high
voltage and refrigerant charge. Only qualified personnel should install, startup, and service this equipment.

When working on this equipment, observe precautions in literature, and on tags, stickers, and labels located on the
equipment. Wear work gloves and safety glasses.

WARNING: This equipment contains hazardous voltages that can cause severe injury or death. Disconnect and lock out incoming
power before installing or servicing the equipment.

WARNING: This equipment contains refrigerant under pressure. Accidental release of refrigerant under pressure can cause personal
injury and or property damage. Exercise care while working on or around this equipment.

WARNING: Vent all refrigerant relief valves in accordance to ANSI/ASHRAE Standard 15, Safety Code for Mechanical Refrigeration.
This equipment should be located within a well-ventilated area. Inhalation of refrigerant can be hazardous to your health and the
accumulation of refrigerant within an enclosed space can displace oxygen and cause suffocation.

e B B
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General Data

Table 1 — Water Cooled Chiller General Data (60 Hz)

Model TCW60 TCW70 TCW80 TCW90 TCW120 TCW140 TCW160 TCW180
Compressor
Quantity 1 1 1 1 2 2 2 2
Nominal Capacity (ton) 60 70 80 90 120 140 160 180
Number of Capacity Steps Variable Speed Compressor for Continuously Variable Capacity Adjustment
Minimum Unloaded Capacity (ton) 27 27 27 27 27 27 27 27
Condenser
Fluid Volume (gal) 14 15 16 18 28 30 32 36
Maximum Refrigerant Pressure (psig) 400 400 400 400 400 400 400 400
Refrigerant Pressure Relief Valve Setting (psig) 350 350 350 350 350 350 350 350
Refrigerant Pressure Relief Valve SAR Flare (in) A A A A A */s */s */s
Refrigerant Pressure Relief Valve Flow C.?pac.ity 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6
(Ib of air/min)
Maximum Fluid Pressure (psig) 150 150 150 150 150 150 150 150
Fluid Inlet Flange Connection (in) 4 4 4 4 6 6 6 6
Fluid Outlet Flange Connection (in) 4 4 4 4 6 6 6 6
Fluid Drain NPT Connection (in) A A A A */s */s A A
Evaporator
Fluid Volume (gal) 9 11 12 14 18 22 24 36
Maximum Refrigerant Pressure (psig) 450 450 450 450 450 450 450 450
Maximum Fluid Pressure (psig) 450 450 450 450 450 450 450 450
Fluid Inlet Flange Connection (in) 3 3 4 4 4 4 6 6
Fluid Outlet Flange Connection (in) 3 3 4 4 4 4 6 6
Fluid Drain NPT Connection (in) A A A */s */s */s A A
General Information
Number of Refrigerant Circuits 1 1 1 1 2 2 2 2

Refrigerant Type R134A R134A R134A R134A R134A R134A R134A R134A

Refrigerant Charge (Ib) 60 70 80 90 120 140 160 180
Shipping Weight (Ib) 1,800 1,900 2,100 2,400 3,700 3,800 4,100 4,700
Operating Weight (Ib) 2,000 2,100 2,300 2,600 4,000 4,200 4,600 5,200
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Table 2 — Remote Air-Cooled Condenser Chiller General Data (60 Hz)

Size TCR60 TCR70 TCR80 TCR90 TCR120 TCR140 TCR160 TCR180
Compressor
Quantity 1 1 1 1 2 2 2 2
Nominal Capacity (ton) 60 70 80 90 120 140 160 180
Number of Capacity Steps Variable Speed Compressor for Continuously Variable Capacity Adjustment
Minimum Unloaded Capacity (ton) 18 18 18 18 18 18 18 18
Condenser
Quantity Require 1 1 1 1 1 1 2 2
Maximum Refrigerant Pressure (psig) 400 400 400 400 400 400 400 400
Refrigerant Pressure Relief Valve Setting (psig) 350 350 350 350 350 350 350 350
Refrigerant Pressure Relief Valve SAR Flare (in) A A */s */s */s */s */s */s
Refrigerant Pressure Relief Valve szlpac.ity 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6
(Ibs of air/min)
Chiller Liquid Line Connection Per Circuit (in) 1%/q 1%/q 1%/g 1%/s 1*/s 1’/s 1°/s 1°/g
Chiller Discharge Line Connection Per Circuit (in) 2Ys 2Ys 2°/s 2°/s 2% 2'/s 2°/s 2°/s
Evaporator
Fluid Volume (gal) 9 11 12 14 18 22 24 36
Maximum Refrigerant Pressure (psig) 450 450 450 450 450 450 450 450
Refrigerant Pressure Relief Valve Setting (psig) 350 350 350 350 350 350 350 350
Maximum Fluid Pressure (psig) 450 450 450 450 450 450 450 450
Fluid Inlet Flange Connection (in) 3 3 4 4 4 4 6 6
Fluid Outlet Flange Connection (in) 3 3 4 4 4 4 6 6
Fluid Drain NPT Connection (in) A A A A A A */s */s
General Information
Number of Refrigerant Circuits 1 1 1 1 2 2 2 2

Refrigerant Type R134A R134A R134A R134A R134A R134A R134A R134A

Refrigerant Charge (Ib) Varies based on system refrigerant piping — see Installation Guidelines manual
Shipping Weight Chiller (Ib) 1,415 1,461 1,602 1,665 2,760 2,852 3,154 3,280
Operating Weight Chiller (Ib) 1,648 1,714 1,875 1,958 3,212 3,324 3,684 3,830
Shipping Weight Remote Condenser (Ib) 2,784 2,784 2,626 2,851 5,218 5,218 2,626 x2 2,851x2
Operating Weight Remote Condenser (lb) Varies based on system refrigerant charge and operating conditions
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Figure 1 — Model Number Description

TC 12 ‘ D‘

:

Unit Model
TC = Variable Speed
Centrifugal Chiller

Unit Type
W = Water Cooled
R = Remote Air Cooled

Nominal Capacity (Tons)
60 = 60 tons

70 =70 tons
80 = 80 tons
90 = 90 tons

Controls
0 =None
1 = Standard

3 = Engineered

Evaporator Water Manifold
0 = No Manifold

— 1 =PVC Manifold

2 = Steel Manifold

Condenser Water Manifold
0 = No Manifold

120 =120 tons
140 = 140 tons
160 = 160 tons
180 = 180 tons

1 = With PVC Manifold
2 = With Steel Manifold

Number of Refrigerant Circuits
S = Single-Circuit
D = Dual-Circuits

Water Service Valves
0 =No Water Service Valves
1 = With Water Service Valves

Unit Voltage
4 =460V/60Hz/3Ph

Load Balance Valves
0 = No Load Balance Valves
1 = With Load Balance Valves

Evaporator/Condenser Type
S = Standard

Disconnect Type
0 = No Disconnect
1 = With Rotary Circuit Breaker

Operating Range
S = Standard

Refrigeration Type
3=RI134A

Remote Monitoring Capability
0 = No Remote Monitoring
1 = With Remote Monitoring

Design Sequence
A = First Design Sequence
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Capacity Data

TCW Series Ratings

All performance data is based on:

1. Coolant temperature rise of 10°F (5.6°C)

2. Cooler fouling factor of 0.0001 ft* ¢ hr » °F/Btu (0.000018 m* « kW)

3. Condenser fouling factor of 0.00025 ft” e hr « °F/Btu (0.000044 m® « kW)
4. Subcooling of 10°F (5.6°C)

5. Refrigerant R-134A

Table 3 — TCW Series Cooling Capacities (60 Hz)

Condenser Entering Water Temperature (°F)
80 85 90 95
Lewt! Model Cooler | Cond* Cooler | Cond* Cooler | Cond* Cooler | Cond*
(°F) cap? | IMPUE Flow | Flow cap? | IMPUt Flow | Flow Cap? | IMPUt Flow | Flow Cap? | put Flow | Flow
kw Rate Rate kw Rate | Rate kw Rate | Rate kw Rate | Rate
(gpm) | (gpm) (gpm) | (gpm) (gpm) | (gpm) (gpm) | (gpm)
TCW60 49.2| 37.5| 117.7| 144.2) 48.0f 40.8| 1149 143.7| 46.8] 44.9| 112.0f 143.7 456 50.1] 109.1 144.6
TCW70 57.4) 43.2| 134.0, 166.4 56.0f 46.0] 134.0] 166.6 54.6] 49.3| 134.0 166.7 53.2] 53.2] 134.0 166.9
TCW80 65.6| 49.6/ 157.0 192.0f 64.0f 52.4| 153.2| 190.2| 62.4/ 555 149.3] 188.7| 60.8 58.9| 145.5] 187.3
40 TCW90 73.8/ 57.7| 176.6| 217.3] 72.0f 60.8 172.3] 215.3] 70.2| 64.2| 168.00 213.4f 684 67.6/ 163.7 211.7
TCW120 98.4 75.0 235.4] 288.4 96.0 81.6| 229.8| 287.4 93.6] 89.8| 224.0 287.4 91.2| 100.2| 218.2| 289.2
TCW140 114.8| 86.4] 268.0f 332.8| 112.0f 92.1f 268.0 333.2| 109.2] 98.6/ 268.0] 333.4 106.4| 106.4] 268.0] 333.8
TCW160 131.2 99.1 314.0f 384.0] 128.0f 104.8| 306.4| 380.4| 124.8| 111.0f 298.6| 377.4| 121.6| 117.8] 291.0] 374.6
TCW180 147.6| 115.3] 353.2| 434.6| 144.00 121.7| 344.6| 430.6| 140.4] 128.3] 336.0] 426.8] 136.8| 135.2| 327.4] 423.4
TCW60 51.7] 38.0] 123.7| 150.5| 50.4| 41.2| 120.7| 149.8] 49.1] 45.0{ 117.7| 149.5| 479 49.8] 114.7) 149.9
TCW70 60.3 442 140.8| 173.8 58.8| 47.0] 140.8) 174.0 57.3 50.2| 140.8| 174.2 55.9 53.8] 140.8| 174.3
TCW80 68.9] 51.2| 164.9| 200.9] 67.2| 54.0f 160.9] 199.00 65.5 57.1f 156.9] 197.3] 63.8] 60.4/ 152.9] 195.7
42 TCW90 77.5 59.9| 185.6| 227.7 75.6 63.1f 181.0f 225.5 73.7] 66.5 176.5| 223.5 71.8 70.00 172.0 221.6
TCW120 103.3| 76.1] 247.4) 301.0f 100.8] 82.4| 2414 299.6/ 98.3] 90.1 235.4[ 299.0f 95.8 99.6| 229.4] 299.8
TCW140 120.5| 88.5| 281.6| 347.6| 117.6| 94.0f 281.6| 348.0 114.7| 100.3|] 281.6| 348.4 111.7| 107.7| 281.6| 348.6
TCW160 137.8| 102.3| 329.8| 401.8] 134.4| 108.0f 321.8 398.0] 131.0f 114.1) 313.8] 394.6| 127.7| 120.7, 305.8] 391.4
TCW180 155.0f 119.9] 371.2| 455.4| 151.2| 126.3| 362.0 451.0f 147.4) 133.0f 353.0f 447.0| 143.6| 140.0] 344.0] 443.2
TCW60 54.1] 38.6 129.7| 156.8 52.8 41.7) 126.5 155.9] 51.5| 45.3| 123.3] 155.3] 50.2| 49.6| 120.2] 155.3
TCW70 63.1 45.3| 147.6 181.2] 61.6| 48.0] 147.6| 181.4) 60.1 51.0f 147.6] 181.6f 585 54.5| 147.6| 181.8
TCW80 72.2 52.7| 1729 209.9] 70.4| 555 168.7] 207.8] 68.6| 585 164.5| 205.8/ 66.9 61.8/ 160.2| 204.0
m TCW90 81.2 62.1 194.5 238.1 79.2 65.3| 189.8| 235.7 77.2] 68.7] 185.0] 233.5 75.2] 72.2] 180.3| 2314
TCW120 108.2| 77.2 259.4| 313.6| 105.6| 83.3] 253.0/ 311.8) 103.0 90.5| 246.6 310.6| 100.3|] 99.3] 240.4| 310.6
TCW140 126.3] 90.5| 295.2| 362.4| 123.2] 96.0] 295.2| 362.8] 120.1] 102.0f 295.2 363.2] 117.0f 109.0] 295.2| 363.6
TCW160 144.3| 105.3| 345.8) 419.8/ 140.8] 110.9| 337.4| 415.6| 137.3| 117.0f 329.0] 411.6| 133.8| 123.5| 320.4/ 408.0
TCW180 162.4) 124.2| 389.0| 476.2| 158.4) 130.6| 379.6| 471.4] 154.4) 137.3] 370.0f 467.0f 150.5| 144.4) 360.6| 462.8
TCW60 56.6| 39.2| 135.6 163.1] 55.2| 42.1] 132.3] 162.0, 53.8/ 45.5 129.00 161.1f 52.4/ 49.6| 125.7] 160.7
TCW70 66.0f 46.2| 154.4| 188.6| 64.4| 489 1544/ 188.8] 62.8 51.8 154.4 189.0f 61.2| 55.1] 154.4] 189.2
TCW80 75.4 54.1 180.8| 218.8| 73.6 56.9| 176.4| 216.4 71.8 59.9| 172.0 214.2 69.9 63.1 167.6| 212.2
46 TCW90 84.9 64.1| 203.4] 248.4 82.8 67.3| 198.5| 245.8 80.7] 70.7 193.5 2433 78.7 74.2] 188.6| 241.0
TCW120 113.2| 78.4] 271.2| 326.2| 110.4f 84.3| 264.6 324.0f 107.6] 91.1] 258.0f 322.2| 104.9] 99.2| 251.4] 321.4
TCW140 132.0f 92.5| 308.8] 377.2| 128.8) 97.8 308.8 377.6| 125.6| 103.7] 308.8 378.0] 122.4| 110.3] 308.8] 378.4
TCW160 150.9| 108.2| 361.6| 437.6| 147.2| 113.7| 352.8| 432.8| 143.5| 119.7] 344.0f 428.4] 139.8| 126.1] 335.2| 424.4
TCW180 169.7| 128.3| 406.8| 496.8| 165.6| 134.7| 397.0 491.6| 161.5 141.3) 387.0] 486.6| 157.3| 148.4] 377.2] 482.0
TCW60 59.0f 39.7| 1416 169.4) 57.6 42.6| 138.1 168.1 56.2| 458 134.7| 167.0f 54.7| 49.6| 131.2] 166.3
TCW70 68.9] 47.2| 161.2| 195.9] 67.2| 49.8/ 161.2| 196.1f 65.5 52.6/ 161.2] 196.3] 63.8] 55.8 161.2] 196.5
TCW80 78.7| 55.4| 188.8| 227.6| 76.8 58.2| 184.2] 225.00 749 61.1f 179.6 222.6f 73.00 64.3] 175.0f 220.4
TCW90 88.6| 66.1| 212.4| 258.6| 86.4| 69.2| 207.2| 255.8] 84.2) 725 202.00 253.1f 821 76.0f 196.8 250.5
48 TCW120 118.1) 79.5| 283.2| 338.8| 115.2| 85.2| 276.2| 336.2| 112.3] 91.7] 269.4] 334.0f 109.4] 99.3] 262.4| 332.6
TCW140 137.8| 94.3] 322.4) 391.8| 134.4/ 99.5| 3224 392.2| 131.0f 105.2] 322.4{ 392.6| 127.7| 111.6| 322.4) 393.0
TCW160 157.4| 110.9] 377.6| 455.2| 153.6| 116.3| 368.4] 450.0 149.8] 122.2 359.2| 445.2| 145.9] 128.5| 350.0] 440.8
TCW180 177.1) 132.1] 424.8| 517.2| 172.8] 138.4| 414.4) 511.6 168.5 145.0f 404.0f 506.2| 164.2| 152.0] 393.6| 501.0
Notes:

1. LCWT = Leaving Coolant Temperature
2. Cap = Capacity in tons of refrigeration
3. kW = Compressor motor input power at rated voltage
4. Cond = Condenser
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Table 3 — TCW Series Cooling Capacities (60 Hz) - Continued

Condenser Entering Water Temperature (°F)
80 85 90 95
Lewt! Model Cooler | Cond* Cooler | Cond* Cooler | Cond* Cooler | Cond*
(°F) Cap? Input | Flow | Flow Cap? Input | Flow | Flow Can? Input | Flow | Flow Cap? Input | Flow | Flow
ap kW? | Rate | Rate ap kw® | Rate | Rate ap kW? | Rate | Rate ap kW? | Rate | Rate
(gpm) | (gpm) (gpm) | (gpm) (gpm) | (gpm) (gpm) | (gpm)
TCW60 61.5| 40.2| 1475 175.7) 60.0f 43.0f 143.9| 174.1f 58.5| 46.2| 140.3| 172.8) 57.0 49.7) 136.7] 171.9
TCW70 71.8 48.0] 167.9] 203.3] 70.0f 50.6| 167.9] 203.4) 68.3] 534 167.9] 203.6] 66.5 56.4 167.9] 203.8
TCW80 82.0f 56.7| 196.7] 236.3] 80.0f 59.4| 191.9] 233.6f 78.0f 62.3] 187.1] 231.00 76.0f 65.4| 182.3] 228.5
50 TCW90 92.3| 67.8 221.3| 268.7) 90.0f 71.0f 215.9| 265.6| 87.8] 74.2| 210.5| 262.7, 85.5 77.7 205.1] 259.9
TCW120 123.0f 80.5| 295.0f 351.4| 120.0f 86.0 287.8] 348.2] 117.0f 92.3| 280.6| 345.6| 114.0f 99.5| 273.4] 343.8
TCW140 143.5| 96.1) 335.8| 406.6 140.0 101.1f 335.8| 406.8| 136.5| 106.7| 335.8 407.2 133.0f 112.9| 335.8| 407.6
TCW160 164.0] 113.4| 393.4| 472.6| 160.0] 118.8| 383.8| 467.2] 156.0] 124.6| 374.2| 462.0f 152.0] 130.8| 364.6| 457.0
TCW180 184.5| 135.7| 442.6| 537.4] 180.0] 142.0f 431.8| 531.2| 175.5| 148.5| 421.0] 525.4f 171.0] 155.3] 410.2| 519.8
TCW60 67.7| 414 162.4| 191.3] 66.0f 44.1] 158.4/ 189.3| 64.4) 47.0f 1545 187.5 62.7| 50.2| 150.5 186.0
TCW70 78.00 49.1 182.7] 218.7| 76.1] 51.5| 182.7| 2189 74.2) 54.2| 182.7] 219.1) 72.3] 57.2| 182.7] 219.3
TCW80 88.2| 57.1f 211.6 251.4) 86.0f 59.7| 206.5| 248.2| 83.9] 62.4| 201.3| 245.2] 81.7| 65.5| 196.1] 242.3
- TCW90 98.0f 66.7| 235.3] 281.7| 95.6/ 69.5| 229.6/ 278.2 93.2| 724 223.8/ 274.7) 90.8] 75.6 218.1 271.4
TCW120 135.3| 82.8| 324.8] 382.6/ 132.0, 88.1| 316.8| 378.6| 128.7| 93.9 309.0] 375.0f 125.4| 100.5 301.0] 372.0
TCW140 156.1) 98.2| 365.4| 437.4] 152.3| 103.1| 365.4| 437.8] 148.4| 108.4| 365.4| 438.2| 144.6| 114.3| 365.4| 438.6
TCW160 176.3| 114.2| 423.2| 502.8] 172.0f 119.4| 413.0| 496.4] 167.7| 124.9 402.6| 490.4 163.4| 130.9] 392.2| 484.6
TCW180 196.0] 133.3| 470.6| 563.4f 191.3| 139.0 459.2| 556.4] 186.5| 144.8| 447.6| 549.4/ 181.7) 151.1] 436.2| 542.8
TCW60 73.8 42.4| 177.3] 206.8] 72.00 45.00 173.0f 204.4) 70.2| 47.8] 168.6| 202.2 68.4 50.9| 164.3| 200.2
TCW70 84.3 50.0f 197.6| 234.0f 82.3] 52.3] 197.6| 234.2] 80.2] 549 197.6| 234.4 78.1 57.8| 197.6| 234.6
TCW80 94.3] 57.3] 226.5| 266.4) 92.00 59.8/ 221.0f 262.8] 89.7 62.5| 215.5| 259.4| 87.4/ 65.5 209.9] 256.1
TCW90 103.8| 65.5 249.3] 294.9| 101.3| 68.2| 243.2| 290.8 98.7| 70.9 237.1 286.9] 96.2| 73.9 231.1] 283.1
60 TCW120 147.6| 84.8| 354.6| 413.6| 144.0, 89.9| 346.0] 408.8 140.4) 95.6| 337.2| 404.4/ 136.8| 101.8| 328.6| 400.4
TCW140 168.6| 99.9| 395.2] 468.0 164.5| 104.6| 395.2| 468.4] 160.4) 109.8] 395.2| 468.8 156.3| 115.6 395.2| 469.2
TCW160 188.6| 114.6| 453.0] 532.8| 184.0| 119.6| 442.0| 525.6| 179.4| 125.0f 431.0] 518.8 174.8| 131.0f 419.8] 512.2
TCW180 207.6| 131.1] 498.6| 589.8| 202.6| 136.3| 486.4| 581.6| 197.4| 141.8| 474.2| 573.8| 192.4| 147.7| 462.2| 566.2
TCW60 80.0f 43.2| 192.2| 2222 78.00 45.7] 187.5| 219.4| 76.1] 485 182.8 216.8] 74.1f 515 178.1 214.4
TCW70 90.6| 50.6| 212.4] 249.1) 88.4/ 52.9] 212.4 249.3] 86.2 55.5 212.4] 249.6| 84.0] 58.3| 212.4] 249.8
TCW80 100.5| 57.4| 241.4| 281.3] 98.0] 59.8 2355 277.3] 95.6| 62.5 229.7 273.5| 93.1} 65.4] 223.8] 269.8
TCW90 109.5| 64.7| 263.3] 308.2| 106.9] 67.1] 256.9] 303.6| 104.2| 69.6| 250.5| 299.2| 101.5| 72.5| 244.0] 295.1
65 TCW120 159.9| 86.4| 384.4| 444.4f 156.0, 91.4| 375.0] 438.8] 152.1] 96.9| 365.6| 433.6| 148.2| 102.9] 356.2| 428.8
TCW140 181.2| 101.2| 424.8] 498.2| 176.8| 105.8| 424.8| 498.6| 172.3| 110.9| 424.8| 499.2| 167.9| 116.6| 424.8] 499.6
TCW160 201.0| 114.9] 482.8| 562.6| 196.0 119.7| 471.0 554.6| 191.1| 125.0f 459.4| 547.0] 186.2| 130.8| 447.6| 539.6
TCW180 219.0| 129.5| 526.6| 616.4| 213.8| 134.2] 513.8 607.2] 208.4| 139.2| 501.0f 598.4 203.0 144.9| 488.0 590.2
TCW60 86.1 43.7| 207.1] 237.3] 84.00 46.2| 202.00 234.2] 81.9] 489 197.0f 231.2] 79.8] 518 191.9] 228.3
TCW70 96.9] 51.0f 227.3] 264.1) 94.5| 53.2| 227.3] 264.3] 921 55.7| 227.3] 264.6| 89.8] 58.5| 227.3] 264.8
TCW80 106.6| 57.5| 256.4| 296.2| 104.0 59.7| 250.1 291.7| 101.4] 62.3] 243.9] 287.4f 98.8] 65.1| 237.6| 283.4
20 TCW90 115.3| 64.3| 277.3] 321.8{ 112.5| 66.3| 270.6| 316.7| 109.7| 68.5 263.8] 311.7| 106.9] 71.2| 257.0 307.1
TCW120 172.2| 87.5| 414.2| 474.6 168.0] 92.3| 404.0| 468.4] 163.8| 97.7| 394.0 462.4 159.6| 103.5| 383.8| 456.6
TCW140 193.7| 102.0 454.6| 528.2| 189.0| 106.4| 454.6| 528.6| 184.3| 111.4] 454.6| 529.2| 179.6| 116.9| 454.6| 529.6
TCW160 213.2| 115.0f 512.8| 592.4{ 208.0 119.5| 500.2| 583.4| 202.8| 124.5| 487.8| 574.8| 197.6| 130.2| 475.2| 566.8
TCW180 230.6| 128.6| 554.6| 643.6| 225.0 132.6| 541.2| 633.4 219.4| 137.0f 527.6| 623.4] 213.8| 142.4/ 514.0 614.2
TCW60 86.1 38.6| 207.2] 233.8] 84.0f 40.9] 202.2] 230.5| 81.9] 43.4| 197.1] 2274 79.8] 46.1 192.1] 224.5
TCW70 96.9| 45.4 227.4| 260.2| 94.5 47.5| 227.4) 260.4| 92.1] 49.9| 227.4 260.7, 89.8 52.5| 227.4| 260.9
TCW80 106.6| 51.5| 256.6| 292.0f 104.0 53.6| 250.3] 287.5| 101.4| 56.0f 244.0 283.2 98.8] 58.8 237.8] 279.0
75 TCW90 115.3| 57.5| 277.5| 317.2 112.5| 59.7| 270.8] 312.1] 109.7| 61.8] 264.0 307.1 106.9] 64.3] 257.2| 302.4
TCW120 172.2| 77.2| 4144 467.6 168.0, 81.8| 404.4) 461.0] 163.8] 86.8| 394.2| 454.8/ 159.6| 92.2| 384.2| 449.0
TCW140 193.7 90.9| 454.8] 520.4] 189.0 95.1| 454.8/ 520.8| 184.3 99.8| 454.8| 521.4] 179.6| 105.0f 454.8] 521.8
TCW160 213.2| 102.9] 513.2| 584.0f 208.0 107.3] 500.6| 575.0[ 202.8| 112.1] 488.0 566.4 197.6| 117.5| 475.6| 558.0
TCW180 230.6| 115.0f 555.0 634.4] 225.0 119.3| 541.6| 624.2| 219.4| 123.7| 528.0 614.2| 213.8| 128.7| 514.4| 604.8
Notes:

1. LCWT = Leaving Coolant Temperature

2. Cap = Capacity in tons of refrigeration

3. kW = Compressor motor input power at rated voltage
4. Cond = Condenser
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TCR Series Ratings

All performance data is based on:

1. Coolant temperature rise of 10°F (5.6°C)

2. Cooler fouling factor of 0.0001 ft* ¢ hr e °F/Btu (0.000018 m® ¢ kW)
3. Subcooling of 10°F (5.6°C)

4. Refrigerant R-134A

Table 4 — TCR Series Cooling Capacities (60 Hz)

Condenser Entering Air Temperature (°F)
85 90 95 100
LCYVT1 Model Cooler Cooler Cooler Cooler
-
(gpm) (gpm) (gpm) (gpm)
TCR60 50.4 48.0 120.6 49.2 52.2 117.7 48.0] 57.0 114.9 46.8 62.4 112.0,
TCR70 58.8] 53.6) 140.7 57.4 57.4 137.4 56.0 61.6) 134.0 54.6 66.3] 130.7
TCR80 67.2 60.7 160.8 65.6 64.0 157.0, 64.0 67.6 153.2 62.4 71.7 149.3
TCR90 75.6) 69.2] 180.9 73.8 72.3 176.6 72.0 75.5 172.3 70.2] 78.8 168.0
40 TCR120 100.8 96.0 241.2 98.4 104.4] 235.4 96.0 114.0, 229.8 93.6 124.9 224.0
TCR140 117.6 107.3 281.4 114.8 114.7 274.8 112.0, 123.1 268.0 109.2 132.6) 261.4
TCR160 134.4 121.4 321.6 131.2 128.0 314.0] 128.0 135.3 306.4 124.8 143.3 298.6|
TCR180 151.2 138.4] 361.8 147.6 144.5 353.2 144.0, 150.9 344.6 140.4] 157.7 336.0
TCR60 52.9 48.9 126.7 51.7 53.0 123.7 50.4 57.6) 120.7 49.1 63.0 117.7
TCR70 61.7 55.1 147.8 60.3 58.7 1443 58.8 62.8 140.8 57.3 67.4 137.3
TCR80 70.6 63.0 169.0, 68.9 66.3 164.9 67.2 69.8 160.9 65.5 73.6 156.9
42 TCR90 79.4] 72.5 190.1 77.5 75.6) 185.6 75.6) 78.7 181.0 73.7 82.0 176.5
TCR120 105.8 97.7 253.4 103.3 105.9 247 .4 100.8 115.3 241.4 98.3 125.9 235.4
TCR140 123.5 110.2 295.6 120.5 117.5 288.6 117.6 125.6 281.6 114.7 134.8 274.6|
TCR160 141.1 126.0 338.0 137.8 132.5 329.8 134.4 139.5 321.8 131.0, 147.3 313.8
TCR180 158.8 145.0 380.2 155.0) 151.2 371.2 151.2 157.5 362.0 147.4 164.0, 353.0
TCR60 55.4] 49.8 132.8 54.1 53.8 129.7 52.8 58.4 126.5 51.5 63.6 123.3
TCR70 64.7 56.7 155.0) 63.1 60.2 151.3 61.6 64.2 147.6 60.1 68.6 143.9
TCR80 73.9 65.4 177.1 72.2] 68.6) 172.9 70.4 72.0 168.7 68.6 75.7 164.5
a4 TCR90 83.2 75.8 199.3 81.2] 79.0 194.5 79.2] 82.1 189.8 77.2 85.3 185.0
TCR120 110.9 99.6 265.6 108.2 107.6 259.4 105.6 116.7 253.0 103.0, 127.1 246.6
TCR140 129.4 113.3 310.0] 126.3 120.4 302.6 123.2 128.3 295.2 120.1 137.2 287.8|
TCR160 147.8 130.7 354.2 1443 137.1 345.8 140.8 144.0, 337.4 137.3 151.5 329.0
TCR180 166.3 151.7 398.6 162.4 157.9 389.0] 158.4 164.1 379.6 154.4 170.5 370.0]
TCR60 58.0 50.8 138.9 56.6 54.7 135.6 55.2 59.2 132.3 53.8 64.3 129.0,
TCR70 67.6 58.2 162.1 66.0 61.7 158.2 64.4 65.6 154.4] 62.8 69.9 150.5
TCR80 77.3 67.7 185.2 75.4 70.9 180.8 73.6) 74.3 176.4 71.8 77.9 172.0
a6 TCR90 86.9 79.1 208.4 84.9 82.3 203.4 82.8 85.4 198.5 80.7 88.5 193.5
TCR120 115.9 101.6 277.8 113.2 109.4 271.2 110.4 118.3 264.6 107.6 128.5 258.0|
TCR140 135.2 116.5 324.2 132.0 123.4 316.4 128.8 131.1 308.8 125.6 139.8 301.0]
TCR160 154.6 135.5 370.4 150.9 141.8 361.6 147.2 148.5 352.8 143.5 155.8] 344.0
TCR180 173.9 158.2 416.8 169.7 164.6 406.8 165.6 170.8 397.0] 161.5 177.0 387.0]
TCR60 60.5 51.8 145.0) 59.0 55.7 141.6 57.6 60.0 138.1 56.2 65.0 134.7
TCR70 70.6 59.8 169.2 68.9 63.2 165.2 67.2 67.0 161.2 65.5 71.2 157.1
TCR80 80.6 70.1 193.4 78.7 73.2] 188.8 76.8 76.5 184.2 74.9 80.1 179.6
18 TCR90 90.7 82.3 217.6 88.6 85.5 212.4 86.4 88.6 207.2 84.2 91.7 202.0
TCR120 121.0 103.6 290.0 118.1 111.3 283.2 115.2 120.0; 276.2 112.3 130.0; 269.4
TCR140 141.1 119.6 338.4 137.8 126.5 330.4 134.4 134.0, 322.4 131.0, 142.4 314.2
TCR160 161.3 140.1 386.8 157.4] 146.4] 377.6 153.6 153.0] 368.4 149.8| 160.1 359.2
TCR180 181.4] 164.6 435.2 177.1 171.0, 424.8 172.8 177.3 414.4 168.5 183.4 404.0
Notes:

1. LCWT = Leaving Coolant Temperature
2. Cap = Capacity in tons of refrigeration
3. kW = Compressor motor input power at rated voltage
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Table 4 — TCR Series Cooling Capacities (60 Hz) - Continued

Condenser Entering Air Temperature (°F)
85 90 95 100

LCwT Cooler Cooler Cooler Cooler

(°F) Model Input Flow Input Flow Input Flow Input Flow

Cap kw Rate Cap kw Rate cap kw Rate Cap kw Rate

(gpm) (gpm) (gpm) (gpm)
TCR60 63.0 52.8 151.1 61.5 56.6) 147.5 60.0 60.9 143.9 58.5 65.7 140.3
TCR70 73.5 61.4 176.3 71.8 64.8 172.1 70.0 68.5 167.9 68.3 72.6 163.7
TCR80 84.0 723 201.5 82.0 75.5 196.7 80.0 78.7 191.9 78.0 82.2 187.1
TCR90 94.5 85.4 226.7 92.3 88.6) 2213 90.0 91.7| 215.9 87.8 94.8 210.5
>0 TCR120 126.0 105.7 302.2 123.0 113.2 295.0 120.0; 121.8 287.8 117.0, 131.5 280.6
TCR140 147.0 122.8 352.6 143.5 129.5 344.2 140.0 136.9 335.8 136.5 145.1 327.4]
TCR160 168.0 144.7 403.0 164.0, 151.0] 393.4 160.0; 157.5 383.8 156.0, 164.4] 374.2
TCR180 189.0 170.7 453.4 184.5 177.2 442.6 180.0; 183.5 431.8 175.5 189.6) 421.0
TCR60 69.3 55.3 166.4 67.7 59.0 162.4 66.0 63.0 158.4 64.4 67.6 154.5
TCR70 80.3 64.3 192.8 78.4 67.6 188.2 76.5 71.1 183.6 74.6 75.0 179.0,
TCR80 90.9 74.8 218.3 88.8] 77.9 213.1 86.6) 81.2] 207.9 84.4 84.6 202.7
- TCR90 101.6 86.7 243.9 99.2 89.9 238.1 96.8 93.1 232.3 94.3 96.2 226.5
TCR120 138.6 110.7 332.8 135.3 117.9 324.8 132.0, 126.1 316.8 128.7 135.2 309.0
TCR140 160.6 128.5 385.6 156.8 135.1 376.4 153.0, 142.3 367.2 149.1 150.1 358.0
TCR160 181.9 149.6 436.6 177.5 155.9 426.2 173.2 162.3 415.8 168.9 169.1 405.4
TCR180 203.2, 173.3 487.8 198.3 179.9 476.2 193.5 186.2 464.6 188.7 192.4 453.0
TCR60 75.6 57.6 181.6 73.8 61.2 177.3 72.0 65.1 173.0, 70.2 69.4 168.6
TCR70 87.1 66.8 209.2 85.0 70.0 204.2 83.0 73.5 199.3 80.9 77.3 194.3
TCR80 97.9 76.6 235.1 95.5 79.7 229.5 93.2 83.0 223.9 90.9 86.4 218.3
TCR90 108.7 87.2 261.0 106.1 90.3 254.8 103.5 93.4 248.6 100.9 96.6 242.4
60 TCR120 151.2 115.3 363.2 147.6 122.3 354.6 144.0, 130.1 346.0 140.4] 138.8] 337.2
TCR140 174.2 133.5 418.4 170.0 140.0; 408.4 165.9 147.0, 398.6 161.8| 154.6| 388.6
TCR160 195.7 153.2 470.2 191.1 159.4] 459.0 186.4] 166.0| 447.8 181.7 172.8| 436.6
TCR180 217.4] 174.3 522.0] 212.2 180.6 509.6 207.0 186.9 497.2 201.8 193.2 484.8
TCR60 81.9 59.7 196.8 80.0 63.2 192.2 78.0 67.0 187.5 76.1 71.1 182.8|
TCR70 93.9 68.9 225.7 91.7 72.1 220.3 89.4 75.7 214.9 87.2 79.4 2009.6|
TCR80 104.8 77.9 251.9 102.3 81.0 245.9 99.8 84.3 239.9 97.3 87.8 2339
TCR90 115.8 87.0 278.2 113.0 89.9 271.6 110.3 93.0 265.0 107.5 96.3 258.4
65 TCR120 163.8 119.4] 393.6 159.9 126.4] 384.4 156.0) 133.9 375.0 152.1 142.2 365.6
TCR140 187.8 137.8 451.4 183.3 1443 440.6 178.9 151.3 429.8 174.4 158.8| 419.2
TCR160 209.6 155.8 503.8 204.6 161.9 491.8 199.6 168.5 479.8 194.6) 175.6) 467.8
TCR180 231.6 174.0 556.4 226.0 179.8 543.2 220.6 185.9 530.0 215.0 192.5 516.8
TCR60 88.2 61.6 212.1 86.1 65.1 207.1 84.0 68.8 202.0 81.9 72.9 197.0,
TCR70 100.7 70.7 242.2 98.3 74.0 236.4 95.9 77.5 230.6 93.5 81.4 2249
TCR80 111.7 78.6 268.7 109.1 81.6 262.3 106.4] 85.0 255.9 103.7 88.7 249.5
20 TCR90 122.9 86.1 295.5 119.9 88.7 288.4 117.0, 91.6 281.4 114.1 95.1 274.4
TCR120 176.4 123.2 424.2 172.2 130.2 414.2 168.0 137.7 404.0 163.8 145.7 394.0
TCR140 201.4] 141.4] 484.4 196.6 147.9 472.8 191.8 155.1 461.2 187.0, 162.8| 449.8
TCR160 223.4] 157.2 537.4] 218.2 163.2 524.6 212.8 170.0 511.8 207.4] 177.5 499.0
TCR180 245.8 172.2 591.0 239.8 177.3 576.8 234.0 183.3 562.8 228.2 190.3 548.8
TCR60 88.2 54.7 212.3 86.1 58.0 207.2 84.0 61.6 202.2 81.9 65.4 197.1
TCR70 100.7 62.6 242 .4 98.3 65.8 236.6 95.9 69.4 230.8 93.5 73.2 225.0
TCR80 111.7 69.1 268.9 109.1 72.1 262.5 106.4] 75.5 256.1 103.7 79.3 249.7
75 TCR90 122.9 75.0 295.7 119.9 77.5 288.6 117.0, 80.6 281.6 114.1 84.2 274.6
TCR120 176.4] 109.3 424.6 172.2 116.0] 414.4 168.0| 123.2 404.4 163.8 130.8 394.2
TCR140 201.4] 125.1 484.8 196.6 131.6 473.2 191.8 138.7 461.6 187.0, 146.3 450.0
TCR160 223.4 138.2 537.8 218.2 144.2 525.0 212.8 151.1 512.2 207.4 158.7 499.4
TCR180 245.8 150.0 591.4 239.8 155.0) 577.2 234.0 161.2 563.2 228.2 168.4] 549.2

Notes:

1. LCWT = Leaving Coolant Temperature
2. Cap = Capacity in tons of refrigeration
3. kW = Compressor motor input power at rated voltage
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Installation

Receiving Inspection

Each chiller is skid mounted and plastic wrapped prior to shipment. If the chiller has a remote air-cooled condenser, the
condenser will ship skid mounted and will contain a holding charge of nitrogen. Before accepting delivery, check the overall
equipment condition for any visible damage and document any evident on the delivery receipt. Shipping damage is the
responsibility of the carrier. In order to expedite payment for damages, it is important to follow proper procedures and
record keeping. Photographs of damaged equipment are excellent documentation for your records.

Inspect for hidden damage after removing the packing. Refrigerant lines can be susceptible to damage in transit. Check for
broken lines, oil leaks, damaged controls, or any other major component torn loose from its mounting point.

Our Customer Service Department will provide assistance in preparation and filing of your claims, including arranging for an
estimate and quotation on repairs; however, filing the claim is the responsibility of the receiving party.

Rigging, Handling, and Locating Equipment

The units have a structural steel frame. Use proper rigging methods to prevent damage to components. Avoid impact
loading caused by sudden jerking when lifting or lowering the chiller. Use pads on any abrasive surface contact areas. The
frame supporting the unit is for positioning the unit with a crane or a forklift. Please refer to the drawings provided with the
chiller for chiller rigging details. If the chiller has a remote air-cooled condenser, please refer to the Remote Condenser
Installation Guidelines manual for further instructions on locating and rigging the remote condenser. This separate
document has been prepared to assist refrigeration contractors with the installation and piping design for our remote
condensers.

As standard, these chillers are for indoor use. Standard units are for indoor use and should not be installed or even stored
in an outdoor location; however, some custom units are for outdoor installations. The unit can be stored in environments
between -22°F (-30°C) and 122°F (50°C) and is designed for operation in environments between 30°F (-1°C) and 110°F
(43°C).

CAUTION: To prevent damage to the equipment caused by freezing, do not store or operate the unit in an ambient which may cause
i 1 : freezing without adequate freeze protection
-

Serviceability was a primary concern when designing your central chiller. Do not compromise this feature by locating the
chiller in an inaccessible area. Please allow a minimum of 3 feet around the perimeter of the chiller for required clearance
around the chiller. If it is necessary to store the chiller in an unheated area when not in use, drain all water from the unit or
add an adequate amount of antifreeze to prevent freeze-up of the unit.

Foundation

Provide a rigid mounting surface for the chiller of adequate strength to support the operating weight of the chiller. It is
imperative to include the entire operating weight, including the completed piping and full operating weight of the
refrigerant and water, in total operating weight support requirements.

The chiller once mounted should be level within a 1/4” over the length and width of the unit.

Electrical Power

All wiring must comply with local codes and the National Electric Code. Minimum Circuit Ampacities (MCA) and other unit
electrical data are on the unit nameplate are in Table 5 — Chiller Electrical Data (60 Hz) and Table 6 — Remote Air-Cooled
Condenser Electrical Data (60 Hz).

A specific electrical schematic is shipped with the unit. Measure each leg of the main power supply voltage at the main
power source. Voltage must be within the voltage utilization range given in Table 5 — Chiller Electrical Data (60 Hz). If the
measured voltage on any leg is not within the specified range, notify the supplier and correct before operating the unit.
Voltage imbalance must not exceed two percent. Excessive voltage imbalance between the phases of a three-phase system
can cause motors to overheat and eventually fail.
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Voltage imbalance is determined using the following calculations:

%Imbalance = (Vavg — Vx) x 100 / Vavg

Vavg =(V1+V2+V3)/3
Vx = phase with greatest difference from Vavg

For example, if the three measured voltages were 442, 460, and 454 volts, the average would be:
(442 + 460 + 454) / 3 = 452

The percentage of imbalance is then:

(452 -442)x100/452=2.2%

This exceeds the maximum allowable of 2%.

The unit includes a terminal block for main power connection to the main power source. The main power source should be
connected to the terminal block through an appropriate disconnect switch. A separate lug for grounding the unit is in the
main control panel. Check the electrical phase sequence at installation and prior to Startup. Operation of the compressor
with incorrect electrical phase sequencing will result in mechanical damage to the compressors. Check the phasing with a
phase sequence meter prior to applying power. The proper sequence should read ABC on the meter. If the meter reads
CBA, open the main power disconnect and switch two line leads on the line power terminal blocks (or the unit mounted
disconnect). All components are wired and phased correctly at the factory. Do not interchange any load leads that are from
the unit contactors or the motor terminals.

WARNING: Proper grounding is extremely important. Ground the unit with a ground that has a resistance to ground of less than 0.25
1 Ohms.

WARNING: This equipment contains sensitive electronic components. Improper unit grounding and or inadequate electric power
supply can lead to premature failure of equipment or increased faults.

]
-
WARNING: The control panel and safeties are such that connecting the appropriate power source to the main terminal block energizes
1 the entire electric circuitry of the chiller. A power supply has been factory wired to step down the incoming power to the 24VDC
M control power. Electric power at the main disconnect should be shut off before opening access panels for repair or maintenance.

Ground the unit in compliance with local and national codes.
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Table 5 — Chiller Electrical Data (60 Hz)

460/3/60 1 3 80 88 - - 105 150

TCW60
575/3/60 518 632 1 3 72 80 - - 94 125
460/3/60 414 506 1 3 80 88 - - 105 150

TCW70
575/3/60 518 632 1 3 72 80 - - 94 125
460/3/60 414 506 1 3 100 110 - - 130 175

TCW80
575/3/60 518 632 1 3 80 88 - - 104 150
460/3/60 414 506 1 3 120 132 - - 155 200

TCW90
575/3/60 518 632 1 3 100 110 - - 129 175
460/3/60 414 506 1 3 80 88 80 88 185 250

TCW120
575/3/60 518 632 1 3 72 80 72 80 166 225
460/3/60 414 506 1 3 80 88 80 88 185 250

TCW140
575/3/60 518 632 1 3 72 80 72 80 166 225
TCW160 460/3/60 414 506 1 3 100 110 100 110 230 300
575/3/60 518 632 1 3 80 88 80 88 184 250
TCW180 460/3/60 414 506 1 3 120 132 120 132 275 350
575/3/60 518 632 1 3 100 110 100 110 229 300
TCRE0 460/3/60 414 506 1 3 135 145 - - 174 250
575/3/60 518 632 1 3 110 121 - - 142 200
TCR70 460/3/60 414 506 1 3 135 145 - - 174 250
575/3/60 518 632 1 3 110 121 - - 142 200
TCREO 460/3/60 414 506 1 3 135 145 - - 174 250
575/3/60 518 632 1 3 110 121 - - 142 200
TCRSO 460/3/60 414 506 1 3 135 145 - - 174 250
575/3/60 518 632 1 3 110 121 - - 142 200
TCR120 460/3/60 414 506 1 3 135 145 135 145 309 350
575/3/60 518 632 1 3 110 121 110 121 252 300
TCR140 460/3/60 414 506 1 3 135 145 135 145 309 350
575/3/60 518 632 1 3 110 121 110 121 252 300
TCR160 460/3/60 414 506 1 3 135 145 135 145 309 350
575/3/60 518 632 1 3 110 121 110 121 252 300
TCR180 460/3/60 414 506 1 3 135 145 135 145 309 350
575/3/60 518 632 1 3 110 121 110 121 252 300

Notes:

1. RLA is Rated Load Amps

2. LRAis Locked Rotary Amps

3. MCA is Minimum Circuit Ampacity (for wire sizing)
4. MOCP is Maximum Overcurrent Protection

Table 6 — Remote Air-Cooled Condenser Electrical Data (60 Hz)

LEVF-16410 (1|1 460/3/60 414 506 1 3 6 3.5 22 30

LAVF-24310 1 2 460/3/60 414 506 1 3 8 3.5 29 35

LAVF-24410 1 2 | 460/3/60 414 506 1 3 8 3.5 29 35

LAVF-26410 1(1 460/3/60 414 506 1 3 12 35 43 55
Notes:

1. RLA is Rated Load Amps

2. MCA is Minimum Circuit Ampacity (for wire sizing)

3. MOCP is Maximum Overcurrent Protection

4. 575/3/60 remote condensers require special selection and pricing. Consult factory for details.
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Condenser Water Lines

(TCW Models Only) The performance of a condenser is dependent on maintaining the proper flow and temperature of
water through the heat exchanger. Insufficient water flow or high condenser water supply temperature will result in the
reduction of cooling capacity of the chiller. Extreme conditions will eventually result in the chiller shutting down due to high
refrigerant pressure. If condenser fouling by contaminants in the condenser water stream occurs, performance is negatively
affected. In order to reduce maintenance costs and chiller downtime, a water treatment program is highly recommended
for the condenser cooling water. If condenser plugging occurs, contact our Customer Service Department for assistance in
the proper procedure for cleaning out the condenser.

: WARNING: Condenser water maintenance is extremely important to ensure optimal chiller performance and reliable operation.
-

Caution: The use of untreated or improperly treated water in a chiller can result in scaling, erosion, algae, or slime buildup. This can
i 1 f lead to poor system performance or premature failure.
-

The standard cooling capacity assumes 85°F (29°C) condenser cooling water supply. Under normal operating conditions,
there will be approximately 10°F (6°C) rise through the condenser resulting in 95°F (35°C) exiting water temperature from
the condenser. To ensure proper water flow through the condenser, the condenser water pump must be able to supply the
pressure drop given in Figure 2 — Condenser Water Pressure Drop when providing the required condenser water flow.

The chiller can start and operate with a condenser water supply temperature range from 55°F (12.8°C) to 95°F (35°C).
However, for the most efficient and stable chiller operation, it is recommended to maintain the condenser water supply
temperature range from 65°F (18.3°C) to 85°F (29.4°C).

The pressure drop given in Figure 2 — Condenser Water Pressure Drop is the minimum pressure drop required in order that
the condenser water-regulating valve operates below a 60° open position. Above 60° open position, the valve flow
characteristics are non-linear and can result in erratic control. To prevent damage to the condenser or regulating valve, the
condenser water pressure should not exceed 100 PSIG (690 kPa).

The water-regulating valve will modulate the flow rate of condenser water through the condenser in order to maintain the
discharge pressure set point. The chiller loading, condenser water inlet temperature, and pressure set point determine the
actual flow. If the discharge pressure is above the set point, the water-regulating valve will open to increase the water flow
attempting to provide more cooling. The condenser water flow can exceed nominal flow rates during these conditions and
reduce the available water flow through other processes if sharing the same pump. The default discharge pressure is set at
the factory to optimize the performance of the chiller. Only qualified technicians should change the discharge set point.

Warning: If the condenser water pump is feeding other sources in addition to the chiller, it is highly recommended to install a circuit
: ] t setter in line with the chiller in order to limit the maximum flow through the chiller.
-
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Interconnecting Refrigerant Piping

(TCR Models Only) The chiller unit is shipped with a refrigerant holding charge. The chiller is designed for use only with the
air-cooled condenser provided with the unit. Please refer to our Remote Condenser Installation Guidelines manual for
detailed piping design and sizing.

Chilled Water Lines
To prevent unwanted condensation, insulate all chilled water piping. If water condenses on the piping, the state change of
the water from gas to liquid will result in a substantial heat load that becomes an additional burden for the chiller.

Standard central chillers provide 50°F (10°C) coolant to the process. Under normal operating conditions there will be a 10°F
(6°C) rise through the process resulting in 60°F (16°C) return coolant temperature to the chiller.

The importance of properly sized piping between the chiller and process cannot be overemphasized. See the ASHRAE
Handbook or other suitable design guide for proper pipe sizing. In general, run full size piping out to the process and then
reduce the pipe size to match the connections on the process equipment. Poorly designed piping is one of the most
common causes of unsatisfactory chiller performance. Avoid unnecessarily long lengths of hoses or quick disconnect fittings
that offer high resistance to water flow. When manifolds are required for water distribution, install them as close to the use
point as possible. Provide flow-balancing valves at each chilled water use point to assure adequate water distribution in the
entire system. Figure 3 - Chilled Water Pressure Drop provides the pressure drop through the evaporator and chilled water
piping associated with the chiller. Use this information for assistance when sizing a chilled water pump. Nominal chilled
water flow rates are provided in Table 7 - Chilled Water Flow Requirements, and are based on a 10°F (18°C) range across
the evaporator at 50°F (10°C) LWT and 85°F (29.4°C) entering condenser water or 95°F (35°C) ambient air for remote air
cooled chillers. For other leaving chilled water temperatures, refer to Table 3 — TCW Series Cooling Capacities (60 Hz) and
Table 4 — TCR Series Cooling Capacities (60 Hz).

WARNING: Chilled water maintenance is extremely important to ensure optimal chiller performance and reliable operation.
&
-

Table 7 - Chilled Water Flow Requirements

Water-Cooled Condenser Chillers Remote Air-Cooled Condenser Chillers
Model Nominal Flow* | Minimum Flow  Maximum Flow Model Nominal Flow* | Minimum Flow | Maximum Flow

GPM (L/min) GPM (L/min) GPM (L/min) GPM (L/min) GPM (L/min) GPM (L/min)
TCW60 144 (545) 72 (273) 230 (871) TCR60 144 (545) 72 (273) 230 (871)
TCW70 168 (636) 84 (318) 270 (1022) TCR70 168 (636) 84 (318) 270 (1022)
TCWS80 192 (727) 96 (363) 320 (1211) TCR80 192 (727) 96 (363) 320 (1211)
TCW90 216 (818) 108 (409) 360 (1363) TCR90 216 (818) 108 (409) 360 (1363)
TCW120 288 (1090) 144 (545) 430 (1628) TCR120 288 (1090) 144 (545) 430 (1628)
TCW140 336 (1272) 168 (636) 540 (2044) TCR140 336 (1272) 168 (636) 540 (2044)
TCW160 384 (1454) 192 (727) 640 (2423) TCR160 384 (1454) 192 (727) 640 (2423)
TCW180 432 (1635) 216 (818) 720 (2725) TCR180 432 (1635) 216 (818) 720 (2725)
TCW60HE 144 (545) 72 (273) 270 (1022) TCR60HE 144 (545) 72 (273) 270 (1022)
TCW70HE 168 (636) 84 (318) 320 (1211) TCR70HE 168 (636) 84 (318) 320 (1211)
TCWBS80HE 192 (727) 96 (363) 360 (1363) TCR8OHE 192 (727) 96 (363) 360 (1363)
TCWO90HE 216 (818) 108 (409) 400 (1514) TCROOHE 216 (818) 108 (409) 400 (1514)
TCW120HE 288 (1090) 144 (545) 540 (2044) TCR120HE 288 (1090) 144 (545) 540 (2044)
TCW140HE 336 (1272) 168 (636) 640 (2423) TCR140HE 336 (1272) 168 (636) 640 (2423)
TCW160HE 384 (1454) 192 (727) 720 (2725) TCR160HE 384 (1454) 192 (727) 720 (2725)
TCW180HE 432 (1635) 216 (818) 800 (3028) TCR180HE 432 (1635) 216 (818) 800 (3028)

* Nominal flow required for capacity at standard conditions of 60°F (15°C) EWT and 50°F (10°C) LWT.
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Figure 3 - Chilled Water Pressure Drop
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The minimum flow rates are required to prevent fouling and to ensure the chiller stays within normal refrigerant operating
conditions.

If the process flow requirement is lower than the minimum flow limitation shown in Table 7 - Chilled Water Flow
Requirements, multiple smaller chillers may be used. Another alternative is to use a primary pumping loop designed for
lower flow at a higher temperature rise through the process and a secondary pumping loop designed for a higher flow and
lower temperature drop through the chiller. If a secondary pumping loop is used, maintain the mixed temperature of
coolant entering the evaporator at a minimum of at least 5°F (2.8°C) above the set point of the chiller.

The maximum flow limitation shown in Table 7 - Chilled Water Flow Requirements, is the theoretical limits of the chiller
based upon a 5°F (2.8°C) drop across the cooler; however, these flows result in impractical pressure drops through the
cooler and are therefore not likely for a system design. If the process flow requirement is higher than the maximum flow
limitation shown in Error! Reference source not found., a bypass around the chiller may be used. Another alternative
is to use a primary pumping loop designed for higher flow and lower temperature rise through the process and a secondary
pumping loop designed for lower flow and higher temperature drop through the chiller. If a secondary pumping loop is
used, maintain the mixed temperature of coolant entering the cooler at a minimum of at least 5°F (2.8°C) above the set
point of the chiller.

The use of varying cooler flows is sometimes necessary; however, it is highly recommended to use a dedicated evaporator
circulation pump to provide increased system stability. The controls of the chiller are very adaptable and are capable of
adjusting to variations in the flow of water through the system and will load and unload compressor(s) as needed to
maintain tight control of the leaving water temperature of the system. If the cooler flow is varied, the minimum fluid loop
volume must be in excess of 3 gallons of coolant per ton of cooling (3.2 L per kW) and the flow rate must change at a rate of
no greater than 10% per minute in order to maintain an acceptable level of temperature control. This is a practical amount
of water which typically buffers fluctuations in the process enough that the chiller will generally see fairly gradual rates of
change in the inlet water temperature and will be able to accurately load or unload the compressor(s) which in turn will
allow for very consistent and stable supply temperatures to the process. Use a system volume of 6 to 10 gallons of coolant
per ton (6.4 to 10.8 L per kW) if the flow rate changes more rapidly than 10% per minute. If the chiller sees a net rates of
change greater than 10% per minute it may result in temporary supply temperature fluctuations greater than 1°F (0.56°C).

Interconnecting Refrigerant Piping

(TCR Models Only) The chiller unit has a full charge of oil, excluding the additional charge for field piping, and a refrigerant
holding charge. The chiller is for use only with the air-cooled condenser provided with the unit. The following section covers
the required piping between the chiller and the provided air-cooled condenser.

Caps are located on the discharge and liquid lines. These line sizes do not necessarily reflect the actual line sizes required
for the piping between the chiller and the air-cooled condenser. The installing contractor need only provide the
interconnecting piping between the chiller and the air-cooled condenser.

Refrigerant piping size and piping design has a significant effect on system performance and reliability. For specific pipe
sizing and configuration, refer to the TCR Series Chiller Remote Air Cooled Condenser Installation Guidelines Manual. All
piping should conform to the applicable local and state codes. Use refrigerant grade copper tubing only and isolate the
refrigeration lines from building structures to prevent transfer of vibration. Do not use a saw to remove end caps. This
might allow copper chips to contaminate the system. Use a tube cutter or heat to remove the caps. When sweating copper
joints it is important to flow dry nitrogen through the system. This prevents scale formation. Do not use soft solders. For
copper-to-copper joints use a phos-copper solder with 6% to 8% silver content. Use a high silver content brazing rod for
copper-to-brass or copper-to-steel joints. Only use oxy-acetylene brazing.

Water Pressure Gauges

It is highly recommended to install pressure gauges or taps (field supplied) in the inlet and outlet of both the condenser and
evaporator chilled water piping. The ability to read the pressure drop across the chiller is important and will aid in
preventive maintenance and in troubleshooting the chiller performance.

Remote Process Sensors

To and from process temperature sensors are required to be field installed in the common chilled water supply and return
piping for all single and dual circuit chillers. The sensors ships loose from the factory. The supply sensor should be installed
downstream of all individual chilled water supply streams and the return sensor should be installed upstream of all
individual chilled water return streams. Position the sensors to read the mixed temperature. The supply sensor will
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normally be the control sensor for the chilled water set point and will determine the loading/unloading of the
compressor(s). The return process sensor may be user selected as the control sensor if required by a selection within the
HMI setup screens. When linking together multiple chillers in a master/slave combination, only one set of sensors is
required. Wire these sensors to the PLC of the chiller designated as the master.

Mount the sensors in a %5” NPT coupling in minimum pipe size of 3”. The probe sheath is %4” OD x 3” in length and is
equipped with a %” NPT male fitting for direct mounting in a coupling. The sensors are to be direct immersion for the most
accurate reading and quickest response time. If direct immersion mounting is not possible, mount the sensors inside a
thermo well to aid in maintenance and or repair of the sensors if opening of the process piping is not possible. A suitable
heat transfer compound should be used with a thermo well. The sensor is equipped with a NEMA 4 sensor head with an
integral temperature transmitter. Wiring must be field provided from the sensor head to chiller electrical enclosure and
landed at the designated terminal blocks within the enclosure. Please see the chiller electrical schematic provided for
further detail.

Ambient Sensor

(TCR units only) Remote air cooled chillers require the installation of an ambient sensor installed at the remote condenser.
The sensor ships loose with the chiller and is for installation in the condenser control panel. Punch a %" conduit knockout
into the bottom of the remote condenser control panel for installation of the sensor. The sensor contains a %" MPT
bushing. The sensing probe must be orientated in order to expose the sensor to the ambient. Only one sensor is required
per chiller, regardless of a single or dual circuit chiller. If a chiller has a condenser which has (2) circuits or if (2) condensers
are required, the sensor should be mounted in the control panel for chiller circuit 1. Please see the chiller and condenser
electrical schematics provided for further detail.

Operating Principles

Coolant Circuit

The coolant pump, external to the chiller, circulates coolant through the process piping and then back to the chiller. Upon
entering the chiller, the coolant will pass through a y-strainer, which filters the process fluid before entering the evaporator.
Heat transferred from the coolant to the refrigerant occurs in the evaporator. Varying the amount of heat transferred in the
evaporator determines the loading of the compressor, which maintains the temperature set point of the coolant delivered
to the process. A “Process Return” thermocouple senses the temperature of the coolant as it enters the evaporator.

After leaving the evaporator, the coolant passes by the “Leaving Chilled Water” temperature sensor. The temperature
sensor senses the temperature of the coolant leaving the evaporator and communicates this temperature to the
compressor controller. The coolant once leaving the chiller will pass by the remote “Process Supply” temperature sensor.
This sensor reads the mixed coolant temperature of all individual chilled water streams from all chillers and is the normal
control sensor for the system chilled water set point. A remote “Process Return” temperature is located upstream of all
individual chillers water feeds and reads the coolant temperature as it enters the chiller(s).

Refrigerant Circuit
The heat transferred in the evaporator from the coolant to the refrigerant changes the state of the refrigerant from a liquid
to a gas. This refrigerant gas then moves from the evaporator to the compressor.

The compressor is the heart of the refrigeration circuit. Cool, low-pressure gas enters the compressor and hot, high-
pressure gas exits the compressor. Since the compressor is not 100% efficient, some extra heat gain occurs as the
refrigerant is compressed.

The hot, high-pressure gas exiting the compressor goes to the condenser. In water-cooled condenser units (TCW models),
the heat is transferred from the refrigerant flow around the tubes to the water that is flowing through the tubes. In air-
cooled condenser units (TCR models), the heat is transferred from the refrigerant in the finned tubes to the air that is
flowing across the finned tubes. As the heat transfer occurs, the refrigerant changes from a gas to a liquid. The condenser
removes the heat from the process load and the heat that added by the compressor.

After leaving the condenser, the liquid refrigerant passes through the filter dryer. The filter dryer filters out any particles
and/or moisture from the refrigerant. The liquid refrigerant then passes through the electronic expansion valve (EXV) that
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meters the flow of liquid refrigerant into the evaporator where the process begins again. The EXV also has a refrigerant
sight glass. Use the sight glass on the EXV to monitor the stream of liquid refrigerant.

Components

Compressor

The TC Series chillers use semi-hermetic, direct-drive centrifugal type compressors. The refrigerant enters the suction side
of the compressor as a low-pressure, low-temperature, super-heated gas. The refrigerant gas passes through a set of
adjustable inlet guide vanes that control the compressor capacity at low load conditions. The first compression element
that the gas encounters is the first-stage impeller. The centrifugal force produced by the rotating impeller results in an
increase in both gas velocity and pressure.

The high-velocity gas discharging from the impeller goes to the second stage impeller through de-swirling vanes. The gas is
further compressor by the second stage impeller and then discharged through a volute via a diffuser. (A volute is a curved
funnel increasing in area to the discharge port. As the area of the cross-section increases, the volute reduces the speed of
the gas and increases its pressure.) From there the high-pressure, high-temperature gas exits the compressor at the
discharge port.

The compressor shaft has frictionless magnetic bearings and a set of touch bearings in case of power failure. The shaft is
driven directly by a variable-speed, DC motor that has an integral soft-start starter and variable frequency drive for capacity
control and energy efficiency. Cooling of the motor and electronics of the compressor is with liquid refrigerant channeled at
full condenser pressure from the main liquid line.

The compressor controller drives a load-balancing valve to allow the compressor to obtain lower capacities at higher-
pressure ratios. The valve opens to lower the overall pressure ratio and thereby reduces the lift, enabling the compressor to
reduce speed and thereby unload.

The compressor has suction and discharge pressure sensors. On the TCW models, the discharge pressure sensor
information is used to control the electronic condenser water-regulating valve. On the TCR models, the discharge pressure
sensor information is used to control the Fans on the remote air-cooled condenser. Both the suction and discharge
pressures are on the PLC screen.

Condenser Remote Air-Cooled

(TCR Models Only) The remote air-cooled condenser has a copper tube and aluminum fin coil with multiple fans. The
refrigerant passes through the copper tubes, while the air passes over the fins. The chiller compressor and chiller PLC
control the condenser fans. The compressor analog output controls the condenser header fan(s) VFD. The PLC stages the
remaining fans based on the value of the analog output. The VFD controls the condenser fan airflow in order to maintain
the discharge pressure set point. The chiller loading, ambient air temperature and pressure set point determine the actual
airflow. The discharge pressure set point can be user selectable for auto or manual mode. In auto mode, the discharge
pressure set point will automatically adjust to lowest allowable setting in order to maximize operating efficiency. Auto
discharge pressure control is the default setting from the factory. While in manual mode, the set point is user adjustable.
The default setting in manual mode is 105 PSIG (723 kPa).

Condenser Water-Cooled

(TCW Models Only) The shell and tube condenser has a steel shell, removable cast iron end bells, and a bundle of copper
tubes. The condenser water passes through the copper tubes, while the refrigerant flows around the tubes on the shell
side.

Condenser Water Regulating Valve

(TCW Models Only) An electronic condenser water-regulating valve is provided as standard on all TCW Models. The valve is
a modulating type butterfly valve located in the condenser water piping at the outlet of the condenser. The condenser
water-regulating valve controls the condenser water flow in order to maintain the discharge pressure set point. The chiller
loading, condenser water inlet temperature, and pressure set point determine the actual flow.

In general, the condenser water supply should be about 3 GPM (11 LPM) per ton of cooling requirement. The design inlet
temperature of the condenser water is 85°F (29°C). The discharge pressure set point can be user selectable for auto or
manual mode. In auto mode, the discharge pressure set point will automatically adjust to lowest allowable setting in order
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to maximize operating efficiency. Auto discharge pressure control is the default setting from the factory. While in manual
mode, the set point is user adjustable. The default setting in manual mode is 105 PSIG (723 kPa).

The valve only passes as much water as is required to maintain the refrigerant pressure, so less water will be required if the
water temperature is lower than the design 85°F (29°C). If in manual discharge pressure control, adjust the setting if inlet
temperatures are different from the design 85°F (29°C).

It is possible to manually opened or closed by sliding and holding the gear release on the side of the actuator. The valve
should not be manually opened or closed while the circuit is enabled. If the valve is manually opened, it must be manually
closed prior to enabling the circuit.

The valve will automatically close when the circuit is disabled or the compressor shuts down due to an alarm condition.
When the compressor starts the valve automatically opens to a predetermined position.

Coolant Flow Switch

This switch is located in the piping directly after the evaporator outlet. The switch shuts the unit down if there is insufficient
coolant flow through the evaporator. If the chiller shuts down due to low coolant flow, restart is using the controls on the
control panel.

Discharge Check Valve

The discharge check valve(s) prevent reverse flow of refrigerant into the compressor. On TCW models, the check valve is
located on the compressor discharge outlet. On TCR models, the check valve is located in the discharge line downstream of
the tee branch circuit for the load balance valve.

Electronic Expansion Valve (EEV)

The electronic expansion valve separates the refrigerant high pressure/temperature on the condenser side from the
refrigerant low pressure/temperature on the evaporator side. The EEV meters the amount of refrigerant into the
evaporator in the precise quantity in order to maintain superheat.

The difference between the saturated evaporative temperature and the suction line temperature is the superheat. The
superheat is factory set for 10°F to 12°F (5°C to 6°C) and should never exceed 15°F (8°C) or go below 4°F (2°C). Only a
trained refrigeration service technician should change this setting.

A refrigerant sight glass is located in the body of the EEV and allows the operator and/or service technician to observe the
flow of liquid refrigerant in the circuit. Prolonged periods of foaming in the sight glass may indicate a low refrigerant charge
condition or a restriction in the liquid line.

Note: Occasional bubbling in a sight glass may occur at a time when load conditions are changing and the electronic expansion valve is adjusting to the
new conditions. This momentary occurrence is a result of normal chiller operation.

Use the sight glass to check if there is moisture in the refrigeration circuit. If there is moisture in the circuit, the green ring
around the center of the sight glass will turn yellow. If this occurs, service the chiller immediately.

Evaporator

The evaporator has stainless steel plates and copper brazing. The refrigerant passes between every other set of plates,
while the coolant flows on the other side of the plates in the opposite direction. We recommend implementing a proper
water maintenance program to preserve the quality of chilled water desired. Excessive evaporator fouling caused by poor
chilled water quality will cause poor chiller performance and or chiller failure.

Human Machine Interface (HMI)
The human machine interface (HMI) provides a user interface with the PLC, which controls the operation of the chiller. The
HMI allows data entry for chiller setup, accepts commands to operate chiller, and displays chiller status.

Liquid Line Solenoid

The liquid line solenoid is located in the liquid line between the filter dryer and the electronic expansion valve (EEV). It
provides isolation of the refrigerant between the high and low sides of the refrigeration system while the system is not
operating.
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Line Reactors

The line reactors act like an input buffer between the motor drive power circuits and the AC line power. Line reactors
provide additional circuit impedance that improves power factor, reduces line current harmonics, and dampens the
transient voltages on the power line thereby protecting the electronic motor drive components.

Load Balancing Valves

A load-balancing valve is driven by the compressor controller to allow the compressor to obtain lower capacities at higher-
pressure ratios. The valve opens to lower the overall pressure ratio and thereby reduces the lift, enabling the compressor to
reduce speed and thereby unload.

Receiver

The receiver is primarily a liquid storage tank to hold liquid refrigerant when not in circulation. Since an air-cooled
condenser located outdoors provides the refrigeration cycle cooling, the refrigerant charge will vary from winter to summer
operation. During the summer months, the receiver holds the excess refrigerant charge required in the winter. The receiver
also aids in holding the refrigerant charge while in pump down. Only TCR units contain a receiver.

Refrigerant Filter/Dryer

The filter/drier is located in the liquid line between the condenser and the liquid line solenoid. It removes any moisture
and/or foreign matter that may have gotten into the refrigerant stream. Moisture and foreign matter can cause serious
damage to the components of a refrigeration system. For this reason, it is important that the chiller be equipped with a
clean filter drier. Replace the filter drier core if any of the following conditions occur.

* Opening the refrigeration system to the atmosphere for repairs or maintenance

* Indication of moisture in the sight glass (the green ring has changed to yellow)

* An excessive pressure drop develops across the filter drier (a significant temperature difference between the filter inlet
and outlet indicates this)

Refrigerant Sight Glass

The refrigerant sight glass is located on the electronic expansion valve. It allows the operator or service technician to
observe the flow of liquid refrigerant in the circuit. Prolonged periods of foaming in the sight glass may indicate a low
refrigerant condition or a restriction in the liquid line.

Note: Occasional bubbling in a sight glass may occur at a time when load conditions are changing and the expansion valve is adjusting to the new
conditions. This momentary occurrence is a result of normal chiller operation.

Another use for the sight glass is check if there is moisture in the refrigeration circuit. If there is moisture in the circuit, the
green ring around the perimeter of the sight glass will turn yellow. If this occurs, service the chiller immediately.

Y-Strainer
A Y-strainer with a 20-mesh screen is in the water line to help protect the evaporator passages from clogging.

Compressor Control Logic

Single Circuit

A single circuit chiller contains only one compressor. The chiller controls the leaving chilled water according to the chilled
water set point. A temperature sensor is field installed in the supply water at the exit of the chiller and sends information to
the PLC. When the temperature rises above the set point, the PLC will start a compressor when there is enough process
heat loads to support the operation of the compressor. The compressor, once running will modulate its capacity to
precisely control the to process water temperature. If the process heat load drops below the minimum loading capability of
the compressor, the compressor will cycle off. Operation of the compressor will resume once adequate heat load exists.

Dual Circuit
A dual circuit chiller contains two compressors with two independent refrigeration circuits. Each circuit is capable of
operating independently with the other circuit disabled or as a pair in a lead/lag configuration.

The chiller controls the leaving chilled water according to the chilled water set point. A temperature sensor is field installed
in the supply water at the exit of the chiller and sends information to the PLC. When the temperature rises above the set
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point, the PLC will start the lead compressor when there is enough process heat loads to support the operation of one
compressor. The lead compressor, once running, will modulate its capacity to control the supply water temperature. If the
process heat load drops below the minimum loading capability of the lead compressor, the compressor will cycle off.
Operation of the lead compressor will resume once adequate heat load exists.

The lag compressor will start if the process heat load continues to increase after the lead compressor is running and fully
loaded. Both compressors will share the load and modulate their capacities in order to maintain the chilled water set point.
If the process heat load drops to a level that one or both compressors are running at their minimum loading capability, the
lag compressor will shut off. The lead compressor will then increase its capacity in order to handle the process heat load of
the two previously running compressors. If the process heat load increases, the lag compressor will again resume operation
only once enough loads exists that both compressors will run at a capacity greater than their minimum loading capability.

The PLC controls the designation of the lead and lag compressors. When the PLC is in Auto Lead/Lag configuration, the Lead
circuit will switch on regular intervals to provide equal run time on each compressor.

Master/Slave

Multiple chillers can be linked together to function as a single system. Single or dual compressor chillers with a maximum of
six compressors connected. Any TC chiller can be setup to be a master or a slave. The master chiller controls the staging
order of the compressors and the running demand of all the compressors in the system in order to maintain the common
chilled water set point. A slave chiller becomes dependent on the master only for its compressor staging order and running
demand. The slave chiller PLC performs all other operations. The chilled water piping must be manifold together and the
supply sensor must be positioned downstream of all individual chilled water streams to read a mixed water temperature.
Wire the supply and return water temperature sensors in the common return chilled water piping to the chiller PLC
designated as the master. Please see the controller manual for additional details.

PLC Operation

The chiller uses a Programmable Logic Controller (PLC) with a touch screen Human Machine Interface (HMI). The PLC
monitors, controls, and maintains stable and reliable operation of the chiller by using an extensive array of sensors,
actuators, relays, switches, and control algorithms. The HMI is a 6-inch TFT color touch-screen interface and provides an
extensive amount of system diagnostic and operational information as well as a comprehensive list of safeties, alarms, and
faults. Faults are time and date-stamped and are viewable at any time with a simple touch of the display. Please see the
appropriate TCW or TCR controller operation manual for a complete description of the control system.
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HMI Display

The following information is in various screens:

Active fault popup screen including history and frequency of faults

Actual kW usage

Ambient temperature display (TCR units only)

Analog output control mode, output percent, output set point, output starting position delay, output starting position
percent, PID derivative gain, PID forward or reverse action, PID integral gain, PID proportional gain

Compressor actual kW, backplane temperature, BMCC PCB temperature, cavity temperature, demand percentage,
estimated choke speed, estimated surge speed, inlet guide vane opening in percent, liquid refrigerant temperature,
motor actual RPM, motor cooling number of solenoids energized, motor demand power, motor desired RPM, motor
earth leakage current, motor inverter temperature, pressure ratio, refrigerant discharge pressure, refrigerant discharge
temperature, refrigerant suction pressure, refrigerant suction temperature, refrigerant superheat temperature, saturated
discharge temperature, saturated suction temperature, SCR temperature, service hours, soft-start 3@ current, soft-start
3@ voltage, soft-start DC Bus voltage, stepper PCB temperature, units (Imperial/Metric)

Condenser Water inlet temperature (TCW units only)

Electronic Expansion Valve auto/manual selection, control loop speed, control mode, control set point °R or °K, position
percent open, process value °R or °K, startup position delay, startup position percent opening

Evaporator water inlet temperature

Evaporator water outlet temperature

Process water set point temperature

Status banner of startup and shutdown sequences

System demand percentage

System loading percentage

Warning banner of compressor variables nearing fault conditions

Control Functions

The following control functions are available within the control system:

.

Active fault, history, and frequency of faults time and date stamped
Adjustable analog control settings

Adjustable compressor staging

Adjustable expansion valve settings

Adjustable low water temperature system stop set point

Adjustable PID demand control

Adjustable remote condenser fan staging (TCR units only)

Compressor anti-recycle timer

Compressor enable/disable

Condenser Water Regulating Valve control capability (TCW units only)
Internal calendar and clock

Password protection of adjustable parameters (two levels — user settable, and factory settable)
Process water low temperature fault

Remote alarm contact

Remote Condenser variable speed fan control capability (TCR units only)
Remote start/stop

Selectable control mode (leaving/entering water)

Fault Monitoring

Compressor Alarms
A compressor alarm will slow down the motor in an effort to operate within the compressor limits. The following is a list of
non-critical alarms processed by the controller:

3

3

3

3

Discharge Temperature Alarm

Inverter Temperature Alarm

Suction Pressure Alarm

Discharge Pressure Alarm

3 Phase Over Current Alarm

Shaft Cavity Temperature Alarm Packaging - Processing
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* Leaving Air / Water Temperature Alarm
* Total Compression Ratio Alarm

* Bearing Motor Alarm

* SCR Temperature Alarm

» System Lock Out State

* Lockout Alarm

* Winding Temperature Alarm

* Super Heat Alarm

Critical Faults

A compressor critical fault will trip the compressor motor immediately. A critical fault occurs when a compressor parameter
has exceeded its fault limit setting. The following is a list of critical alarms processed by the controller:

* Inverter Temperature Fault (Must cycle main power to reset fault if it occurs 3 times in 30 minutes)

* Discharge Temperature Fault

* Suction Pressure Fault

* Discharge Pressure Fault (Must cycle main power to reset fault)

* 3 Phase Over Current Fault (Must cycle main power to reset fault)

* Shaft Cavity Temperature Fault (Must cycle main power to reset fault if it occurs 3 times in 30 minutes)
* Leaving Air / Water Temperature Fault

* Total Compression Ratio Fault

* Bearing Motor Fault

* SCR Temp Fault (Must cycle main power to reset fault if it occurs 3 times in 30 minutes)

* System Lock Out State

* Lockout Fault

* Winding Temperature Fault

* Super Heat Fault

Compressor Bearing Faults

The following is a list critical bearing faults processed by the controller:
* Calibration Failed

* Startup Check Failed

* Excessive Axial Over Orbit

* Axial Static Load

* Excessive Front Radial Orbit

* Front Radial Static Load

* Excessive Back Radial Orbit

* Back Radial Static Load

Compressor Motor Faults

The following is a list of critical motor faults processed by the controller:
* Motor Single Phase Over-Current Detected

* DC Bus Over-Voltage Detected

* Motor High Current Warning

* Motor High Current Fault

* Inverter Error Signal Active

* Rotor may be Locked

* Bearing Error Active

* Bearing Warning Active

* QOutput Voltage on the Motor Generates No Current

* |IGBT inverter command signals disconnected or drive coil error
* DC Voltage Below Limit

* Motor Back EMF is Low

* EEPROM Checksum Error

* Generator Mode Active

* SCR Phase Loss

* System in Startup Mode
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Table 8 — Compressor Alarms and Critical Fault Limits

Description

Notes

Inverter temperature

Warning at 158°F (70°C)
Shut down at 167°F (75°C)

Discharge temp

Warning at:

185°F (85°C) for TCW
203°F (95°C) for TCR
Shut down at:

194°F (90°C) for TCW
212°F (100°C) for TCR

Suction pressure

Warning at:

24 PSIG (1.8 Kg/cm®) for TCW
21 PSIG (1.5 Kg/cm?) for TCR
Shut down at:

22 PSIG (1.6 Kg/cm?) for TCW
19 PSIG (1.4 Kg/cm®) for TCR

Discharge pressure

Warning at:

173 PSIG (12.1 Kg/cm?) for TCW
251 PSIG (17.7 Kg/cm?) for TCR
Shut down at:

180 PSIG (12.7 Kg/cm?) for TCW
261 PSIG (18.3 Kg/cm?) for TCR

3 Phase current trip

Warning at:

80 amps (60 & 70 ton TCW compressors)
100 amps (80 ton TCW compressor)

120 amps (90 ton TCW compressor)

135 amps (all TCR compressors)
Shutdown at:

88 amps (60 & 70 ton TCW compressors)
110 amps (80 ton TCW compressor)

132 amps (90 ton TCW compressor)

145 amps (all TCR compressors)

Shaft cavity temperature

Warning at 176°F (80°C)
Shut down 185°F (85°C)

Low chilled water out temp

Warning at 34°F (1°C)
Shut down at 32°F (0°C)

High chilled water out temp

Adjustable from 30°F (-1°C) to 100°F (37°C)

Total compression ratio fault

Warning at:

4.0 for TCW series chillers
5.0 for TCR series chillers
Alarm at:

4.5 for TCW series chillers
5.5 for TCR series chillers

Bearing faults

Include codes for a specific condition

Motor faults

Include codes for a specific condition

SCR temp fault

Warning at 158°F (70°C)
Shut down at 167°F (75°C)

System lock out state

Panel reset switch, flow switch, modbus off, compressor disabled, or customer interlock

System Status Messages

On the system default screen and base screen of each compressor’s data pages, there is a system message display.
Following is list of messages that will be displayed during the operation of the chiller. Messages pertaining to Circuit 1 are

led by C1. Additional circuit messages will be led by their circuit identifier, C2, C3, etc.

* Locked Out State (Cycle Power to Reset)
* System Resetting

* Compressor Ramping Up

* Partially Closed Vane

* Normal Operation State

* Maximum Flow State

* Minimum IGV Reached (System Fully Unloaded) (Note: Load Balance Valve will Start to Open Now)
* Compressor has Demand Applied but Interlock is Open

* Fault is Active — Waiting for the Demand

* Compressor can’t Start Inverter Temperature too High

* Compressor Below Surge Speed Loading Up

* Anti-Cycle Timer Active
* RS-485 Error
* P1 Pump Started
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* P1 Pump Stopped
* P2 Pump Started
* P2 Pump Stopped

For additional information on how to operate the PLC, please see PLC control operation manual.

Start-Up

Full testing of TCW chillers occurs prior to shipping. Readings of voltage, amperage, compressor suction and discharge
pressures, water inlet and outlet temperatures, water flow rates, etc., are recorded to make sure that all system
components are performing up to their specifications. Since the remote condenser ships separately and a full system design
is not possible, electrical testing only occurs for TCR chillers prior to shipping. Every unit is factory set to deliver chilled
water in accordance with the standard operating specifications for that particular chiller. Due to variables involved with
different applications and different installations, minor adjustments may be required during the initial Startup to ensure
proper operation.

We recommend a qualified experience refrigeration technician perform the start-up in proper sequence. If trouble occurs
while putting a chiller in operation, the fault is usually one of the control or safety devices. Use this outline as a checklist for
the initial Startup and for subsequent Startups after the chiller is out of service for a prolonged period.

1. Assure the main power is acceptable, connected properly, and proper ground exists (see Installation section of this
manual for details). Do not interchange any load leads that are from the motor terminals. Confirm there are proper
power connection and grounding and turn the main power on.

2. Check to make sure all process water piping connections are secure. While using a glycol solution, use a glycol with a
corrosion inhibitor only. See Table 12 for recommended glycol solutions for various set point temperatures.

3. Verify that both the process and remote temperature sensors are in the process piping in a location to sense mixed
water temperature and that they are wired to chiller control panel.

4. (TCW Models Only) Check the condenser water lines to make sure all connections are secure. Make sure sufficient
condenser water flow and pressure are available, the condenser water supply is on, and all shut-off valves are open.
The electronic water regulating valves ship in the closed position and will open automatically when the circuit is
enabled.

Table 9 - Recommended Glycol Solutions

Chilled Water Percent Glycol

Temperature By Volume
50°F (10°C) Not required
45°F (7.2°C) 5%
40°F (4.4°C) 10%
35°F (1.7°C) 15%
30°F (-1.1°C) 20%
25°F (-3.9°C) 25%
20°F (-6.7°C) 30%
15°F (-9.4°C) 35%

10°F (-12.2°C) 35%
5°F (-15°C) 40 %
0°F (-17.8°C) 40 %

5. (TCR Models Only) Check that the remote air-cooled condenser is properly installed, the field installed refrigeration
piping is installed correctly and secure, and that the interconnect wiring between the condenser and the chillers is
correct. Also, verify that the ambient sensor is properly installed and wired in the remote condenser control panel.

6. Verify that all refrigerant valves are open and the stem on the liquid line solenoid valve is down.
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CAUTION: Do not operate the unit with the compressor or liquid line service valves “CLOSED”. Failure to have these “OPEN” may cause
i 1 i serious compressor damage.
-

7. Establish flow through the evaporator(s).

Note: The compressors will not start as long as the flow switch is open. Establish a positive flow through the evaporator(s) before the compressor(s) can
operate.

Set process water flow through the evaporator(s) as indicated in Table 1 (see Installation section of this manual for details).
If a flow meter is not available, run the chiller fully loaded and balance the flow until a 10°F (6°C) rise is established. A
significant increase in flow beyond the recommended rate may damage the evaporators and create excessive pressure
drops that influence the overall efficiency of the system.

8. Enable compressor(s) and turn on Modbus communication.

WARNING: During normal operation, enable all circuits. Failure to heed this warning may lead to evaporator freeze-up. If a circuit is
i ' t disabled, shut off the water to that circuit’s evaporator.
-

9. Reset the system by pressing the blue button. The blue system indicator status light will be solid if the system is ready
to run. If the compressor(s) are not enabled, Modbus is turned off, the chilled water flow is not adequate, or an alarm
condition is present, the blue indicator will not remain solid. The PLC will show the last alarm if the unit shut down on
an alarm. If the system is not ready to run, acknowledge and reset the alarm or correct any of the above listed
conditions.

10. Control of the chiller temperature is based on supply water temperature. Unless otherwise specified, it is factory set to
deliver coolant at 50°F (10°C). Adjust to the desired operating temperature. Resetting the temperature will change the
operating conditions of the chiller. Only lower readjustment of the controller after providing adequate antifreeze
protection to the coolant as shown in Table 9 - Recommended Glycol Solutions.

11. Operate the system for approximately 30 minutes. Check the liquid line sight glass(s). The refrigerant flow past the
sight glass(s) should be clear. Bubbles in the refrigerant indicate either low refrigerant charge or excessive pressure
drop in the liquid line. A shortage of refrigerant is indicated if operating pressures are low and sub-cooling is low. The
normal sub-cooling range is from 10°F (5.5°C) to 20°F (11°C). If sub-cooling is not within this range, check the
superheat. The superheat should be approximately 10°F (5.5°C). For TCW chillers, the unit is factory charged so adding
or removing refrigerant charge should not be necessary. If the refrigerant pressure, sight glass, superheat, and sub-
cooling readings indicate a refrigerant shortage, call our Customer Service Department for assistance and instructions
for charging the unit with refrigerant.

unit operating pressures. If both suction and discharge pressures are low but sub-cooling is normal, a problem other than refrigerant

CAUTION: A clear sight glass alone does not mean that the system is properly charged. Also check system superheat, sub-cooling, and
i ! } shortage exists. Do not add refrigerant, as this may result in overcharging the circuit.

Preventive Maintenance

Once your chiller is in service, follow the maintenance procedures as closely as possible. Specific site conditions may require
repeating certain tasks more frequently. The importance of a properly established preventive maintenance program cannot
be overemphasized. Taking the time to follow these simple procedures will result in substantially reduced downtime,
reduced repair costs, and an extended useful lifetime for the chiller. Any monetary costs of implementing these procedures
will usually more than pay for itself.

To make this as simple as possible, prepare a checklist with the recommended service operations and record the record the
date and time when performed. At the end of this manual, you will find a checklist for this purpose. Please notice that there
are locations for voltage readings, amperages, etc. for monitoring over time. With this information, maintenance personnel
may be able to correct a potential problem before it causes any downtime. For best results, take these readings with a full
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heat load from process, preferably with similar operating conditions each time. The following is a list of suggested periodic
maintenance.

Once a Week

1. Check to make sure that the To Process temperature is reasonably close to the Set Point temperature. If the
temperature stays more than 5°F (3°C) away from the set point, there may be a problem with the chiller. If this is the
case, refer to the Troubleshooting Chart or contact our Customer Service Department.

2. Check the suction and discharge refrigerant pressure at the compressor.

3. Check each refrigerant sight glass for air bubbles or moisture indication. Bubbles in the refrigerant indicate either low
refrigerant charge or excessive pressure drop in the liquid line. If the sight glass indicates that there is a refrigeration

problem, have the unit serviced as soon as possible.

4. Units are equipped with a Y-strainer between the return connection and the evaporator inlet. Open the blow-down
valve attached to the strainer to flush the screen free of debris.

Once a Month
Repeat items 1 through 4 listed above and continue with the following.

5. Shut off the power disconnect. Check the condition of electrical connections at all controls. Check for loose or frayed
wires.

6. Check the main power supply to ensure it is acceptable, connected properly, and the unit has a proper ground (see
Installation section of this manual for details).

7. Check the amp draws to each leg of the compressor(s) to confirm that it is drawing the proper current.

8. Check the system superheat and sub-cooling. The normal superheat is approximately 10°F (5.5°C) and should not be
more than 15°F (8°C). The normal sub-cooling range is from 10°F (5.5°C) to 20°F (11°C).

9. Units are equipped with a Y-strainer between the return connection and the evaporator inlet. Remote the strainer
basket and cleaned if necessary. This may be required more often if contaminants can easily get into the process water.

Once Every 6 Months
Repeat items 1 through 9 listed above and continue with the following.

10. Check for visible mechanical damage to the compressor.

11. Check for excessive vibration from other rotating equipment.
12. Check for signs of hot spot/discoloration on power cables.
13. Check the DC bus voltage.

14. Check all communication cables are secure and tight.

15. Check all electrical modules are secure.

16. Check system refrigerant charge and verify the system is still full charged.

Once a Year
Repeat items 1 through 16 listed above and continue with the following.

17. (TCW Models) Check the condition of the condenser water for algae and scale. If contamination is present, rod out the
tubes and back flush condensers before reconnecting pipes.
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18.

19.

20.

21.

22.

(TCR Models) Check the condition of the air coils of the remote condensers for dirt and debris. If the coils are dirty or
clogged, use a compressed air source to blow the contaminants out of the air coil.

Check operation of all system safety devices and interlocks.
Check physical condition of all exposed printed circuit boards for dust build-up and clean if necessary.
Check calibration of temperature/pressure sensors.

Check operation of IGV assembly.

Once Every 5 years
Repeat items 1 through 22 listed above and continue with the following.

23.

Replace capacitor set

Maintenance

Cleaning the Operator Interface
Use of abrasive cleaners or solvents may damage the window. Do not scrub or use brushes. To clean the display window:

Disconnect power from the terminal at the power source.

Using a clean sponge or a soft cloth, clean the display with a mild soap or detergent. If paint or grease splash is present,
remove before drying by rubbing lightly with isopropyl alcohol. Afterward, provide a final wash using a mild soap or
detergent solution. Rinse with clean water.

Dry the display with a chamois or moist cellulose sponge to avoid water spots.
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General Troubleshooting

Symptom

Low suction pressure

Possible Cause

Low water flow

Action Required
Check water flow and verify it is within the design of the
unit. Y-strainer may require cleaning

Chilled water temperature too low

Check set point

Faulty pressure sensor

Check sensor

Low refrigerant charge

Check sub-cooling and discharge temperatures

Restriction in refrigerant piping

Check electronic expansion valve and filter drier

Inlet guide vane (IGV) stuck open

Check position and operation

Fouled Evaporator

Back flush and chemically clean

High discharge pressure

Condenser water temperature too high (TCW Models only)

Check cooling tower system set point

Condenser coils dirty or condenser fan failure (TCR Models
only)

Check condenser

Low condenser water flow (TCW Models only)

Check condenser water flow and verify it is within the
design of the unit

Fouled condenser water tubes (TCW Models only)

Check and clean condenser tubes

Faulty pressure sensor

Check pressure sensor

Non-condensable in system

Dehydrate system

System overcharged

Adjust refrigerant charge

Discharge valve closed

Check valve position

Restrictions in piping

Check piping for excessive pressure drops

High evaporator pressure

Chilled water temperature too high

Check temperature sensor. Check for excessive water flow.

Faulty pressure sensor

Check pressure transducer

Inlet guide vane (IGV) failure (closed)

Check position and operation

Electronic expansion valve failed open

Check position and operation

Low water temperature
cut-out

Insufficient refrigerant charge

Check refrigerant charge

Faulty sensor

Check sensor

Water temperatures too low

Check set points

Low water flow

Check water flow
Check Y-strainer, clean as necessary

Compressor does not
power up

No/Low DC Bus voltage — capacitor failure

Check DC bus

Phase failure

Check phases of line power supply

No 250 VDC Bus — high voltage DC-DC converter fault

Check converter

No 250 VDC Bus — Bearing PWM amplifier

Check PWM module and backplane

No 250 VDC Bus — low voltage DC-DC converter fault

Check PWM module and backplane

DC Bus midpoint imbalance — faulty capacitor

Replace capacitor

DC Bus midpoint imbalance - faulty bleed resistor

Replace bleed resistor

DC Bus midpoint imbalance — faulty high voltage DC-DC
converter

Replace high voltage DC-DC converter

No motor drive

IGBT inverter fault

Check DC Bus

IGBT inverter interface cable fault

Check cable

Bearing/motor controller fault

Replace bearing/motor controller

Faulty stator

Replace stator

Demagnetized shaft

Replace shaft

Shaft position sensor fault

Check/replace sensor

Bearing will not calibrate
or levitate

Faulty bearing wiring

Check/repair wiring

Faulty bearing PWM amplifier

Replace bearing PWM amplifier

Faulty bearing/motor controller

Replace bearing/motor controller

No communications to
compressor controller

Faulty compressor controller

Replace compressor controller

External wiring fault

Check/repair wiring

Interface converter fault

Check/repair interface converter

Sensor fault — faulty wiring connector

Check/replace wiring connector

Drive temperature too
high

No motor cooling

Check motor cooling solenoid valve

Insufficient sub-cooling

Check refrigerant charge

Faulty temperature sensor

Check sensor

Winding temperature too
high

Faulty power bolt

Check power bolt continuity

Compressor does not
start

No cooling demand signal

Check temperature set points

Faulty chilled water temperature sensors

Check chilled water temperature sensors

No main power

Check power at terminal block

Low water flow

Check water flow
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Drawings

We have prepared a custom set of drawings for your unit and placed them inside the control panel prior to shipment.
Please refer to these drawings when troubleshooting, servicing, and installing the unit. If you cannot find these drawings or
wish to have additional copies sent, please contact our Customer Service Department and reference the serial number of

your unit.
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