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Features and

Benefits

Pulse Width Modulation
Valves (SPW)

e Controls refrigerant by
cycling on/off during
6 second period

e Designed for CO»,
HFC, HCFC and HFO
(nonflammable & nontoxic)
System Operation

¢ Operates from 10% to
100% of rated capacity

e Tight seating design

e Robust Design,
50 Million+ Cycle Life

e | ow Wattage NEMA-4X
Coil, IP65 Rated, Class F

e Brass, Copper & Stainless
Steel Design for Premier
Corrosion Resistance

® Serviceable Design with
Interchangeable Port &
Strainer

e Maximum Rated Pressure
(MRP) 1305 psig / 90 barg

e Maximum Operating
Pressure Differential (MOPD)
507 psid / 35 bar

Pulse Width Modulation Valves

For Refrigerant Flow Control in Direct Expansion
CO», HFC, HCFC and HFO Refrigeration Systems

The Sporlan SPW line of electric expansion valves uses pulse width
modulation (PWM) control to manage refrigerant flow in direct expan-
sion CO», HFC, HCFC and HFO (nonflammable & nontoxic) refrigera-
tion systems. The valve’s duty cycle is varied based on measured
evaporator superheat. Typical controllers monitor superheat and vary
the duty cycle across a 6 second period.

Sporlan’s Pulse Width Modulation Valves are rated at 100% duty cycle,
no reserve capacity. Pulse Width Modulation Valves are typically sized
between 50% and 85% duty cycle. This allows additional capacity for
pulldown at start-up and after defrost. Further consideration should

be given to the liquid line size to avoid excessive liquid hammer. Liquid
line velocity should not exceed 3 ft/second.

The SPW valve family offers 8 port sizes to cover a wide range of
evaporator loads. The serviceable port and strainer design allows the
contractor to service and clean the SPW valve or easily replace the
port during a refrigerant retrofit.

The SPW Valve line is rated for a Maximum Rated Pressure (MRP) of
1305 psig (90 barg). The Maximum Operating Pressure Differential
(MOPD) is 507 psid (35 bar). Solenoid cails are available for 24 VAC/60 Hz,
110-120 VAC / 50-60 Hz and 220-240 VAC / 50-60 Hz.

Dimensions 175"/ 44,5 mm
Fi gure 1 clearance to remove coil
0.39”
_f|.9 m|ri_ L( j‘|
. 1 2 7 523"
©.38” / @9.6 mm @ 132.8 mm

0.42” /10.6 mm I
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@.50”
@12.7 mm




Specifications

SPW Valve Family General Spec

ifications
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Actuation Type

Pulse Width Modulation

Recommended Period

6 seconds

Control Range

10 - 100% Duty Cycle

Voltage

24 VAC/60 Hz
110-120 VAC/50-60 Hz
220-240 VAC/50-60 Hz

Power Input (Watts) 11W

Inrush (VA) 38 VA
Holding Power (VA) 22 VA

Coil Resistance (ohms) 4.0 Q (24 VAC)

103.1 Q (110-120 VAC)
412.9 Q (220-240 VAC)

Electrical Connection Style

¥2” NPT Conduit W/18” leads

DIN 43650A

Flow Direction

Side Inlet, Bottom Outlet

Mounting Orientation

Enclosing Tube No Less than Horizontal

Serviceability

Coil, Port and Strainer

Strainer Size (micron)

100

Approved Refrigerant (Class A1)

CO, HFC, HCFC, HFO (nontoxic & nonflammable)

Approved Refrigerant Oil

POE, PAG, PVE, Mineral

Max Internal Leak (sccm Air)

5@ 100 psid

Max External Leak (sccm Helium)

0.1 oz/year @ 300 psig

Certifications & Compliance

UL File MH4576, PED, Reach, ROHS, LVD

APPLICATION LIMITATIONS MAXIMUM MINIMUM
Ambient temperature* 130°F (54°C) -40°F (-40°C)
Fluid temperature 180°F (82°C) -40°F (-40°C)

Installation Temperature

250°F, 15 minutes maximum

Relative Ambient Humidity

95% Non-condensing (IP65 Rated)

Maximum Rated Pressure (MRP)**

1305 psig (90 barg)

Pressure Differential (MOPD)

507 psid (35 bar)

* Approved only for liquid expansion applications.
** Maximum Rated Pressure for stand still conditio

ns. Liquid must be present at valve inlet for operation.
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Ordering Instructions

Nomenclature
——— VALVE CoIL ,
sPwiy 1 @ 3X4 IEI E‘IH K 3 . c § A N 18
. Coil Voltage . Wire Gauge Lead
Valve  Port C°"g§‘;t'°" Connection  Coll  Coll © 'OE'N 110120 VAC/50-60 Hz CC_OSOTI‘]’SSK A- 316" Length
Model Size (Inlet x Outlet) Style Model Size Blank 220-240 VAC/50-60 Hz or Blank Insulation (Inches)
24 VAC/60 Hz or Blank or Blank
Product Offering
Item Description Iltem Number
Valve Description
SPW-0 3X4 ODF LESS COIL 953430
SPW-1 3X4 ODF LESS COIL 953431
SPW-2 3X4 ODF LESS COIL 953432
SPW-3 3X4 ODF LESS COIL 953433
SPW-4 3X4 ODF LESS COIL 953434
SPW-5 3X4 ODF LESS COIL 953435
SPW-6 3X4 ODF LESS COIL 953436
SPW-7 3x4 ODF LESS COIL 953437
PWC-1 24/60 CA18 335002
PWC-1 110-120/50-60 CA18 335003
PWC-1 220-240/50-60 CA18 335004
PWC-1E 24/60 335005
PWC-1E 110-120/50-60 335006
PWC-1E 220-240/50-60 335007
DIN Connector (DIN 43650 Form A) 382616
Service Parts
KS - SPW Service Kit 953423
KS - SPW Port Service Kit 953424

NOTE: Liquid line velocity should not exceed 3 ft./second.

AWARNING - USER RESPONSIBILITY
Failure or improper selection or improper use of the products described herein or related items can cause death, personal injury and property damage.

This document and other information from Parker Hannifin Corporation, its subsidiaries and authorized distributors provide product or system options for
further investigation by users having technical expertise.

The user, through its own analysis and testing, is solely responsible for making the final selection of the system and components and assuring that all
performance, endurance, maintenance, safety and warning requirements of the application are met. The user must analyze all aspects of the application,
follow applicable industry standards, and follow the information concerning the product in the current product catalog and in any other materials provided
from Parker or its subsidiaries or authorized distributors.

To the extent that Parker or its subsidiaries or authorized distributors provide component or system options based upon data or specifications provided by
the user, the user is responsible for determining that such data and specifications are suitable and sufficient for all applications and reasonably foreseeable
uses of the components or systems.

For safety information see the Safety Guide at www.parker.com/safety or call 1-800-CParker.

OFFER OF SALE
The items described in this document are hereby offered for sale by Parker Hannifin Corporation, its subsidiaries or its authorized distributors. This offer
and its acceptance are governed by the provisions stated in the detailed “Offer of Sale” available at www.parker.com.

FOR USE ON REFRIGERATION and/or AIR CONDITIONING SYSTEMS ONLY
For more information about our products visit us at www.sporlan.com.

Bulletin 30-30/ 72018
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SER-AA, -A (-HP) ELECTRIC EXPANSION VALVES

The SER-AA and —A valves are suitable for use in subcritical and tran-
scritical CO, and other HFC refrigerant systems as electric expansion
valves. The —AA and —A models are available with two distinct pres-
sure ratings. The standard SER valves have a maximum rated pressure
(MRP) of 1015 psig (70 bar). The high pressure SER-HP version has
a 1305 psig (90 bar) MRP. Both the SER and SER-HP models have
a maximum operating pressure differential (MOPD) of 580 psid (40
bar). This higher MRP allows the SER-HP models to be applied on
transcritical CO, systems that maintain safety relief valves at pressures
above 70 bar, up to 90 bar.

With advanced pin and port geometries and precision machined com-
ponents, these bi-flow valves provide unmatched resolution under the
lightest load conditions. The SER-HP valves utilize the existing SER
body design and improves its pressure rating with newly designed cop-
per fittings.

The SER-HP has the same robust design, corrosion resistance and
mounting flexibility for which the SER valve has become known. The
SER and SER-HP valves have a removable M12 style cable that is
IP67 rated.

REFERENCE DIMENSIONS

0 1.55"
(39.4 mm)

6.4" (163.6 mm)
OVERALL

6.8" (172.7 mm)

MIN FOR
CABLE

REMOVAL

IN
(NORMAL)

SPECIFICATIONS
MODEL STANDARD HIGH PRESSURE STANDARD PRESSURE RATING - 70 bar
Motor Type 2 phase, bipolar wet motor Description Item Number
Compatible All common HCFC and HFC refrigerants, including SER-AA 3x4 ODF Less Cable 805221
Refrigerant R-410A and subcritical R-744 (CO,) SER-A 3x4 ODF Less Cable 805237
Compatible 0il All common mineral, polyester and alkybenzene oils SER-AA 3x4 ODF 10-S 805217
Supply Voltage 12 volts DC, -5% +10% (L/R) SER-A 3x4 ODF 10°-S 805223
Cable Type IP67 removable M12 connection

100 ohms + 10%
120 ma/winding (L/R)
Not recommended
200/second (L/R), up to 400/second

Phase Resistance

Stepping Current

Holding Current

izl (properly configured current chopper)
Number of Steps 2500 full steps
MOPD 580 psid (40 bar)
MRP 1015 psig (70 bar) 1305 psig (90 bar)

Max Internal Leakage 100 cc/min @ 100 psid (6.9 bar), dry air
.10 oz/yr at 300 psig (2.8 gram/yr @ 20 bar)

-50°F to 155°F (-45°C to 68°C)

Max External Leakage

Operating Temp. Range

HIGH PRESSURE RATING - 90 bar

Description Item Number
SER-AA-HP 3x4 ODF Less Cable 805631
SER-A-HP 3x4 ODF Less Cable 805633
SER-AA-HP 3x4 ODF 10'-S 805639
SER-A-HP 3x4 ODF 10'-S 805641

AWARNING - USER RESPONSIBILITY

Failure or improper selection or improper use of the products described herein or related items can cause death, personal injury and property damage.
This document and other information from Parker Hannifin Corporation, its subsidiaries and authorized distributors provide product or system options for further

investigation by users having technical expertise.

The user, through its own analysis and testing, is solely responsible for making the final selection of the system and components and assuring that all performance,
endurance, maintenance, safety and warning requirements of the application are met. The user must analyze all aspects of the application, follow applicable
industry standards, and follow the information concerning the product in the current product catalog and in any other materials provided from Parker or its

subsidiaries or authorized distributors.

To the extent that Parker or its subsidiaries or authorized distributors provide component or system options based upon data or specifications provided by the
user, the user is responsible for determining that such data and specifications are suitable and sufficient for all applications and reasonably foreseeable uses of

the components or systems.

For safety information see the Safety Guide at www.parker.com/safety or call 1-800-CParker.

OFFER OF SALE

The items described in this document are hereby offered for sale by Parker Hannifin Corporation, its subsidiaries or its authorized distributors. This offer and its
acceptance are governed by the provisions stated in the detailed “Offer of Sale” elsewhere in this document or available at www.parker.com.

FOR USE ON REFRIGERATION and/or AIR CONDITIONING SYSTEMS ONLY

Bulletin 100-20-1, September 2016 supersedes Bulletin 100-20-1, April 2012 and all prior publications.

For more information about our products visit us at www.sporlan.com.
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ORDERING INSTRUCTIONS / NOMENCLATURE

10
- - < X 20
LESS CABLE

Valve Valve High MRP Inlet Outlet Fitting Cable Stripped and Tinned Cable Ends
Family Model Designation Fitting Fitting Type Length (Custom Connectors Available)

CAPACITY - Full Stroke Capacity in Tons (at Evaporator Temperature °F)

40°F [ 20°F [ 0°F
Pressure Drop Across Valve (psid)
40 | 60 | 80 | 100 | 120 | 140 | 160 | 180 | 40 | 60 | 80 | 100 | 120 | 140 | 160 | 180 | 40 | 60 | 80 | 100 | 120 | 140 | 160 | 180
SER-AA | 0.36 | 0.44 | 0.50 | 0.56 | 0.62 | 0.67 | 0.71 | 0.76 | 0.34 | 0.42 | 0.48 | 0.54 | 0.59 | 0.64 | 0.68 | 0.72 | 0.32 | 0.40 | 0.46 | 0.51 | 0.56 | 0.60 | 0.65 | 0.68
SER-A_ | 0.77/0.94 | 1.09|1.22 | 1.33|1.44 | 1.54|1.63|0.73|0.90 | 1.04 | 1.16 | 1.27 | 1.37 | 1.47 | 1.56 | 0.70 | 0.85 | 0.99 | 1.10 | 1.21 | 1.30 | 1.39 | 1.48

Valve
Type

. 40°F [ 20°F i [ 0°F
Type Pressure Drop Across Valve (psid)
75 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250

SER-AA | 0.52 | 0.60 | 0.67 | 0.74 | 0.80 | 0.85 | 0.90 | 0.95 | 0.51 | 0.59 | 0.66 | 0.72 | 0.78 | 0.83 | 0.88 | 0.93 | 0.49 | 0.57 | 0.64 | 0.70 | 0.76 | 0.81 | 0.86 | 0.90
SER-A 1.13 (130|146 | 1.60 [ 1.72 | 1.84 | 1.96 [ 2.06 | 1.10 | 1.27 [ 1.42 | 1.56 | 1.68 | 1.80 | 1.91 | 2.01 | 1.07 [ 1.24 | 1.38 | 1.51 [ 1.63 | 1.75| 1.85 [ 1.95

40°F [ 20°F [ 0°F [ -20°F

Pressure Drop Across Valve (psid)

75 | 100 | 125 | 150 [ 175 | 200 | 225 (250 | 75 | 100 | 125 [ 150 | 175 [ 200 | 225 [ 250 | 75 [ 100 | 125 | 150 (175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250
SER-AA [0.480.56|0.620.68)0.73]0.79|0.83 |0.88 | 0.46 [ 0.53 | 0.60 | 0.65 | 0.70 | 0.75 0.80 { 0.84 [ 0.44 [ 0.51 { 0.57 [ 0.62 [ 0.67 [ 0.72|0.76 | 0.80 | 0.42 | 0.48 [ 0.54 [ 0.59 [ 0.64 | 0.69 | 0.73]0.77
SER-A  [1.04|1.20/1.34]1.47]1.59]1.70|1.801.90{1.00{1.15[1.29 | 1.41|1.52 |1.631.73[1.82[0.95[1.10{1.23{1.35[1.45|1.55]1.65|1.74|0.91 [1.05[1.17 [1.28 {1.39 | 1.48 | 1.57 | 1.66

Valve
Type

Valve 203 = | S
Type Pressure Drop Across Valve (psid)

75 (100 [ 125 | 150 [ 175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250
SER-AA | 0.48 | 0.56 | 0.62 | 0.68 | 0.74 | 0.79 | 0.84 | 0.88 | 0.47 | 0.54 | 0.60 | 0.66 | 0.71 | 0.76 | 0.81 | 0.85 | 0.45 | 0.52 | 0.58 | 0.63 | 0.69 | 0.73 | 0.78 | 0.82
SER-A 1.051.21(1.35]1.48 160171181 (191101 (117130143 [154|165[1.75|184|0.97[1.12]125|137 148|158 168|177
Valve | - ik
Type Pressure Drop Across Valve (psid)

75 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250
SER-AA | 0.4310.49 [ 0.55 | 0.61 | 0.65 | 0.70 [ 0.74 | 0.78 | 0.41 | 0.47 | 0.53 | 0.58 | 0.62 | 0.67 | 0.71 | 0.74
SER-A | 0.93/1.07 |1.20 | 1.31 | 1.41 | 1.51 | 1.60 | 1.69 | 0.88 | 1.02 | 1.14 | 1.24 | 1.34 | 1.44 | 1.52 | 1.61

40°F [ 20°F [ 0°F
Pressure Drop Across Valve (psid)
75 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250
SER-AA | 0.34 | 0.39 | 0.44 | 0.48 | 0.52 | 0.55 | 0.59 | 0.62 | 0.32 | 0.37 | 0.41 | 0.45 | 0.49 | 0.52 | 0.56 | 0.59 | 0.30 | 0.35 | 0.39 | 0.43 | 0.46 | 0.49 | 0.52 | 0.55
SER-A_ | 0.73/0.85/0.94|1.04 |1.12|1.20 | 1.27 | 1.34 | 0.69 | 0.80 | 0.89 | 0.98 | 1.06 | 1.13 | 1.20 | 1.27 | 0.65 | 0.75 | 0.84 | 0.92 | 1.00 | 1.07 | 1.13 | 1.19
Valve -20°F | - i
Type Pressure Drop Across Valve (psid)

75 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250
SER-AA | 0.28 | 0.33 | 0.36 | 0.40 | 0.43 | 0.46 | 0.49 | 0.51 | 0.26 | 0.30 | 0.34 | 0.37 | 0.40 | 0.43 | 0.45 | 0.48
SER-A_ | 0.610.70 | 0.79 | 0.86 | 0.93 | 1.00 | 1.06 | 1.11 | 0.57 | 0.65 | 0.73 | 0.80 | 0.87 | 0.93 | 0.98 | 1.03

Valve
Type

— 40°F [ 20°F i [ 0°F
Type Pressure Drop Across Valve (psid)
80 | 120 | 160 | 200 | 240 | 280 | 320 | 360 | 80 | 120 | 160 | 200 | 240 | 280 | 320 | 360 | 80 | 120 | 160 | 200 | 240 | 280 | 320 | 360

SER-AA | 0.51 | 0.63 | 0.72 | 0.81 | 0.89 | 0.96 | 1.02 | 1.08 | 0.50 | 0.61 | 0.71 | 0.79 | 0.86 | 0.93 | 1.00 | 1.06 | 0.48 | 0.59 | 0.69 | 0.77 | 0.84 | 0.91 | 0.97 | 1.03
SER-A 1.10 1 1.35 [ 1.56 | 1.75 | 1.91 [ 2.07 | 2.21 [ 2.34 | 1.08 | 1.32 | 1.52 | 1.70 | 1.87 | 2.02 | 2.15|2.29 | 1.05 [ 1.28 | 1.48 | 1.66 | 1.81 | 1.96 | 2.09 | 2.22

R-410A R-404A/507A R-448A/449A R-407A/C/F m
n s
- -

0°F [ -20°F [ -40°F
Pressure Drop Across Valve (psid)
100 150 200 250 300 150 200 250 300 350 200 250 300 350 400
SER-AA | 0.88 1.08 1.24 1.39 1.52 1.08 1.24 1.39 1.52 1.64 1.24 1.38 1.51 1.63 1.75
SER-A 1.90 2.32 2.68 3.00 3.29 2.33 2.69 3.00 3.29 3.55 2.67 2.98 3.27 353 378

Valve
Type

R-744

0 | 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140
1.6911.63|1.56|1.49(142(135]1.28]1.21]1.14]1.07]1.00]{0.93]0.86|0.78|0.71
157 [151]146]140(134]129)123[1.18|1.12]|1.06|1.00]0.94)0.88 | 0.82 | 0.76

g g 1.78 [ 1.70 | 1.63 | 1.55 [ 1.48 | 1.40 | 1.32 | 1.24 | 1.16 | 1.08 | 1.00 | 0.92 | 0.83 | 0.75 | 0.66

g E 172 {165 [ 1.58 [ 1.51 [ 1.44 137 [1.30[1.22 | 1.15( 1.08 | 1.00 [ 0.92 [ 0.85 | 0.77 | 0.69

g ug' 1.72 | 165 1.58 | 1.61| 1.44 | 1.37 [ 1.30 | 1.23| 1.15] 1.08 | 1.00 | 0.92 | 0.84 | 0.76 | 0.68

f"é 178 1.70 | 1.63 | 155 1.48 | 140 1.32| 1.24| 1.16 | 1.08 | 1.00| 0.92 | 0.83 | 0.75 | 0.66 Capacity is calculated at full stroke,
X

201/192|182]172|162|152)142|132]1.22)1.11|1.00|0.89|0.78 | 0.66 | 0.54
205]195]185]175] 1.64] 154]1.44]133]1.22]1.11]1.00]0.89]0.77 | 0.65]| 0.52
1771170 162 | 1.55| 1.48 | 1.40| 1.32| 1.25| 1.17| 1.09| 1.00| 0.92 | 0.83 | 0.73 | 0.63
1.13[1.07|1.00({0.93|0.86) 079[071]062| 051| - | -- | - [ - | - | --

Valve should be selected with
consideration given to entire range of
potential system conditions.
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CAPACITY - Full Stroke Capacity in kW (at Evaporator Temperature °C)

— 5°C [ -10°C [ -20°C
Type Pressure Drop Across Valve (bar)
25| 4 [55| 7 | 85|10 [115) 13 |25| 4 (55| 7 | 85| 10 [115| 13 |25 | 4 [55| 7 |85 | 10 [115] 13
SER-AA | 119|151 [1.77 [ 1.99 220 [ 2.38 255|272 |1.12 | 1.41 166 |1.87 [ 2.06 | 223 | 2.39 [ 2.55 | 1.06 | 1.35 [ 1.58 | 1.78 | 1.96 | 2.13 | 2.28 | 2.43
SER-A | 2.57|3.26|3.82|4.31|4.75|5.15|5.52 | 5.87 | 2.41 | 3.05| 3.58 | 4.04 | 4.45| 4.83 | 5.17 | 5.50 | 2.30 | 2.91 | 3.41 | 3.85 | 4.24 | 4.60 | 4.94 | 5.25

R-134a

5°C | -10°C | -20°C
Pressure Drop Across Valve (bar)
4 6 8 10 [ 12 | 14 | 16 | 18 4 6 8 10 [ 12 | 14 | 16 | 18 4 6 8 10 [ 12 | 14 | 16 | 18
SER-AA | 1.62 | 1.98 | 2.28 | 2.55 | 2.80 | 3.02 [ 3.23 | 3.43 | 1.56 | 1.91 [ 2.20 | 2.46 | 2.70 | 2.91 [ 3.12 | 3.30 | 1.52 | 1.86 | 2.14 | 2.40 | 2.62 | 2.84 | 3.03 | 3.21
SER-A | 3.49[4.28|4.94|552[6.05|6.53]6.98|7.40|3.37)|412|4.76|5.32)|583|6.30[6.73]|7.14|3.28 | 4.01 | 463 | 5.18 | 5.67 | 6.13 | 6.55 | 6.95

Valve
Type

5°C [ -10°C [ -20°C | -30°C
Pressure Drop Across Valve (bar,
4 6 8 [10 |12 |14 |16 |18 | 4 6 8 |10 |12 |14 |16 |18 | 4 6 8 |10 |12 |14 |16 |18 | 4 6 8 [10 [ 12 [ 14 [ 16 | 18
SER-AA |1.48(1.82(2.10|2.35|2.57[2.782.97 |3.15[1.401.71|1.98 | 2.21 [2.42|2.62 | 2.80 [ 2.97 | 1.34 | 1.64 | 1.90 [2.122.32 | 2.51 [ 2.68 | 2.84 | 1.28 | 1.57 [ 1.82|2.03 | 2.22 [ 2.40 | 2.57 | 2.72
SER-A  [3.21[3.93 [4.54 [5.07 | 5.56 | 6.00 | 6.42 | 6.80 | 3.03 | 3.71 [4.28 | 4.78 | 5.24 | 5.66 | 6.05 | 6.42 | 2.90 | 3.55 [4.10 [4.58 [ 5.02 |5.42 | 5.79 | 6.14 | 2.77 | 3.40 [ 3.92 [4.39 [4.81 |5.19 | 5.55 |5.89

Valve
Type

. 5°C [ -10°C [ -20°C
Type Pressure Drop Across Valve (bar)

4 6 8 |10 [ 12 | 14 | 16 | 18 | 4 6 8 |10 | 12 [ 14 | 16 | 18 | 4 6 8 |10 | 12 [ 14 | 16 | 18
SER-AA | 1.50 [ 1.83 | 2.12 | 2.37 [ 2.59 | 2.80 [ 2.99 | 3.18 | 1.42 [ 1.74 | 2.01 | 2.25 | 2.47 | 2.66 | 2.85 [ 3.02 | 1.37 | 1.68 [ 1.94 | 2.17 | 2.37 | 2.56 | 2.74 | 2.91
SER-A | 3.24|3.96 | 458 | 5.12 | 5.60 | 6.05 | 6.47 | 6.86 | 3.08 | 3.77 | 4.35 | 4.87 | 5.33 | 5.76 | 6.16 | 6.53 | 2.96 | 3.63 | 4.19 | 4.68 | 5.13 | 5.54 | 5.92 | 6.28
-30°C [ -40°C
Pressure Drop Across Valve (bar)
4 6 8 |10 [ 12 | 14 | 16 | 18 | 4 6 8 |10 | 12 [ 14 | 16 | 18
SER-AA | 1.32 | 1.61 | 1.86 | 2.08 | 2.28 | 2.46 | 2.63 | 2.79 | 1.26 | 1.54 | 1.78 | 1.99 | 2.18 | 2.35 | 2.51 | 2.66
SER-A | 2.85|3.48|4.02| 450 |4.93[532]5696.04]272]333|384|4.29]|4.70 508|543 5.76

Valve
Type

ReaMiSA wionce | v |

5°C | -10°C | -20°C
Pressure Drop Across Valve (bar)
4 6 8 10 [ 12 | 14 | 16 | 18 4 6 8 10 [ 12 | 14 | 16 | 18 4 6 8 10 [ 12 | 14 | 16 | 18
SER-AA | 1.04]1.28 | 1.48 [1.65|1.81]1.95(2.09|2.22|0.97|1.19(1.37 [1.53 | 1.68 | 1.81 [ 1.94 [ 2.05 | 0.92 | 1.12 [ 1.30 [ 1.45 | 1.59 | 1.72 [ 1.83 | 1.95
SER-A | 2.26 [ 2.77 | 319|357 [ 3.91 | 422 | 452 | 479 | 2.09 | 2.56 | 2.96 | 3.31 | 3.62 | 3.92 | 419 | 444198 | 243|280 | 3.13 [ 3.43 | 3.71 | 3.96 | 4.21
-30°C | -40°C
Pressure Drop Across Valve (bar)
4 | 6 | 8 |10 |12 |14 |16 |18 | 4 6 8 [10 | 12 | 14 | 16 | 18
SER-AA | 0.86 | 1.06 | 1.22 [ 1.36 | 1.49 | 1.61 [ 1.72 [ 1.83 | 0.81 [ 0.99 [ 1.14 | 1.27 | 1.40 | 1.51 [ 1.61 | 1.71
SER-A | 1.86[2.28 | 2.64|2.95]3.23[349[3.73|3.95|1.74|2.13 | 246 | 2.75 | 3.02 | 3.26 | 3.48 | 3.69

Valve
Type

Valve
Type

R-404A/507A

5°C [ -10°C [ -20°C
Pressure Drop Across Valve (bar)
5 8 | 1M [ 14 [ 17 [ 20 | 23 [ 26 | 5 8 |11 |14 |17 | 20 | 23 | 26 | 5 8 | 11 |14 |17 | 20 | 23 | 26
SER-AA | 1.71 | 2.16 | 2.54 | 2.86 | 3.15 | 3.42 | 3.67 | 3.90 | 1.65 | 2.09 | 2.45 | 2.76 | 3.05 | 3.30 | 3.54 | 3.77 | 1.61 | 2.03 | 2.39 | 2.69 | 2.97 | 3.22 | 3.45 | 3.67
SER-A [ 3.70|4.68 | 548 |6.19|6.82|7.39|7.93|843|357|452|530|598|6.58]|7.14|7.66|8.14|3.48|4.40|5.16 | 5.82 | 6.41 | 6.95| 7.46 | 7.93

Valve
Type

R-410A

-20°C [ -30°C [ -40°C
alie P Drop Across Valve (b
= Type ressure Urop Across Valve ar)
= ) 12 16 20 12 16 20 u 16 2 % 2
@l SER-AA | 334 4.09 4.73 5.29 4.09 4.73 5.28 5.79 4.0 5.25 5.75 6.22
SER-A 7.22 8.85 10.22 11.42 8.85 10.21 11.42 1251 10.15 11.35 12.44 13.43

A8 12| -7 | 1 4 [ 10 [ 16 | 21 | 27 | 32 | 38 | 43 | 49 | 54 | 60
169 163|156 |1.49(142[135(1.281.21|1.14]1.07|1.00]0.93]0.86|0.78 | 0.71
1.57 | 1.51 146140 1.34]1.29]1.23]1.18|1.12]1.06 | 1.00 | 0.94 | 0.88 | 0.82 | 0.76

£e 1.78 [ 1.70 | 1.63 | 1.5 | 148 | 1.40 | 1.32 | 1.24 [ 1.16 ] 1.08 | 1.00 | 0.92 | 0.83 | 0.75 | 0.66
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should be selected with
consideration given to entire range
of potential system conditions.
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FEATURES AND BENEFITS

B Step motor operated for B Unique built-in sightglass -
precise control indicates valve operation,
moisture levels and refrigerant

m High resolution drive assembly quality (SERI & SEHI only)

®  Solenoid tight seating m Compatible with HCFC and HFC

m Corrosion resistant materials refrigerants and oils, in addition
used throughout to subcritical CO,
m Field proven reliability m Self lubricating materials used

for long life
m Low power consumption

(less than 4 watts) ® High linear force output

The SER, SERI and SEHI are Electronically Operated Step Motor flow control valves, intended for
the precise control of liquid refrigerant flow. Synchronized signals to the motor provide discrete angular
movement, which translate into precise linear positioning of the valve piston. Valve pistons and ports are
uniquely characterized, providing extraordinary flow resolution and performance. The SER, SERI and SEHI
valves are easily interfaced with microprocessor based controllers, including Sporlan supplied controllers.

THE VALVES

Sporlan Electric Expansion Valves (EEVs), now rated at full stroke (100% open) with no reserve
capacity, are currently available in nominal R-22 capacities from 2.5 to 434 tons (8.2 to 1424 kW), and can
control refrigerant flow down to 10% of rated capacity. Therefore, they are applicable on all
the same types of systems found in the air conditioning and refrigeration industries as thermostatic
expansion valves. Sporlan electric valves are designed for compatibility with all current
halocarbon refrigerants (HCFCs and HFCs including R-410A), in addition to subcritical CO,. System conditions
will dictate which product is necessary to control the application. Specific details can be reviewed with your Sporlan
Sales Engineer.

AWARNING - USER RESPONSIBILITY

Failure or improper selection or improper use of the products described herein or related items can cause death, personal injury and property damage.

This document and other information from Parker Hannifin Corporation, its subsidiaries and authorized distributors provide product or system options for further investigation

by users having technical expertise.

The user, through its own analysis and testing, is solely responsible for making the final selection of the system and components and assuring that all performance, endurance,
maintenance, safety and warning requirements of the application are met. The user must analyze all aspects of the application, follow applicable industry standards, and
follow the information concerning the product in the current product catalog and in any other materials provided from Parker or its subsidiaries or authorized distributors.

To the extent that Parker or its subsidiaries or authorized distributors provide component or system options based upon data or specifications provided by the user,
the user is responsible for determining that such data and specifications are suitable and sufficient for all applications and reasonably foreseeable uses of the components

or systems.

FOR USE ON REFRIGERATION and/or AIR CONDITIONING SYSTEMS ONLY

For more information about our products visit us at www.sporlan.com.
Bulletin 100-20, April 2018 supersedes Bulletin 100-20, January 2012, and all prior publications.



ELECTRIC VALVE BASICS

In current designs, the electronics controlling the valve are
separate from the valve itself. The correct term to describe
the valves is therefore electronically controlled electric
valves. For convenience, the balance of this discussion will
use the term electric valve. Since electric valves are assigned
their function in the system by the software in the controller,
an electric valve can be used anywhere in the system; as
an expansion valve, discharge gas bypass valve, evaporator
control valve, heat reclaim valve, head pressure control
valve or crankcase pressure control valve. Certain design
characteristics may indicate or restrict application to certain
system conditions, but the fundamental operation of a Sporlan
electric valve is consistent. The balance of this bulletin will
focus on application as an Electric Expansion Valve (EEV).

TYPES OF ELECTRONICALLY
CONTROLLED VALVES

Four basic types of electric valves have historically been
offered to the marketplace; solenoid or pulse, analog, heat
motor and step motor. Step motor valves, as shown in Figure
1, are the most sophisticated design. In this type of valve a
small motor is used to open or close the valve port. The motor
that is used does not rotate continuously, but instead, rotates a
fraction of a revolution for each signal sent by the controller.
These discrete “steps” give the motor its name. The number
of step signals sent by the controller is “remembered”, and
the controller can return the valve to any previous position at
any time. This repeatability is almost absolute and extremely
fine control can be obtained. The digital circuitry used by
step motor controllers can respond quickly and accurately.
Sporlan step motors can be run at 200 steps/second using
a voltage driver (L/R). Other step rates should be fully
qualified to ensure valve performance and no loss of steps.
Sporlan Electric Expansion Valves are designed for 2500 or
6386 steps, so extraordinary resolution and control of flow is

possible.
[ % =
STEP MOTORS

Step motors have existed for many years, but were traditionally
limited to very specialized, and often expensive, applications.
When the personal computer industry expanded and
automobiles became more electronically controlled, the need

Figure 1

STEP MOTOR TYPE CONTROLS
IN FINE INCREMENTS
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for small, reliable and inexpensive step motors increased
dramatically. Step motors permitted the repeatable precision
movement needed for high speed printers and computerized
engine management. In the 1980s Sporlan began research
into step motor technology, and production step motor valves
were offered in the early 1990s.

STEP MOTOR THEORY

Unlike traditional motors that will rotate as long as the proper
power is supplied, step motors rotate a known amount of arc
and then stop. When power is removed and then reapplied
the step motor will rotate another fixed amount (or step) and
again stop. This cycle may be repeated indefinitely, within
mechanical limits, in either direction. While seemingly
complex, this start/stop motion is mechanically simpler than
induction or commutated motors. Step motors, like almost
all motors, are based on the magnetic principal that opposite
poles attract and like poles repel. These poles are called North
(N) and South (S).

Figure 2

If the center magnet above is free to rotate, then the orientation
shown will always occur. If electromagnets are used, then
a pivoted magnet or rotor can be made to align with the
magnetic fields created when the electromagnets are energized.

Figure 3 Y

If power is left on, the magnetic poles will align and no
further motion will take place.

Figure 4

If multiple groups of electromagnets are placed around a
freely rotating permanent magnet rotor, and each is energized
in series, then the rotor will step to each alignment position
and a step motor is created.
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Figure 5

The above is a simple example. In reality, step motors may
have 24 to 100 virtual electromagnets arranged around the rotor.
Simple arithmetic shows these motors to have 15° to 3.6° step
angles, or increments of rotation.

There are two general types of step motors: unipolar and bipolar.
In a unipolar style, current flows in only one direction. In a
typical example, one lead is always at +12 volts DC, and
each of the other four leads is, in turn, connected to a ground.
Drive circuitry is simpler, but torque and efficiency are lower
than bipolar designs. However, unipolar motors have found
acceptance in small capacity systems, within certain application
limits. A bipolar motor, such as used in Sporlan electric valves,
is powered by signals that change polarity. For the first step
the black lead may be negative while the white is positive, but
for the second step the black becomes positive while the white
becomes negative. This push/pull increases torque and efficiency
for motor size and power input, by utilizing the entire motor
winding at all times. Bipolar is the predominant style of choice
in the industry for larger step motor valves.

DIGITAL LINEAR ACTUATORS - DLAs

Small increments of rotation may be useful in print head
drives or for signaling purposes, but often a linear movement
is more desirable. In the case of electric refrigerant con-
trol valves, not only is linear motion needed, but sig-
nificant linear force is also needed
to close a port against high pressure. The
solution to both these needs is a Digital
Linear Actuator, or DLA (Figure 6).
DLAs are used to convert rotation to
a push/pull, often with a large increase
in output force. The force increase
is derived from a simple gear train,
and may account for a fivefold increase
in mechanical advantage. This torque
increase is used to turn a drive screw or
threaded shaft. A drive nut, or coupling,

Figure 6
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is threaded onto the shaft but prevented from turning by
keyways, or specially shaped guides. Since the drive nut
cannot turn, it must move forward or backward, depending on
the rotation of the threaded shaft.

RESOLUTION

Resolution is defined as the ability of the valve to meet
flow requirements accurately. In a pulse type valve only two
stages of resolution are possible, fully open or fully closed.
Theoretically, if a valve needs to meet a 50% load then it
may remain closed for half the time and be fully open for
half the time. The control of temperature and superheat will
fluctuate as the valve alternately saturate and starves the
evaporator. If the swings are 6°, we say the resolution is
+3°. An Analog Electric Valve or TEV has better resolution
because it opens and closes smoothly. In both valves, however,
there is hysteresis.

Hysteresis is the internal friction of any system. In a TEV
it takes more force or pressure to deform the diaphragm
in the opening direction than in the closing direction. This
hysteresis has an effect on the resolution of the TEV, and limits
its ability to precisely meter refrigerant over widely changing
head pressure and evaporator load conditions. Balanced
ported TEVs, like Sporlan BF and O series valves, have a
much greater ability to follow load than conventional TEVs,
but still not to the extent that EEVs can.

The resolution of an Electric Expansion Valve (EEV) is
governed by the stroke and number of steps in that stroke.
Sporlan offers nine standard Electric Expansion Valves to
cover the full nominal capacity range from 2.5 to 434 tons
(8.2 to 1424 kW) using R-22. All valves currently offer 2500
steps of stroke, except for the two largest valves, which have
6386 steps. The piston or pin moves the same linear distance
for each step. For Sporlan EEVs, this distance ranges from
0.00008" to 0.00012" (0.002mm to 0.003mm). This extremely
small change in the distance the pin moves away from the seat
is reflected in a minute amount of refrigerant flow increase or
decrease. Pulse type valves, with only open and shut capabili-
ties, have inferior resolution. A simple analogy is comparing
an on/off light switch which has only two steps of resolution
and a dimmer switch which may have thousands. You may be
exposed to the same amount of light by setting the dimmer
to 50%, or by flickering the light on and off rapidly, but the
impact to the room is very different.

CONTROL HARDWARE

Actual control hardware for the valves may take a variety of
forms. The most complex and expensive utilizes discrete or
individual transistors for each switching function. This design
requires the use of eight transistors, labeled Q1 through Q8,
connected as shown in the schematic Figure 7.



Figure 7
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Transistors are simply solid state switches. Solid state means
they are fabricated from a solid chip of silicon and have no
moving parts. They act as switches or relays by using a small
electrical signal to turn a large signal off and on. In the symbol
above, the small signal enters the “base” lead and allows
flow from emitter to collector. The microprocessor,
or small computer, used in the controller has the ability
to sequence signals to the “base” of each transistor.
This sequence of signals turn the transistors on and
off in pairs, to step the valve open or shut. Transistors are avail-
able as bipolar (not to be confused with motors of the same
name) which control current, and MOSFET (Metal Oxide
Semiconductor Field Effect Transistor) which control voltage.
In each type there are also transistors that are used to turn off
the supply voltage or the ground. Full exploration of these dif-
ferences is beyond the scope of this bulletin, but drive circuitry
using each of these types have been used successfully.

The drive sequence for Sporlan valves is shown in Table 1
below.

Table 1
= STEP BLACK WHITE RED GREEN
E 1 12 volts 0 volts 12 volts 0 volts
(=) 2 0 volts 12 volts 12 volts 0 volts w
3 0 volts 12 volts 0 volts 12 volts (7))
l 4 12 volts 0 volts 0 volts 12 volts 3
1 12 volts 0 volts 12 volts 0 volts (&)

As each phase is energized in sequence, the shaft of the motor
will move one step in the direction indicated. The sequence
repeats as many times as is needed to achieve the position
calculated by the external electronic controller. Reversing
the sequence changes the direction of the motor shaft. Proper
sequencing allows the valve to open and close without loss
of steps. While properly configured drives may be able to
reverse direction without pausing, it is recommended to pause
25 ms prior to reversing direction to prevent loss of steps.

Sporlan Digital Linear Actuators will maintain position when
power is removed. This “brake” effect allows controllers
to be simpler and use less energy. Sporlan suggests that all
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voltage be removed from the motor when not actively stepping
to minimize heat and power consumption. Over 130 pounds
of force (578 newtons) are needed to cause the motor to
turn when not powered. This is not possible in any proper
application of the valve.

SOFTWARE

The valves, with their motors and wiring, and the controllers,
with their transistors and microprocessors, are grouped together
as “Hardware”. To make the hardware perform a function, a set
of instructions must be given to the microprocessor. This set of
instructions is called “Software” and certain “routines” must be
incorporated to make valve control possible.

Most step motor valves are designed without internal intelligence
or feedback, that is, they move only in response to controller
signals. The valves maintain their position when no signals
are received and valve position is stored in controller memory.
When the valve is given a signal to change position the
controller keeps track of the change, however, the controller
does not directly “know” whether the valve has changed
position. To make this form of control effective, two control
routines must be implemented: initialization and feedback loops.

INITIALIZATION & REINITIALIZATION

Initialization occurs when the valves are powered up for the
first time, and after a loss of power. When the controller and
valve combination are first powered together, the control does
not know the valve position. To initialize, the controller sends
out a stream of closing steps greater than the total number
of steps in the valve stroke. This will assure that the valve is
closed. This closed position becomes the “0” (zero) position
of the valve used in all subsequent controller calculations.

This series of extra steps is called “overdriving”, and the
valves have been designed to accept this. The actual number
of overdriving steps required is dependent upon the valve
used. The actual number of mechanical travel steps of the
valves is larger than the number of flow control steps, to
account for design requirements and manufacturing tol-
erance. To ensure that the valves are completely closed
during initialization, valves that have 2500 steps of flow
control require 3500 steps of initialization. For the largest
valves that have 6386 steps of control, 6500 steps of
initialization are specified (reference Table 2).

Table 2
VALVE TYPE STEPS
SER-B, -C, -D 3500
SERI-G, -J, K, -L 3500
SEHI-175, -400 6500
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Once the valve is fully closed and the controller knows the “0”
valve position, the algorithm may be implemented with the aid
of a feedback loop.

When properly controlled, Sporlan valves should not lose
steps, and therefore it is not recommended that a full initializa-
tion take place every time the valve is closed. It is reasonable
to reinitialize the valve no more than once per day. This should
not exceed 10% of the valve’s steps. If this is exceeded, exces-
sive overdriving can reduce the life of the valve.

FEEDBACK LOOPS

Feedback occurs when the result of a process is sensed and
the sensory information is used to modify the process. In
simpler terms, when the controller opens the EEV too much,
causing overcooling, the temperature sensor “feeds back” that
information, and the controller closes the valve (Figure 8).
Step motor valves could be designed with internal feedback
that would report the actual position of the valve in number of
steps open; however, this would be expensive and undesirable
in terms of temperature control.

Figure 8
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If a control algorithm were written with only references to
absolute number of steps open, then changes in head pressure,
liquid temperature, etc. would not be taken into account and
control would be poor. Instead, sensors are used to ascertain
the effect of valve position on temperature and the position
is changed to bring the sensed temperature closer to the
set point.

VALVE OPERATION

The SER, SERI and SEHI valves modulate by the electronically
controlled rotation of a step motor. The step motor drives a
gear train and lead screw to position a piston (refer to Figure 9).
The piston is used to modulate flow through a port.

Figure 9
Typical SEH Motor
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NOTE: Exploded view for illustration only, motor housing is hermetic and
cannot be disassembled.

The motor is a two phase type driven in the bipolar mode. Two
discrete sets of motor stator windings are powered in sequence
to rotate the rotor. Polarity of the drive signal reverses for each
step.

The sequencing is accomplished electronically through the
bipolar drive circuit shown in Figure 7. The drive transistors,
Q1 through QS8, are electronically biased in pairs by the
controller as shown in Table 1.



The SER valves have a stroke of 0.23" (5.8mm) and 2500
steps of resolution. Each step yields 0.00009" (0.0023mm)
of travel. SERI valves also have 2500 steps, but with 0.297"
(7.5mm) of travel, yielding 0.00012" (0.003mm) of travel
per step. The SEHI valves have an operating stroke of 0.500"
(12.7mm) and 6386 steps of control, therefore each step
translates into 0.00008" (0.002mm) of travel. When used with
a Sporlan controller, the valves provide unsurpassed accuracy
in resolution of flow and repeatability of position.

External parts of the valve are brass, copper and stainless
steel, and meet or exceed 2000 hour salt spray tests per
ASTM B-117. The SER valves have an innovative uni-body
construction that further improves resistance to extreme
environmental conditions, as well as an IP-67 rated removable
cable that can be installed in any of four possible orientations
for ultimate flexibility. The SERI family also comes standard
with removable cable, and a detachable motor hous-
ing for serviceability. The SEHI valves are also equipped
with a removable motor housing, that has a hermetic cable
connection to the motor. The leads on all valves can be
supplied in a variety of lengths to suit specific customer
requirements.

Total power consumption is less than 4 watts when operating
at a rate of 200 steps/second with standard L/R type drive
circuitry (refer to the Table of Specifications). Faster step
rates (up to 400 steps/second) may be obtained with properly
configured current limited “chopper” type drives. Additional
qualification testing is needed to validate valve operation.
Please contact Sporlan for more information.

The SER-B and SER-C are now rated at a safe working pres-
sure of 1015 psig (70 bar). The remainder of the SER and
SERI valves are rated 700 psig (48 bar) MRP, while the SEHI-
175 and SEHI-400 are rated 620 psig (43 bar) and 500 psig
(34 bar), respectively. Operating ambient temperature range
is -50°F to 155°F (-45°C to 68°C) but temperatures of up to
250°F (121°C) may be used for dehydration.

APPLICATION

Sporlan is not responsible for system design, for any damage
arising from faulty system design, or for misapplication
of its products. If these valves are applied in any manner
other than as described in this bulletin, the Sporlan
warranty is void. Please contact your Sporlan Sales Engineer
for assistance with your specific application.

It is the responsibility of the controller manufacturer to
provide suitable drive circuitry and power supply. Sporlan will
assist where necessary, but accepts no liability for improper
control of the valve. Careful consideration should be given
to the interaction between the valve controller and system
controller (if independent), to ensure proper behavior in all
system conditions. Control strategy is a critical factor in
determining valve duty cycle and superheat control capability.
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It is strongly suggested that power be disabled to the valve
when not actively stepping. While properly configured
drives may be able to reverse direction without pausing, it is
recommended to pause 25 ms prior to reversing direction to
prevent loss of steps. Conventional initialization routines,
which include overdriving the motor to ascertain the zero step
position are acceptable. Contact Sporlan for more information.

SELECTION PROCEDURE

Sporlan Electric Expansion Valves (EEVs) are one part of a
system used for refrigerant flow control in air conditioning
or refrigeration applications. The other parts of the system
are sensors and an electronic controller. The EEV
controls the flow of refrigerant entering the direct expansion
(DX) evaporator in response to signals sent by the
controller. These signals are calculated by the controller
from sensor inputs. A set of sensors, either two temperature
sensors or a pressure transducer and a temperature sensor,
are used to measure superheat. Typical control is based on
superheat set point but an additional temperature
sensor may be used to measure discharge water or air
temperature. This air or water temperature may be
controlled directly, as long as superheat remains at a level
sufficient to prevent floodback. The ability of the EEV
to control the amount of refrigerant in the evaporator to
reach discharge set point while preventing floodback makes
the EEV the ideal expansion device for most air conditioning,
chiller, environmental chamber and refrigeration applications.
Some EEV controllers can be programmed to follow unique
control algorithms making the EEV especially useful for
many diverse applications.

The actual selection of EEV valves should be based on infor-
mation generally required for any expansion valve. The follow-
ing procedure should be used when selecting a Sporlan EEV.

1. Determine refrigerant to be used. Sporlan electric
valves are designed for compatibility with all current
halocarbon refrigerants (HCFCs and HFCs including
R-410A), in addition to subcritical CO7.

2. Determine capacity required for the valve. This is
normally the evaporator capacity at the desired conditions.

3. Determine pressure drop across valve. Subtract
the evaporating pressure from the condensing pressure.
The condensing pressure used in this calculation should be
the minimum operating condensing pressure of the system.
From this value, subtract all other pressure losses to obtain
the net pressure drop across the valve. Be sure to consider all
of the following possible sources of pressure drop:
(1) friction losses through refrigeration lines including the
evaporator and condenser; (2) pressure drop across liquid
line accessories such as a solenoid valve and filter-drier;
(3) static pressure loss (gain) due to the vertical lift
(drop) of the liquid line; and (4) pressure drop across a
refrigerant distributor, if used. Refer to Bulletin 20-10 for
further information on refrigerant distributors.
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4.

Determine the liquid temperature of the refrigerant
entering the valve. The EEV capacity tables in this bulletin
are typically based on a liquid temperature of 100°F (38°C).
For other liquid temperatures, apply the correction factor
shown below the tables for each refrigerant.

Select valve from the capacity tables. Select a valve
based on the design evaporating temperature and the available
pressure drop across the valve. Sporlan EEVs are now rated

SELECTION EXAMPLES:

at full stroke (100% open), with no reserve capacity. Due to
superior resolution and flow control capability across the
entire operating range, Sporlan EEVs can be applied down
to 10% of nominal capacity. Be sure to apply the appropriate
liquid temperature correction factor to the valve ratings
shown in the tables. Once the desired valve capacity has been
located, determine the valve model from the first column of
the appropriate table. On multiple evaporator systems, select
each valve on the basis of individual evaporator capacity.

Refrigerant: R-410A

Condensing Temperature: 100°F
Liquid Temperature: 90°F
Evaporator Temperature: 40°F
Liquid Line Loss: 7 psi

AP Distributor and Tubes: 35 psi*
Evaporator Load: 5 tons

Condensing Pressure (psig): 320
Liquid Line Loss (Estimate): -7
Distributor and Tubes: -35
Evaporator Pressure (psi): -118
AP across EEV: 160

R-410A, 90°F Liquid Correction Factor: 1.08
SER-B: 2.97 tons x 1.08 = 3.21 tons
SER-C: 8.05 tons x 1.08 = 8.69 tons

Select an SER-C from the capacity table.

Refrigerant: R-134a

Condensing Temperature: 32°C
Liquid Temperature: 27°C
Evaporator Temperature: -10°C
Liquid Line Loss: 0.5 bar

AP Distributor and Tubes: 1.7 bar*
Evaporator Load: 900 kW

Condensing Pressure (bar): 7.2
Liquid Line Loss (Estimate): -0.5
Distributor and Tubes: -1.7
Evaporator Pressure: -1.0
AP across EEV: 4.0

R-134a, 27°C Liquid Correction Factor: 1.16
SEHI-175: 482 kW x 1.16 = 559 kW
SEHI-400: 1006 kW x 1.16 = 1167 kW

Select an SEHI-400 from the capacity table.

*See Sporlan Bulletin 20-10 for pressure drop data as related to percent loading.

ORDERING INSTRUCTIONS / NOMENCLATURE*

the refrigerant, flash gas present upstream of the valve, and
provides a visual confirmation of valve piston movement.
This unique feature is useful for system refrigerant charging,
service and diagnostics.

Sporlan valves are available in angle and/or straight through
offset configurations (reference the Available Connections
table for additional details). The SERI and SEHI valves feature
a built-in sightglass (not available on the small SER family
of valves). The sightglass indicates the moisture level of

SER-B, -C, -D
Stripped and Tinned
Vale Vale F'i't‘t';t El;‘ttl':t Riting Cable GabIEENdS
Family Model Si g ung Type Length (Custom Connectors
ize Size .
Available)

SERI-G, -J, -K, -L

Straight Through Stripped and Tinned
Vel Vel Offset F'i&'if]t gt'ttl':t it Cable GARIERUS
Family Model Configuration tng ung Type Length (Custom Connectors
. Size Size .
(blank if angle) Available)



SEHI-175
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Valve Valve
Family Model
SEHI-400

Fitting

Inlet QU'FIet Sifin
Fitting Tvne
Size Size P

Stripped and Tinned Angle
Cable Cable Ends Configuration
Length (Custom Connectors (blank if straight
Available) through offset)

EI- BG5BT ER- B T

Valve
Model

Valve
Family

Inlet Outlet
Fitting
Size Size

Fitting

Fitting WG

Stripped and Tinned AN-Angle
Cable Cable Ends Configuration
Length (Custom Connectors ST-Straight Through
Available) Configuration

* Refer to Available Connections table for specific configurations, fitting sizes and cable lengths.

SPECIFICATIONS

VALVE

SER-B,-C SER-D

SERI-G, -J, -K, -L

SEHI-175

SEHI-400

Motor type

2 phase, bipolar wet motor

Compatible refrigerant

All common HCFC and HFC refrigerants including R-410A and subcritical R-744

All common HCFC
and HFC refrigerants

Compatible oils

All common Mineral, Polyolester and Alkybenzene oils

Supply voltage (L/R)

12 volt DC, -5%, +10% measured at the valve leads

Cable type

IP67 Removable Quad-Position

IP67 Removable Quad-Position

Hermetic

Hermetic

Phase resistance

100 ohms +- 10%

100 ohms +-10%

75 ohms +-10%

75 ohms +-10%

Chopping current®

Evaluate to avoid step loss or dam

age to the valve*

Maximum power input (L/R) 2.8 watts 2.8 watts 3.8 watts 3.8 watts
Recommended step rate 200/second (L/R), up to 400/second (current limited)

Number of steps 2500 2500 6386 6386
Resolution .00009" (.0023 mm) / step .00012" (.003 mm) / step .00008" (.002 mm) / step .00008" (.002 mm) / step
Stroke 0.23" (5.8 mm) 297" (7.5 mm) 500" (12.7mm) 500" (12.7mm)
MOPD 580 psid (40 bar) 500 psid (34 bar) 500 psid (34 bar) 300 psid (21 bar)
MRP 1015 psig (70 bar)| 700 psig (48 bar) 700 psig (48 bar) 620 psig (43 bar) 500 psig (34 bar)

Max. internal leakage

100 cc/min @ 100 psid (6.9 b

ar), dry air

Max. external leakage

.10 oz./yr at 300 psig (2.8 gram/yr @ 20 bar)

Operating temp range

-50°F to 155°F (-45°C to

68°C)

Materials of construction

Brass, copper, synthetic seals,

stainless steel

* Contact Sporlan Application Engineering for qualification testing details.
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SER-B, -C

0.3 (7.6) MIN FOR
CABLE REMOVAL

|<7 @1.55—
f

SERI-G, -J, -K, -L

(Angle)

0.3 (7.6) MIN FOR
CABLE REMOVAL

r 1.84 —

0.4 (10) MIN

CLEARANCE F
SIGHT GLASS
REMOVAL

Reference Dimensions - Inches (mm)

SER-DS

0.3 (7.6) MIN FOR
CABLE REMOVAL
’-— @1.55—

1> >

SERI-GS, -JS, -KS, -LS

(Straight Through Offset)

0.3 (7.6) MIN FOR
CABLE REMOVAL

1.84 —
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SEHI-175 SEHI-175
(Angle) 518 (Straight Through Offset) 218
2.25 (57) MIN FOR T
MOTOR REMOVAL 2.25 (57) MIN
FOR MOTOR
l REMOVAL
QO
C
C
1 |
A - —_T
A
— j : |

SEHI-400
2.25 (57) MIN REFERENCE DIMENSIONS / Inches (mm) *
FOR MOTOR
REMOVAL VALVE CONFIGURATION A B C
i SER-B Angle 2.63 (66.8) 2.56 (65.0) 3.57(90.7)
SER-C Angle 2.63 (66.8) 2.56 (65.0) 3.57(90.7)
SER-DS Straight Through Offset 0.52 (13.2) 4.83(122.7) 3.57(90.7)
SERI-G 3.65(92.7) 3.11(79.0) 3.61(91.7)
C SERI-J 3.86 (98.0) 3.31(84.1) 3.61(91.7)
Angle
SERI-K g 3.92(99.6) 3.39(86.1) 4.05(102.9)
SERI-L 4.00(101.6) 3.70 (94.0) 4.06 (103.1)
e SERI-GS 0.73(18.5) 6.84 (173.7) 3.59(91.2)
SERI-JS 0.73(18.5) 7.09(180.1) 3.59(91.2)
Straight Through Offset
SERI-KS 0.97 (24.6) 7.66 (194.6) 4.01(101.9)
A SERI-LS 0.97 (24.6) 7.69(195.3) 4.01(101.9)
Angle 4.98 (126.5) 4.82(122.4) 6.85 (174.0)
SEHI-175 -
Straight Through Offset 0.98 (24.9) 8.50 (215.9) 6.85 (174.0)
SEHI-400 Angle 6.28 (159.5) 5.08(129.0) 6.71(170.4)
* Dimensions may vary slightly based upon connection sizes selected
|
B

Reference Dimensions - Inches (mm)
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AVAILABLE CONNECTIONS

CABLE LENGTH CABLE
VALVE TYPE INLET - Inches (ODF) OUTLET - Inches (ODF) CONFIGURATION
FEET METERS ENDS
SER-B* 1/4,3/8 3/8,1/2,5/8 Angle
10 3
SER-C* 1/4,3/8 3/8,1/2,5/8 Angle Less Cable | Less Cable
SER-DS* 3/8,1/2,5/8 1/2,5/8,7/8,1-1/8 Straight Through Offset
S-
SERI-G* 5/8,7/8 1/2,5/8,7/8,1-1/8,1-3/8 Stripped and
Tinned
SERI-J* 7/8,1-1/8 7/8,1-1/8,1-3/8 Angle or 10 3 . (Cust(:_m
; onnections
SERI-K' 118 7/8,1-1/8, 1-3/8, 1-5/8 Stralgg;[f'sl'gtrough Less Cable | Less Cable Available)
SERI-Lt 1-1/8,1-3/8 1-1/8,1-3/8, 1-5/8
SEHI-175 1-1/8,1-3/8,1-5/8 2-1/8
10,20,30,40 | 3,6,9,12
SEHI-400 1-5/8, 2-1/8, 2-5/8 1_5/3?.'12/;68655/ 8, Angle
*Suitable for bi-directional applications.
tBi-sealing, reduced flow in reverse direction.
CAPACITY tone W
500 1750
Tons kW 480 1680
14 138 [ 49 460 1610
440 1540
420 — 1470
12 42 400 — 1400
380 — 1330
360 — 1260
10 - 35 340 — 1190
320 — 1120
300 — 1050
) o8 280 — 980
260 — 910
6.80 240 — 840
220 — 770
6 — 21 200 —t 700
180 — 630
160 — 560
4 14 140 — 490
120 118 — 420
2.51 100 86.7 — 350
80 — 280
2 / 60 47.8 210
40 26.6 140
201,71 680 13— 70
. 0 L —
SER-B SER-C SER-D SER-B  SER-C  SER-D SERI-G SER-J SER-K  SERIL SEHI-175 SEHI-400

R-22 at 100°F (38°C) liquid, 100 psi (6 bar) pressure drop, 40°F (5°C) evaporator temperature, and full stroke.

Reference Dimensions - Inches (mm)
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R-22 Capacities in Tons (at Evaporator Temperature °F)

40°F | 20°F | 0°F
‘.’rl;ISIEE Pressure Drop Across Valve (psid)
75 | 100 | 125 | 150 | 175 [ 200 | 225 | 250 | 75 | 100 | 125 [ 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250
SER-B 2.171251(280]3.07]332|355]|376]|396|212|244)273|299|3.23)3.46|3.67|3.87]206]238|266]291]3.14|3.36] 3.56 | 3.76

SER-C 5.89]6.80 | 7.60 | 8.33 | 8.99 | 9.61|10.20|10.75| 5.74 | 6.63 | 7.41 | 8.12| 8.77 | 9.38 | 9.94 | 10.48]| 5.58 | 6.44 | 7.20 | 7.89 | 8.52 | 9.11 | 9.66 | 10.18
SER-D 1201 13.8 [ 155]16.9) 18.3 [ 19.6]20.7| 21.9( 11.7] 135) 15.1[ 165] 17.8| 19.1{20.2| 21.3 | 11.3| 13.1| 146 [ 16.0| 17.3 ] 185 [ 19.7 ] 20.7
SERI-G 23.0 | 26.6]29.7)325(351]37.6)|39.8[420]224)259(29.0]31.7|343[36.6)|389| 41.0{21.8] 252 28.1]30.8) 33.3[356]37.8) 39.8
SERI-J 41.4147.8)535(586]63.2)676([71.7]756)40.4(46.6]52.1]|57.1{61.7]659]69.9(73.7)39.2| 453 50.6) 55.5[ 59.9| 64.1] 67.9[ 71.6
SERI-K 75.1(86.7]96.9) 106 [ 115 ] 123 ) 130 | 137 | 73.2| 84.5[ 94.5] 104 | 112 | 120 ] 127 | 134 [ 71.1) 82.1| 91.8] 101 ) 109 [ 116 | 123 130
SERI-L 102 | 118 ) 132 | 144 | 156 | 167 [ 177 ] 186 | 99.5( 115 ] 128 | 141 | 152 | 162 | 172 | 182 | 96.6| 112 | 125 137 | 148 | 158 | 167 [ 176
SEHI-175 | 178 ) 205 [ 229 | 251 | 271 | 290 | 308 | 324 [ 173 | 200 | 224 [ 245 | 265 | 283 | 300 | 316 | 168 | 194 | 217 | 238 | 257 | 275 | 291 | 307
SEHI-400 | 376 | 434 | 485 | 532 | 574 | 614 [ 651 | 686 | 367 [ 423 | 473 | 519 | 560 | 599 | 635 | 669 | 356 | 411 | 460 | 504 | 544 | 582 | 617 [ 650

R-22 Capacities in kW (at Evaporator Temperature °C)

VALVE 5°C | -10°C | -20°C
TYPE Pressure Drop Across Valve (bar)
4 6 8 10 | 12 | 14 | 16 | 18 4 6 8 10 | 12 | 14 | 16 | 18 4 6 8 10 | 12 | 14 | 16 | 18
SER-B 6.7118.2219.49(106]11.6]126| 134 142]6.47[7.93(9.16]10.2|11.2(121]129]13.7[6.30]7.71]891[9.96]109]11.8 | 126 13.4
SER-D 37.0| 454 (524 ]586]64.1(69.3]|741]78.6|35.7|437]|505|56.5|61.9]|66.8|71.4(758]|347]|42.6|49.1|549]60.265.0]695]73.7

SER-C 18.2]22.3]25.7]288]31.5]34.1]36.4]386]17.6]21.5]24.8]27.8]30.4]32.8]35.1]37.2]17.1]209]242]27.0]29.6]32.0]342]36.2
SERI-G 711 87.1] 101 | 12| 123 | 133 | 142 | 151 | 68.6 | 84.0| 97.0| 108 | 119 | 128 | 137 | 146 | 66.7| 81.7| 94.4| 106 | 116 | 125 | 133 | 142
SERI-J 128 | 157 | 181 | 202 | 222 | 240 | 256 | 272 [ 123 | 151 [ 175 | 195 | 214 | 231 | 247 | 262 [ 120 [ 147 [ 170 [ 190 | 208 | 225 | 240 | 255
SERI-K 232 ) 284 ] 328 | 367 | 402 | 434 | 464 | 492 | 224 | 274 | 317 | 354 | 388 | 419 | 448 | 475 | 218 | 267 | 308 | 344 | 377 | 407 | 436 | 462
SERI-L 315 | 386 | 446 | 499 | 546 | 590 | 631 | 669 | 304 | 372 | 430 | 481 | 527 | 569 | 608 | 645 | 296 | 362 | 418 | 468 | 513 | 554 | 592 | 628

SEHI-175 | 549 | 673 | 777 | 868 [ 951 [ 1028) 1099] 1165( 530 | 649 | 749 | 837 | 917 | 991 ) 1059] 1124{ 515 | 631 | 729 | 815 [ 893 | 964 | 1031 1093
SEHI-400 | 1163 1424) 1644|1838 2014 2175| 2325| 2466 | 1121] 1373] 1586 | 1773 | 1942| 2097 2242 2378| 1091) 1336 1543 [ 1725| 1889] 2041| 2182 2314

R-134a Capacities in Tons (at Evaporator Temperature °F)

40°F | 20°F | 0°F
YI.I;ISIEE Pressure Drop Across Valve (psid)
40 | 60 | 80 | 100 | 120 | 140 | 160 | 180 | 40 | 60 | 80 | 100 [ 120 | 140 | 160 | 180 | 40 | 60 | 80 | 100 | 120 | 140 | 160 | 180
SER-B 148 (1.82]210]234 (2572771296314 141172199222 244|263(2.81]298|134(1.64]1.89]212|232]251]268|2.84

SER-C 4.02|4.92)5.68|6.35]6.96)7.52(804]853)381[467]539]|6.03f6.60]7.13]|7.63[8.09)3.63|445[5.14)5.74(6.29]6.79]7.267.70
SER-D 8.18]10.0| 11.6]12.9]| 14.2| 153 | 164 | 17.3]| 7.76 | 9.50 | 11.0| 12.3| 13.4| 14.5]| 155] 16.5| 7.39| 9.05| 104 | 11.7]| 12.8| 13.8| 14.8| 15.7
SERI-G 15.6 [ 19.2| 221 24.8(27.2{29.3|31.3[33.2|15.1|18.4|21.2|236[259|28.0[29.9(31.6[142{17.4{20.1|225( 247|266 28.5]| 30.2
SERI-J 28.2]34.5] 39.9] 44.6| 48.8] 52.7| 56.4 | 59.8| 26.9] 33.1] 38.1| 42.6| 46.6 | 50.4 ] 53.8| 57.1] 25.6| 31.4] 36.2| 40.5] 44.4| 47.9] 51.2| 54.4
SERI-K 51.1|626]722)| 808 88.5]95.6) 102 [ 108 | 48.8 | 59.8 | 69.1] 77.2| 84.5| 91.3] 97.6 | 104.0 46.4 | 56.9 | 65.6 | 73.4| 80.4 [ 86.9] 929 98.5
SERI-L 69.6( 85.3]985) 110 [ 121 ] 130 ) 139 [ 148 | 66.1] 80.9{ 93.4] 104 | 114 | 124 ] 132 | 140 | 62.9] 77.0| 89.0 99.5]| 109 [ 118 | 126 | 133
SEHI-175 | 121) 148 | 172 192 | 211 227 | 242 | 258 | 116 | 142 | 164 [ 184 201 ) 216 | 232 | 246 | 110 | 135 156 [ 174 | 191 ] 206 [ 220 | 234
SEHI-400 | 250 ) 307 | 354 [ 396 | 434 | 469 | 501 [ 531 | 238 | 291 | 336 [ 376 | 412 | 445 | 475 | 504 | 226 | 277 | 320 | 358 | 392 | 423 | 453 | 480

R-134a Capacities in kW (at Evaporator Temperature °C)

5°C | -10°C | -20°C
‘.’rl;ISIEE Pressure Drop Across Valve (bar)
25| 4 |55) 7 | 85|10 |115]| 13 |25 4 | 55| 7 [85([ 10 |115] 13 (25| 4 | 55| 7 (85| 10 |115] 13
SER-B 4.96|6.28 | 7.36 [ 8.31]9.15]19.93 [ 106 | 11.3] 471 | 5.96 | 6.98 | 7.88 | 8.68 | 9.42| 10.1] 10.7 [ 4.48 | 5.67 | 6.65 [ 7.50 | 8.27 | 8.97 | 9.62 | 10.2

SER-C 135]17.0]20.0]225]248]269]289]30.7]|128]16.1]189]21.4]235]255]27.4]29.1]122]15.4]18.0]20.3]22.4]243]26.1]27.7
SER-D 274 346|406 | 458 | 50.5| 54.8 | 58.7 | 62.4 | 26.0 | 32.8 | 38.5| 43.5| 47.9| 51.9| 55.7| 59.2| 24.7| 31.3| 36.7 | 41.4| 456 | 49.5| 53.0 | 56.4
SERI-G 52.4 | 66.4 | 77.8|87.6 [96.7| 105 ) 112 | 120 | 49.2| 62.4 [ 73.1]| 82.4] 90.8 [ 98.5] 106 | 112 [ 47.1| 59.5 | 69.8 | 78.7 | 86.7 [ 94.1| 101 | 107
SERI-J 94.4] 119 ) 140 | 158 | 174 ) 189 [ 202 | 215 | 88.6( 112 | 131 | 148 | 164 | 176 | 191 | 202 | 84.6 | 107 | 126 | 142 | 156 | 169 | 181 [ 193
SERI-K 171 216 | 254 | 286 | 315 | 342 [ 367 | 391 | 161 [ 204 | 238 | 269 | 296 | 321 | 344 | 366 | 153 | 194 | 228 | 256 | 284 | 307 | 329 [ 349
SERI-L 233 | 295 | 346 ) 390 [ 430 | 466 | 500 | 532 | 221 | 280 | 328 | 370 | 408 | 442 | 474 | 504 [ 211 | 266 | 312 | 352 | 388 [ 421 | 452 | 480
SEHI-175 | 406 | 514 602 | 680 | 749 [ 813 | 871 | 926 | 381 | 482 | 566 | 638 | 704 | 762 | 818 | 869 | 365 | 461 | 540 | 609 | 672 | 728 | 781 | 831
SEHI-400 | 839 | 1061 1244| 1404 | 1547 1678] 1799] 1913| 796 | 1006| 1180 1331] 1467 1591 1707| 1814| 758 | 959 | 1124 1268| 1397| 1516 1625] 1728

Liquid Temperature Correction Factors

°F 0 | 10 | 20 | 30 | 40 | 50 [ 60 | 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140
°C 18 ) 12| -7 | 1 4 |10 | 16 | 21 | 27 | 32 [ 38 | 43 | 49 | 54 | 60
R-22 1.56 [ 1.51[1.45)1.40(1.34]1.29)1.23[1.17]1.12] 1.06 [ 1.00 | 0.94 ) 0.88 | 0.82 | 0.76
R-134a 1.70 [ 1.63 | 1.56 | 1.49 | 1.42| 1.36) 1.29| 1.21| 1.14] 1.07 [ 1.00| 0.93 ) 0.85 | 0.78 | 0.71
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R-404A Capacities in Tons (at Evaporator Temperature °F)

40°F | 20°F 0°F
YI.‘;IQI: Pressure Drop Across Valve (psid)
75 | 100 | 125 [ 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250
SER-B 1.41[1.62]1.81]1.99(215]229]243|257|133]|154|1.72|1.89]|204|218(231]|244]1.26[1.45]1.63]1.781.92]2.06]2.18 | 2.30
SER-C 3.81[4.40[4.92[539[5826.22|6.606.96|3.62|4.18|4.67[512|553|591|6.27|6.61[3.41[3.94|441|483|522]558]591]6.23
E SER-D 7.75[8.95[10.0 11.0| 11.8{12.7|13.4{14.2 | 7.36 [ 8.50 [ 9.51 [ 10.4 | 11.2 | 12.0 [ 12.8 [ 13.4 [ 6.95 | 8.02 [ 8.97 [ 9.82 | 10.6 [ 11.3 | 12.0 | 12.7
:‘; SERI-G 152176 196]21.5] 232|248 26.4]27.8]144]16.7]18.6]20.4]22.0]235]25.1]26.4]13.6]156]17.5]19.2]20.7]222]235]| 248
SERI-J 2741316353 38.7]|41.8]|44.7]| 47.4|50.0| 25.9]| 30.0| 33.5| 36.7 | 39.6 | 42.4| 44.9| 47.4| 244 28.2| 31.5| 345| 37.3| 39.9| 42.4 | 44.6
SERI-K 49.6]57.3|64.1]70.2]758|81.1]86.0]90.6|47.1|54.4]60.7|665|71.9]76.8|81.5(85.9|44.4|51.1|57.1]| 626]67.6|724] 76.6| 80.8
SERI-L 66.0 [ 76.2] 85.2| 93.4| 101 | 108 | 114 | 121 | 62.7| 72.4| 81.0 | 88.7| 95.8| 102 [ 109 | 114 | 59.2 | 68.3 | 76.4 | 83.7 | 90.4| 96.6 | 102 | 108
SEHI-175 | 118 | 136 | 152 | 167 | 180 | 193 | 205 | 215 | 112 | 129 | 145 ] 158 | 171 | 182 | 193 | 204 | 105 | 121 | 135| 148 | 160 | 172 | 182 | 192
SEHI-400 | 237 | 274 | 307 | 336 | 363 [ 388 | 411 | 434 | 226 | 260 | 291 | 319 | 345 | 368 [ 391 | 412 | 213 | 246 | 275 | 301 | 325 | 348 [ 369 | 389
-20°F -40°F
‘.Ir‘;liy: Pressure Drop Across Valve (psid)
75 [ 100 [ 125 | 150 | 175 | 200 [ 225 [ 250 [ 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250
SER-B 1.1811.36 [ 1.52 | 1.67 | 1.80 [ 1.93 | 2.04 | 2.15 [ 1.10 | 1.27 | 1.42 [ 1.55 | 1.68 | 1.79 | 1.90 | 2.00
SER-C 320 369|413 [452]|489]5.22|5.54|584]297|343]|3.84]421|454]486]5.15|5.43
g SER-D 6.51]7.51]840[9.20]9.94]106|11.3]|11.9]6.05[6.99]7.81]8569.24]9.88]105]11.0
Z SERI-G 127 (146164 117.9(19.4]20.7|21.9[231]|11.6]|136[152]|16.6]|17.9|19.2]| 204|214
SERI-J 228264294322 |348|37.2| 395|416 21.1]| 244 27.3]| 29.9| 324 | 34.5| 36.6 | 38.6
SERI-K 41.3[47.6[53.4[58.4[63.1[675[71.6[755(38.4[44.2{49.5(54.2|585]|62.6|66.4[69.9
SERI-L 55.4164.0] 71.5]| 78.4| 84.6| 90.5]| 96.0| 101 | 51.5]| 59.5| 66.5| 72.9| 78.7 | 84.1 | 89.3 | 94.1
SEHI-175 | 98.1| 113 | 127 | 139 | 149 | 160 | 169 | 179 | 90.9| 105 | 117 | 128 | 139 | 148 | 158 | 166
SEHI-400 | 199 | 230 | 257 | 282 | 305 | 326 | 345 | 364 | 185 | 214 | 239 | 262 | 283 | 303 | 321 | 338
R-404A Capacities in kW (at Evaporator Temperature °C)
5°C | -10°C -20°C
‘.II,‘;I;IEE Pressure Drop Across Valve (bar)
4 6 8 10 | 12 | 14 | 16 | 18 | 4 6 8 10 | 12 | 14 | 16 | 18 | 4 6 8 10 | 12 | 14 | 16 | 18
SER-B 4.36 [ 5.34[6.16 [ 6.89 [ 7.55 [ 8.15 [ 8.72 [ 9.24 [ 4.06 [ 4.97 [ 5.74 [ 6.42 [ 7.03 [ 7.60 | 8.12  8.62 [ 3.85 [ 4.71 [ 5.44 [ 6.08 | 6.66 [ 7.20 | 7.69 | 8.16
SER-C 11.8[145]16.7 187|205 22.1]236|251|11.0] 135|156 17.4]19.1]20.6(22.0]23.4]104 (128 148]16.5( 18.1]19.5]20.9 | 22.1
g SER-D 2401294 (340]38.0]|41.6|450]48.1]51.0(224|274)31.7|354|388)|41.9|448(475]21.2]26.0(30.0]|33.6]36.8|39.7]|424]45.0
Z SERI-G 47.1]575|66.4|744]81.4]87.9|94.0]99.6]43.6|53.4|61.6]69.1|756|81.6)87.3]|926(41.2]|505]|58.4|652]|71.4]77.1|825] 875
SERI-J 84.5] 104 [ 120 | 134 | 146 | 158 | 169 | 179 [ 78.5| 96.2| 111 | 124 | 136 | 147 | 156 | 167 | 74.2| 90.8 | 105 | 117 | 128 | 139 | 148 | 156
SERI-K 153 | 188 | 216 | 242 | 265 | 287 | 307 | 325 | 142 | 174 | 201 | 225 | 247 | 266 | 285 | 302 [ 134 [ 165 | 191 | 213 | 233 | 252 | 269 | 285
SERI-L 205 ] 251 ] 289 | 324 ] 355 | 383 | 409 | 434 ] 191 ] 234 ] 270 | 302 | 330 | 357 | 382 | 405 ] 181 ] 221 | 256 | 286 | 313 | 338 | 361 | 383
SEHI-175 | 364 | 446 | 515 | 575 | 631 [ 681 | 728 | 772 | 338 | 414 | 478 | 534 | 586 | 633 [ 676 | 718 | 319 | 391 | 452 | 505 | 553 | 598 | 639 | 678
SEHI-400 | 736 | 902 | 1041] 1164] 1275] 1378 1473] 1562] 686 | 841 | 971 | 1085] 1189] 1284] 1373] 1456] 650 | 796 | 919 | 1028] 1126] 1216] 1300] 1379
-30°C -40°C
‘.II,‘;IQI: Pressure Drop Across Valve (bar)
4 6 8 10 | 12 | 14 | 16 | 18 4 6 8 10 | 12 | 14 | 16 | 18
SER-B 3.62 (4441512573 [6.28|6.78|7.25|7.69]3.39]4.16|4.80]5.37]5.88|6.35]6.79]7.20
SER-C 9.83]120]139[155]17.0]184(19.7]|20.8]9.20 [ 11.3]13.0 | 145|159 17.2] 184|195
§ SER-D 20.0 245|283 [31.6]|34.6]37.4|40.0|424]18.7|229]265]296(324]350]37.4|397
Z SERI-G 38.7[47.4[54.8[61.2[67.1[724[77.4[82.1[36.1[44.4[51.1[57.1[62.6(67.6[724]76.7
SERI-J 69.6 [ 85.3[98.5| 110 | 121 | 131 | 139 | 148 [ 65.1 | 79.6 [ 91.9 | 103 | 113 | 122 | 131 | 138
SERI-K 126 | 155 | 179 | 200 | 219 | 236 | 253 | 268 | 118 | 144 | 167 | 186 | 204 | 221 | 236 | 251
SERI-L 170 | 208 | 241 | 269 | 295 | 318 | 340 | 361 | 159 | 195 | 225 | 252 | 276 | 298 | 319 | 338
SEHI-175 | 300 | 367 | 425 | 474 | 520 | 561 | 600 | 636 | 280 | 342 | 396 | 442 | 485 | 524 | 560 | 594
SEHI-400 | 612 | 750 | 866 | 968 | 1061| 1146 1225] 1299| 573 | 702 | 811 | 907 | 993 | 1073| 1147 1216
Liquid Temperature Correction Factors
°F 0 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140
°C 18 | 12| -7 10 | 16 | 21 | 27 | 32 | 38 | 43 | 49 | 54 | 60
R-404A 2041194184 (1.74]164]154|1.43]133]1.22(1.11]1.00]0.89|0.77 | 0.65] 0.53
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R-407A Capacities in Tons (at Evaporator Temperature °F)

40°F | 20°F | 0°F

‘.Il.‘;li.“,’: Pressure Drop Across Valve (psid)

75 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 [ 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250
SER-B 203234262 (287]3.10]3.31|352]371]1.94[224|250)|2.74|2.963.16]3.35|3.54(1.84]212]2.38|260]281]3.00]3.19]3.36
SER-C 550 |6.35(7.10]7.78 | 8.41 [ 8.99 | 9.53 ] 10.0 | 5.25 | 6.06 | 6.78 | 7.43 | 8.02 | 8.58 | 9.10 [ 9.59 | 4.99 | 5.76 | 6.44 | 7.06 | 7.62 | 8.15 | 8.64 | 9.11
SER-D 1121129 145)158|17.1183| 194204107 123|138 151163 17.4|185|195]|10.1|11.7]131|144]155]| 166 17.6] 185
SERI-G 215|248 (278|304 ]328|351]37.2]393[205]23.7)265|29.0|31.3]|335|355([37.5]|195]225(252]27.6]29.8|31.8]338]35.6
SERI-J 38.7|44.7]50.0]| 54.7|59.1)|63.2|67.0]|70.7 | 36.9 | 42.7 | 47.7 | 52.2 | 56.4 | 60.3 | 64.0 | 67.4 | 35.1 | 40.5 | 45.3 | 49.6 | 53.6 | 57.3 | 60.8 | 64.1
SERI-K 70.2181.0[90.6]99.2] 107 | 115 | 122 | 128 [ 67.0 | 77.3| 86.4 | 94.7 | 102 | 109 | 116 | 122 | 63.6 | 73.4 | 82.1] 90.0 | 97.2| 104 | 110 | 116
SERI-L 953 110 | 123 | 135 | 146 | 156 | 165 | 174 [ 91.0| 105 | 117 [ 129 | 139 | 149 [ 158 | 166 | 86.4 [ 99.8 | 112 | 122 | 132 | 141 | 150 | 158
SEHI-175 | 166 | 192 | 214 | 235 | 254 | 271 | 288 | 303 | 158 | 183 | 205 | 224 | 242 | 259 | 274 | 289 | 151 | 174 | 194 | 213 | 230 | 246 | 261 | 275
SEHI-400 | 351 | 406 | 454 | 497 | 537 | 574 | 609 | 642 | 335 | 387 | 433 | 474 | 512| 548 | 581 | 612| 319 | 368 | 411 | 451 | 487 | 520 | 552 | 582

R-407A

R-407A Capacities in kW (at Evaporator Temperature °C)

5°C | -10°C | -20°C

‘%gl: Pressure Drop Across Valve (bar)

4 6 8 10 | 12 | 14 | 16 | 18 4 6 8 10 | 12 | 14 | 16 | 18 4 6 8 10 | 12 | 14 | 16 | 18
SER-B 6.2817.69|8.88[993)109|11.7]126]133[590)7.22(834]932|102(11.0)11.8(125]562|6.88|7.95|8.89(9.73]105]11.2|11.9
SER-C 17.01209(24.1)269]295|31.9|34.1|36.1]16.0|196|226)253|27.7]299|320|339]|152|187)216|24.1]26.4]285|305] 323
SER-D 346|424]49.0]|54.8]|60.0] 64.8]|69.3]| 73.5]| 32.5]| 39.8| 46.0| 51.4| 56.3| 60.9| 65.1]| 69.0 | 31.0| 38.0 | 43.8| 49.0 | 53.7 | 58.0 | 62.0 | 65.8
SERI-G 66.5| 81.5[94.1] 105 | 115 | 124 | 133 | 141 | 62.5]| 76.5| 88.4| 98.8| 108 | 117 | 125 | 133 | 59.6 | 72.9| 84.2| 94.2| 103 | 111 | 119 | 126
SERI-J 120 [ 147 [ 169 | 189 | 207 | 224 | 240 | 254 [ 112 | 138 [ 159 [ 178 [ 195 | 210 [ 225 | 239 [ 107 [ 131 | 152 [ 169 | 186 | 201 | 214 | 227
SERI-K 217 | 266 | 307 | 343 | 376 | 406 | 434 | 461 | 204 | 250 | 288 | 322 | 353 | 381 | 408 | 432 | 194 | 238 | 275 | 307 | 337 | 363 | 389 | 412
SERI-L 295 | 361 | 417 | 466 | 511 | 552 | 590 | 626 | 277 | 339 | 392 | 438 | 480 | 518 | 554 | 588 | 264 | 323 | 373 | 417 | 457 | 494 | 528 | 560
SEHI-175 | 514 | 629 | 727 | 812 | 890 | 961 | 1028] 1090| 482 | 591 | 682 | 763 | 836 | 903 | 965 | 1023| 460 | 563 | 650 | 727 | 796 | 860 | 920 | 975
SEHI-400 | 1088 | 1332] 1538| 1720| 1884 | 2035| 2175| 2307 1021 1251 1444] 1615] 1769] 1911] 2043| 2166| 973 | 1192] 1377 1539 1686 | 1821| 1947| 2065

R-407A

R-407C Capacities in Tons (at Evaporator Temperature °F)

40°F | 20°F | 0°F

VTI;I;YEE Pressure Drop Across Valve (psi)

75 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 [ 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250
SER-B 2.05(237]265]290(313]335[355]374]1.98|228]255(280]3.02]323|343]|3.61([190]220|245]|269]290]|3.10]3.29]|3.47
SER-C 5.56 | 6.427.18 7.86 | 8.49 | 9.08 | 9.63 ] 10.1 | 5.36 [ 6.19 | 6.92 | 7.59 [ 8.19| 8.76 | 9.29 [ 9.79| 5.15| 5.95 | 6.65| 7.29 | 7.87 | 8.42 | 8.93 | 9.41
SER-D 113131 146(16.0)17.3| 185|196 206 | 109) 126 | 141|154 16.7|17.8] 189 199] 105 12.1| 135|148 16.0] 17.1| 18.2| 19.1
SERI-G 21124412731 29.9(324)|345(36.6]386|20.2|234]26.2(287]309]|33.2|352|37.1(194]224]251|274]|296(31.6]335|353
SERI-J 38.0]43.9(49.1] 538 58.1|62.1]658]69.4|36.5] 42.1]47.2| 51.6 | 55.8| 59.6 | 63.3 | 66.7 | 34.8 | 40.2 | 45.1] 49.3| 53.2| 56.9 | 60.4 | 63.6
SERI-K 68.9(796]89.1]975| 105 113 | 119| 126 | 66.2| 76.5| 85.4 | 93.6| 101 | 108 [ 115 | 121 | 63.2| 72.9| 81.5] 89.3| 96.5| 103 | 109 | 115
SERI-L 96.3( 111 124 | 136 | 147 | 157 | 167 | 176 | 92.9] 107 | 120 | 131 | 142 | 152 [ 161 | 170 | 89.3| 103 | 115 ] 126 | 136 | 146 | 155 | 163
SEHI-175 | 164 | 189 | 212| 232 | 249 | 267 | 284 | 299 | 156 | 181 | 202 | 222 | 240 | 256 | 272 | 287 | 149 | 173 | 194 | 212/| 229 | 245 | 260 | 274
SEHI-400 | 346 | 400 | 447 | 490 | 529 | 566 | 600 | 632 | 334 | 386 | 432 | 473 | 511 | 546 [ 579 | 610 | 321 | 371 | 415 | 454 | 491 | 525 | 556 | 586

R-407C

R-407C Capacities in kW (at Evaporator Temperature °C)

5°C | -10°C | -20°C
‘.II.‘;IQI: Pressure Drop Across Valve (bar)
4 6 8 |10 [12 ]| 14 ] 16 |18 | 4 6 8 |10 [12 ]| 14 ] 16 | 18 | 4 6 8 |10 (12 ]| 14 ] 16 | 18
SER-B 6.35]7.781898[10.0[11.0] 119|127 135]6.05|7.41|855]9.56|105(11.3]12.1]128[5.83]7.14]8.25(9.22|10.1]109|11.7 124

SER-C 17.2 1211124412721 298322 | 344365 | 16.4]20.1 | 23.2|25.9|28.4]30.7]|32.8]348]15.8]19.4]22.4]25.0]27.4]29.6]31.6]335
SER-D 35.0 [ 42.9 [ 49.5[ 554 [60.7 [ 655 70.1|74.3[33.4[40.9|47.2|52.7|57.8|624|66.7|70.8|32.2]39.4455|50.8|55.760.264.3]68.2
SERI-G 65.3]79.9]924] 103 | 113 | 122 | 131 | 138 | 61.6| 75.5| 87.2| 97.5]| 107 | 115 | 124 | 131 | 59.1| 72.4| 83.6| 93.5] 102 | 111 | 118 | 125
SERI-J 117 | 144 | 166 | 186 | 204 | 220 | 235 | 249 | 111 | 136 | 156 | 175 | 192 | 208 | 222 | 235 | 106 | 131 | 151 | 168 | 184 | 199 | 213 | 226
SERI-K 213 ] 261 ] 301 | 336 | 369 | 398 | 426 | 452 | 201 | 246 | 284 | 318 | 348 | 376 | 402 | 427 | 193 | 236 | 273 | 305 | 334 | 361 | 386 | 409
SERI-L 298 | 365 | 422 | 472 | 517 | 558 | 597 | 633 | 284 | 348 | 402 | 449 | 492 | 532 | 568 | 603 | 274 | 335 | 387 | 433 | 474 | 512 | 548 | 581
SEHI-175 | 506 | 619 [ 715 | 800 | 875 [ 946 | 1012| 1073| 478 | 585 | 675 755 | 827 | 894 [ 955 | 1013| 458 | 561 | 647 | 724 | 793 | 856 [ 915 | 972
SEHI-400 | 1073) 1315 1518 1697 1859 2008 | 2147 2277 | 1022] 1252 | 1446 1616] 1770| 1912 2044| 2168 | 985 | 1207| 1393 | 1558 | 1707 1843 [ 1971] 2090

Liquid Temperature Correction Factors

°F 0 | 10 | 20 | 30 | 40 | 50 [ 60 | 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140
°C 18| 12| -7 | 1 4 |10 | 16 | 21 | 27 | 32 | 38 | 43 | 49 | 54 | 60
R-407A 1.76 1 1.68 ] 1.61 ] 1.53 ] 1.46 ] 1.39 ] 1.31 ] 1.24 | 1.16 ] 1.08 | 1.00 | 0.92 ] 0.83 | 0.74 | 0.64
R-407C 1.69]1.62]1.55]1.49]1.42]1.35]1.28]1.21]1.14]1.07]1.00]0.93] 0.85] 0.77 | 0.69
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R-410A Capacities in Tons (at Evaporator Temperature °F)

40°F | 20°F 0°F
YI.‘;ISI: Pressure Drop Across Valve (psid)
80 [ 120 | 160 | 200 | 240 | 280 | 320 | 360 | 80 [ 120 | 160 | 200 | 240 | 280 | 320 | 360 | 80 [ 120 | 160 | 200 | 240 | 280 | 320 | 360
SER-B | 210257297 (332 364|393 (420|445 205] 252|291 [325]356384|411]436|200]245]283[3.16]346|374]400]4.24
SER-C | 569 |697]805[9.00]9:86106(11.4]|121|557|682]7.88[881]965|104[11.1]|11.8[542]664]7.67[857]|939]101]108]11.5
=l SER-D [ 11.6] 142 | 16.4 ] 18.3] 201|217 [ 232|246 113 | 139 [ 16.0] 17.9] 196 | 21.2] 227 | 240 11.0[ 135[ 15.6 | 174 | 19.1 [ 206 22.1] 234
Ml SERI-G | 225] 275318355389 421451 |478]220]269[31.1]34.7|38.0]41.1|439|466]21.3]|26.1[30.1]338]369]399]|427]453
SERI-J | 405|49657.3|64.0] 701|758 80.985.9]| 395|484 (559 625|685]|73.9]79.1[838]384]47.1]|542(607[665]|71.8]|767]814
SERI-K | 73.4[89.9] 104 | 116 [ 127 138 | 147 | 155 | 716 87.8] 101 | 113 | 124 | 134 | 144 | 152 | 69.5| 85.2]| 98.4| 110 | 120 ] 131 [ 139 | 147
SERI-L | 986 121 | 139 | 156 | 171 | 184 | 197 [ 209 | 96.5| 118 | 136 | 153 | 167 | 181 | 193 | 205 | 93.9| 115 | 133 | 149 [ 163 | 176 | 188 | 199
SEHI-175 | 174 | 214 | 247 | 275 | 302 | 326 | 348 | 369 | 171 | 208 | 240 | 269 | 294 | 319 | 340 | 361 | 165 | 202 | 234 | 261 | 286 | 309 | 331 | 351
seHigo0 | - | - | - | - | - -|-[-|-/-{-1-[-1-1-1-1-1-1-1-1T-1-1-1-
R-410A Capacities in kW (at Evaporator Temperature °C)
5°C | -10°C -20°C
‘.II,‘;IQI: Pressure Drop Across Valve (bar)
5 | 8 |1 [14 |17 |2 (23|26 |5 |8 |1 [14]|17 |2 23|25 |8 |1 [18]17]|2]2]2
SER-B | 7.03]889] 104 [118] 130|141 ]151] 160688870 102[115]127|138] 148|157 [670]847|993[112]123]134]144] 153
SER-C [ 19.1]24.1]|283[31.9]35.1|38.1]409]435[187]236]27.7(31.2]344|373]40.0]425[18.2]230]269(304]335[363]389]414
=l SER-D  [388]490]575[649]715]775]83.2]88.4] 379480 56.3]635] 700759 81.4]865]36.9]46.7[548]618]68.1[739]792]8s2
Ml SERI-G | 75.2(95.1( 112 [ 126 [ 139 [ 151 [ 161 [ 171 [ 727 [91.9( 108 | 122 | 134 [ 145 | 156 | 166 [ 70.7 [ 895 105 | 118 | 131 | 141 | 152 | 161
SERI-J | 135 [ 171 | 201 | 226 | 249 | 271 [ 201 | 309 | 131 | 165 | 194 | 219 | 241 | 262 | 280 | 298 | 127 | 161 | 189 [ 213 | 235 | 255 | 273 | 291
SERI-K | 245 | 311 | 364 | 411 | 452 | 491 | 526 | 559 | 236 | 300 | 352 | 396 | 436 | 474 | 509 | 541 | 231 | 292 | 342 [ 386 | 425 | 461 | 495 | 526
SERI-L | 330 [ 418 | 490 | 553 | 609 | 660 | 708 | 753 | 323 [ 409 | 479 | 541 | 596 | 646 | 693 | 737 | 315 | 398 | 467 | 526 | 580 | 629 [ 675 | 717
SEHI-175 | 582 | 736 | 865 | 975 | 1074 1165 1249] 1328| 564 | 712 | 835 | 942 | 1039 1126 1208 1284| 548 | 693 | 813 | 916 | 1011] 1096 1175 1249
seHigo0 | - | - | - | - | -] -|-[-1-1-1-1-[T-1-1-1-1-1T-1-1-1-1-1-1-
R-422D Capacities in Tons (at Evaporator Temperature °F)
40°F | 20°F 0°F
YI.‘;ISI: Pressure Drop Across Valve (psid)
75 | 100 [ 125 | 150 | 175 | 200 | 225 [ 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250
SER-B [ 1.48 [ 1.71]1.91 (209|226 | 2.41 {256 | 270 | 1.40 [ 1.61 | 1.80 [ 1.97 | 2.13 | 2.28 | 2.42 | 255 [ 1.31 [ 1.51 | 1.69 [ 1.85 | 2.00 | 2.14 [ 2.27 | 2.39
SER-C | 4.01[463|5.17[567|6.12|6.54|694]7.32|379]437]|489[535]|578|6.18 | 656|691 [355]4.10] 459 | 5.03]543|580]6.16 | 6.49
SER-D [ 815[941]|105[ 115 125|133 [ 14.1]|149|7.70]889]9.94[109]11.8|126[133]14.1[723]835|9.33[102] 11.0|118]125] 132
SERI-G | 157 [18.1]20.2|22.1{ 239|256 27.1] 286 148 [ 17.1] 19.1| 209|226 242 | 256 27.0| 139[ 16.0] 17.9| 196 | 21.2]| 227 [ 24.1| 254
SERI-J | 282 (325|364 39.9]43.1]|46.0| 488 515]| 266[ 307|344 377] 407|435/ 46.1]486] 25.0]289] 323 35.4|382]408]433] 456
SERI-K | 51.1[59.0(66.0] 72.3] 78.0| 834|885 93.3]| 48.3| 55.7| 62.3| 68.3| 73.7| 78.8 | 83.6 [ 88.1| 45.3] 52.3| 58.5| 64.1| 69.2| 74.0| 785 82.7
SERI-L | 69.480.2(89.6] 982 106 | 113 120 [ 127 | 65.6 | 75.7 | 84.7] 92.8| 100 | 107 | 114 { 120 | 61.6 | 71.1{ 79.5] 87.1 [ 94.1] 101 | 107 | 112
SEHI-175 | 121 | 140 | 156 | 171 | 185 | 197 | 209 [ 221 | 114 | 132 { 147 | 162 | 174 | 187 | 198 [ 209 | 107 | 124 | 138 | 152 [ 164 | 175 | 186 | 196
SEHI-400 | 256 | 296 | 330 | 362 | 391 | 418 | 443 [ 467 | 242 | 279 | 312 | 342 | 369 | 395 | 419 | 441 | 227 | 262 | 293 | 321 [ 347 | 371 | 303 | 414
R-422D Capacities in kW (at Evaporator Temperature °C)
5°C | -10°C -20°C
\!&I;I: Pressure Drop Across Valve (bar)
4 |6 |8 10122116 |18 4|6 |8 [10]|12[1]16[18] 4|6 |8/ [10]12[14]16]18
SER-B | 457 559|646 [7.22]| 791|854 (913|968 |4.23|5.18]|5.98[6.69]7.33|7.92|846]|898|399|488|564631]691]7.46(7.98]846
SER-C | 124152 17.5[ 196 214|232 248|263 | 115 14.1]| 16.2[18.1] 199 215[ 229|243 [ 108] 132 153[17.1] 187|202 216] 229
SER-D | 252 (308|356 39.8] 436 471|504 |534]233]286]33.0[36.9]404|437[467]495]|220]269]31.1[348]381]|412]440]467
SERI-G | 484 [59.2|68.4|765]83.8]90.5[96.7 | 103|448 549|634 [709]|776]|83.9]89.7[95.1423]|51.7]|59.8]66.8]732]79.0]845]89.6
SERI-J | 87.1[ 107 | 123 | 138 [ 151 | 163 | 174 | 185 | 80.7 [ 98.8] 114 | 128 | 140 | 151 [ 161 ] 171 | 76.0{ 93.1] 108 | 120 | 132 | 142 [ 152 | 161
SERI-K | 158 [ 193 | 223 | 250 | 273 | 295 | 316 | 335 | 146 [ 179 | 207 | 231 | 253 | 274 | 293 | 310 | 138 | 169 | 195 | 218 | 239 | 258 | 276 | 292
SERI-L | 214 | 263 | 303 | 339 | 371 | 401 | 429 [ 455 | 199 | 243 | 281 | 314 | 344 | 372 | 398 [ 422 | 187 | 229 | 265 | 296 | 324 | 350 | 375 [ 397
SEHI-175 | 373 | 457 | 528 | 591 | 647 | 699 | 747 | 792 | 346 | 424 | 490 | 547 | 600 | 648 | 692 [ 734 | 326 | 400 | 461 | 516 [ 565 | 610 | 653 | 692
SEHI-400 | 791 | 968 | 1118] 1250 1369] 1479 1581 1677| 733 | 897 | 1036] 1159 1269] 1371 1465 1554| 691 [ 846 | 977 | 1092| 1196] 1292 1381] 1465
Liquid Temperature Correction Factors
°F 0 |10 | 20 [ 30 |40 |50 60 708 |90 [100]110] 120 | 130 | 140
GC 18|12 -7 | -1 [ 4 | 1016|2127 [32]38]43[a9]54]60
R-410A 161155149143 [1.39[1.31] 1.23[1.17 [ 1.12 | 1.06 [ 1.00 | 0.94 | 0.88 | 0.82 | 0.76
R-422D 199 | 1.90 180 1.70 [ 1.60 | 1.50 | 1.41[1.31] 1.20 [ 1.10] 1.00 | 0.90 [ 0.79 | 068 | 0.57
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R-507A Capacities in Tons (at Evaporator Temperature °F)

40°F | 20°F | 0°F

‘.’rl;liy: Pressure Drop Across Valve (psid)

75 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 [ 150 | 175 | 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250
SER-B 1.36 | 1.57 [ 1.76 | 1.93 | 2.08 | 222 | 2.36 | 249 | 1.29 | 1.49 | 167 | 1.83 [ 1.97 | 211 | 224|236 | 1.22 (141|157 [ 1.72] 186 1.99 | 211 2.22
SER-C 3.69|4.26 | 477 | 5.22| 5.64 | 6.03 | 6.40 | 6.74 | 3.50 | 4.05 | 4.52 | 4.96 | 5.35 [ 5.72| 6.07 | 6.40 [ 3.30 | 3.81 | 4.26 | 4.67 | 5.04 | 5.39 | 5.72 | 6.03
SER-D 7.51]867]9.70] 106] 11.5] 123 13.0| 13.7] 7.13| 8.23] 9.20| 10.1| 10.9| 11.6| 12.3]| 13.0| 6.71 ] 7.75| 8.67 | 9.50 | 10.3| 11.0]| 11.6 | 12.3
SERI-G 14911721192 211228 | 244|258 27.2|141]16.4|18.2|200| 21.6| 23.1)| 245 25.8| 133|153 | 17.2| 188 204|216 23.1| 244
SERI-J 26.8[31.1]346]379|41.1]| 438 46.4|49.1| 254 29.3| 32.8| 35.9| 38.8| 41.5( 44.0| 46.4| 23.9| 27.6| 30.9| 33.8| 36.5| 39.1| 41.4| 43.6
SERI-K 48.6] 56.1] 62.8] 68.7] 74.4] 79.4| 84.2 | 88.8 | 46.0 | 53.2| 59.5] 65.1] 70.4] 75.2| 79.8 | 84.1] 43.4] 50.1] 56.0 | 61.3 ] 66.2] 70.8] 75.1] 79.2
SERI-L 64.0] 73.9] 82.6] 90.5] 97.7] 104 | 111 ] 117 ] 60.7] 70.1] 78.4] 85.8] 92.7] 99.1] 105 ] 111 ] 57.2] 66.0] 73.8] 80.9 ] 87.4] 93.4] 99.0| 104
SEHI-175 | 115) 133 [ 149 | 164 | 176 [ 188 | 200 | 211 | 109 | 126 | 141 | 154 | 167 | 179 189 | 200 | 103 | 119 | 133 | 146 | 158 | 168 [ 179 | 188
SEHI-400 | 230 | 266 | 297 | 325 | 352 | 376 [ 399 | 420 | 218 | 252 | 282 | 309 | 334 | 357 | 378 | 399 | 206 | 238 | 266 | 291 [ 314 | 336 | 356 [ 376

R-507A

-20°F -40°F
VTI;ISIEE Pressure Drop Across Valve (psid)
75 | 100 | 125 | 150 | 175 [ 200 | 225 | 250 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250
SER-B 1.14 (13111471161 [1.74]1.86]1.97[2.08]|1.06]1.22|1.36]1.49]1.61|1.73]1.83]1.93
SER-C 3.09] 356|398 [4.36]4.71]5.04|535]563]286|3.31]370]4.05(4.38]|4.68]4.96 (523
SER-D 6.28 ] 7.25(8.10| 8.88 ] 9.59 | 10.3] 10.9] 11.5| 5.83 | 6.73 ] 7.52 | 8.24 | 8.90 ] 9.51 | 10.1 | 10.6
SERI-G 124 (144116.11176(19.1]204]215(227]|11.6] 134|149 16.4]17.6|18.9] 20.0| 21.1
SERI-J 2241258289 31.6]|34.2(36.6]388]|40.9(20.8]|240]26.9(29.4]31.8]34.0/36.0]38.0
SERI-K 406 | 46.9]524|57.4|62.0)|66.4|704)741|37.6|436|48.7|534|576|61.6]65.3| 68.9
SERI-L 53.5|61.7[69.0] 756 | 81.7| 87.3| 92.6 | 97.6 | 49.6 [ 57.3| 64.1 70.2| 75.8 | 81.0 | 85.9 | 90.6
SEHI-175 | 96.4| 111 | 125| 136 | 147 | 158 | 167 | 176 | 89.6 | 103 | 116 | 127 | 136 | 146 | 155 | 164
SEHI-400 | 192 | 222 | 248 | 272 | 294 | 314 | 333 | 351 | 179 | 206 | 230 | 252 | 273 | 292 | 309 | 326

R-507A

R-507A Capacities in kW (at Evaporator Temperature °C)

5°C | -10°C | -20°C

‘.’I.I;ISIEE Pressure Drop Across Valve (bar)

10 | 12 | 14 | 16 | 18 4 6 8 10 | 12 | 14 | 16 | 18 4 6 8 10 | 12 | 14 | 16 | 18
SER-B 42215171597 [6.68]7.31]7.90(844]8.96]393|4.81|556)6.21|6.817.35]7.86]|833|3.72]|4.55]5.26|588]|6.44]6.96|7.44]7.89
SER-C 11.4(140]16.2]18.1(19.8]21.4]229|243]10.7]13.0| 15.1|16.8]18.5]19.9(21.3]22.6|10.1 [ 12.3]| 143|159 175]189]20.2| 214
SER-D 23.3]285(329]36.8]40.3(43.6]46.6)49.4(21.7]|26.5]30.6|34.3|37.5)40.5|43.3[46.0]20.5]25.1(29.0]|32.4]355(38.4]41.0] 435
SERI-G 46.0 | 56.4  65.1] 72.8]79.6 | 86.1 92.1] 97.6 | 42.7 | 52.4 | 60.4 | 67.6 | 74.0 | 80.0 | 85.5 [ 90.7 | 40.4 | 49.5| 57.2| 63.9] 70.0 | 75.6 | 80.8 | 85.8
SERI-J 82.8| 101 [ 117 ) 131 | 144 | 155 | 166 | 176 | 76.9 | 94.2| 109 | 122 | 133 | 144 | 154 | 164 | 72.7| 89.1) 103 | 115 | 126 | 136 | 145 | 154
SERI-K 151 | 184 | 212 | 236 | 260 | 281 | 300 | 319 | 139 | 171 ) 196 | 220 | 241 | 261 | 279 | 296 | 132 | 162 | 186 | 209 | 228 | 247 | 264 | 280
SERI-L 198 | 243 | 280 | 314 | 344 | 371 | 397 | 421 | 185 | 226 | 261 | 292 | 320 | 345 | 369 | 392 | 175 | 214 | 247 | 276 | 302 | 327 | 349 | 370
SEHI-175 | 356 | 436 | 505 | 564 | 618 | 667 | 713 | 756 | 331 | 406 | 468 | 524 | 573 | 619 | 662 | 702 | 313 | 384 | 442 | 495 | 542 | 586 | 626 | 665
SEHI-400 | 713 | 874 | 1009 1128| 1236 1335 1427| 1514| 664 | 813 | 939 | 1050| 1150| 1242| 1328 | 1408| 628 | 769 | 888 | 993 | 1088| 1175| 1256 1333

R-507A
-
(-]
[--)

VALVE

TYPE Pressure Drop Across Valve (bar)

4 6 8 |10 |12 |14 |16 | 18 | 4 6 8 | 10 | 12| 14 | 16 | 18
SER-B 3.50)4.28 | 4.94 [ 5.53 | 6.06 | 6.54 | 6.99 | 7.42 | 3.27 | 4.00 | 4.62 | 5.17 | 5.66 | 6.11 [ 6.54 | 6.93
SER-C 948 11.6 (134|150 16.4 (17.7]19.0) 20.1 [ 8.86 | 10.9 | 12.5 [ 14.0| 153 16.6 [ 17.7 | 18.8
SER-D 19.31236]27.3]1305]334]36.1]386]409]180]221]255]285]31.2]337]36.0]382
SERI-G 38.0|46.6)53.8|60.2|659)71.2(76.1]80.7)356|43.6|50.4)56.4[616]66.6)71.2[755
SERI-J 68.4(83.8)96.8 [ 108 | 119 ) 128 [ 136 | 145 | 64.1{ 78.5] 90.6 | 101 | 111 ] 120 | 128 | 136
SERI-K 124 ) 152 [ 176 | 196 | 215 [ 232 | 248 | 264 | 116 | 142 | 164 | 184 | 201 | 216 | 232 | 246
SERI-L 164 | 201 [ 232 | 260 | 284 | 307 | 328 | 348 | 153 | 188 | 217 | 243 | 266 | 287 | 307 | 326
SEHI-175 | 295 | 361 | 416 | 466 [ 511 | 552 | 589 | 625 | 275 | 338 | 391 | 436 | 478 | 516 | 552 | 585
SEHI-400 | 591 | 724 | 836 | 934 | 1023 1105] 1182| 1253| 552 | 676 | 781 | 873 | 956 [ 1033| 1104| 1171

R-507A

Liquid Temperature Correction Factors

°F 0 | 10 | 20 | 30 | 40 | 50 [ 60 | 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140
°C 18| 12| -7 | 1 4 |10 | 16 | 21 | 27 | 32 | 38 | 43 | 49 | 54 | 60
R-507A 1.99)1.89]1.79]1.69]1.59]1.50]1.40]1.30]1.20] 1.10 ] 1.00 | 0.89 | 0.78 | 0.66 | 0.51
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R-744 Capacities in Tons (at Evaporator Temperature °F)

0°F | -20°F | -40°F
YI.‘;ISI: Pressure Drop Across Valve (psid)
100 | 150 | 200 | 250 | 300 | 150 | 200 | 250 | 300 | 350 | 200 | 250 | 300 | 350 | 400

SER-B [ 365447516 577|632 | 4.47 [ 517|578 [6.33 | 6.83 | 5.13 574 | 6.29 [ 6.79 | 7.26

SER-C  [9.90(12.1] 140156 17.1| 121 {140 157 [17.2 185|139 [ 156 17.0 | 184|197
=3 SER-D | 201247285318 34.9(247285)31.9/349|377|283 317|347 375 | 40.0
3l SERI-G  [386]47.3[547|61.1|669(47.4]|547|612(669]724544]608]666][71.9]768

SERI-J | 695852984 110 120 | 853 [ 985] 110 [ 120 | 131 | 97.8| 109 | 120 [ 129 | 139

SERI-K | 126 | 154 | 179 | 199 | 219 | 154 [ 179 | 200 | 219 | 236 | 178 | 199 | 218 | 234 | 251

SERI-L | 171 [ 210 | 242 | 271 [ 297 | 210 | 243 | 271 | 297 | 321 | 241 | 270 | 295 | 319 | 341

seHi1rs | - [ - | - | - [ -] -|-[-1-[-1-1-"1T-1-1-

seHigo0 | - [ - | - | - [ -|-|-[-|-[-1-|-[T-1-1-
R-744 Capacities in kW (at Evaporator Temperature °C)

-20°C | -30°C | -40°C
"Il";lglEE Pressure Drop Across Valve (bar)
8 | 1216|2012 16|20 24 [16]| 20| 2428

SERB | 138169196 [21.9]|169]196]21.9[ 240 194]21.7] 238257

SER-C | 375]46.0|53.1[59.3|459]530]59.3(650527]59.0] 646|698
=3 SER-D 763 (935|108 | 121 | 93 [ 108 | 121 | 132 | 107 | 120 | 131 | 142
3 SERI-G | 144 | 175 | 204 | 227 | 175 [ 204 | 227 | 248 | 202 | 226 | 247 | 267

SERI-J | 259 | 316 | 366 | 408 | 316 | 365 | 408 | 447 | 364 | 406 | 445 [ 480

SERI-K | 468 | 574 | 662 [ 741 | 573 | 662 | 740 | 811 | 659 | 736 | 806 [ 871

SERI-L | 650 | 796 | 919 | 1028| 796 | 919 [ 1027 1125] 913 | 1021 [ 1119] 1208

seHi1rs | - [ - | - | - [ -|-[-[-|1-[-1-1-

seHiq00 | - | - | - | - - | -|-]-|-[T-1-1-
Liquid Temperature Correction Factors
°F 0 | 10| 20 [ 3040 |50 |60 70 8 |90 |100]110] 120130 140
B® 8|12 7| [ a 10|16 20] 27|32 ]38]|43[a]54]60
R-744 113 |107[100]o093fose| - | - [ - | - | -[-|-[-|-|-
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The items described in this document and other documents and descriptions provided by Parker Hannifin Corporation, its subsidiaries and its authorized distributors (“Seller”)
are hereby offered for sale at prices to be established by Seller. This offer and its acceptance by any customer (“Buyer”) shall be governed by all of the following Terms and
Conditions. Buyer’s order for any item described in its document, when communicated to Seller verbally, or in writing, shall constitute acceptance of this offer. All goods or work

described will be referred to as “Products”.

1. Terms and Conditions. Seller’s willingness to offer
Products, or accept an order for Products, to or from
Buyer is expressly conditioned on Buyer’s assent to
these Terms and Conditions and to the terms and
conditions found on-line at www.parker.com/saleterms/.
Seller objects to any contrary or additional term or con-
dition of Buyer’s order or any other document

issued by Buyer.

2. Price Adjustments; Payments. Prices stated on
the reverse side or preceding pages of this document
are valid for 30 days. After 30 days, Seller may change
prices to reflect any increase in its costs resulting from
state, federal or local legislation, price increases from
its suppliers, or any change in the rate, charge, or
classification of any carrier. The prices stated on the
reverse or preceding pages of this document do not
include any sales, use, or other taxes unless so stated
specifically. Unless otherwise specified by Seller, all
prices are F.O.B. Seller’s facility, and payment is due
30 days from the date of invoice. After 30 days, Buyer
shall pay interest on any unpaid invoices at the rate of
1.5% per month or the maximum allowable rate under
applicable law.

3. Delivery Dates; Title and Risk; Shipment. All
delivery dates are approximate and Seller shall not be
responsible for any damages resulting from any delay.
Regardless of the manner of shipment, title to any
products and risk of loss or damage shall pass to Buyer
upon tender to the carrier at Seller’s facility (i.e., when
it's on the truck, it's yours). Unless otherwise stated,
Seller may exercise its judgment in choosing the carrier
and means of delivery. No deferment of shipment at
Buyers’ request beyond the respective dates indicated
will be made except on terms that will indemnify, defend
and hold Seller harmless against all loss and additional
expense. Buyer shall be responsible for any additional
shipping charges incurred by Seller due to Buyer’s
changes in shipping, product specifications or in ac-
cordance with Section 13, herein.

4. Warranty. Seller warrants that the Products sold
hereunder shall be free from defects in material or
workmanship for a period of twelve months from the
date of delivery to Buyer or 2,000 hours of normal

use, whichever occurs first. This warranty is made

only to Buyer and does not extend to anyone to whom
Products are sold after purchased from Seller. The
prices charged for Seller’s products are based upon the
exclusive limited warranty stated above, and upon the
following disclaimer: DISCLAIMER OF WARRANTY:
THIS WARRANTY COMPRISES THE SOLE AND
ENTIRE WARRANTY PERTAINING TO PRODUCTS
PROVIDED HEREUNDER. SELLER DISCLAIMS ALL
OTHER WARRANTIES, EXPRESS AND IMPLIED,
INCLUDING MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE.

5. Claims; Commencement of Actions. Buyer shall
promptly inspect all Products upon delivery. No claims
for shortages will be allowed unless reported to the
Seller within 10 days of delivery. No other claims against
Seller will be allowed unless asserted in

writing within 60 days after delivery or, in the case of
an alleged breach of warranty, within 30 days after the
date within the warranty period on which the defect is
or should have been discovered by Buyer. Any action
based upon breach of this agreement or upon any other
claim arising out of this sale (other than an action by
Seller for any amount due to Seller from Buyer) must
be commenced within thirteen months from the date

of tender of delivery by Seller or, for a cause of action
based upon an alleged breach of warranty, within
thirteen months from the date within the warranty period
on which the defect is or should have been discovered
by Buyer.

6. LIMITATION OF LIABILITY. UPON NOTIFICATION,
SELLER WILL, AT ITS OPTION, REPAIR OR
REPLACE A DEFECTIVE PRODUCT, OR REFUND
THE PURCHASE PRICE. IN NO EVENT SHALL
SELLER BE LIABLE TO BUYER FOR ANY SPECIAL,
INDIRECT, INCIDENTAL OR CONSEQUENTIAL DAM-
AGES ARISING OUT OF, OR AS THE RESULT OF,
THE SALE, DELIVERY, NON-DELIVERY, SERVICING,
USE OR LOSS OF USE OF THE PRODUCTS OR
ANY PART THEREOF, OR FOR ANY CHARGES OR
EXPENSES OF ANY NATURE INCURRED WITHOUT

SELLER’S WRITTEN CONSENT, EVEN IF SELLER
HAS BEEN NEGLIGENT, WHETHER IN CONTRACT,
TORT OR OTHER LEGAL THEORY. IN NO EVENT
SHALL SELLER’S LIABILITY UNDER ANY CLAIM
MADE BY BUYER EXCEED THE PURCHASE PRICE
OF THE PRODUCTS.

7. Contingencies. Seller shall not be liable for any
default or delay in performance if caused by
circumstances beyond the reasonable control of Seller.
8. User Responsibility. The user, through its own
analysis and testing, is solely responsible for making the
final selection of the system and Product and

assuring that all performance, endurance, maintenance,
safety and warning requirements of the application

are met. The user must analyze all aspects of the
application and follow applicable industry standards

and Product information. If Seller provides Product or
system options, the user is responsible for determining
that such data and specifications are suitable and
sufficient for all applications and reasonably foreseeable
uses of the Products or systems.

9. Loss to Buyer’s Property. Any designs, tools,
patterns, materials, drawings, confidential information or
equipment furnished by Buyer or any other items which
become Buyer’s property, may be considered obsolete
and may be destroyed by Seller after two consecutive
years have elapsed without Buyer placing an order for
the items which are manufactured using such property.
Seller shall not be responsible for any loss or damage
to such property while it is in Seller’s possession or
control.

10. Special Tooling. A tooling charge may be imposed
for any special tooling, including without limitation, dies,
fixtures, molds and patterns, acquired to manufacture
Products. Such special tooling shall be and remain
Seller’s property notwithstanding payment of any
charges by Buyer. In no event will Buyer acquire any
interest in apparatus belonging to Seller which is utilized
in the manufacture of the Products, even if such appa-
ratus has been specially converted or adapted for such
manufacture and notwithstanding any charges paid by
Buyer. Unless otherwise agreed, Seller shall have the
right to alter, discard or otherwise dispose

of any special tooling or other property in its sole
discretion at any time.

11. Buyer’s Obligation; Rights of Seller. To secure
payment of all sums due or otherwise, Seller shall retain
a security interest in the goods delivered and this agree-
ment shall be deemed a Security Agreement under the
Uniform Commercial Code. Buyer authorizes Seller

as its attorney to execute and file on Buyer’s behalf

all documents Seller deems necessary to perfect its
security interest. Seller shall have a security interest in,
and lien upon, any property of Buyer in Seller’s posses-
sion as security for the payment of any amounts owed
to Seller by Buyer.

12. Improper use and Indemnity. Buyer shall
indemnify, defend, and hold Seller harmless from any
claim, liability, damages, lawsuits, and costs (including
attorney fees), whether for personal injury, property
damage, patent, trademark or copyright infringement

or any other claim, brought by or incurred by Buyer,
Buyer’s employees, or any other person, arising out of:
(a) improper selection, improper application or other
misuse of Products purchased by Buyer from Seller;

(b) any act or omission, negligent or otherwise, of
Buyer; (c) Seller’s use of patterns, plans, drawings,

or specifications furnished by Buyer to manufacture
Product; or (d) Buyer’s failure to comply with these
terms and conditions. Seller shall not indemnify Buyer
under any circumstance except as otherwise provided.
13. Cancellations and Changes. Orders shall not

be subject to cancellation or change by Buyer for any
reason, except with Seller’s written consent and upon
terms that will indemnify, defend and hold Seller harm-
less against all direct, incidental and consequential loss
or damage. Seller may change product features, specifi-
cations, designs and availability with notice to Buyer.
14. Limitation on Assignment. Buyer may not assign
its rights or obligations under this agreement without the
prior written consent of Seller.

15. Entire Agreement. This agreement contains the
entire agreement between the Buyer and Seller and
constitutes the final, complete and exclusive expression

of the terms of the agreement. All prior or contempora-
neous written or oral agreements or negotiations with
respect to the subject matter are herein merged.

16. Waiver and Severability. Failure to enforce any
provision of this agreement will not waive that provi-
sion nor will any such failure prejudice Seller’s right to
enforce that provision in the future. Invalidation of any
provision of this agreement by legislation or other rule of
law shall not invalidate any other provision herein. The
remaining provisions of this agreement will remain in full
force and effect.

17. Termination. This agreement may be terminated
by Seller for any reason and at any time by giving
Buyer thirty (30) days written notice of termination.

In addition, Seller may by written notice immediately
terminate this agreement for the following: (a) Buyer
commits a breach of any provision of this agreement
(b) the appointment of a trustee, receiver or custodian
for all or any part of Buyer’s property (c) the filing of a
petition for relief in bankruptcy of the other Party on its
own behalf, or by a third party (d) an assignment for the
benefit of creditors, or (e) the dissolution or liquidation
of the Buyer.

18. Governing Law. This agreement and the sale
and delivery of all Products hereunder shall be deemed
to have taken place in and shall be governed and
construed in accordance with the laws of the State of
Ohio, as applicable to contracts executed and wholly
performed therein and without regard to conflicts of
laws principles. Buyer irrevocably agrees and consents
to the exclusive jurisdiction and venue of the courts of
Cuyahoga County, Ohio with respect to any dispute,
controversy or claim arising out of or relating to this
agreement. Disputes between the parties shall not be
settled by arbitration unless, after a dispute has arisen,
both parties expressly agree in writing to arbitrate the
dispute.

19. Indemnity for Infringement of Intellectual
Property Rights. Seller shall have no liability for in-
fringement of any patents, trademarks, copyrights, trade
dress, trade secrets or similar rights except as provided
in this Section. Seller will defend and indemnify Buyer
against allegations of infringement of U.S. patents, U.S.
trademarks, copyrights, trade dress and trade secrets
(“Intellectual Property Rights”). Seller will defend at

its expense and will pay the cost of any settlement or
damages awarded in an action brought against Buyer
based on an allegation that a Product sold pursuant

to this Agreement infringes the Intellectual Property
Rights of a third party. Seller’s obligation to defend and
indemnify Buyer is contingent on Buyer notifying Seller
within ten (10) days after Buyer becomes aware of
such allegations of infringement, and Seller having sole
control over the defense of any allegations or actions
including all negotiations for settlement or compromise.
If a Product is subject to a claim that it infringes the In-
tellectual Property Rights of a third party, Seller may, at
its sole expense and option, procure for Buyer the right
to continue using the Product, replace or modify the
Product so as to make it noninfringing, or offer to accept
return of the Product and return the purchase price less
a reasonable allowance for depreciation. Notwithstand-
ing the foregoing, Seller shall have no liability for claims
of infringement based on information provided by Buyer,
or directed to Products delivered hereunder for which
the designs are specified in whole or part by Buyer, or
infringements resulting from the modification, combina-
tion or use in a system of any Product sold hereunder.
The foregoing provisions of this Section shall constitute
Seller’s sole and exclusive liability and Buyer’s sole
and exclusive remedy for infringement of Intellectual
Property Rights.

20. Taxes. Unless otherwise indicated, all prices and
charges are exclusive of excise, sales, use, property,
occupational or like taxes which may be imposed by any
taxing authority upon the manufacture, sale or delivery
of Products.

21. Equal Opportunity Clause. For the performance
of government contracts and where dollar value of the
Products exceed $10,000, the equal employment
opportunity clauses in Executive Order 11246,
VEVRAA, and 41 C.F.R. §§ 60-1.4(a), 60-741.5(a), and
60-250.4, are hereby incorporated.
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