CT1-13ET with SIMpull Jacket

APPLICATIONS

Southwire CT1-13ET Type MV-105 Cable is for use in aerial, direct burial, cable trays,
conduit, and underground duct installations as permitted by the NEC®, These cables are

capable of operating continuously at a conductor temperature not in excess of 105°C for

normal operation, 140°C for emergency overload conditions, and 250°C for short circuit
conditions, and are rated at 15,000 V, 133% insulation level (ungrounded system). This cable
may be installed without the need for pulling lubricant.

SPECIFICATIONS

Southwire CT1-13ET Type MV-105 Cable is manufactured and tested in accordance with the

latest revisions of the following standards and specification:

e UL 1072 - Medium Voltage Power Cables

e |CEA S-93-639 (NEMA WC 74) - 5-46 kV Shielded Power Cable for Use in the
Transmission & Distribution of Electric Energy

e |CEA S-97-682 (when requested) 5-46 kV Standard for Utility Shielded Power Cable.

e UL 1685 - (AWG 1/0 and larger) - UL Flame Exposure Test

e |[EEE 1202 - Flame Test (70,000 BTU/hr Vertical Tray Test)

Certified qualification tests were performed in accordance with the requirements of AEIC

CS-8. Cable has fully met the qualification testing requirements of AEIC CS-8.

S
15 kVU Type MV-105 CONSTRUCTION
Copper Conductor Southwire CT1-13ET Type MV-105 Cable offers flexible, easy bending insulation, easy cable
preparation, fast stripping thermosetting insulation shield, 105°C continuous operating
Thermosetting temperature, 100% shield coverage, and it is triple extruded. Cable is sunlight resistant,
Conductor Shield suitable for direct burial, and listed for cable tray use in sizes AWG 1/0 and larger.
EPR Insulation SOLONON® |ow smoke, non-halogen polyolefin jackets and CPE jackets are available
. . upon request.
;Iill?ermosettmg Insulation « Scope
This specification covers single conductor EPR (ethylene propylene rubber) insulated, shielded,
Copper Tape Shield thermoplastic jacketed power cable for use in aerial, direct burial, cable trays, conduit, and

underground duct installations. This cable is capable of operating continuously at a conductor
SIMpull® PVC Jacket

temperature not in excess of 105°C for normal operation, 140°C for emergency overload

Sizes AWG 1/0 and conditions, and 250°C for short circuit conditions, and is rated at 15,000 V, 133% insulation
Larger Listed for CT Use level (ungrounded system).
e Standards
The following standards shall form a part of this specification - UL Standard 1072 for
Medium Voltage Power Cable and ICEA S-93-639 (NEMA WC 74) 5-46 kV Shielded Power
Cable for Use in the Transmission & Distribution of Electric Energy.
e Conductor
The conductor shall be Class B compressed soft or annealed copper in accordance with
ASTM specs B3 and B8 and ICEA Part 2, Section 2.1 and 2.5.

MADE IN

Industrial Cable LISTED USA




="

MEDIUM VOLTAGE

5 kV-35 kV

SHIELDED EPR

el
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=
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WEIGHTS, MEASUREMENTS AND PACKAGING -
®
=
0.220" EXTRUDED =
gz | CONDUCTOR | (559mm) | INSULATION | o RN'IROM - APEROXIMATE | wpppoximate | aLLowasLE =
DIAMETER INSULATION SHIELD THICKNESS DIAMETER NET WEIGHT AMPACITIES =
PRODUCT DIAMETER DIAMETER [
CODE (72}
AWG =
or | inch | mm | inch | mm | inch | mm | inch | mm | inch | mm 1&33’ ft kg/km | DUCTS CPNNAD:"RIT =
kemil =
C1-13ET-002 2 0.283 | 7.19 0.773 19.62 | 0.828 | 21.02 | 0.070 1.78 | 0.995 | 25.3 641 953 165 165 [
C1-13ET-001 1 0.322 | 8.8 0.813 | 20.64 | 0.868 | 22.03 | 0.070 1.78 | 1.035 | 26.3 719 1070 185 190 ::I‘
CT1-13ET-010 | 1/0 0.362 | 9.19 0.853 | 21.65 | 0.908 | 23.05 | 0.070 | 1.78 | 1.075 | 27.3 819 1219 215 215 -
CT1-13ET-020 | 2/0 0.405 | 10.29 | 0.893 | 22.67 | 0.948 | 24.07 | 0.070 | 1.78 | 1.115 | 28.3 930 1384 245 255 |—I|
CT1-13ET-030 | 3/0 0.456 | 11.58 | 0.943 | 23.94 | 0.998 | 25.34 | 0.070 1.78 | 1.165 | 29.6 1071 1594 275 290 e
CT1-13ET-040 | 4/0 0.512 | 13.00 | 0.998 | 2534 | 1.053 | 26.73 | 0.070 1.78 | 1.220 | 31.0 1238 1841 315 330 (&)
CT1-13ET-250 | 250 0.558 | 14.17 | 1.053 | 26.73 | 1.108 | 28.13 | 0.070 | 1.78 | 1.275 | 32.4 1392 2071 345 365
CT1-13ET-350 | 350 0.661 | 16.79 | 1.158 | 29.40 | 1.213 | 30.80 | 0.070 | 1.78 | 1.380 | 35.0 1772 2637 415 440
CT1-13ET-500 | 500 0.790 | 20.07 | 1.283 | 32.58 | 1.338 | 33.97 | 0.070 | 1.78 | 1.505 | 38.2 2317 3447 500 535
CT1-13ET-750 | 750 0.968 | 24.59 | 1.470 | 37.34 | 1.525 | 38.74 | 0.100 | 2.54 | 1.755 | 44.6 3313 4930 610 655
CT1-13ET-100 | 1000 | 1.117 | 2837 | 1.615 | 41.02 | 1.670 | 41.02 | 0.100 | 2.54 | 1.900 | 48.5 4197 6245 690 755
*Minimum diameter per ASTM Standards. Dimensions accuracy +0.050" **Ampacities are based on the NEC® 2008 Edition. Duct ampacities are
based on Table 310.77 three conductors in one underground duct, 105°C conductor, 20°C earth ambient temperature. Conduit in air ampacities
are based on Table 310.73 three cables in isolated conduit in air, 105°C conductor, 40°C ambient temperature.

CONSTRUCTION(continued)

e Conductor Shield
The conductor shall be shielded with an extruded semi-conducting thermosetting polymeric layer over the conductor,

applied in tandem with and firmly bonded to the insulation.

e Insulation
The insulation shall be EPR (ethylene propylene rubber) meeting the requirements of the referenced standards. The
nominal thickness shall be 0.220".

¢ Insulation Shield
The insulation shall be shielded with an extruded layer of semi-conducting thermosetting material which shall be
identified as being semi-conducting. Over this layer shall be applied a helically-wrapped 5-mil copper tape with
25% overlap.

e Jacket
The cable shall be provided with a SIMpu//®jacket of black sunlight resistant PVC conforming to the requirements
in ICEA. The average thickness shall be in accordance with Table 7-3 of ICEA. Optional SOLONON® low smoke,
non-halogen polyolefin jackets and CPE jackets are available upon request.

¢ ldentification
Cable shall be identified by surface printing on jacket.

e Tests
Certified qualification tests were performed in accordance with the requirements of AEIC.
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Cold Shrink*"

Silicone Rubber Termination Kits, 5 — 34.5 kV
7640-S, 7650-S and 7660-S Series

Data Sheet

1. Product Description

3M0O Cold Shrinkl QT-Ill 7640-S, 7650-S and 7660-S
Series Kits contain one piece, skirted, silicone rubber
terminations, qualified as IEEE Standard 48—-1996 Class 1
for outdoor weather-exposed applications. The termination
assemblies consist of a skirted insulator, high dielectric
constant (Hi-K) stress control tube, conformable Hi-K
stress controlling compound and built-in silicone top seal.
The insulator is made of a new dark gray silicone rubber
with improved tracking resistant and hydrophobic
characteristics.

The complete assembly is prestretched and loaded onto a
removable core. The disposable core can be recycled. The
kits are designed for terminating jacketed concentric
neutral (JCN) and concentric neutral (CN) power cables
rated 5 through 34.5 kV.

Kit Contents:

Each kit contains sufficient quantities of the following
materials to make one single-phase termination
(compression lug is not included in the kit).

1 Hi-K, Tracking Resistant, Silicone Rubber
Termination

2 Strips Sealing Mastic

1 Instruction Sheet

Termination Features:

Hi-K stress control. Specially formulated high dielectric
constant material minimizes surface stress by more
uniformly distributing the electrical field over the entire
surface of the insulator.

Compact design provides for easier installation in restricted
spaces.

Silicone rubber insulators, EPDM stress control tubes,
stress controlling compound and silicone sealing
compound are compatible with common solid dielectric
insulations, such as polyethylene (PE), cross-linked
polyethylene (XLPE) and ethylene propylene rubber
(EPR).

Stress Control

The QT-III controls the electric field stress distribution
with special Hi-K materials which are an integral part of
the termination. The Hi-K materials, with a dielectric
constant (K) of greater than 15, capacitively distribute the
field that surrounds the termination.

The stress concentrations in a continuous length of shielded
cable are typically 50 V/mil adjacent to the shield to about
70 V/mil at the conductor. The QT-III reduces the cable
stresses at the termination to less than those in the
continuous shielded portion of the cable.

Electrical flux is refracted to distribute the voltage stress in
a controlled manner along the entire termination length
extending beyond the cable shield cutoff. By controlling
the electric field, the stress concentrations on the

Conforms to IEEE Standard 48-1996 Class 1 requirementstermination insulator surface are kept below 15 V/mil at

for 5, 8.7, 15, 25/28 and 34.5 kV terminations.
One-piece versatile design, allowing quick installation and
accommodating a wide range of cable sizes.

Cold Shrinkd delivery system for easy installation. Simply
place termination over prepared cable and unwind core
to shrink into place (no force fit required).

50% 40%

60%
70%
80%

90% 1

30%

rated voltage. This stress distribution permits high power
frequency performance and impulse performance with a
compact termination design.

Figure 1below illustrates an actual computerized stress
plot of the QT—III.

20%

10%

Semi-conductive
Insulation Shield

Insulation

Figure 1



2. Applications

The 7640-S, 7650-S and 7660-S Series QT-III Silicone
Cold Shrinkd Terminations are used to terminate Jacketed
Concentric Neutral (JCN) and Concentric Neutral (CN)
power cables rated 5 — 34.5 kV, having extruded solid
dielectric insulation as follows: Polyethylene (high and low
density), cross-linked polyethylene (XLP) and ethylene
propylene rubber (EPR). The terminations are light weight
for either free-hanging or bracket-mounting arrangements.
They can be used in both protected and weather exposed

Recommended Application Guide

contaminated areas. The amount of airborne contamination

determines the operating environment. Operating

environments are described as areas having varying degree of

airborne contaminant or pollution severity that may, or may

not effect the long term performance of terminations. These
operating environments are defined as light, medium, heavy

and extremely heavy variations of pollution severity. The
appropriate termination selection depends on the system
voltage and operating environméBee tables below)

Operating Environment
Termination Kiti. System \ritear
Light Medium Heavy Extremely Heavy
(2 Skirt)
7642-S-2 15 kV O ad ad
(4 Skirt)
7652—-S—4 — 7656-S—4 15kv . . . .
(8 Skirt)
7663-5-8 — 7666-5-8 15kv . - H -
(4 Skirt)
7652-S—-4 — 7656-S—4 25/28 kv D - :
(8 Skirt)
7663-S—8 — 7666—S-8 25128 kv D - : :
(8 Skirt)
7663-S—8 — 7666—S-8 34.5kv D - : .
Recommended operating environments are marked with a check ( 0).
0 Consult 3M sales representative.
Pollution Severity Level Guide
Light Heavy

® Areas without industry and with low density housing.

® Areas subjected to frequent winds and/or rainfall with low
density industry and housing.

® Agricultural areas. O
e Mountainous areas.

All of these regions should be situated at least 7 miles from
the coast and should not be exposed to coastal winds. O

® High density industrial areas and some urban areas with
high density housing, especially those with infrequent
rainfall.

® Areas subjected to a moderate concentration of conductive
dust, particularly industrial smoke producing deposits.

® Areas generally close to the coast and exposed to coastal
spray or to strong winds carrying sand and salt, and
subjected to regular condensation.

Medium

Extremely Heavy

® Non polluting industrial areas subject to infrequent rainfall
and with average density housing.

® Areas subjected to frequent winds and/or rainfall with high
density industry and housing.

® Areas exposed to wind from the coast but generally over
two miles from the coast.

e Usually very limited areas having extremely heavy
pollutants from industrial sites especially those located near
oceans and subjected to prevailing winds from the sea.

® \/ery small isolated areas where terminations are located
immediately adjacent to a pollutant source, especially
downwind (cement plants, paper mills, etc.).

O Use of fertilizers by spraying, or the burning of crop residues, can lead to a higher pollution level due to dispersal by wind.
O Distances from coast depend on the topography of the coastal area and on the extreme wind conditions.



3. Physical and Electrical Properties 48-1996, “|EEE Standard Test Procedures and

3M Cold Shrinkl QT-Ill 7640-S, 7650-S and 7660-S
Series terminations can be used on cables with a rated
maximum operating temperature of"@and an overload
rating of 130 C. 7640-S, 7650-S and 7660-S Series
terminations meet all requirements of IEEE Standard

Typical Dimensions

Requirements for High-Voltage Alternating-Current Cable
Terminations” and are designated Class 1 for outdoor
weather—exposed locations. The current rating of these
terminations meets or exceeds the current rating of the
cables on which they are installed.

Kit Number Dimension [A] Max. Wet Creepage Distance Max. Arcing Distance Max.
9.8" 13.3" 9.8"
7642-S-2 (249 mm) (338 mm) (249 mm)
Table 1

Typical Dimensions

Kit Number Dimension [A] Max. Wet Creepage Distance Max. Arcing Distance Max.
7652-S-4 (31121'2nfr/;,) (4178(5?3;1) (31121'2;13;1)
7653-S-4 (31121'2nfr/;,) (4178(5?3;1) (31121'2;13;1)
7654-5-4 (31121‘2,1?;1) (4178(35r2;1) (31121'25;1)
7655-S-4 (31121‘2,1?;;]) (41780'5r2;1) (31121'2n?r/1/1)
7656-5-4 (31337'25;1) (41995'5r2;]) (31337'2n51:n)

Table 2

Typical Dimensions

Kit Number Dimension [A] Max. Wet Creepage Distance Max. Arcing Distance Max.
7663-S-8 (52201'5;]);,) (83335;?2;) (52201'5n2;n)
7664-S-8 (52201'5,2;;,) (gggsgon%) (5220i5n3;;1)
7665-S-8 (52201'5n?;;,) (gggsg;on?;,) (5220i5n3;;1)
7666-S-8 (Siléi%) (gsgton%) (5%1165n3;;1)

Table 3

—3—




A. Typical Physical and Electrical Properties

Hi-K Stress Control Tube
Physical Properties
Test Method

® Tensile Strength
(ASTM D412)
Modulus @ 100% Elongation
Modulus @ 300% Elongation

Electrical Properties
Test Method

® Dielectric Constant (K)
(ASTM D150)
60 Hz; @ 1000 V; 23°C (73°F), 50% RH

e Dissipation Factor
(ASTM D150)

Typical Value*

Typical Value*

Electrical Properties
Test Method

® Dielectric Strength
(ASTM D149)
75 mil (1,90 mm) thickness

1500 psi Silicone Rubber Insulator
160 psi Physical Properties
500 psi Test Method

e Color

® Tensile Strength
(ASTM D412)
Modulus @ 100% Elongation
Modulus @ 300% Elongation

22 e Hydrophobic Recovery
(3M Test Method No. 406)
> 90° Contact Angle

Electrical Properties

Silicone Sealing Compound

Typical Value*

300 V/mil

Typical Value*
Dark Gray
850 psi

130 psi
400 psi

5.0 hrs.

Typical Value*

60 Hz; @ 1000 V; 23°C (73°F), 50% RH 0.10 Test Method
Hi-K Stress Controlling Compound e Dielectric Constant (S.1.C.)
(ASTM D150)
Electrical Properties 60 Hz; @ 1000 V; 23°C (73°F), 50% RH 3.6
Test Method Typical Value* ® Dissipation Factor

® Dielectric Constant
(ASTM D150)
60 Hz; @ 1000 V; 23°C (73°F), 50% RH
100 mil (2,54 mm) thickness

® Dissipation Factor
(ASTM D150)
60 Hz; @ 1000 V; 23°C (73°F), 50% RH
100 mil (2,54 mm) thickness

Termination Selection Guide

(ASTM D150)

60 Hz; @ 1000 V; 23°C (73°F), 50% RH

25 ® Dielectric Strength
(ASTM D149)
75 mil (1,90 mm) thickness

® Track Resistance
(ASTM 2303))
0.9 3.5 kV

0.003

500 V/mil

5.0 hrs.

* Typical values, not intended for specification purposes.

— 4

Conductor Size Range (AWG and kcmil)
Kit Number | C@ble Insulation 5 kv 8.7 kV 15 kV 25/28 KV 34.5 KV
O.D. Range 100% 100% 100% 100% 100%
133% 133% 133% 133% 133%
0.64 —1.08" 4/0 — 400 3/0 — 300 2 - 4/0 — —
7642-5-2 | (16,3 - 27,4 mm) _ — (35 — 120 mm?) — —
0.64 —1.08" 4/0 — 400 3/0 — 300 2 —4/0 2-1/0 —
7652-5-4 | (16,3 - 27,4 mm) — — (35-120mm2) | (35-50 mm2) _
765354 0.72-1.29" 300 - 500 250 — 500 2/0 — 300 2 - 4/0 —
(18,3 -32,8 mm) — — (70 — 150 mm?2) (35 — 120 mm?) —
765454 0.83-1.53" 500 — 750 350 - 700 4/0 — 500 2/0 — 250 —
(21,1 - 38,9 mm) — — (120 — 240 mm2) | (70— 150 mm2) —
2655-5-4 1.05-1.80" 700-1500 | 600 —1250 500 — 1000 250 — 800 —
(26,7 — 45,7 mm) — — (240 —500 mm2) | (125 — 400 mm?2) —
7656-5-4 1.53-2.32" 1750 — 2000 | 1500 — 2000 1250 — 2000 900 — 1750 —
(38,9 - 58,9 mm) — — (625 — 1000 mm2) | (500 — 800 mm?2) —
Table 4



Termination Selection Guide

4. Specifications

Product

termination kit shall include all materials required (except

Conductor Size Range (AWG and kcmil)
Kit Number | C@ble Insulation 5 kV 8.7 kV 15 kV 25128 kV 34.5kV
O.D. Range 100% 100% 100% 100% 100%
133% 133% 133% 133% 133%
7663-5-8 0.72-1.29" 300 - 500 250 — 500 2/0 — 300 2-4/0 2-2/0
(18,3 -32,8 mm) — — (70 — 150 mm?2) (35 — 120 mm?) (35— 70 mm2)
7664-5-8 0.83-1.53" 500 — 750 350 - 700 4/0 — 500 2/0 — 250 2-4/0
(21,1 - 38,9 mm) — — (120 — 240 mm2) | (70 — 150 mm?2) (35 -120 mm?)
7665-5-8 1.05—1.80" 700 - 1500 | 600 - 1250 500 — 1000 250 — 800 3/0 — 600
(26,7 — 45,7 mm) — — (240 —500 mm2) | (125 -400 mm2) | (95— 325 mm2)
7666-5-8 1.53-2.32" 1750 — 2000 | 1500 — 2000 1250 — 2000 900 — 1750 700 — 1500
(38,9 — 58,9 mm) — — (625 — 1000 mm2) | (500 — 800 mm2) | (325 — 800 mm2)
Table 5

lug and vinyl tape) and shall accommodate jacketed

concentric neutral (JCN) and concentric neutral (CN) cables.
The cable termination must have a voltage class rating equal The Class 1 termination kits shall be used with listed copper

to or greater than the cable being terminated. The rating shallof @luminum compression lugs.

be 5, 8.7, 15, 25/28 or 34.5 kV as an IEEE Standard 48—
Class 1 termination. It must have a maximum continuous

1996Engineering/ArchitecturaI

operating temperature rating of9D), with an emergency
overload rating of 130C. The termination stress control
shall be capacitive and constructed of a Hi-K stress control
compound and a Hi-K EPDM rubber tube. The installation = Series Cold Shririk QT—IlI silicone rubber termination kits.
procedure shall not require using silicone grease. The This shall include all outdoor weather-exposed areas for
termination insulator shall be of a skirted design, constructed jacketed concentric neutral (JCN) and concentric neutral
of tracking resistant silicone rubber, dark gray in color. The (CN) cables. The termination kits shall be used in
termination must be of a prestretched Cold Stitirdesign, conjunction with 3M Scotchldk 30000 or 40000 Series or
installed without the application of a heat source. The 3M SC Series stem connectors.

5. Performance Tests
Typical Results, IEEE Standard 48 Short-Term Test Sequence

Terminating of all 5, 8.7, 15, 25/28 and 34.5 kV shielded
power cables, shall be performed in accordance with
instructions included in the 3M 7640-S, 7650-S and 7660-S

—5__

15 kV (2 Skirt) 15/ 25 kV (4 Skirt) 34.5 kV (8 Skirt)
Insulation Class Test ; : 7
RECUIE- Results RELILE Results REGUIE Results
ments ments ments
Partial Discharge
Extinction Voltage @ 3 pC 13 kV 25 kV 13/21.5kV 25/33 kV 30 kV 45 kv
Power Frequency Voltage | 54 85kv* | 50/65kV 95 / 100 kv* 90 kv 125 KV*
1 min. Dry Withstand
Power Frequency Voltage * * *
10 sec. Wet Withstand 45 kV 65 kV 45/ 60 kV 70/ 75 kV 80 kV 100 kV
Power Frequency Voltage * * *
6 hour Dry Withstand 35 kV 75 kV 35/55kV 85/90 kV 75 kV 115 kV
Direct Voltage
15 min. Dry Withstand 75 kv Passed 75/105 kv Passed / Passed 140 kV Passed
Lightning Impulse % % *
Voltage Withstand (BIL) 110 kV 135 kV 110/ 150 kV 165/ 175 kV 200 kv 240 kv
Partial Discharge
Extinction Voltage @ 3 pC 13 kV 25 kV 13/21.5kV 25/33kV 30 kV 45 kV
* At higher voltages, flashover occurs without breakdown.
Table 6




Typical Results, IEEE Standard 48 Long-Term Test Sequence

15 kV (2 Skirt) 15/ 25 kV (4 Skirt) 34.5 kV (8 Skirt)
Insulation Class Test ; ; ;
RIZEILITES Results gLz Results ReEUITES Results
ments ments ments

Partial Discharge 13 kV 25kv | 13/215kv | 25/33kv 30 kv 45 kV
Extinction Voltage @ 3 pC '
Cyclic Aging
30 days, 130°C conductor tem- Passed /
perature 26 kV Passed 26 /43 kV Passed 60 kV Passed
Power Frequency Voltage
Withstand
Partial Discharge 13 kV 25kv | 13/215kv | 25/33kv 30KV 45 KV
Extinction Voltage @ 3 pC '
Lightning Impulse " " "
Voltage Withstand (BIL) 110 kv 135 kv 110/ 150 kV | 165/ 175 kV 200 kv 240 kV

* At higher voltages, flashover occurs without breakdown.
Table 7

Partial Discharge (Corona) Tests (Figure 2) The surface of 3M QT-lII silicone insulator is
hydrophobic which makes it less likely to erode or track
because the surface does not wet reaigure 3) This

either prevents or minimizes leakage current formation. On
occasion severe environmental conditions can be sustained
for long time periods and cause any polymeric surface to lose
its hydrophobicity. However, the silicone insulator surface
will re-establish its hydrophobic surface within 24 hours.
This prevents the surface from becoming increasingly
hydrophilic with time, which would result in premature
failure or flashover. This unique ability of the QT-III silicone
is a major factor to insure long service life.

The purpose of corona testing is to ensure that all properly
installed terminations operate corona-free at a minimum of
150% of their operating voltage. For the test, an applied test
voltage is gradually increased until discharges appear on the
test set oscilloscope display. The voltage at which these
discharges reach a magnitude of 3 picocoulombs is recorded
as the corona starting voltage (CSV). The applied voltage is
then lowered until the discharge level drops below 3
picocoulombs, and this is recorded as the corona extinction
voltage (CEV).

Power Frequency (AC) Withstand Tests

All 7640-S, 7650-S and 7660-S Series terminations exceed HYDROPHILIC
the IEEE Standard 48-1996 requirements for a Class 1
termination. CONTACT ANGLE

Lightning Impulse Tests

For these tests a 1.2 x 50 microsecond voltage wave is
applied to the termination lug. The testing consists of both
positive and negative polarity surges per IEEE Standard

48-1996 BIL requirements. The 7640-S, 7650-S and WATER WANTS TO WET ENTIRE SURFACE

7660-S Series terminations exceed these BIL requirements. PORCELAIN

Sealing Tests Figure 2
Termination top and bottom seals are tested by applying 7 psi

(0.05 MPa) to the cable conductor strands with the HYDROFHOBIC
termination submerged in water. Both seals withstand this CONTACT ANGLE

internal air pressure for 6 hours without leaking.

Environmental Performance

When airborne contaminants are deposited on a termination
surface destructive leakage currents can be initiated when the

surface becomes wet. Fog and drizzle are worse than rain. WATER WANTS TO “BALL”
Rain tends to wash the pollutants off the termination while UP — NOT WET SURFACE
fog will wet the pollutants making the surface conductive to SILICONE

varying degrees promoting leakage current formation. This is

most typical of hydrophilic surfaces typified by porcelain Figure 3

— 65—



6. Installation Techniques

Detailed instructions are included in each kit to provide
the installer with all information required to properly
install the appropriately sized 3M 7640-S, 7650-S or
7660-S Series Cold ShrinkSilicone Rubber

Termination. A brief summary of the installation steps for

jacketed concentric (JCN) cable is outlined as follows:

1. Prepare cable according to standard procedure.

2. Apply bottom mastic sedFigure 4).

———

=

Semi-Con Edge

15T Mastic Seal

2ND Mastic Seal

Two Highly Stretched Layers of Vinyl Tape

Neutral Wires
Vinyl Tape Marker

Figure 4

3. Install lug using a listed crimping tool and die.

4. Install termination onto cable and unwind core,
allowing termination to shrink into pla¢Eigure 5).

Vinyl Tape Marker

Counter-Clockwise

NOTE: The material being removed at this step is polypropylene

and can be recycled with

@) waste.
other

Figure 5

5. Shelf Life

Maximum recommended storage temperature €43
(11C°F). The termination assemblies are not affected by
freezing storage temperatures. Normal stock rotation is
recommended. As provided, in the expanded state,
7640-S, 7650-S and 7660-S Series terminations have an
on-shelf storage life of three years from the date of
manufacture.

6. Field Maintenance
Hypotting

These terminations can be field-tested by using normal
cable testing procedures (reference: ANSI/IEEE Standard
400 “Guide for Making High-Direct-Voltage Tests on
Power Cable Systems in the Field”).

Surface Cleaning

QT-lII terminations are not harmed by field surface
cleaning. Established techniques for cleaning insulators
and terminations in extremely contaminated areas such as
high pressure water and pulverized corn cobs are
acceptable.

7. Availability

3M Cold Shrinkl QT-Ill 7640-S, 7650-S and 7660-S
Series Silicone Rubber Termination kits are available for
terminating shielded power cables rated 5 through

34.5 kV. They are available from your local authorized
3M electrical distributor.



‘3M’, ‘Cold Shrink’ and ‘Scotchlok’ are trademarks of 3M.

Important Notice to Purchaser:

All statements, technical information and recommendations related
to the Seller’s products are based on information believed to be
reliable, but the accuracy or completeness thereof is not
guaranteed. Before utilizing the product, the user should
determine the suitability of the product for its intended use. The
user assumes all risks and liability whatsoever in connection with
such use.

Any statements or recommendations of the Seller which are not
contained in the Seller's current publications shall have no force or
effect unless contained in an agreement signed by an authorized
officer of the Seller. The statements contained herein are made in

Electrical Products Division

6801 River Place Blvd.
Austin, TX 78726-9000

lieu of all warranties expressed or implied, including but not
limited to the implied warranties of merchantability and fitness for
a particular purpose which warranties are hereby expressly
disclaimed.

SELLER SHALL NOT BE LIABLE TO THE USER OR ANY OTHER
PERSON UNDER ANY LEGAL THEORY, INCLUDING BUT NOT
LIMITED TO NEGLIGENCE OR STRICT LIABILITY, FOR ANY
INJURY OR FOR ANY DIRECT OR CONSEQUENTIAL DAMAGES
SUSTAINED OR INCURRED BY REASON OF THE USE OF ANY
OF THE SELLER’S PRODUCTS.

Litho in USA
01997 3M
80-6108-5328-7



Modular Splicing System
600 A

5, 8, 15 and 25 kV Class

5815 Series

Data Sheet

1.0 Product Description

1.1

General

The 3M™ 5815 Series Modular Splicing System is a
fully shielded 600 Amp separable connector system
which meets the requirements of ANSI/IEEE
Standard 386 — "Separable Insulated Connector
Systems." These modular kits are available for
splicing, dead-ending and connecting to deadfront
apparatus such as transformers, switches and
switchgear equipped with 600 Amp bushings. The
system has the capability for future modification by
simply adding or removing modular components.
By combining kits, the system can accommodate 3-
way, 4-way, parallel feed, etc. connections in various
tap splicing configurations.

The modular kits are designed for use on 5, 8, 15 and
25 kV rated industrial shielded power cables. Kit
instructions describe installations for tape shield,
wire shield, UniShield®, and jacketed concentric
neutral types of solid dielectric cables with extruded
semi-conductive insulation shields. A capacitive test
point on the insulating plug provides a safe means of
testing the circuit without disturbing the bolted
connection. The completed installation is fully
shielded to provide a complete deadfront connection
which is suitable for operation in submerged or
direct burial locations.

J

5815-S (2-way splice)

1.2 Kit Contents

A complete modular splice installation requires one
or more splicing kits (base kits) along with an
adapter kit for each cable being connected. Each
base kit contains the following materials, including
silicone lubricant.

Table 1

Base Kit Contents

Kit No.

Tee Module

Connecting
Plug

Dead End
Plug

Connecting
Stud

Kit
Instructions

5815-S

1

2

2

1

5815-T

1

5815-D

5815-E

— N

1
1
1

1
1
1




5815-B Series Adapter Kits adapt the splicing kit tee
modules to specific cable sizes. The adapter kits include
silicone lubricant.

Table 2
Adapter Kit Contents

Kit No. Kit Contents

Cable Adapter

Aluminum Compression Connector

Cold Shrink Jacketing Tube

5815-B Series Constant Force Spring

Adapter Kit

Ground Braid Assembly

Mastic Sealing Strips

Silicone Lubricants

CC-3 Cable Cleaning Pad Kit

— N DD | b ||

Instruction Sheet

A T-Wrench accessory tool is available for use with kits
containing Connecting Plug(s), such as the 5815-S and
5815-T Modular Splicing Kits.

Table 3
Accessory
Part No. Part Name Description
5815-TW T-Wrench T-handled 5/16 inch hex wrench used to install a Connecting Plug into a Tee Module.
1.3 Product Features 2.0 Applications
The modular Splicing System features include: For connecting 5, 8, 15 and 25 kV shielded power
. . cables to 600 Amp dead-front, dead break
* Modular Design - allows custom tailoring for installations:
various splicing functions and configurations, . F I . ’ 3 d multiol
such as multiple taps, sectionalizing, dead- Or splicing — 2-way, 5-way and mu tiple taps
ending, adding-on, etc. * For addlng-or}
« Bolt-together Components - allows dead-break * For dead-ending
disconnecting and reuse of the connecting » For 600 Amp equipment (apparatus) connections
components (connecting plug, dead-end plug, « For shielded solid dielectric (e.g. EPR and XLPE)
connecting stud, etc.). cables with extruded semi-conductive insulation
* Molded Conductive Outer Jacket - provides for shield
a fully shielded dead-front connection which « For power cable locations: Manhole, Vault,
meets the requirements of IEEE Standard 592 — Cabinet, Junction Box, Cable Tray, Direct Burial
"Exposed Semi-conducting Shields on High- .« F b d locati
Voltage Cable Joints and Separable Insulated orsu r.nerge.t . ocations
C "  For sectionalizing cable systems
onnectors.
+ Kit Packaging - designed for industrial use, the
kits simplify the selection, ordering and stocking .
3.0 Installation

of appropriate system components.

» Shield Adapter Kits - cold shrink design for
simple shield rejacketing. Kits provide all of the
components necessary for adapting the separable
connector to specific cable sizes and shielding
types of common industrial power cables.

» Voltage Test Point - the dead-end plug provides a
high impedance test point for safely checking the
de-energized status of the circuit.

A torque wrench and one-inch socket is used to
tighten the insulating plug through the compression
connector within the tee-module body, onto a de-
energized 600 A bushing interface. A3M™ 5815-
TW T-wrench is used for installing a connecting
plug into a Tee Module, for kits containing a
connecting plug (e.g. the 5815-S and 5815-T). Refer
to the 5815 Series kit instructions for details.

78-8124-5454-0-C



3.1

4.0

41

Interchangeability

All 3M 5815 Series 600 A Deadbreak Connectors
conform to the electrical, mechanical and
dimensional requirements of ANSI/IEEE Standard
386. The connectors can be used on any comparably
rated bushing interface that also meets the
requirements of this standard. In addition, all
connecting plugs, dead-end plugs, compression
connectors and connecting studs are designed to be
interchangeable with those available from other
major manufacturers.

Data

The 3M 5815 Series Modular Splicing System can
be used on shielded power cables with a rated
operating temperature of 90° C. and an emergency
overload rating of 130° C. Connections made with
these kits are rated for Voltages up to 25 kV and
meet the requirements of ANSI/IEEE 386 for 600
Amp dead-break interfaces.

Production tests

Test are conducted in accordance with ANSI/IEEE
Standard 386:
* Ac 60 Hz 1 Minute Withstand - 40kV

*  Minimum Corona Voltage Level - 19 kV

4.2

Tests conducted in accordance with manufacturer’s
requirements:

 Physical Inspection
» Periodic Dissection
 Periodic Fluoroscopic Analysis

Grounding

Grounding of the Tee Module and cable metallic
shield is performed using the Ground Braid
Assembly provided with each 5815-B Series Adapter
Kit. The assembly is an integrated design which
incorporates both a ground braid for grounding the
cable metallic shielding and a ground lead (bleeder
wire) for connecting to the Tee Module grounding
tabs. A solderless connection is made to the cable
metallic shield using a constant force spring.

e Ground Braid: 21,600 circular mils, tinned
copper (7 AWG copper equivalent)

e Ground Lead (bleeder wire): 14 AWG solid,
tinned copper

The typical fault current performance for the 21,600
circular mils Ground Braid can be plotted as follows:

Rated Ground Braid Fault Current Limit

16000
14000
2
= 12000
[72]
£
< 10000
5
£ 80004
=
(8]
g 6000
&
6 4000
<
7]
2000
0 I I I I I
0 10 20 30 40 50 60

Time (60 Hz Cycles)
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Table 4
Voltage Ratings and Characteristics

Description kV
Standard Voltage Class 25
Maximum Rating Phase-to-Ground 15.2
ac 60 Hz 1 Minute Withstand 40
dc 15 Minute Withstand 78
BIL and Full Wave Crest 125
Minimum Corona Voltage Level 19

Voltage ratings and characteristics are in accordance with ANSI/IEEE Standard 386.

Table 5
Current Ratings and Characteristics
Description (600 A Interface) Amperes
Continuous 600 A rms
24 Hour Overload 1000 A rms
Short Time 40,000 A rms symmetrical for 0.20 s

27,000 A rms symmetrical for 4.0 s

Current ratings and characteristics are in accordance with ANSI/IEEE Standard 386.

Table 6
Typical Splice Dimensions

Splice Assembly Dimension “A” (inches/mm)
Dead End 11.10 (282)
2-way Splice 19.80 (503)
3-way Splice 28.10 (714)
4-way Splice 36.30 (922)
Equipment Connection 9.75 (248)

4 78-8124-5454-0-C



Examples:

Equipment Connection

SEMI-CONDUCTING SHIELD
Precision Molded Semi-Conducting
Insulation Shield provides ground
shield continuity and meets the
requirements of IEEE Standard <

Y

592.

COMPRESSION CONNECTOR
Aluminum Compression Connector
is sized to ensure a cool running
connector with maximum current  —
transfer. 12.25”
(311
TEE MODULE
Molded Tee Module adapts to all
cable sizes and provides a
deadfront shielded connection.

EPDM INSULATION

High quality peroxide cured EPDM
Insulation is mixed and formulated
for complete control of raw rubber
characteristics. \

CONNECTING PLUG
Molded EPDM

Connecting Plug carries
current between cables.

HEX HEAD

—— One-inch Hex Head is used to
tighten the connection, and
serves as capacitive test point.

CAP

e Semi-Conducting Rubber Cap
fits over test point for

waterproof seal and deadfront

insUERAIRB%LUG

Molded Epoxy Insulating Plug
provides excellent electrical,
thermal and mechanical reliability.

SEMI-CONDUCTING ELECTRODE
Molded Semi-Conducting Electrode
provides corona-free electrostatic
shielding of the compression
connector.

GROUNDING TABS

Provide convenient point for
connecting ground lead to ensure
grounding of the semi-conducting
shield.

CABLE ADAPTER

Molded Cable Adapter, sized to fit
cable insulation diameters from
0.640” to 1.965” (16.3 to 49.9 mm)
provides stress relief for the
terminated cable shield. Included
with Adapter Kits.

2-Way Splice

A

78-8124-5454-0-C




5.0 Ordering Information

Table 7

Base Kit Selection Chart

Kit No. Application No. of Adapter Kits Required
5815-S 2-way Splice 2
5815-T Tap Kit 1
(add-on, for adding to 5815-S for 3-way splicing, or
for adding another cable to existing installation.
5815-D Dead End Splice 1
(with future add-on capability)
5815-E Equipment Connection 1
(for future 600 Amp apparatus bushing)
Table 8

Example: Ordering a Tap or Multi-Tap Splice

Kit No.

Application

No. of Adapter Kits Required

5815-S
+
5815-T

3-way Splice (tee, wye, etc.)

5815-S
+

5815-T
=+

5815-T

4-way Splice

5815-S

Modular
Splicing Kit

5815-B
Series
Adapter Kit
(2 required)

5815-T i
Modular Tap 5T
Splicing Kit

Series
Adapter Kit

2-way Splice

For connecting to (adding on to) other Modular System Tee Modules

78-8124-5454-0-C




5815-D 5815-E
Dead End | A | Modular : A
Modular Kit \ | Equipment Kit | ‘ ‘
5815-B 5815-B
Series Series
Adapter Kit Adapter Kit
For Dead ending shielded power cable. For future add-on For connecting to 600 Amp apparatus bushing
capability with 3M Modular Splicing System
Adapter Kit Selection Charts (one kit required for each cable being connected)
Table 9
5 & 8 KV Class
NOTE: Final Kit selection is based on CABLE INSULATION DIAMETER.
5kV 8 kV
(AWG/kemil) (AWG/kemil)
100% 133% 100% 133%
INSUL.
KIT NO. DIA. lsigNGE (90 mils) (115 mils) (115 mils) (140 mils)
Compact C t C t C t
Inches (mm) | Stranded /SO{)id Stranded ;)Sn(:ﬁgc Stranded ;)Srgﬁgc Stranded 75125?:
5815-B1 0.640 — 0.760 2/0 3/0 2/0 3/0
5815-B2 (16.3 — 19.3) 3/0 4/0
5815-B5 2/0
5815-B6 | 0.720 - 0.845 3/0 4/0 3/0 4/0 3/0 4/0
5815-B7 (18.3 -21.5) 4/0 4/0 250% 4/0 250*
5815-B10 250 250
15-B12
:glg pis| 07850970 4/0 250
- (19.9 — 24.6) 250 250 250
5815-B17 350
5815-B23 0.910 - 1.065
15-B2 0.980 — 1.140
5815-B29 (24.9 — 20.0) 500 500 500
S815-B35 |1 080 - 1.280 il
5815-B40 (27.4 -32.5) 750
S815-B43 | 4 520 -1.420 750 750 750
5815-B45 (31.0-36.1) 1000 Al
5815-B46 1.360 - 1.560
(34.5 - 39.6) 1000 Al 1000 Al 1000 Al

*NOTE: Check ACTUAL CABLE INSULATION DIAMETER to verify correct kit selection.

78-8124-5454-0-C 7




Table 10

15 KV Class

NOTE: Final Kit selection is based on CABLE INSULATION DIAMETER.

15kV
(AWG/kemil)
INSUL. 100 % 133%
KITNO. | o RANGE (175 mils) (220 mils)
Compact Compact

Inches (mm) Stranded /Solid e /Solpid
5815-B3 0.640 — 0.760 2 1
5815-B4 | (163-19.3) 1 1/0%
5815-BS 0.720 - 0.845 2/0 3/0%*
5815-BS (18.3 -21.5) 1/0 2/0
5815-B9 2 1
5815-B11 0.785 - 0.970 1 1/0
5815-B13 | (19.9-24.6) 1/0 2/0
5815-B16 3/0 4/0
5815-B18 4/0 250
5815-B19 2/0 3/0
5815-B22 0.910 - 1.065 3/0 4/0
5815-B24 (23.1-27.1) 250
5815-B26 4/0 250
5815-B32 0.980 — 1.140 250
5815-B3S 1.080 — 1.280 500
5815-B38 (27.4 -32.5) 350
5815-B44 1.220 - 1.420 500

(31.0 — 36.1)
5815-B48 1.360 - 1.560 750 750

(34.5 - 39.6)
5815-B49 | 1.480-1.700 | 1000 Al 1000 Al

(37.6 — 43.2)

*NOTE: Check ACTUAL CABLE INSULATION DIAMETER to verify correct

kit selection.
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Table 11

25 KV Class
NOTE: Final Kit selection is based on CABLE INSULATION DIAMETER.
25 kV
(AWG/kemil)
INSUL. 100% 133%
KITNO. | o\ RANGE (260 mils) (320 mils)
Compact Compact

Inches (mm) Stranded /Solid Stranded /Solid
5815-B11 0.785 - 0.970 1 1/0
5815-B14 | (19.9 —24.6) 2 1
5815-B20 1/0 2/0
5815-B21 | 0.910 - 1.065 2/0 3/0
5815-25 (23.1 -27.1) 2 1
5815-B27 1 1/0
5815-B28 3/0 4/0
5815-B30 0.980 — 1.140 1/0 2/0
5815-B31 | (24.9-29.0) 2/0 3/0
5815-B34 4/0 250*

. 3/0 4/0

2815-B36 1.080 — 1.280
5815-B37 (274 -32.5) 250
5815-B39 4/0 250
5815-B41 1.220 - 1.420 350 350
5815-B42 | (31.0-36.1) 250
5815-B47 1.360 - 1.560

(34.5-139.6) LY LY

1.480 - 1.700
5815-B50 (37.6 — 43.2) 750
5815-B51 | 1.640 —1.840 750
5815-B52 | (41.7-46.7) | 1000 Al

1.780 - 1.965
5815-B53 (45.2 — 49.9) 1000 Al

*NOTE: Check ACTUAL CABLE INSULATION DIAMETER to verify correct
kit selection.

Table 12
Accessory Selection Chart
Part No. Description
T-Wrench
5815-TW Used to install Connecting Plug into a Tee Module

(e.g. with 5815-S and 5815-T Kits)

78-8124-5454-0-C




6.0 Specifications 7.0 Maintenance

6.1 Product The components of the 5815 Series Modular
Splicing System are stable under normal storage
conditions. Normal storage and stock rotation are
recommended. The rubber and molded epoxy
components are not impaired by freezing.

Splicing, dead-ending and 600 Amp apparatus
connecting of 5, 8, 15 and 25 kV class shielded
power cables shall be performed in accordance with
the instructions included with the 3M 5815 Series
Modular Splicing System Kits. The kit components
must be designed according to the specifications of
ANSI/IEEE Standard 386 for 600 Amp deadbreak
interfaces. The system shall be capable of making 8.0 Availability
dead-end, 2-way, 3-way or multiple tap splices, and The 3M 5815 Series Modular Splicing System is
gg(r)n kag connetc tlotl)] S LQ ANSI/IEEE 386 specified available for splicing, tapping (adding-on) and dead-
THp apparatus bushings. ending of 5, 8, 15 and 25 kV shielded power cables,
and for equipment (apparatus ) connecting to

6.2 Engineering/Architectural ANSI/IEEE 386 specified 600 Amp bushings.
The 600 Amp separable insulated connector system Separate 5815-B Series Adapter Kits are available to
shall be rated for continuous operation on single- adapt the Modular Splicing Kits to specific cable sizes.

conductor shielded power cables rated up to 25 kV.
The system components shall be designed in
accordance with the specifications listed in
ANSI/IEEE Standard 386 for 600 Amp deadbreak
interfaces. The system shall be made up of specific
kits designed for splicing, tapping (adding-on), dead-
ending and 600 Amp equipment (apparatus)
connecting. Each kit shall contain all of the
components necessary for its intended application,
except for the connector, cable sizing adapter and
shield adapter, which shall be contained in a separate
adapter kit. The system shall be capable of making
dead-end, 2-way, 3-way or multiple tap splices, and
of making connections to ANSI/IEEE 386 specified
600 Amp apparatus bushings.

The Modular Splicing Kits are available from your
local authorized 3M electrical distributor.

3M is a registered trademark of 3M. UniShield® is a registered trademark of BICC Cables. ~
Note: The core material being removed from the Cold Shrink Tube is mixed polymers and can be recycled with other waste. g7)

IMPORTANT NOTICE

Before using this product, you must evaluate it and determine if it is suitable for your intended application. You assume all risks and liability
associated with such use.

Warranty; Limited Remedy; Limited Liability. This product will be free from defects in material and manufacture as of the date of
purchase. 3M MAKES NO OTHER WARRANTIES INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. If this product is defective within the warranty period stated above,
your exclusive remedy shall be, at 3M’s option, to replace or repair the 3M product or refund the purchase price of the 3M product. Except
where prohibited by law, 3M will not be liable for any loss or damage arising from this 3M product, whether direct, indirect, special,
incidental or consequential regardless of the legal theory asserted.

Electrical Products Division

6801 River Place Blvd.

Austin, TX 78726-9000

www.3M.com/elpd Litho in USA
©3M IPC 2001 78-8124-5454-0-C



ELECTROSWITCH SERIES 24 24PD58D
UNIT OF ELECTRD SWITCH CORP.
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ELECTROSWITCH SERIES 24 24PD58D
UNIT OF ELECTRO SWITCH CORP. BREAKER CONTROL
TEL: (P839a 00 AR CoDO05ATES SWITCH LED VOLTAGE: 37-140 VDC

SW. MTG SCREW

(3) #10-32 SUPPLIED DEPTH BEHIND PANEL
r- 8.63 -
\ —— ReD osn 402 11\ EENOTES Ot 19 MAX PANEL - fe—
ENOTE 3
RED 658-402-1 DECK FOR CUBTOMER
HOOK-UP WIRES
i i DUAL TRIP COIL . [T %1
© tmp cLose © \
ructo o)) -
woaun v f r
o ol 144 ( E
L 2.81 —".
\- CONNECT TO TERMINAL BLOCK DECK
Q, ,9, AFTER INSTALLING SWITCH (8 WIRES)
SEEFIG. 1.
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o— /[ a
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BROWN @ FLAT
\L/
—0
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FIG. 2
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SEE NOTE 1. @ MONITOR
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YELLOW BLUE
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SN
RED
NOTES: FIG.1 -
1. OPERATING VOLTAGE FOR LED @
NAMEPLATE: 37-140 VDC. 73
2. SCADA OUTPUT IS CONTROLLED i1
BY TRIP COIL MONITOR. (100 mA MAX) 9
3. OBSERVE POLARITY WHEN INSERTING 2
LED IN SOCKET (SEE FIG. 2) g
4, FACTORY PIN AT 3.125 FROM HANDLE END. >
@
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ELECTROSWITCH

UNIT OF ELECTRO SWITCH CORP.
’ WEYMDUTH MASSACHUSETTS 02188
 TEL«(781)335~-5200 FAX«(781)335-4253

SERIES 24P
MANUAL RESET
LOCKOUT RELAY

78PB04D

REPLACEABLE GREEN LED
; P/N 658-403-1
REPLACEABLE RED LED
P/N 658-402-1
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.. 2 OF
. elmnd

—

.19 MAX PANEL ~ipe{ feutt—

62 -

M

\

nnnnn

jesll—— BEHIND PANEL

FHMA

DEPTH
6.25

E

DECKS

_1

TERMINAL BLOCK DECK

\— CONTROL DECK
ENGRAVING CODE — —
102C-2L.22 #8-32 X .25 T_
BD.HD.TERMINAL SCREWS CONNECT TO TERMINAL
SUPPLIED UN-ASSEMBLED. BLOCK DECK (6 WIRES)
AFTER INSTALLING SWITCH
TRIP COIL SPECIFICATIONS 20A-120VAC
NOMINAL VOLTAGE: [125 VDC :3\_,&\ 150240V
OPERATING RANGE: |30-140 VDC FILENO.  3A-125VDC
THRESHOLD: 16 VDC (MIN) 80080 1A-250VDC
COIL RESISTANCE: _|27.00Q
COIL BURDEN: 4.6 AMPS AT 125 VDC .§1P 20A-600VAC res
Y, 15A-600VAC ind
FOR FURTHER INFORMATION REFER TO
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T TROSWITCH SERIES 24P
ﬁlr- gmazrrggwrcw o, MANUAL RESET
TELK7819335-5200 FAXX781)335-4853 LOCKOUT RELAY

78PB04D
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NOTES:
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E L SEL-451-5 Protection, Automation,
and Bay Control System

Key Features and Benefits

The SEL-451-5 Protection, Automation, and Bay Con-
trol System integrates bay control for breakers and dis-
connect switches with full automation and protection in
one device.

» Protection. Customize distribution protection with
multiple instantaneous and time-overcurrent
elements with SELocIc® control equations. Best
Choice Ground Directional Element® logic
optimizes directional element performance and
eliminates the need for many directional settings.
Provide comprehensive protection for two breakers
with one relay.

» Commissioning. Rapidly commission your Bay
Control with preconfigured bay arrangements.
Choose among different bus configurations,
including single- and dual-busbar, transfer bus, tie
breaker, breaker-and-a-half, ring-bus, double-
bus/double-breaker, and source transfer
configurations. These bus arrangements allow easy
status and control of as many as ten disconnect
switches and two breakers. Additional user-
selectable bay types are available via
ACSELERATOR QuickSet® SEL-5030 Software
that can be downloaded at selinc.com.

> Automation. Take advantage of enhanced
automation features that include 32 programmable
elements for local control, remote control,
protection latching, and automation latching. Local
metering on the large format front-panel LCD

Schweitzer Engineering Laboratories, Inc.

eliminates the need for separate panel meters.
Serial and Ethernet links efficiently transmit key
information, including metering data, protection
element and control input/output (I/O) status, IEEE
C37.118 Synchrophasors, IEC 61850 Edition 2
GOOSE messages, Sequential Events Recorder
(SER) reports, breaker monitor, relay summary
event reports, and time synchronization. Apply
expanded SELOGIC control equations with math
and comparison functions in control applications.
Incorporate as many as 1000 lines of automation
logic to speed and improve control actions.

» Software-Invertible Polarities. Invert individual
or grouped CT and PT polarities to account for
field wiring or zones of protection changes. CEV
files and all metering and protection logic use the
inverted polarities, whereas COMTRADE event
reports do not use inverted polarities but rather
record signals as applied to the relay.

» Synchrophasors. Make informed load dispatch
decisions based on actual real-time phasor
measurements from SEL-451 Relays across your
power system. Record streaming synchrophasor
data from SEL-451 Relays for system-wide
disturbance recording. Control the power system
using local and remote synchrophasor data.

SEL-451-5 Data Sheet
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>» High-impedance Fault Detection. The optional

high-impedance fault (HIF) detection element
operates for small current ground faults typically
caused by downed conductors on surfaces such as
earth, concrete or other poorly conductive
materials. HIF event data are made available in
standard COMTRADE format.

Ethernet Access. Access all relay functions with
the optional Ethernet card. Interconnect with
automation systems by using IEC 61850 Edition 2
or DNP3 protocol directly. Use file transfer
protocol (FTP) for high-speed data collection.
Connect to substation or corporate LANs to
transmit synchrophasors in the IEEE C37.118—
2005 format by using TCP or UDP Internet
protocols.

Parallel Redundancy Protocol (PRP). Provide
seamless recovery from any single Ethernet
network failure, in accordance with IEC 62439-3.
The Ethernet network and all traffic are fully
duplicated with both copies operating in parallel.

IEC 61850 Operating Modes. The relay supports
IEC 61850 standard operating modes such as Test,
Blocked, On, and Off.

IEEE 1588, Precision Time Protocol. The relay
shall support Precision Time Protocol version 2
(PTPv2). PTP provides high-accuracy timing over
an Ethernet network.

Digital Relay-to-Relay Communications.
Enhanced MIRRORED BITs® communications can
monitor internal element conditions between bays
within a station, or between stations, using SEL
fiber-optic transceivers. Send digital, analog, and
virtual terminal data over the same MIRRORED
BITS channel.

Monitoring. Schedule breaker maintenance when
accumulated breaker duty (independently
monitored for each pole of two circuit breakers)
indicates possible excess contact wear. Electrical
and mechanical operating times are recorded for
both the last operation and the average of
operations since function reset. Two independent
DC monitors provide notification of substation
battery voltage problems even if voltage is low
only during trip or close operations.

> Breaker Failure. High-speed (less than one cycle)

open-pole detection logic reduces coordination
times for critical breaker failure applications.
Apply the SEL-451 to supply breaker failure
protection for one or two breakers. Logic for
breaker failure retrip and initiation of transfer
tripping is included.

» Sequential Events Recorder (SER). Record the

last 1000 events, including setting changes, power-
ups, and selectable logic elements.
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» Dual CT Input. Apply with ring bus, breaker-and-
a-half, or other two-breaker schemes. Combine
currents within the relay from two sets of CTs for
protection functions, but keep them separately
available for monitoring and station integration
applications.

» Comprehensive Metering. Improve feeder
loading by using built-in, high-accuracy metering
functions. Watt and VAR measurements optimize
feeder operation. Minimize equipment needs with
full metering capabilities including rms,
maximum/minimum, demand/peak, energy, and
instantaneous values.

» High-Accuracy Time-Stamping. Time-tag binary
COMTRADE event reports with real-time
accuracy of better than 10 ps. View system state
information to an accuracy of better than 1/4 of an
electrical degree.

» Oscillography and Event Reporting. Record
voltages, currents, and internal logic points at a
sampling rate as fast as 8§ kHz. Off line phasor and
harmonic-analysis features allow investigation of
bay and system performance.

» Reclosing. Incorporate programmable reclosing of
one or two breakers into an integrated substation
control system. Synchronism and voltage checks
from multiple sources provide complete bay
control.

» Fault Locator. Efficiently dispatch line crews to
quickly isolate line problems and restore service
faster.

» IEC 60255-Compliant Thermal Model. Use
the relay to provide a configurable thermal model
for the protection of a wide variety of devices.

» Rules-Based Settings Editor. Communicate with
and set the relay by using an ASCII terminal, or
use QuickSet to configure the SEL-451 and
analyze fault records with relay element response.

» Auxiliary Trip/Close Pushbuttons. These
optional pushbuttons are electrically isolated from
the rest of the relay. They function independently
from the relay and do not need relay power.

» Low-Energy Analog (LEA) Inputs. Reduce costs
and save space with as many as six C37.92-compliant
LEA voltage inputs.

» Time-Domain Link (TiDL®) Technology. The
relay supports remote data acquisition through use
of an SEL-2240 Axion®. The Axion provides
remote analog and digital data over an IEC 61158
EtherCAT® TiDL network. This technology
provides very low and deterministic latency over a
fiber point-to-point architecture. The SEL-451
relay can receive fiber links from as many as eight
Axion remote data acquisition nodes.

Schweitzer Engineering Laboratories, Inc.
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50G
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!Copper or Fiber-Optic

Synchronism Check
Undervoltage

Over- and Underpower
Overcurrent

Dual Breaker Failure Overcurrent
Time-Overcurrent
Trip/Close Pushbuttons*
Overvoltage

Directional Overcurrent
Autoreclosing

Over- and Underfrequency

Access Security (Serial, Ethernet)
Best Choice Ground

SEL Mirrorep Brts Communications
Breaker Wear Monitor

Event Reports

Harmonic Blocking

High-Impedance Fault Detection Arc Sense™ Technology (AST)*

Operator Interface

Load Encroachment

Expanded SELocic Control Equations
Fault Locator

High-Accuracy Metering
Synchrophasors

Station Battery Monitor

Sequential Events Recorder
Software-Invertible Polarities

IEC 60255-Compliant Thermal Model
Time-Domain Link Remote Data Acquisition

* Optional Feature
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Product Overview

PROTECTION

+ Synchrophasors

« Directional Overcurrent (67)

+ Dual Circuit Breaker Failure (50 BF)
+ Synchronism Check (25)

« Instantaneous Overcurrent (50)

» Time Overcurrent (51)

+ Over/Undervoltage (27/59)

+ Over/Underpower (32)

+ Frequency (81)

+ Reclosing (79)

+ Expanded SELogIc Control Equations
+ Event Reports and Oscillography

+ Sequential Events Recorder (SER)

+ Dual Breaker Condition Monitor

« Station Battery Monitor

« Fault Locator

+ Load-Encroachment Supervision

- TiDL Remote Data Acquisition

Line

s [0

e

ol
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2
E)G;

Figure 2 Product Overview

AUTOMATION

+ Ethernet Communications Protocols
IEC 61850 Edition 2
DNP3 LAN/WAN
FTP
Telnet
PRP
PTP
C37.118 Synchrophasors
Ethernet Media Options
10/100BASE-T Twisted Pair Network
100BASE-FX Fiber-Optic Network
+ Serial Communications Protocols
SEL ASCII Commands
SEL MIRRORED BITS Communications
SEL Fast Messages
DNP3
IEEE C37.118 Synchrophasors V7.3
+ Password Separation of Automation and
Protection

Wide Area Network,
Remote
Monitoring == E—
and Contro
Local1 :
Contro
and Status e
SEL-451
. SEL-2488 Satellite-Synchronized
| Network Clock
1

BESNS SEL-2488

BAY CONTROL

« Configurable Bay Screen Display

+ Local Control—As many as Two Breakers

+ Status Indication—As many as
Three Breakers

+ Local Control and Status Indication—As
many as 20 Disconnect Switches

+ Bay Screen Displays—As many as
24 Analog Quantities

« Configurable Labels for Bus, Breakers,
Disconnect Switches, and Bay

+ Password-Protected Control Functions

+ Local and Remote Modes

« Control Confirmation Request

+ Operation Alarm for Breaker and
Disconnect Switch

+ As many as 10 individual one-line
diagrams available to HMI

93820
W1 |_>

S

2l 93830

SW2

P: 10.4 MW

I r430a
SW5 Q: 1.2 MVAR
F- 60.1 HZ

Protection Features

Software-Invertible Polarities
Save Commissioning Time and
Costs

The SEL-451 provides software-invertible CT and PT
polarities. You can invert individual phase CT and PT
inputs to account for field wiring or invert whole CT ter-
minals to change a relay zone of protection without hav-
ing to change field wiring.

All signal processing uses the software-inverted polari-
ties for CEV file generation, metering, and protection
logic. COMTRADE file generation is isolated from the
impacts of the inverted polarities, and records signals as
applied to the relay terminals.

SEL-451-5 Data Sheet

Directional Elements Increase
Sensitivity and Security

The SEL-451 provides multiple directional elements to
optimize security and sensitivity. Use ground and nega-
tive-sequence directional overcurrent elements to detect
high-resistance faults when using communications-
assisted tripping schemes.

The SEL-451 includes a number of directional elements
for supervision of overcurrent elements. The negative-
sequence directional element uses the same patented
principle proven in our SEL-351 Relay. This directional
element can be applied in virtually any application,
regardless of the amount of negative-sequence voltage
available at the relay location.

Schweitzer Engineering Laboratories, Inc.



Ground overcurrent elements are directionally controlled
by three directional elements working together:

» Negative-sequence voltage-polarized directional
element

» Zero-sequence voltage-polarized directional element

» Zero-sequence current-polarized directional element

Our patented Best Choice Ground Directional Element
selects the best ground directional element for the system
conditions and simplifies directional element settings
(you can override this automatic setting feature for spe-
cial applications).

Communications-Assisted
Tripping Schemes

Use communications to improve tripping time for better
customer service. The SEL-451 is the ideal relay for use
in pilot-based tripping schemes. Enhanced MIRRORED
BITS communications with SEL fiber-optic transceivers
provide 3—6 ms relay-to-relay transmission time. Among
the schemes supported are the following:

» Permissive Overreaching Transfer Tripping (POTT)

» Directional Comparison Unblocking (DCUB)

» Directional Comparison Blocking (DCB)
Use the SELoOGIC control equation TRCOMM to pro-
gram specific elements, combinations of elements,
inputs, etc., to perform communications scheme tripping

and other scheme functions. The logic readily accommo-
dates the following conditions:

» Current reversals
» Breaker open at one terminal
» Weak-infeed conditions at one terminal

» Switch-onto-fault conditions

Overcurrent Elements

The SEL-451 includes four phase, four negative-
sequence, and four ground instantaneous overcurrent ele-
ments. The SEL-451 also includes six selectable operat-
ing quantity inverse-time overcurrent elements. You can
select the operating quantities from the following:

IA, IB, IC, MAX(IA, IB, IC), 11, 312, IG

where IA, IB, IC can be fundamental or rms quantities
from either circuit breaker or combined currents.

The time-overcurrent curves (listed in Table 1) have two
reset characteristic choices for each time-overcurrent
element. One choice resets the elements if current drops
below pickup for one cycle. The other choice emulates
the reset characteristic of an electromechanical induction
disc relay.

Schweitzer Engineering Laboratories, Inc.

Table1 Time-Overcurrent Curves

U.S. IEC

Moderately Inverse Standard Inverse

Inverse Very Inverse

Very Inverse Extremely Inverse

Extremely Inverse Long-Time Inverse

Short-Time Inverse Short-Time Inverse

Breaker Failure Protection

Incorporated into the SEL-451 is a full function breaker
failure system. Current can be individually monitored in
two breakers. High-speed open-pole detection logic
allows you to set the pickup current below minimum load
for sensitivity without sacrificing high-speed dropout.
Even in cases with delayed current zero in the secondary
of the CT caused by trapped flux, high-speed detection
of circuit breaker opening is achieved. This feature is
essential if breaker failure is initiated on all circuit
breaker trips. A reset of less than one cycle reduces coor-
dination times, improving stability.

Thermal Overload Protection

The SEL-451 supports three independent thermal ele-
ments that conform to the IEC 60255-149 standard. Use
these elements to activate a control action or issue an
alarm or trip when your equipment overheats as a result
of adverse operating conditions.

The SEL-2600 RTD Module provides ambient tempera-
ture measurements for the thermal model.

Loss-of-Potential (LOP) Logic
Supervises Directional Elements

The SEL-451 includes logic to detect an LOP caused by
failures such as blown fuses, which can cause an incor-
rect operation in directional elements. Simple settings
configure the LOP logic to either block or force forward
ground and phase directional elements under these con-
ditions. The logic checks for a sudden change in positive-
sequence voltage without a corresponding change in pos-
itive- or zero-sequence current. Tests and field experi-
ence show that this principle is very secure and is faster
than the tripping elements.

High-lmpedance Fault Detection

High-impedance faults are short-circuit faults with fault
currents smaller than what a traditional overcurrent pro-
tective relay can detect. The SEL-451 includes logic used
to detect HIF signatures without being affected by loads

SEL-451-5 Data Sheet



and other system operation conditions. A running aver-
age provides a stable prefault reference and adaptive tun-
ing learns and tunes out feeder ambient noise conditions.
Decision logic differentiates an HIF condition from other
system conditions such as switching operations and
noisy loads. As much as 40 minutes of high-impedance
fault activity is stored in high-resolution COMTRADE
format and a summary of HIF activity is available using
ASCII commands. View important high-impedance fault
data from available metering commands.

Six Independent Settings Groups
Increase Operation Flexibility

The relay stores six settings groups. Select the active
settings group by control input, command, or other pro-
grammable conditions. Use these settings groups to
cover a wide range of control contingencies. Selectable
settings groups make the SEL-451 ideal for applications
requiring frequent settings changes and for adapting the
bay to changing system conditions.

Selecting a group also selects logic settings. Program
group logic to adjust settings for different operating con-
ditions, such as station maintenance, seasonal operations,
emergency contingencies, loading, source changes, and
adjacent relay settings changes.

Combined Current for Protection
Flexibility

In traditional relays, when protecting a line fed from two
breakers, such as a breaker-and-a-half system or double-
breaker system, you needed to combine the CT inputs
before connecting these inputs to the relay. The SEL-451
can accept separate inputs from two separate CTs and
mathematically combine the currents. This allows col-
lecting separate current metering and breaker monitor
information for each breaker. Breaker monitoring func-
tions for two breakers are done within one relay. Individ-
ual breaker currents allow for breaker failure functions
on a per-breaker basis within the SEL-451. Breaker diag-
nostics are reported on a comparative basis allowing for
advanced, proactive troubleshooting.

Custom Control Capabilities

Customize control capabilities, adding stability and secu-
rity to your system.

» Use expanded SELOGIC control equations to create
advanced stability enhancements such as VAR-
flow controlled time undervoltage load shedding.

» Combine frequency elements with voltage
supervision for added security with
underfrequency load-shedding systems.
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Figure 3 VAR-Flow Controlled Time Undervoltage Load
Shedding

Control Inputs and Outputs

The standard SEL-451 includes five independent and two
common inputs, two Form A and three Form C standard
interrupting outputs, and three Form A high-current
interrupting outputs. The following additional I/O boards
are currently available.

» Eight independent inputs, 13 standard Form A and
two standard Form C contact outputs.

» Eight independent inputs, eight high-speed, high-
current interrupting Form A contact outputs.

» Eight independent inputs, 13 high-current
interrupting Form A outputs and two standard
Form C contact outputs.

» Twenty-four inputs, six high-speed and two
standard Form A contact outputs.

Assign the control inputs for protection and control func-
tions, monitoring logic, and general indication. Each
control output is programmable using SELOGIC control
equations. No additional I/O boards can be added to the
3U chassis; however, one board can be added to the 4U
chassis, two I/O boards can be added to the 5U chassis,
and four I/O boards can be added to the 8U chassis.

Schweitzer Engineering Laboratories, Inc.



Multifunction Reclosing With
Flexible Applications

Bus 1

Line J

Bus 2

Figure 4 Two-Breaker Reclosing With Synchronism Check

The SEL-451 includes three-pole trip and reclose func-
tions, for either one or two breakers (Figure 4). Synchro-
nism check is included for breaker control.
Synchronizing and polarizing voltage inputs are fully
programmable with Dead Line/Dead Bus closing logic as
well as zero-closing-angle logic to minimize system
stress upon reclosing. Program as many as four reclose

Bay Control

attempts. Select Leader and Follower breakers directly,
or use a SELOGIC control equation to determine reclos-
ing order based on system conditions.

Two-Breaker Control

The SEL-451 contains analog voltage inputs for multiple
sources and control inputs to indicate both breaker and
disconnect position, as well as the logic required to pro-
vide full control for two breakers. This includes separate
monitoring functions as well as separate elements for
tripping and closing the two breakers to allow for
leader/follower operation or other desired control
schemes. All analog values are monitored on a per-
breaker basis to allow station control access to complete
information for individual components of the system.

Backup Protection

Add reliability and dependability by providing indepen-
dent backup protection without increasing relay count.
Use each SEL-451 to provide primary directional over-
current protection with backup nondirectional overcur-
rent protection on the adjacent feeder. For additional
flexibility, use the available I/O or MIRRORED BITS to
switch protection upon loss of one relay.

o

Figure 5 Using Two Cross-Connected SEL-451-5 Relays
to Provide Primary and Backup Protection for Two
Feeders

The SEL-451 Bay Control provides dynamic bay one-
line diagrams on the front-panel screen with disconnect
and breaker control capabilities for numerous predefined
user-selectable bay types. Additional user-selectable bay
types are available via a QuickSet interface that can be
downloaded at selinc.com. The bay control is equipped
to control as many as 10 disconnects and two breakers,
depending on the one-line diagram selected. Certain one-
line diagrams provide status for as many as three break-
ers and ten disconnect switches. Operate disconnects and
breakers with ASCII commands, SELOGIC control equa-
tions, Fast Operate Messages, and from the one-line dia-
gram. The one-line diagram includes user-configurable
apparatus labels and as many as 24 user-definable Ana-
log Quantities.
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One-Line Bay Diagrams

The SEL-451 offers a variety of preconfigured one-line
diagrams for common bus configurations. Once a one-
line diagram is selected, the user has the ability to cus-
tomize the names for all of the breakers, disconnect
switches, and buses. Most one-line diagrams contain
analog display points. These display points can be set to
any of the available analog quantities with labels, units,
and scaling. These values are updated real-time along
with the breakers and switch position to give instant sta-
tus and complete control of a bay. The diagrams below
demonstrate some of the preconfigured bay arrange-
ments available in the SEL-451.

SEL-451-5 Data Sheet
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The operator can see all valuable information on a bay
before making a critical control decision. Programmable
interlocks help prevent operators from incorrectly open-
ing or closing switches or breakers. The SEL-451 will
not only prevent the operator from making an incorrect
control decision, but can notify and/or alarm when an
incorrect operation is initiated.

( \
BAYNAME
BUSNAM1
BUSNAM2
BK2
BK3
BK1
BAYLAB1 BAYLAB2
| ¢ » NAVIG 4 ESC |
Figure 6 Breaker-and-a-Half
( 1\
BAYNAME
r} BAYLABL
SW1
BK1 BAYLAB2
SW2
6 ANALOGS
1:99999.9 A
BK2 V:99999.9 KV
P:99999.9 MW
i Q:99999.9 MV
Sw3 F:99.9 HZ
| ¢» NAVIG 4 ESC |

Figure 7 Ring Bus With Ground Switch
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Figure 8 Double Bus/Double Breaker
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BUSNAM1 BUSNAM2

BK1 BK2

I:99999.9 A
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P:99999.9 MW
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BAYLABL
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Figure 9 Source Transfer Bus

Circuit Breaker Operations From
the Front Panel

Figure 6 through Figure 9 are examples of some of the
many selectable one-line diagrams in the SEL-451. The
one-line diagram is selectable from the Bay settings.
Additional settings for defining labels and analog quanti-
ties are also found in the Bay settings. One-line diagrams
are composed of the following:

» Bay Names and Bay Labels (Bay Labels available
in one-line diagrams 14, 17, 18, and 23. All other
one-line diagrams use the Bay Name.)

» Busbar and Busbar Labels
» Breaker and Breaker Labels
» Disconnect Switches and Disconnect Switch Labels
» Analog Display Points
Figure 10 shows the Breaker Control Screens available
when the ENT pushbutton is pressed with the circuit

breaker highlighted as shown in Figure 10 (a). After
pressing the ENT pushbutton with the breaker highlighted

Schweitzer Engineering Laboratories, Inc.



and the LOCAL Relay Word bit asserted, the Breaker
Control Screen in Figure 10 (b) is displayed. After enter-
ing the screen in Figure 10 (b), the relay performs the
circuit breaker operations as outlined in the SEL-451-5

(a) Bay Screen

User’s Guide. If the LOCAL Relay Word bit is not
asserted when the ENT pushbutton is pressed, the screen
in Figure 10 (c) is displayed for three seconds, then the
bay control displays again the screen in Figure 10 (a).

Bay Name ——» VBAYNAME ) Bus Labels
BUS T //
BUS 2
Disconnect v ] BUS 1 Disconnect
: Dis 1 s 24— ————A— OF
Switch Label s Dis 2 | — Switch Label
Breaker - Dis 3/ Analog
Highlighted * 6 ANALOGS Quantities
/ Dis 4 1:99999.9 A _g— Display
v:99999.9 KV
P:99999.9 MW
Bie%k‘l?r F 0:99999.9 Mv
abe F:60.000 Hz After three seconds,
re-display the previous screen
Disconnect
Switch Label (> NAVIG + ESC
Press Enter with breaker

highlighted

ENT

T

 BAYNAME

Ii‘ OPEN

Bkrnam

| OPEN BREAKER |
CLOSE BREAKER

| PRESS ¢ TO ACTIVATE

(b) Breaker Control Screen

Figure 10 Screens for Circuit Breaker Selection

Rack-Type Breakers Mosaics

The SEL-451 supports the display of rack-type (also
referred to as truck-type) circuit breakers. The rack-type
breakers have three positions: racked out, test, and
racked in. When in the test or racked-in positions, the
breaker can be displayed as open or closed. When racked
out, there is no breaker open/close display. The rack-type
breakers are a display-only functionality and do not
impact any circuit breaker control capabilities.

Status-Only Disconnects

The SEL-451 has the ability to designate a disconnect as
having control functionality or being status-only. When a
disconnect is designated as having control functionality,
the disconnect can be selected and controlled from the

relay front-panel HMI. When a disconnect is designated

Schweitzer Engineering Laboratories, Inc.

Bay not in
LOCAL Control!
Cannot issue
controls.

4 ESC
(c) LOCAL Bit Not Asserted

| «» NAVIG

as status-only, the disconnect is displayed in the one-line
diagram of the relay front-panel HMI, but it is not select-
able when navigating the front-panel HMI. Three-posi-
tion disconnects are also supported with control/display
functionality on a per position basis.

Rules-Based Settings Editor

QuickSet develops settings on- or offline. The system
automatically checks interrelated settings and highlights
out-of-range settings. Settings are transferred by using a
PC communications link with the SEL-451. The Quick-
Set interface supports Server 2008, Windows® 7 and
Windows 8 operating systems, and can be used to open
COMTRADE files from SEL and other products. Con-
vert binary COMTRADE files to ASCII format for por-
tability and ease of use. View real-time phasors and
harmonic values.

SEL-451-5 Data Sheet
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QuickSet Bay Control Settings Interface

There are two ways to enter Bay Control settings by
using the QuickSet settings interface. The standard style
settings are displayed in traditional form under the Bay
Control form. QuickSet also provides an interactive bay
control setting entry method. The interactive method
works by clicking on the one-line diagram labels. This
action automatically displays all the settings for the
device selected. This method provides an easy way of
organizing and verifying all settings associated with the
device.

Figure 11 illustrates the interactive bay control setting
form in QuickSet. Click on an apparatus in the one-line
diagram, and a form with apparatus-specific settings is
displayed.

Figure 11 Interactive Bay Control Setting Form

Front-Panel Display

The LCD shows event, metering, settings, and relay self-
test status information. The target LEDs display relay
target information as described in Figure 12 and
explained in Table 2.

SEL-451-5 Data Sheet

QuickSet Templates

Use the fully licensed version of QuickSet to create custom
views of settings, called Application Designs, to reduce
complexity, decrease the chance of errors, and increase
productivity.

» Lock and hide unused settings.

» Lock settings to match your standard for protection,
I/0O assignment, communications, and SELOGIC
control equations.

» Enforce settings limits narrower than the device
settings.

» Define input variables based on the equipment
nameplate or manufacturer’s terminology or scaling
and calculate settings from these “friendlier” inputs.

» Use settings comments to guide users and explain
design reasoning.

Schweitzer Engineering Laboratories, Inc.



O ENABLED O GROUND O HOT LINE
O TP ENABLED TAG
O INST O AFAULT O RECLOSE O BAY
O TIME O BFAULT ENABLED DISPLAY
O coMMm O CFAULT
O soTF O GROUND O REMOTE O BREAKER
ENABLED CLOSED

O NEG-SEQ O LoP CLOSE
O 79 RESET O VAY ON

O ALT O BREAKER
O 79¢CYCLE O VBYON @ SETTINGS iﬁ;:‘p
O 79L0ckouT [ O VCYON

Figure 12 Factory-Default Status and Trip Target LEDs
(8 Pushbutton, 16 Target Option)

O GROUND O SER
O ENABLED ENABLED EVENTS
Q TRIP
O RECLOSE O EVENT
ENABLED SUMMARY]|
O INST O LoP
O TIME O VAY ON
O comMm O VBY ON © REMOTE © BAY
ENABLED DISPLAY
O SOTF O VCYON
O NEG-SEQ O VAZON
O ALT O TEST
O 79 RESET O VBZON SETTINGS MODE
O 79 CYCLE O VCZON
79 LOCKOUT BKR FAIL
O Totockout | © O HOT LINE O AUX3
O AFAULT O BKR MAINT TAG
O BFAULT O EXTTRIP
O CFAULT O 51TIMING O DISPLAY O AUX 4
O GROUND O IRIG LOCK POINTS

Figure 13 Factory-Default Status and Trip Target LEDs
(12 Pushbutton, 24 Target Option)

The LCD is controlled by the navigation pushbuttons

(Figure 14), automatic messages the relay generates, and pro-
grammable analog and digital display points. The rotating
display scrolls through the bay screen, alarm points, display
points, and metering screens. Each display remains for an
adjustable time (1-15 seconds) before the display continues
scrolling. Any message generated by the relay because of an
alarm condition takes precedence over the rotating display.

EVENT SUMMARY 10002 a
03/15/01 GROUP 1 @
00:00:05.387
EVENT: BCG T I
LOCATION: 48.47
FREQ: 60.00
BK1  OPEN
BK2 CLOSED
pT
)|
\ vd

Figure 14 Front-Panel Display and Pushbuttons

Close-up views of the front panel of the SEL-451 are
shown in Figure 12, Figure 13, and Figure 14. The front
panel includes a 128 x 128 pixel, 3" x 3" LCD screen;
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LED target indicators; and pushbuttons with indicating
LEDs for local control functions. The asserted and deas-
serted colors for the LEDs are programmable. Configure
any of the direct-acting pushbuttons to navigate directly
to an HMI menu item, such as events, bay display, alarm
points, display points, or the SER.

Status and Trip Target LEDs

The SEL-451 includes programmable target LEDs, as
well as programmable direct-action control pushbut-
tons/LEDs on the front panel. These LEDs and pushbut-
tons are shown in Figure 12 and Figure 13. Default
Target LED assignments are explained in Table 2.

The SEL-451 features a versatile front panel that you can
customize to fit your needs. Use SELOGIC control equa-
tions and slide-in configurable front-panel labels to
change the function and identification of target LEDs and
operator control pushbuttons and LEDs. The blank slide-in
label set is included with the SEL-451. Label sets can be
printed from a laser printer using templates supplied with the
relay or hand labeled on supplied blank labels.

Table 2 Description of Factory-Default Target LEDs

Target LED Function
ENABLED Relay powered properly and self-tests okay
TRIP Indication that a trip occurred
INST High-speed rip
TIME Time-delayed trip
COMM Communications-assisted trip
SOTF Switch-onto-fault trip
RECLOSER
79 RESET Ready for reclose cycle
79 CYCLE Control in cycle state
79 LOCKOUT Control in lockout state
PHASE
A B, C Phases involved in fault
GROUND Ground involved in fault
LoP Loss-of-potential condition
VOLTAGES
VAY ON, VBY VY phase filtered instantaneous voltages
ON, VCYON | applied
VAZ ON?,VBZ | VZ phase filtered instantaneous voltages
ON?, VCZ ON? | applied
BKR FAIL® Breaker Failure trip
BKR MAINT® Breaker maintenance needed
EXT TRIP? External trip detected
51 TIMING? 51 element picked up and timing
IRIG LOCKED? IRIG synchronization detected

2 Only available in 24-LED models.
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Advanced Display Points

Create custom screens showing metering values, special
text messages, or a mix of analog and status information
with programmable display points. Figure 15 shows an
example of how display points can be used to show cir-
cuit breaker information and current metering. As many
as 96 display points can be created. All display points
occupy one, and only one, line on the display at all times.
The height of the line is programmable as either single or
double as shown in Figure 15. These screens become
part of the autoscrolling display when the front panel
times out.

DISPLAY POINTS

Circuit Breaker 1
--Closed--

Circuit BK1l SF6 Gas
--Alarm--

Circuit Breaker 2
A PH= 119.6 A pri

SF6 ALARM

AL See—

Figure 15 Sample Display Points Screen

Alarm Points

You can display messages on the SEL-451 front-panel
LCD that indicate alarm conditions in the power system.
The relay uses alarm points to place these messages on
the LCD.

Figure 16 shows a sample alarm points screen. The relay
is capable of displaying as many as 66 alarm points. The
relay automatically displays new alarm points while in
manual-scrolling mode and in autoscrolling mode. The
alarm point messages are assigned using SER Points set-
tings. The asterisk next to the alarm point indicates an
active alarm. The inactive alarms can be acknowledged
and cleared using the front-panel navigation buttons.

ALARM POINTS

*Unauthorized Access
*Xfmr Fan Fail
*Xfmr Heat Overload

Press ¢ to acknldge

Figure 16 Sample Alarm Points Screen
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Auxiliary Trip/Close Pushbuttons and
Indicating LEDs

Optional auxiliary trip and close pushbuttons (see
Figure 17) and indicating LEDs allow breaker control
independent of the relay. The auxiliary trip/close push-
buttons are electrically separate from the relay, operating
even if the relay is powered down. Make the extra con-
nections at terminals 201 through 208. See Figure 28 for a
rear-panel view. Figure 18 shows one possible set of con-
nections.

The auxiliary trip/close pushbuttons incorporate an arc
suppression circuit for interrupting dc trip or close cur-
rent. To use these pushbuttons with ac trip or close cir-
cuits, disable the arc suppression for either pushbutton by
changing jumpers inside the SEL-451. The operating
voltage ranges of the breaker CLOSED and breaker OPEN
indicating LEDs are also jumper-selectable.

BREAKER
STATUS

O CLOSED
O OPEN

CLOSE

TRIP

Figure 17 Operator Controls (Auxiliary Trip/Close Model)

BREAKER BREAKER
CLOSE OPEN_\ 7 N1/ CLOSED TRIP

(manual/local) (manual/local)

.
Remote Close/
Auto-Reclose ﬁ

To Close 52b
Circuit

-
Remote Trip/
Protection Trips

Figure 18 Optional Breaker Trip/Close Control Switches
and Indicating Lamps

Schweitzer Engineering Laboratories, Inc.
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Complete Metering Capabilities

The SEL-451 provides extensive metering capabilities as
listed in Table 3.

Event Reporting and Sequential
Events Recorder (SER)

Event Reports and Sequential Events Recorder features
simplify post-fault analysis and help improve your
understanding of both simple and complex protective
scheme operations. These features also aid in testing and
troubleshooting bay settings and control schemes. Oscil-
lograms are available in binary COMTRADE and ASCIIL
COMTRADE formats.

Oscillography and Event Reporting

In response to a user-selected internal or external trigger,
the voltage, current, and element status information con-
tained in each event report confirms relay, scheme, and
system performance for every fault. Decide how much
detail is necessary when an event report is triggered:

8 kHz, 4 kHz, 2 kHz, or 1 kHz resolution analog data.
The relay stores from 24 seconds of data per fault at

1 kHz resolution to 3 seconds per fault at 8 kHz resolu-
tion. Reports are stored in nonvolatile memory. Settings
operational in the relay at the time of the event are
appended to each event report.

Event Summary

Each time the SEL-451 generates a standard event report,
it also generates a corresponding Event Summary. This is
a concise description of an event that includes bay/termi-
nal identification, event date and time, fault location,
phase voltages, fault type at time of trip, and trip and
close times of day.

With an appropriate setting, the relay will automatically
send an Event Summary in ASCII text to one or more
relay communications ports each time an event report is
triggered.

Sequential Events Recorder (SER)

Use this feature to gain a broad perspective of relay ele-
ment operation. Items that trigger an SER entry are
selectable and can include input/output change of state,
element pickup/dropout, recloser state changes, etc. The
relay SER stores the latest 1,000 entries.

Schweitzer Engineering Laboratories, Inc.

Voltage Sag, Swell, Interruption
Records

The SEL-451 can perform automatic voltage disturbance
monitoring for three-phase systems. The voltage
sag/swell/interruption (VSSI) recorder uses the VSSI
Relay Word bits to determine when to start (trigger) and
when to stop recording. The VSSI recorder uses nonvola-
tile memory, so de-energizing the relay will not erase any
stored VSSI data.

The recorded data are available through the VSSI report,
which includes date, time, current, voltage, and voltage
sag/swell/interruption (VSSI) element status during volt-
age disturbances, as determined by programmable set-
tings VINT, VSAG, and VSWELL. When the relay is
recording a disturbance, entries are automatically added
to the VSSI report at one of four rates, depending on the
length of the disturbance:

» Once per quarter cycle
» Once per cycle

» Once per 64 cycles

» Once per day

High-Accuracy Time Keeping

Using a combination of IRIG-B and a global positioning
satellite, the SEL-451 can time-tag oscillography to
within 10 ps accuracy. This high accuracy can be com-
bined with the high sampling rate of the relay to synchro-
nize data from across the system with an accuracy of
better than 1/4 electrical degree. This allows examination
of the power system state at given times, including load
angles, system swings, and other system-wide events.
Triggering can be via external signal (contact or commu-
nications port), set time, or system event. Optimal cali-
bration of this feature requires a knowledge of primary
input component (VT and CT) phase delay and error.

A single IRIG-B time-code input synchronizes the
SEL-451 time to within 1 ms of the time-source input.
A convenient source for this time code is the SEL-2032
Communications Processor (via Serial Port 1 on the
SEL-451).

Precision Time Protocol (PTP)
Time Synchronization

In addition to IRIG-B, the relay can be time-synchro-
nized through the Ethernet network by using IEEE 1588

Precision Time Protocol, version 2 (PTPv2). When con-
nected directly to a grandmaster clock providing PTP at

SEL-451-5 Data Sheet
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1-second sync intervals, the relay can be synchronized to
an accuracy of +100 ns. The relay is capable of receiving
as many as 32 sync messages per second.

SEL-2488

SEL-2740M

SEL-411L SEL-421 SEL-451

seL-4g78 [l FUO7E

Figure 19 Example PTP Network

SNTP Time Synchronization

Use simple network time protocol (SNTP) to cost-effec-
tively synchronize SEL-451 Relays equipped with Ether-
net communication to as little as +1 ms with no time-
source delay. Use SNTP as a primary time source, or as a
backup to a higher accuracy IRIG-B time input to the
relay.

Table 3 Metering Capabilities (Sheet 1 of 2)

SEL-2401 SEL-3354

SEL-2725

SEL-487E

Figure 20 SNTP Diagram

Substation Battery Monitor for DC
Quality Assurance

The SEL-451 measures and reports the substation battery
voltage for two battery systems. Two sets of programma-
ble threshold comparators and associated logic provide
alarm and control of two separate batteries and chargers.
The relay also provides dual ground detection. Monitor
DC system status alarms with an SEL Communications
Processor and trigger messages, telephone calls, or other
actions.

The measured dc voltage is reported in the METER dis-
play via serial port communications, on the LCD, and in
the Event Report. Use the event report data to see an
oscillographic display of the battery voltage. Monitor the
substation battery voltage drops during trip, close, and
other control operations.

Capabilities Description

Instantaneous Quantities

Voltages
Vas.c (Y), Vag.c (2), Vb, 3V0, V1, 3V2 | quantity.

0-300 V with phase quantities for each of the six voltage sources available as a separate

Currents
IaB,c W), Iy g c (X)
I,L, IgL, IcL, (combined currents)
IGL, I1L, 3I2L (combined currents)

Phase quantities for each of the two current sources available as a separate quantity or
combined as line quantities.

Power/Energy Metering Quantities

MW, MWh, MVAR, MVA, PF,
single-phase and three-phase

Available for each input set and as combined quantities for the line.

Demand/Peak Demand Metering

IA,B,C’ 312, 310

Thermal or rolling interval demand and peak demand.

MW, MVAR, MVA, single-phase

Thermal or rolling interval demand and peak demand.

MW, MVAR, MVA, three-phase

SEL-451-5 Data Sheet

Thermal or rolling interval demand and peak demand.

Schweitzer Engineering Laboratories, Inc.
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Capabilities Description

Synchrophasors

Voltages (Primary Magnitude, Angle)
Vap.c(Y), Vapc (@)

Primary phase quantities (kV) for each of the six voltage sources available.

Currents (Primary Magnitude, Angle)
Iag.c W), Iy g c (X)

Primary phase quantities (A) for each of the six current sources available.

Frequency
FREQ Frequency (Hz) as measured by frequency source potential inputs.
dF/dT Rate-of-change of frequency (Hz/s).

Breaker Monitor Feature Allows
for Wear-Based Breaker
Maintenance Scheduling

Circuit breakers experience mechanical and electrical
wear at each operation. Effective scheduling of breaker
maintenance takes into account the manufacturer’s pub-
lished data of contact wear versus interruption levels and
operation count. The SEL-451 dual breaker monitor fea-
ture compares the breaker manufacturer’s published data
to the integrated actual interrupted current and number of
operations.

» Every time the breaker trips, the relay integrates
interrupted current. When the result of this
integration exceeds the threshold set by the breaker
wear curve (Figure 21), the bay can alarm via an
output contact or the optional front-panel display.
With this information, you can schedule breaker
maintenance in a timely, economical fashion.

Automation

» The relay monitors last and average mechanical
and electrical interruption time. You can easily
determine if operating time is increasing beyond
reasonable tolerance to schedule proactive breaker
maintenance. You can activate an alarm point if
operation time goes beyond a preset value.

» Breaker motor run time and breaker inactivity are
also monitored.

Breaker Manufacturer's
Maintenance Curve

(Set Point 1)

(Set Point 2)
-

(Set Point 3)

Close to Open Operations

kA Interrupted

Figure 21 Breaker Contact Wear Curve and Settings

Time-Domain Link (TiDL) Technology

The SEL-451 supports remote data acquisition through
use of an SEL Axion with a technology known as TiDL.
The Axion provides remote analog and digital data over
an IEC 61158 EtherCAT TiDL network. This technology
provides very low and deterministic 1.5 ms latency over
a point-to-point architecture. The SEL-451 can receive as
many as eight fiber links from as many as eight Axion
remote data acquisition nodes.

Schweitzer Engineering Laboratories, Inc.

The relay supports a number of fixed topologies. The
relay maps the voltage and current inputs from the Axion
to existing analog quantities in the SEL-451 based on the
connected topology. This limits the number of settings
and makes converting an existing system to TiDL easy.
Figure 22 show sample TiDL topologies. The SEL-451-5
Instruction Manual shows all supported topologies.

SEL-451-5 Data Sheet
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Substation Yard

IAW, IBW, ICW

]

3

VAY,
VBY,
VCY

L

Feeder 1

VBY,
VCY

VAY,

IAW, IBW, ICW

L]

-

VAZ
(sync.
check) Port |Analogs
Feeder 2 6A |IAW, IBW, ICW
6B |IAX, IBX, ICX
(optional)

6C |[VAY, VBY, VCY

6D |VAZ (optional)
6E |VBZ (optional)
6F |VCZ (optional)

SEL Relay

SEL Relay

Control House

Figure 22 Sample SEL-451 Topology

Flexible Control Logic and
Integration Features

The SEL-451 control logic can be used to perform the
following:

» Replace traditional panel control switches

» Eliminate remote terminal unit (RTU)-to-bay wiring
» Replace traditional latching relays

» Replace traditional indicating panel lights

Eliminate traditional panel control switches with 32 local
control points. Set, clear, or pulse local control points with
the front-panel pushbuttons and display. Program the local
control points to implement your control scheme via
SELOGIC control equations. Use the local control points for
such functions as trip testing, enabling/disabling reclosing,
and tripping/closing circuit breakers.

Eliminate RTU-to-bay wiring with 32 remote control
points. Set, clear, or pulse remote control points via serial
port commands. Incorporate the remote control points
into your control scheme via SELOGIC control equations.
Use remote control points for SCADA-type control oper-
ations (e.g., trip, close, settings group selection).

SEL-451-5 Data Sheet

Replace traditional latching relays for such functions as
“remote control enable” with 32 latching control points.
Program latch set and latch reset conditions with
SELOGIC control equations. Set or reset the latch control
points via control inputs, remote control points, local
control points, or any programmable logic condition. The
latch control points retain states when the relay loses power.

Replace traditional indicating panel lights and switches
with as many as 24 latching target LEDs and as many as
12 programmable pushbuttons with LEDs. Define cus-
tom messages (i.e., BREAKER OPEN, BREAKER CLOSED,
RECLOSER ENABLED) to report power system or relay con-
ditions on the large format LCD. Control which mes-
sages are displayed via SELOGIC control equations by
driving the LCD display via any logic point in the relay.

Open Communications Protocols

The SEL-451 does not require special communications
software. ASCII terminals, printing terminals, or a com-
puter supplied with terminal emulation and a serial com-
munications port are all that is required. Table 4 lists a
brief description of the terminal protocols.

Schweitzer Engineering Laboratories, Inc.
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Type Description

ASCIL Plain-language commands for human and simple machine communications. Use for metering, setting, self-

test status, event reporting, and other functions.

Compressed ASCII Comma-delimited ASCII data reports. Allows external devices to obtain bay data in an appropriate format for
direct import into spreadsheets and database programs. Data are checksum protected.
Extended Fast Meter, Binary protocol for machine-to-machine communication. Quickly updates SEL-2032 Communications

Fast Operate, and Fast SER | Processors, RTUs, and other substation devices with metering information, bay element, 1/O status, time-

tags, open and close commands, and summary event reports. Data are checksum protected.

Binary and ASCII protocols operate simultaneously over the same communications lines so that control oper-
ator metering information is not lost while a technician is transferring an event report.

Ymodem

Support for reading event, settings, and oscillography files.

DNP3 Level 2 Outstation

Distributed Network Protocol with point remapping. Includes access to metering data, protection elements,
contact I/O, targets, SER, relay summary event reports, and settings groups.

IEEE C37.118 Phasor measurement protocol.

IEC 61850 Edition 2

Ethernet-based international standard for interoperability between intelligent devices in a substation.

Table 5 SELocic Control Equation Operators

Operator Type Operators Comments
Boolean AND, OR, NOT Allows combination of measuring units.
Edge Detection F_TRIG, R_TRIG Operates at the change of state of an internal function.
Comparison >, >=,=,<=,<, <>
Arithmetic + - %,/ Uses traditional math functions for analog quantities in an easily programmable equation.
Numerical ABS, SIN, COS, LN, EXP, SQRT
LOG
Precedence Control | () Allows multiple and nested sets of parentheses.
Comment #(*F) Provides for easy documentation of control and protection logic.

SELocIc Control Equations With
Expanded Capabilities and Aliases

Expanded SELOGIC control equations put relay logic in the
hands of the engineer. Assign inputs to suit your application,
logically combine selected bay elements for various control
functions, and assign outputs to your logic functions.

Programming SELOGIC control equations consists of
combining relay elements, inputs, and outputs with
SELOGIC control equation operators (Table 5). Any ele-
ment in the Relay Word can be used in these equations.
For complex or unique applications, these expanded
SELOGIC functions allow superior flexibility.

Use the relay alias capability to assign more meaningful
names to analog and Boolean quantities. This improves
the readability of customized programming. Use as many
as 200 aliases to rename any digital or analog quantity.
The following is an example of possible applications of
SELOGIC control equations that use aliases.

Schweitzer Engineering Laboratories, Inc.

=>>SET T <Enter>
1: PMVO1,THETA

(assign the alias “THETA" to math variable PMV01)
2: PMVO2,TAN
(assign the alias "TAN" to math variable PMV02)

=>>SET L <Enter>
1: # CALCULATE THE TANGENT OF THETA
2: TAN:=SIN(THETA)/COS(THETA)

(use the aliases in an equation)

Add programmable control functions to your relay and
automation systems. New functions and capabilities
enable use of analog values in conditional logic state-
ments. The following are examples of possible applica-
tions of SELOGIC control equations with expanded
capabilities.

» Emulate a motor-driven reclose timer, including
stall, reset, and drive-to-lockout conditions (refer
to Figure 23).

» Scale analog values for SCADA retrieval.

» Initiate remedial action sequence based on load
flow before fault conditions.

» Interlock breakers and disconnect switches.

SEL-451-5 Data Sheet
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» Restrict breaker tripping in excessive duty
situations without additional relays.

» Construct a compensated overvoltage element for
open line overvoltage protection.

» Hold momentary change-of-state conditions for
SCADA polling.

» Provide a combination of frequency or rate-of-
change-of-frequency functions.

Reset

1st Reclose
(Hot Line/Dead Bus)

Lockout

2nd Reclose
(Hot Bus/Dead Line)

3rd Reclose
(Synchronism Check)

Figure 23 Motor-Driven Reclose Timer

Relay-to-Relay Digital
Communications (MIRRORED BITS)

The SEL patented MIRRORED BITS technology provides
bidirectional relay-to-relay digital communication
(Figure 24). In the SEL-451, MIRRORED BITS can oper-
ate simultaneously on any two serial ports for three-ter-
minal power system operation.

This bidirectional digital communication creates addi-
tional outputs (transmitted MIRRORED BITS) and
additional inputs (received MIRRORED BITS) for each
serial port operating in the MIRRORED BITS communica-
tions mode. Communicated information can included
digital, analog, and virtual terminal data. Virtual terminal
allows operator access to remote bays through the local
bay. These MIRRORED BITS can be used to transfer informa-
tion between line terminals to enhance coordination and
achieve faster tripping. MIRRORED BITS also help reduce total
pilot scheme operating time by eliminating the need to close
output contacts and debounce contact outputs. Use the dual-
port MIRRORED BITS communications capabilities for high-
speed communications-assisted schemes applied to three-ter-
minal transmission lines.

Communication

The SEL-451 offers the following serial communication
features.

» Four independent EIA-232 serial ports.

» Full access to event history, relay status, and meter
information.

» Settings and group switching have three levels of
password protection.

» DNP3 Level 2 Outstation.

» Patented SEL Fast Message Interleaving of ASCII
and binary data for SCADA communications,
including access to SER, relay element targets,
event data and more.

» Communication of synchronized phasor
measurement data using either SEL Fast
Messaging for Synchrophasors or IEEE C37.118-
2005 Standard for Synchrophasors for Power

Systems.
|+ = —
Digital, Analog, and Virtual Terminal Data
Bus 1 Bus 2

/ SEL-2815
Other

SEL-2815
\ Other

Ba Bays
<2 _ TX TX _E

| N

J

Fiber-Optic Cable

Figure 24 Integral Communication Provides Secure Protection, Monitoring, and Control, as Well as Terminal Access to

Both Relays Through One Connection
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Network Connection and Integration

Bus Protection/System Control

Protection, Automation, & Control

Communications Processor

Ethernet
Card

Ethernet Ethernet
Card Card
IEC 61850 IEC 61850 Telnet
DNP3 LAN/WAN DNP3 LAN/WAN DNP3
PRP IEEE C37.118 LAN/WAN
PTP PRP PTP
PRIMARY LAN PTP
STANDBY LAN _ PTP
PTP Modem
SEL-2488
SEL-2488 Satellite-Synchronized
Network Clock
] ] ] . |
Remote Remote Local Remote
Monitoring Control Control Access

Figure 25 Network Connection and Integration

Connect the SEL-451 to Local Area Networks (LANSs)
by using the optional Ethernet card. The integrated
Ethernet card supports both copper and/or fiber connec-
tions with failover protection.

Ethernet Card

The optional Ethernet card mounts directly in the
SEL-451. Use popular Telnet applications for easy termi-
nal communications with SEL relays and other devices.
Transfer data at high speeds (10 Mbps or 100 Mbps) for
fast HMI updates and file uploads. The Ethernet card
communicates using File Transfer Protocol (FTP) appli-
cations for easy and fast file transfers.

Provide operations with situational awareness of the
power system by using IEEE C37.118-2005 Standard for
Synchrophasors for Power Systems. Communicate with
SCADA and other substation intelligent electronic
devices (IEDs) by using DNP3 or IEC 61850 logical
nodes and GOOSE messaging.

Choose Ethernet connection media options for primary
and standby connections:
» 10/100BASE-T Twisted Pair Network

» 100BASE FX Fiber-Optic Network

Telnet and FTP

Order the SEL-451 with Ethernet communication and
use the built-in Telnet and File Transfer Protocol (FTP)
that come standard with Ethernet to enhance relay com-

Schweitzer Engineering Laboratories, Inc.

munications sessions. Use Telnet to access relay settings,
and metering and event reports remotely using the ASCII
interface. Transfer settings files to and from the relay via the
high-speed Ethernet port through use of FTP.

IEEE C37.118 Synchrophasors

The latest IEEE Synchrophasor Protocol provides a stan-
dard method for communicating synchronized phasor
measurement data over Ethernet or serial media. The
integrated Ethernet card in the SEL-451 provides two
independent connections by using either TCP/IP,
UDP/IP, or a combination thereof. Each connection sup-
ports unicast or multicast options for serving data to one or
multiple clients simultaneously. Each data stream can support
data streams at as fast as 60 frames per second.

DNP3 LAN/WAN

The DNP3 LAN/WAN option provides the SEL-451
with DNP3 Level 2 Outstation functionality over Ether-
net. Custom DNP3 data maps can be configured for use
with specific DNP3 masters. The PTP power profile is
also supported over PRP.

Precision Time Protocol (PTP)

An Ethernet card option with Ports SA and 5B populated
provides the ability to accept IEEE 1588 Precision Time
Protocol, version 2 (PTPv2) for data time synchroniza-
tion. Optional PTP support includes both the Default and
Power System (C37.238-2011) PTP Profiles.

SEL-451-5 Data Sheet
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Parallel Redundancy Protocol (PRP)

This protocol is used to provide seamless recovery from
any single Ethernet network failure, in accordance with
IEC 62439-3. The Ethernet network and all traffic are
fully duplicated with both copies operating in parallel.

Figure 26 Typical Web Server Default Menu Screen

IEC 61850 Edition 2 Ethernet
Communications

IEC 61850 Edition 2 Ethernet-based communications
provide interoperability among IEDs within the substa-
tion. Logical nodes using IEC 61850 allow standardized
interconnection of IEDs from different manufacturers for
monitoring and control of the substation. Reduce wiring
among various manufacturers’ devices and simplify
operating logic with IEC 61850. Eliminate system RTUs
by streaming monitoring and control information from
IEDs directly to remote SCADA client devices.

The SEL-451 can be ordered with embedded IEC 61850
Edition 2 protocol operating on 100 Mbps Ethernet. Use
the IEC 61850 Edition 2 Ethernet protocol for relay
monitoring and control functions, including the follow-
ing:

» As many as 128 incoming GOOSE messages. The
incoming GOOSE messages can be used to control
as many as 256 control bits and 256 analog
quantities in the relay with <3 ms latency from
device to device. These messages provide binary
control inputs to the relay for high-speed control
functions and monitoring.
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HTTP Web Server

When equipped with Ethernet communications, the relay
can serve read-only web pages displaying certain set-
tings, metering, and status reports. As many as four users
can access the embedded HTTP server simultaneously.

» As many as eight outgoing GOOSE messages.
Outgoing GOOSE messages can be configured for
Boolean and/or analog data. Boolean data are
provided with <3 ms latency from device to
device. Use outgoing GOOSE messages for high-
speed control and monitoring of external breakers,
switches, and other devices.

» IEC 61850 Edition 2 Data Server. The SEL-451 is
equipped with embedded IEC 61850 Ethernet
protocol that provides data according to pre-
defined logical node objects. As many as seven
simultaneous client associations are supported by
each relay. Relevant Relay Word bits are available
within the logical node data, so status of relay
elements, inputs, outputs or SELOGIC control
equations can be monitored using the IEC 61850
data server provided in the relay.

» The SEL-451 supports IEC 61850 standard
operating modes such as Test, Blocked, On, and
Off.

Schweitzer Engineering Laboratories, Inc.



MMS File Services

This service of IEC 61850 MMS provides support for
file transfers completely within an MMS session. All
relay files that can be transferred via FTP can also be
transferred via MMS file services.

MMS Authentication

When enabled via a setting in the Configured IED
Description (CID) file, the relay will require authentica-
tion from any client requesting to initiate an MMS ses-
sion. The client request must be accompanied by the
2AC level password.

Schweitzer Engineering Laboratories, Inc.
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ACSELERATOR Architect

Use ACSELERATOR Architect® SEL-5032 Software to
manage the logical node data for all IEC 68150 devices
on the network. This Windows-based software provides
easy-to-use displays for identifying and binding

IEC 61850 network data between logical nodes by using
IEC 61850-compliant CID files. Architect uses CID files
to describe the data the IEC 61850 logical node provides
within each relay.

SEL-451-5 Data Sheet
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Diagrams and Dimensions
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Specifications

LEA Voltage Inputs
Rated Voltage Range: 0-8 Vi.N
Ten-Second Thermal Rating: 300 Vac

Note: If the relay is using a remote data acquisition system, such as TiDL, the
operating times will be delayed by 1.5 ms. Use caution when setting the
relay coordination times to account for this added delay. Element operate
times will also have this small added delay.

Complia nce Input Impedance: 1 MQ
Designed and manufactured under an ISO 9001 certified quality Common Mode Voltage
management system Operation: 50 Vac

47 CFR 15B Class A

This equipment has been tested and found to comply with the limits for
a Class A digital device, pursuant to part 15 of the FCC Rules. These
limits are designed to provide reasonable protection against harmful Nominal Frequency Rating: 50 +5 Hz
interference when the equipment is operated in a commercial 60 +5 Hz
environment. This equipment generates, uses, and can radiate radio
frequency energy and, if not installed and used in accordance with
the instruction manual, may cause harmful interference in which case

Without Damage: 300 Vac
Frequency and Rotation

Phase Rotation: ABC or ACB

Frequency Tracking Range: 40-65 Hz

the user will be required to correct the interference at his own <40 Hz =40 Hz
expense. >65Hz=65Hz
UL Listed to U.S. and Canadian safety standards Default Slew Rate: 15 Hz/s
(File E212775; NRGU, NRGU7)
Power Supply
CE Mark
24-48 Vdc
General Rated Voltage: 24-48 Vdc
AC Analog Inputs Operational Voltage Range:  18-60 Vdc
Sampling Rate: 8 kHz Vdc Input Ripple: 15% per IEC 60255-26:2013
AC Current Input (Secondary Circuits) Interruption: 20 ms at 24 Vdc, 100 ms at 48 Vdc per
Note: Current transformers are Measurement Category II. IEC 60255-26:2013
Burden: <35W

Current Rating (With DC Offset at X/R =10, 1.5 cycles)

48-125 Vdc or 110-120 Vac

1 A Nominal: 182 A
5 A Nominal: 91 A Rated Voltage: 48-125 Vdc, 110-120 Vac
Continuous Thermal Rating Operational Voltage Range: ggjig zgcc
1 A Nominal: 3A
4 A (+55°C) Rated Frequency: 50/60 Hz
. Operational Frequency
5 A Nominal: I5A
20 A (+55°C) Range: 30-120 Hz
Saturation Current (Linear) Rating Vdc Input Ripple: 15% per IEC 60255-26:2013
- Interruption: 14 ms at 48 Vdc, 160 ms at 125 Vdc per
1A Nominal: 204 IEC 60255-26:2013
5 A Nominal: 1004 Burden: <35W, <90 VA

A/D Current Limit

Note: Signal clipping may occur beyond this limit.

125-250 Vdc or 110-240 Vac
Rated Voltage:

125-250 Vdc, 110-240 Vac

I'A Nominal: 495 A Operational Voltage Range:  85-300 Vdc
5 A Nominal: 2475 A 85-264 Vac
One-Second Thermal Rating Rated Frequency: 50/60 Hz
1 A Nominal: 100 A Operational Frequency
5 A Nominal: 500 A Range: 30-120 Hz
One-Cycle Thermal Rating Vdc Input Ripple: 15% per IEC 60255-26:2013
1 A Nominal: 250 A peak Interruption: 46 ms at 125 Vdc, 250 ms at 250 Vdc per
IEC 60255-26:2013
5 A Nominal: 1250 A peak
Burden: <35W,<90 VA
Burden Rating
Control Outputs
1 A Nominal: <0.1VA@1A
. Standard
5 A Nominal: <05VA@S5A
Make: 30 A
AC Voltage Inputs )
Carry: 6 A continuous carry at 70°C
Three-phase, four-wire (wye) connections are supported. 4 A continuous carry at 85°C
Rated Voltage Range: 0-300 Vi 1s Rating: 50 A
Ten-Second Thermal Rating: 600 Vac MOV Protection (Maximum
Burden: <0.1VA@ 125V Voltage): 250 Vac/ 330 Vdc

Schweitzer Engineering Laboratories, Inc.

Pickup/Dropout Time:
Update Rate:

< 6 ms, resistive load

1/8 cycle
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Breaking Capacity (10,000 Operations):

48 Vdc 0.50 A L/R =40 ms
125 Vdc 030A L/R =40 ms
250 Vdc 020 A L/R =40 ms
Cyclic Capacity (2.5 Cycles/Second):
48 Vdc 0.50 A L/R =40 ms
125 Vde 030A L/R =40 ms
250 Vde 020 A L/R =40 ms
Hybrid (High-Current Interrupting)
Make: 30 A
Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C
1s Rating: 50 A
MOV Protection (Maximum
Voltage): 330 Vdc
Pickup Time: < 6 ms, resistive load
Dropout Time: < 6 ms, resistive load
Update Rate: 1/8 cycle
Breaking Capacity (10,000 Operations):
48 Vdc 10.0 A L/R =40 ms
125 Vdc 10.0 A L/R =40 ms
250 Vdc 10.0 A L/R =20 ms
Cyclic Capacity

(4 cycles in 1 second, followed by 2 minutes idle for thermal
dissipation):

48 Vdc 10.0 A L/R =40 ms
125 Vdc 10.0 A L/R =40 ms
250 Vde 10.0 A L/R =20 ms

Note: Do not use hybrid control outputs to switch ac control signals. These
outputs are polarity-dependent.

High-Speed High-Current Interrupting

Make: 30A
Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C
1 s Rating: 50 A
MOV Protection (Maximum
Voltage): 250 Vac/330 Vdc
Pickup Time: <10 ps, resistive load
Dropout Time: < 8 ms, resistive load
Update Rate: 1/8 cycle
Breaking Capacity (10,000 Operations):
48 Vdc 10.0 A L/R =40 ms
125 Vde 10.0 A L/R =40 ms
250 Vdc 10.0 A L/R =20 ms
Cyclic Capacity

(4 cycles in 1 second, followed by 2 minutes idle for thermal
dissipation):

48 Vdc 10.0 A L/R =40 ms
125 Vdc 10.0 A L/R =40 ms
250 Vdc 10.0 A L/R =20 ms

Note: Per IEC 60255-23:1994, using the simplified method of assessment.
Note: Make rating per IEEE C37.90-2005.
Note: Per IEC 61810-2:2005.
Auxiliary Breaker Control Pushbuttons
Quantity: 2

Pushbutton Functions: One (1) pushbutton shall be provided to

open the breaker.
One (1) pushbutton shall be provided to
close the breaker.

SEL-451-5 Data Sheet

Resistive DC or AC Outputs With Arc Suppression Disabled

Make: 30 A per IEEE C37.90-2005
Carry: 6 A continuous carry
1 s Rating: 50 A
MOV Protection: 250 Vac/330 Vdc/130 J
Breaking Capacity (10,000 Operations):
48V 0.50 A L/R =40 ms
125V 030 A L/R =40 ms
250V 020 A L/R =40 ms
High-Interrupt DC Outputs With Arc Suppression Enabled
Make: 30 A per IEEE C37.90-2005
Carry: 6 A continuous carry
1 s Rating: 50 A
MOV Protection: 330 Vdc/130J
Breaking Capacity (10,000 Operations):
48V 10 A L/R =40 ms
125V 10 A L/R =40 ms
250V 10A L/R =20 ms

Breaker Open/Closed LEDs:

48 Vdc: on for 30-60 Vdc;
125 Vdc: on for 80-150 Vdc; 96-144 Vac
250 Vdc: on for 150-300 Vdc; 192-288 Vac
Note: With nominal control voltage applied, each LED draws 8 mA (max.).
Jumpers may be set to 125 Vdc for 110 Vdc input and set to 250 Vdc for 220
Vdc input.

Control Inputs
Direct Coupled (Use With DC Signals)

INTI, INTS, and INT6

Interface Boards: 8 inputs with no shared terminals

Range: 15-265 Vdc, independently adjustable
Accuracy: +5% +3 Vdc
Maximum Voltage: 300 Vdc
Sampling Rate: 2kHz
Typical Burden: 0.24 W @125 Vdc
Optoisolated (Use With AC or DC Signals)
Main Board: 5 inputs with no shared terminals

2 inputs with shared terminals

INT2, INT7, and INT8
Interface Boards:

INT3 and INT4
Interface Boards:

8 inputs with no shared terminals

6 inputs with no shared terminals

18 inputs with shared terminals (2 groups
of 9 inputs, with each group sharing one
terminal)

24 V standard
48,110, 125, 220, 250 V level sensitive

Voltage Options:

DC Thresholds

(Dropout thresholds indicate level-sensitive option.)

24 Vdc: Pickup 19.2-30.0 Vdc

48 Vdc: Pickup 38.4-60.0 Vdc;
Dropout < 28.8 Vdc

110 Vdc: Pickup 88.0-132.0 Vdc;
Dropout < 66.0 Vdc

125 Vdc: Pickup 105-150 Vdc;
Dropout < 75 Vdc

220 Vdc: Pickup 176-264 Vdc;
Dropout < 132 Vdc

250 Vdc: Pickup 200-300 Vdc;

Dropout < 150 Vdc

Schweitzer Engineering Laboratories, Inc.



AC Thresholds

(Ratings met only when recommended control input settings are used)

24 Vac: Pickup 16.4-30.0 Vac rms

48 Vac: Pickup 32.8-60.0 Vac rms;
Dropout < 20.3 Vac rms

110 Vac: Pickup 75.1-132.0 Vac rms;
Dropout < 46.6 Vac rms

125 Vac: Pickup 89.6-150.0 Vac rms;
Dropout < 53.0 Vac rms

220 Vac: Pickup 150.3-264 Vac rms;
Dropout < 93.2 Vac rms

250 Vac: Pickup 170.6-300 Vac rms;

Dropout < 106 Vac rms

Current Drawn: <5 mA at nominal voltage

< 8 mA for 110 V option
Sampling Rate: 2 kHz
Communications Ports
EIA-232: 1 Front and 3 Rear
Serial Data Speed: 300-57600 bps
Communications Card Slot for Optional Ethernet Card

Ordering Options: 100BASE-FX Fiber-Optic Ethernet
Fiber Type: Multimode
Wavelength: 1300 nm
Source: LED
Connector Type: LC fiber
Min. TX Power: —19 dBm
Max. TX Power: —14 dBm
RX Sensitivity: -32dBm
Sys. Gain: 13dB

Communications Ports for Optional TiDL Interface
EtherCAT Fiber-Optic Ports: 8

Data Rate: Automatic
Connector Type: LC fiber
Protocols: Dedicated EtherCAT
Class 1 LASER/LED
Wavelength: 1300 nm
Fiber Type: Multimode
Link Budget: 11dB
Min. TX Power: —20 dBm
Min. RX Sensitivity: -31 dBm
Fiber Size: 50-200 pum
Approximate Range: 2km
Data Rate: 100 Mbps
Typical Fiber Attenuation: -2 dB/km
Time Inputs
IRIG Input-Serial Port 1
Input: Demodulated IRIG-B
Rated I/0 Voltage: 5 Vdc
Operating Voltage Range: 0-8 Vdc
Logic High Threshold: >2.8 Vdc
Logic Low Threshold: <0.8 Vdc
Input Impedance: 2.5kQ
IRIG-B Input-BNC Connector
Input: Demodulated IRIG-B
Rated 1/0 Voltage: 5 Vdc

Schweitzer Engineering Laboratories, Inc.
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Operating Voltage Range: 0-8 Vdc
Logic High Threshold: >2.2 Vde
Logic Low Threshold: <0.8 Vdc
Input Impedance: 50Qor>1kQ
Dielectric Test Voltage: 0.5 kVac
PTP-Ethernet Port 5A, 5B
Input: IEEE 1588 PTPv2
Profiles: Default, C37.238-2011 (Power Profile)

Synchronization Accuracy: =100 ns @ 1-second synchronization
intervals when communicating directly
with master clock

Operating Temperature
—40° to +85°C (—40° to +185°F)

Note: LCD contrast impaired for temperatures below —20° and above +70°C.
Stated temperature ranges not applicable to UL applications.

Humidity

5% to 95% without condensation

Weight (Maximum)
3U Rack Unit: 8.0kg (17.7 1b)
4U Rack Unit: 9.8 kg (21.6 1b)
5U Rack Unit: 11.6 kg (25.6 1b)
8U Rack Unit: 14.0 kg (32.8 Ib)

Terminal Connections
Rear Screw-Terminal Tightening Torque, #8 Ring Lug

Minimum: 1.0 Nm (9 in-1b)
Maximum: 2.0 Nm (18 in-1b)

User terminals and stranded copper wire should have a minimum
temperature rating of 105°C. Ring terminals are recommended.

Wire Sizes and Insulation
Wire sizes for grounding (earthing), current, voltage, and contact
connections are dictated by the terminal blocks and expected load
currents. You can use the following table as a guide in selecting wire sizes.
The grounding conductor should be as short as possible and sized equal to or
greater than any other conductor connected to the device, unless otherwise
required by local or national wiring regulations.

Connection Type Min. Wire Size Max. Wire Size

Grounding (Earthing) 14 AWG (2.5 mmz) N/A
Connection

Current Connection 16 AWG (1.5 mm?)| 10 AWG (5.3 mm?)

Potential (Voltage) 18 AWG (0.8 mm?)| 14 AWG (2.5 mm?)

Connection

Contact 1/0 18 AWG (0.8 mm?)| 10 AWG (5.3 mm?)

Other Connection 18 AWG (0.8 mm?)| 10 AWG (5.3 mm?)

Type Tests

These tests do not apply to contacts rated for 24 Vdc.
Electromagnetic Compatibility (EMC)

Emissions: 1EC 60255-25:2000
Electromagnetic Compatibility Inmunity

Conducted RF Immunity: 1IEC 60255-22-6:2001, 10 Vrms
IEC 61000-4-6:2008, 10 Vrms

Electrostatic Discharge IEEE C37.90.3-2001
Immunity: Levels 2, 4, 8 kV contact;
Levels 4, 8, 15 kV air
IEC 60255-22-2:2008
IEC 61000-4-2:2008
Levels 2, 4, 6, and 8 kV contact;
Levels 2, 4, 8, and 15 kV air
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Fast Transient/Burst
Immunity:

Magnetic Field Immunity:

Power Supply Immunity:

Radiated Digital
Radio Telephone
RF Immunity:

Radiated Radio Frequency
Immunity:

Surge Immunity:

IEC 60255-22-4:2008
4 kV at5kHz and 2 kV at 5 kHz
(Comm. Ports)

IEC 61000-4-4:2011
4 kV at 5 kHz

IEC 61000-4-8:2009
1000 A/m for 3 s
100 A/m for 1 min

IEC 61000-4-9:2001
1000 A/m

IEC 61000-4-11:2004
IEC 60255-11:2008
IEC 61000-4-29:2000

ENV 50204:1995
10 V/m at 900 MHz and 1.89 GHz

IEC 60255-22-3:2007, 10 V/m
IEC 61000-4-3:2010, 10 V/m
IEEE C37.90.2-2004, 35 V/m

1EC 60255-22-5:2008
IEC 61000-4-5:2005
1 kV line-to-line, 2 kV line-to-earth

NOTE: Cables connected to EIA-232 communications ports shall be
less than 10 m in length for Zone A compliance.

Damped Oscillatory
Magnetic Field:

Surge Withstand Capability

Immunity:

Environmental
Cold:

Damp Heat, Cyclic:
Dry Heat:

Vibration:

Safety

Dielectric Strength:

Impulse:

IP Code:

Reporting Functions

High-Resolution Data
Rate:

Output Format:
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IEC 61000-4-10:2001
Severity Level: 100 A/m

IEC 60255-22-1:2007
2.5 kV peak common mode
1.0 kV peak differential mode
IEEE C37.90.1-2002
2.5 kV oscillatory
4.0 kV fast transient

IEC 60068-2-1:2007
16 hours at —40°C

IEC 60068-2-30:2005
25°to 55°C, 6 cycles, 95% humidity

IEC 60068-2-2:2007
16 hours at +85°C

IEC 60255-21-1:1988
Severity Level: Class 2 (endurance);
Class 2 (response)

IEC 60255-21-2:1988
Severity Level: Class 1 (shock withstand,
bump); Class 2 (shock response)

1IEC 60255-21-3:1993
Severity Level: Class 2 (quake response)

IEC 60255-5:2000

IEEE C37.90-2005
2500 Vac on contact inputs, contact
outputs, and analog inputs
3100 Vdc on power supply

IEC 60255-5:2000
IEEE C37.90-2005
057J,5kV

IEC 60529:2001 + CRGD:2003
IP3X

8000 samples/second
4000 samples/second
2000 samples/second
1000 samples/second

Binary COMTRADE

Note: Per IEEE C37.111-1999 and IEEE C37.111-2013, IEEE Standard
Common Format for Transient Data Exchange (COMTRADE) for Power
Systems.

Event Reports

Length: 0.25-24 seconds (based on LER and
SRATE settings)
Volatile Memory: 3 s of back-to-back event reports sampled

at 8 kHz

Nonvolatile Memory: At least 4 event reports of a 3 s duration

sampled at 8 kHz

Resolution:

Event Summary

8- or 4-samples/cycle

Storage: 100 summaries
Breaker History
Storage: 128 histories

Sequential Events Recorder

Storage: 1000 entries

Trigger Elements: 250 relay elements
Resolution: 0.5 ms for contact inputs
Resolution: 1/8 cycle for all elements

Processing Specifications
AC Voltage and Current Inputs

8000 samples per second, 3 dB low-pass analog filter cutoff frequency of
3000 Hz.

Digital Filtering

Full-cycle cosine and half-cycle Fourier filters after low-pass analog and
digital filtering.

Protection and Control Processing
Eight times per power system cycle
Control Points

32 remote bits

32 local control bits

32 latch bits in protection logic
32 latch bits in automation logic

Relay Element Pickup Ranges and Accuracies
Instantaneous/Definite-Time Overcurrent Elements

Phase, Residual Ground, and Negative-Sequence

Pickup Range
5 A Model: OFF, 0.25-100.00 A secondary, 0.01 A steps
1 A Model: OFF, 0.05-20.00 A secondary, 0.01 A steps

Accuracy (Steady State)
5 A Model:
1 A Model:

+0.05 A plus +3% of setting
+0.01 A plus +3% of setting
Transient Overreach: < 5% of pickup

0.000-16000 cycles, 0.125 cycle steps

+0.125 cycle plus +0.1% of setting

Time Delay:
Timer Accuracy:
Maximum Operating Time: 1.5 cycles

Time-Overcurrent Elements

Pickup Range
5 A Model: 0.25-16.00 A secondary, 0.01 A steps
1 A Model: 0.05-3.20 A secondary, 0.01 A steps

Accuracy (Steady State)
5 A Model:
1 A Model:

+0.05 A plus +3% of setting
+0.01 A plus +3% of setting
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Time-Dial Range
U.S.: 0.50-15.00, 0.01 steps
1IEC: 0.05-1.00, 0.01 steps

+1.50 cycles plus +4% of curve time (for
current between 2 and 30 multiples of
pickup)

Curve Timing Accuracy:

Reset: 1 power cycle or Electromechanical Reset
Emulation time

Harmonic Elements (2nd, 4th, 5th)
OFF, 5-100% of fundamental

1 A nominal £5% +0.02 A
5 A nominal £5% +0.10 A

+0.1% plus +0.125 cycle

Pickup Range:
Pickup Accuracy:

Time-Delay Accuracy:
Ground Directional Elements
Neg.-Seq. Directional Impedance Threshold (Z2F, Z2R)

5 A Model: —64 to 64 Q secondary

1 A Model: —320 to 320 Q secondary
Zero-Seq. Directional Impedance Threshold (ZOF, ZOR)

5 A Model: —64 to 64 Q secondary

1 A Model: —-320 to 320 Q secondary

Supervisory Overcurrent Pickup (50FP, 50RP)

5 A Model: 0.25 to 5.00 A 310 secondary
0.25 to 5.00 A 312 secondary
1 A Model: 0.05 to 1.00 A 310 secondary

0.05 to 1.00 A 312 secondary
Directional Power Elements

Pickup Range
5 A Model: —20000.00 to 20000 VA, 0.01 VA steps
1 A Model: —4000.00 to 4000 VA, 0.01 VA steps

Accuracy (Steady State): +5 VA plus 3% of setting at nominal

frequency and voltage

Time-Delay: 0.00-16000.00 cycles, 0.25 cycle steps
Timer Accuracy:
Undervoltage and Overvoltage Elements

Pickup Ranges

+0.25 cycle plus +0.1% of setting

300 V Maximum Inputs
Phase Elements: 2-300 V secondary, 0.01 V steps
Phase-to-Phase Elements: 4-520 V secondary, 0.01 V steps

8 V LEA Maximum Inputs
(See Voltage-Related Settings and LEA Inputs (Group Settings) on
page 14 for information on setting voltage elements when using LEA
inputs.)
Phase: 0.05-8.00 V
Phase-to-Phase: 0.10-13.87 V
Accuracy (Steady State)
Phase Elements: +0.5 V plus +3% of setting
Sequence Elements: +0.5 V plus +5% of setting
Transient Overreach:
Underfrequency and Overfrequency Elements
40.01-69.99 Hz, 0.01 Hz steps

Accuracy, Steady State plus  +0.005 Hz for frequencies between 40.00
Transient: and 70.00 Hz

< 5% of pickup

Pickup Range:

Maximum Pickup/Dropout
Time: 3.0 cycles

0.04-400.0 s, 0.01 s increments
+0.1% +0.0042 s

Time-Delay Range:

Time-Delay Accuracy:
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Pickup Range, Undervoltage

Blocking: 20-200 V5 (Wye)
Pickup Accuracy,
Undervoltage Blocking: +2% 0.5V

Optional RTD Elements
(Models Compatible With SEL-2600 Series RTD Module)

12 RTD Inputs via SEL-2600 Series RTD Module and SEL-2800 Fiber-
Optic Transceiver

Monitor Ambient or Other Temperatures

PT 100, NI 100, NI 120, and CU 10 RTD-Types Supported, Field
Selectable

Pickup Range: Off, —50 to 250°C, 1°C step

Accuracy: +2°C

As long as 500 m Fiber-Optic Cable to SEL-2600 Series RTD Module

Breaker Failure Instantaneous Overcurrent

Setting Range
5 A Model: 0.50-50.0 A, 0.01 A steps
1 A Model: 0.10-10.0 A, 0.01 A steps
Accuracy
5 A Model: +0.05 A plus 3% of setting
1 A Model: +0.01 A plus 3% of setting
Transient Overreach: < 5% of setting
Maximum Pickup Time: 1.5 cycles
Maximum Reset Time: 1 cycle

0-6000 cycles, 0.125 cycle steps
(All but BFIDOn, BFISPn)

0-1000 cycles, 0.125 cycle steps
(BFIDOn, BFISPn)

0.125 cycle plus +0.1% of setting

Timers Setting Range:

Time-Delay Accuracy:
Synchronism-Check Elements

Slip Frequency

Pickup Range: 0.005-0.500 Hz, 0.001 Hz steps
Slip Frequency

Pickup Accuracy: +0.0025 Hz plus 2% of setting
Close Angle Range: 3-80°, 1° steps
Close Angle Accuracy: +3° plus 5% of setting

Load-Encroachment Detection
Setting Range

5 A Model: 0.05-64 Q secondary, 0.01 Q steps
1 A Model: 0.25-320 Q secondary, 0.01 Q steps
Forward Load Angle: —90° to +90°
Reverse Load Angle: +90° to +270°

Accuracy
Impedance Measurement: +3%
Angle Measurement: +2°

Timer Specifications

Setting Ranges

0-6000 cycles, 0.125 cycle steps
(All but BFIDOn, BFISPn)

0-1000 cycles, 0.125 cycle steps
(BFIDOn, BFISPn)

Breaker Failure:

Communications-Assisted

Tripping Schemes: 0.000-16000 cycles, 0.125 cycle steps
Pole Open Timer: 0.000-60 cycles, 0.125 cycle steps
Recloser: 1-999999 cycles, 1 cycle steps
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Switch-Onto-Fault
CLOEND, 52AEND:
SOTFD:

Synchronism-Check Timers
TCLSBK1, TCLSBK2:

Station DC Battery System Monitor Specifications

OFF, 0.000-16000 cycles, 0.125 cycle steps
0.500-16000 cycles, 0.125 cycle steps

1.00-30.00 cycles, 0.25 cycle steps

Operating Range: 0-350 Vdc

Input Sampling Rate: DC1: 2 kHz
DC2: 1 kHz

Processing Rate: 1/8 cycle

Maximum Operating Time: < 1.5 cycles

Setting Range
DC Settings: 15-300 Vdc, 1 Vdc steps
AC Ripple Setting: 1-300 Vac, 1 Vac steps
Accuracy
Pickup Accuracy: +3% plus +2 Vdc (all elements but

DCIRP and DC2RP)
+10% plus +2 Vac (DCIRP and DC2RP)

Metering Accuracy

All metering accuracy is at 20°C, and nominal frequency unless
otherwise noted.

Currents

Phase Current Magnitude

5 A Model: +0.2% plus + 4 mA (2.5-15 A sec)
1 A Model: +0.2% plus + 0.8 mA (0.5-3 A sec)
Phase Current Angle
All Models: +0.2° in the current range 0.5 * Iyop to
3.0 * Inom
Sequence Currents Magnitude
5 A Model: +0.3% plus + 4 mA (2.5-15 A sec)
1 A Model: +0.3% plus + 0.8 mA (0.5-3 A sec)
Sequence Current Angle
All Models: +0.3° in the current range 0.5 * Iyop to
3.0 * Inom
Voltages

300 V Maximum Inputs

Phase and Phase-to-Phase
Voltage Magnitude:

+2.5% =1 V (5-33.5 V)
+0.1% (33.5-300 V)

Phase and Phase-to-Phase +1.0° (5-33.5V)
Angle: +0.5° (33.5-300 V)

Sequence Voltage Magnitude ~ +2.5%, 1 V (5-33.5 V)
(V1,V2,3VO0): +0.1% (33.5-300 V)

Sequence Voltage Angle +1.0°(5-33.5V)
(V1,V2,3V0): +0.5° (33.5-300 V)

8 V LEA Maximum Inputs

Phase and Phase-to-Phase +0.3% (0.2-0.6 V)

Voltage Magnitude: +0.1% (0.6-8.0 V)
Phase and Phase-to-Phase
Angle: +0.5° (0.2-8.00 V)

Sequence Voltage Magnitude  +0.3% (0.2-0.6 V)
(V1,V2,3V0): +0.1% (0.6-8.0 V)

Sequence Voltage Angle
(V1,V2,3V0):

Frequency (Input 40-65 Hz)
Accuracy:

Power

MW (P), Per Phase (Wye), 3¢ (Wye or Delta) Per Terminal

+1% (0.1-1.2) * Iyom» 33-5-300 Vac, PF =1, 0.5 lead, lag (1¢)
+0.7% (0.1-1.2) * Inom, 33.5-300 Vac, PF =1, 0.5 lead, lag (3¢)

MVAr (Q), Per Phase (Wye), 3¢ (Wye or Delta) Per Terminal

+1% (0.1-1.2) * Iyom» 33-5-300 Vac, PF =0, 0.5 lead, lag (1¢)
+0.7% (0.1-1.2) * Iyom» 33.5-300 Vac, PF =0, 0.5 lead, lag (3¢)

MVA (S), Per Phase (Wye), 3¢ (Wye or Delta) Per Terminal

+1% (0.1-1.2) * Iom» 33.5-300 Vac, PF =1, 0.5 lead, lag (1¢)
+0.7% (0.1-1.2) * Inom, 33.5-300 Vac, PF =1, 0.5 lead, lag (3¢)

PF, Per Phase (Wye), 3¢ (Wye or Delta) Per Terminal

+1% (0.1-1.2) * Iyom» 33.5-300 Vac, PF =1, 0.5 lead, lag (1¢)
+0.7% (0.1-1.2) * Iyom, 33.5-300 Vac, PF =1, 0.5 lead, lag (3¢)

Energy
MWh (P), Per Phase (Wye), 3¢ (Wye or Delta)

+1% (0.1-1.2) » Iyom» 33.5-300 Vac, PF =1, 0.5 lead, lag (1¢)
+0.7% (0.1-1.2) * Iom» 33.5-300 Vac, PF =1, 0.5 lead, lag (3¢)

Synchrophasors

Number of Synchrophasor
Data Streams: 5

+0.5° (0.2-8.00 V)

+0.01 Hz

Number of Synchrophasors for Each Stream:
15 Phase Synchrophasors (6 Voltage and 9 Currents)
5 Positive-Sequence Synchrophasors (2 Voltage and 3 currents)

Number of User Analogs for

Each Stream: 16 (any analog quantity)

Number of User Digitals for

Each Stream: 64 (any Relay Word bit)

IEEE C37.118,
SEL Fast Message (Legacy)

Synchrophasor Protocol:

Synchrophasor Data Rate: As many as 60 messages per second
Synchrophasor Accuracy

Voltage Accuracy: +1% Total Vector Error (TVE)

Range 30-150 V, fyom 5 Hz

+1% Total Vector Error (TVE)
Range (0.1-2.0) * Iyom A, fnom =5 Hz

Records as much as 120 s
IEEE C37.232, File Naming Convention

Current Accuracy:

Synchrophasor Data
Recording:
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S E L SEL-587Z High-Impedance

Differential Relay

Bus or Transformer Protection

The SEL-587Z Relay is a flexible high-impedance differential relay that combines time-proven high-imped-
ance analog technology with the advantages of microprocessor technology. Designed primarily as high-
impedance bus protection, the relay is also suitable for restricted earth fault applications on transformers with
grounded-wye windings. Use the independent overcurrent elements to complement the high-impedance dif-
ferential elements.

Major Features and Benefits

>

>

Protection. Use high-impedance differential elements for fast tripping for in-zone faults, while provid-
ing security during heavy through faults and CT saturation. Use familiar high-impedance equations to
calculate the voltage-based differential element settings. Save time, money, and panel space because
the relay includes the resistors and MOV’ required for high-impedance differential protection.

Reporting, Monitoring, and Metering. Simplify fault analysis with event reports and the Sequential
Events Recorder. Use a low-set voltage differential element as a CT open-circuit detection function.
Validate CT connections by using the metered voltage differential quantities. Interrogate the relay for
instantaneous measurements of phase and demand current in transformer applications.

Automation, Integration, and Communications. Use the front- and rear-panel communications ports
for system integration, relay settings, and event report retrieval. Modbus RTU, SEL ASCII, and SEL
Fast Message protocols are included as standard features of the relay. Use front-panel pushbuttons to
save the expense of separately mounted control switches. Use serial port communications for remote
control of circuit breakers or other programmable functions.

Relay and Logic Settings Software. ACSELERATOR QuickSet® SEL-5030 Software reduces engi-
neering costs for relay settings and logic programming. The built-in HMI and Control screens provide
intuitive displays that help support commissioning and troubleshooting.

Schweitzer Engineering Laboratories, Inc. SEL-587Z Data Sheet



Functional Overview
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Figure 1 Functional Diagram

Protection

50 (P, G, Q) Overcurrent (Phase, Ground, Neg. Seq.)
51 (P, G, Q) Time-Overcurrent (Phase, Ground, Neg. Seq.)

87 Three-Phase High-Impedance Differential Elements
DFR Event Reports

LGC SELocIc Control Equations

HMI Operator Interface

MET High-Accuracy Metering

SER Sequential Events Recorder

* Optional Feature

Differential Protection

Differential protection is one of the most economical and
reliable protection principles available for buses, trans-
formers, and reactors. CT saturation is the most critical
design consideration.

Figure 2 shows a through fault, with the direction of
current flow in Feeders 1-4 towards the busbar. The sum
of the fault current from Feeders 1-4 flows through the
CT on Feeder 5, which can result in CT5 saturating.

Busbar
Feeders

External Fault

Figure 2 CT Saturation Resulting From a Through
Fault
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High-impedance differential protection offers immunity
against relay misoperation resulting from CT saturation,
provided the stabilizing resistor in the circuit has a
sufficiently high value. To comply with this requirement,
the SEL-587Z uses 2000-ohm resistors, large enough to
provide security against CT saturation for through faults.
Figure 3 shows typical connections of the lockout
contact (86), differential element (87Z), and MOV.

i 101

<

Stabilizing
Resistor

102
_@ oJmLo >

Figure 3 Typical Circuit Connection for
High-Impedance Differential Protection
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During bus faults, the voltage across the stabilizing
resistor can rise to very high values if not limited, as
illustrated in Figure 4.

Volts
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Figure 4 Voltage Without MOV Clamping
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Figure 5 Voltage With MOV Clamping

Figure 5 shows the resultant voltage with a metal oxide
varistor (MOV) connected in parallel with the high-
impedance elements, clamping the secondary peak
voltage to less than 2 kV. The 2000-ohm resistors,
combined with suitable MOVs, form the high-impedance
input circuit of each phase. For the best performance,
select current transformers with fully distributed
windings and identical ratio and saturation
characteristics.

Bus Protection

Designing bus protection means, as with all protection
systems, finding a balance between security and depend-
ability. In a single-zone application, the busbar is the
common connection point of all the feeders in the substa-
tion. Incorrect bus protection operation affects all the
feeders connected to that zone that, at smaller substa-
tions, affects each and every customer. Failure of bus
protection to operate affects even more customers,
because remote protection at adjacent stations must now
clear the fault. In addition, high-impedance transformer

Schweitzer Engineering Laboratories, Inc.

grounding practices limit the ground-fault current, neces-
sitating sensitive, phase-segregated protection elements.
However, while the ground-fault current is limited, the
phase-to-phase current can still be very high, which
could result in CT saturation for through faults. The
SEL-587Z has three sensitive, independent high-imped-
ance elements, each with two setting levels, providing
fast and reliable differential protection.

Transformer Protection

The three independent high-impedance elements are
ideal for sensitive restricted earth fault protection on
transformers with grounded-wye windings. If both HV
and LV windings are wye-connected and grounded, use
two high-impedance elements, one on each side of the
transformer. Restricted earth fault (REF) protection is not
affected by unbalanced load and very seldom by CT sat-
uration for through faults. Although very sensitive,
restricted earth fault protection protects only against
phase-to-ground faults. To protect against phase-to-phase
faults and external phase-to-ground bushing faults, com-
bine the high-impedance elements with instantaneous
and time-overcurrent elements. For complete transformer
protection that includes percentage differential elements,
use the SEL-587 Relay or the SEL-387 Relay with the
SEL-587Z.

Overcurrent Protection

The SEL-587Z features overcurrent elements that
include maximum-phase, two levels of phase-specific
elements, and two levels of negative-sequence and resid-
ual overcurrent elements. The relay has six time-overcur-
rent elements: a maximum-phase element, three phase-
specific elements, a negative-sequence element, and a
residual element. The overcurrent and high-impedance
differential elements are independent and can protect
separate equipment.

When you use the SEL-587Z for transformer protection,
the instantaneous overcurrent elements provide phase
and ground overcurrent protection for bushing faults,
while the time-overcurrent elements provide phase and
ground protection for coordination with other system
protection.

Table 1 Overcurrent Elements Available in the
SEL-587Z

Element Instantaneous Time-Overcurrent
Maximum-phase 3 1
Phase-specific 6 3
Negative-sequence 2 1
Zero-sequence 2 1
SEL-5877 Data Sheet



Table 2 Inverse Time-Overcurrent Curves Available in
the SEL-587Z

us IEC

Moderately Inverse (U1) Standard Inverse (C1)

Inverse (U2) Very Inverse (C2)
Very Inverse (U3) Extremely Inverse (C3)
Extremely Inverse (U4)

Short-Time Inverse (US)

Long-Time Inverse (C4)
Short-Time Inverse (C5)

Table 2 lists the time-overcurrent curves available in the
relay. Each curve has two choices for the reset
characteristic. One choice resets the elements if the
current drops below pickup for at least one cycle. The
other choice causes the relay to emulate the reset
characteristic of an electromechanical induction disk
relay.

Reporting, Monitoring, and Metering

Event report and Sequential Event Report (SER) features
simplify post-fault analysis and improve understanding
of simple and complex protection scheme operations.
These features also aid in testing and troubleshooting
relay settings and protection schemes.

Event Reports

In response to a programmable trigger, the present ele-
ment status information is recorded in each event report,
confirming relay, scheme, and system performance for
every fault. A total of 10 events are stored in nonvolatile
memory. Decide how much detail you want when you
request an event report. You can choose to display a stan-
dard event report with 15 cycles of the analog high-
impedance differential elements and overcurrent ele-
ments, selected Relay Word bits, the inputs and outputs,
and the relay settings at 1/4-cycle or 1/8-cycle data reso-
lution.

Use event report information in conjunction with the
SEL-5601-2 SYNCHROWAVE® Event Software to
produce oscillographic type reports suitable for inclusion
in analysis documents and reports.

Sequential Events Recorder (SER)

The relay SER stores the latest 512 entries in nonvolatile
memory. Use this feature to gain a broad perspective of
relay element operation. Events that trigger an SER entry
include: input/output change of state and element
pickup/dropout. Each entry includes the date, time, dif-
ferential and current magnitudes, and logic variables. On
each processing interval, the relay examines the Relay
Word for changes of state in any of the Relay Word ele-
ments declared in the SER1, SER2, and SER3 settings.
Upon detecting a change of state, the relay adds a row to
the SER report. The relay stores the SER report in non-
volatile memory to retain information if a power failure
occurs before you can examine the events.
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Monitoring

The high-impedance element has two setting levels. By
the nature of the high-impedance application, the relay
measures only the out-of-balance quantity of the parallel-
connected CTs. Detect an open-circuit CT by setting one
level to a low value as compared to an out-of-zone fault,
and direct the output to an alarm function, as shown in
Figure 6. For example, to detect a 40 mA secondary cur-
rent, set the element to 0.04 « 2000 = 80 V. Other relay
monitoring includes self-tests to continuously track cru-
cial relay subsystems such as RAM, critical RAM, ROM,
and EEPROM tests.

Feeder

CT Open Circuit

SEL-5877 f
@ CT Open

‘J: Alarm

Figure 6 Detecting an Open CT (A-Phase)

Metering

The SEL-587Z provides three types of metering func-
tions typically used in transformer protection schemes as
illustrated in Figure 14. The metering functions are:
instantaneous, demand, and peak demand. Metered
quantities shown in Table 3 include differential voltages,
negative-sequence currents, and zero-sequence (residual)
currents.

Use the meter function to detect incorrect CT wiring
during testing and installation. Figure 7 is an example of
the metering output for the case shown in Figure 6.
Differential elements 87B and 87C have values close to
zero, but the A element has a value of 73 volts, indicating
incorrect CT polarity, ratio, or wiring.
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Table 3 Metering Capabilities

>> MET <Enter>
North Busbar Date: 04/14/01 Time: 17:36:02:616

Quantities Description Apollo Station
87A 878 87¢C
Voltages Voltage from V MAG (V) 73 0.5 0.2
87A, 87B, 87C each differential element IA B Ic 6 312
I MAG (A) 0.1 0.0 0.0 0.01 0.01
I ANG (DEG) 0.01  -119.23  121.12 0.11 0.10

Currents
IA, 1B, IC, IG (31y), 312

Magnitudes and angles for
each phase and sequence current

Demand Current
1A, 1B, IC, 1G (3Iy), 312

Magnitudes of each
phase and sequence current

Peak demand
1A, 1B, IC, 1G (3Ip), 312

Magnitudes of each
phase and sequence current

Figure 7 METER Report for an Open CT (A-Phase)

Relay and Logic Settings Software

QuickSet uses the Microsoft Windows operating system
to simplify settings and provide analysis support for the
SEL-587Z. One can, for instance, open an QuickSet
Control screen for intuitive control functions similar to
those shown in Figure 8.

‘3 AcSELerator® QuickSet - C:\Program Files\SELMcSELerator¥QuickSetXTRAINING. rdb - [Device ID: STATION A (SEL-5B7Z 001 HMI Driver)]

File Edit “iew Communications Log Tools Window Help

Biid| == | 00 | v | &3 268
Device Crverview
Fundamental Metering

Control Window

Target, IRIG-E. Date, Time

Demand .
Targets etering
Skabus Demand Peak Demand
SER Fieset Reset
Conf
Records
Higtary Ewent SER
Clear | Trigger ‘ Clear |
Breaker Pulse Outputs
Close Cutput Seconds
[ CLOSED _ chwe | ot - Pulse
CPEN Trip =l

Fiemate Bits

Disable Update

SEL-5877 001 HMI Driver Driver Version: 4.5.0.9 Driver Date: §/21/2008 1:34:30 PM

X0 [ ] Rx0[EE Connected  Directto COM1 19200 S-Mone-1

[Drate Time
Target Reset | IRIGB Sync || 37 32008 | E [ 1:16:01 P = ﬂ

12 3 4 5 &5 7 B
= O O O O O O &8

Configuration: Default 1

Terminal = EI4-232 Serial File ¥fer = YMadem

Figure 8 QuickSet Screen Showing SEL-587Z Control Functions

Use QuickSet to create and manage relay settings:

» Develop settings offline with an intelligent settings
editor that only allows valid settings

» Use online help to assist with configuration of
proper settings
» Organize settings with the relay database manager

» Load and retrieve settings through use of a simple
PC communications link

Use QuickSet to verify settings and analyze events:

» Analyze power system events with integrated
waveform and harmonic analysis tools

Schweitzer Engineering Laboratories, Inc.

Use QuickSet to aid with monitoring, commissioning,
and testing the SEL-587Z:

» Use the HMI to monitor current and voltage infor-
mation during testing

» Use the PC interface to remotely obtain power sys-
tem data

» Control local and remote bits from the QuickSet
control window

» View the status of all Relay Word bits at once in
the Targets display window

SEL-5877 Data Sheet



Automation, Integration, and Communication

Table 4 Communications Protocols

Type Description

Simple ASCII

Compressed ASCII

Extended Fast Meter
and Fast Operate

Plain language commands for human and simple machine communication.
Use for metering, setting, self-test status, event reporting, and other functions.

Comma-delimited ASCII data reports. Allows external devices to obtain relay data in an
appropriate format for direct import into spreadsheets and database programs. Data are checksum protected.

Binary protocol for machine-to-machine communication. Quickly updates SEL-2032/SEL-2030/SEL-2020
Communications Processors, RTUs, and other substation devices with metering information, relay element,
1/0O status, time-tags, open and close commands, and summary event reports. Data are checksum protected.
Binary and ASCII protocols operate simultaneously over the same communications lines to prevent loss

of control operator metering information while a technician is transferring an event report.

Distributed Port Switch | Enables multiple SEL devices to share a common communications bus

Protocol

Modbus RTU

(two-character address setting range is 01-99). Use this protocol for low-cost, port-switching applications.

Use this protocol to communicate with PLC, HMI, and SCADA systems.

Serial Communication

The SEL-587Z has two independently operated EIA-232
ports: one on the front and a ground-isolated port on the
rear of the relay. The rear port can be an EIA-485 port
but must be so specified at ordering. The relay needs no
special communications software. Use any system that
emulates a standard terminal system. Establish commu-
nication by connecting computers, modems, protocol
converters, printers, an SEL-2032, SEL-2030, or SEL-
2020 Communications Processor, SCADA serial port,
and/or RTU for local or remote communication. See
Table 4 for a list of available communications protocols.

Dial-Up ASCII Link DNP3 or Modbus SCADA Link

ASCII Reports Plus
Interleaved Binary Data

s

SEL587Z

Modbus SCADA Link
Figure 9 Example Communications System

SEL Communications Processor

SEL communications processors often form hubs of star
networks, with point-to-point fiber or copper connection
between the hub and the SEL-587Z. The
communications processor supports external
communications links including the public switched

SEL-5877 Data Sheet

telephone network for engineering access to dial-out
alerts and private line connections to your SCADA
system.

IRIG-B

The demodulated IRIG-B time-code input synchronizes
the SEL-587Z time to within =5 ms of the time-source
input. SEL-2032, SEL-2030, or SEL-2020 Communica-
tions Processors provide convenient sources for this time
code.

SEL manufactures a variety of standard cables for
connecting this and other relays to a variety of external
devices. Contact your SEL representative for more
information on cable availability.

Control Logic and Integration

Use built-in control logic and integration features in the
SEL-587Z to economically combine common substation
operations. This includes eliminating wiring and replac-
ing traditional panel switches and indicators.

Replace Traditional Panel Control Switches

Eliminate traditional panel control switches with eight
local control switches. Set, clear, or pulse local control
switches with the front-panel pushbuttons and display.
Program the local control switches into your control
scheme via SELoGIC® control equations. Use the local
control switches to perform functions such as a trip test
or a breaker trip/close. Figure 10 shows that you can con-
figure local control switches for ON, OFF, and
MOMENTARY functions.

Schweitzer Engineering Laboratories, Inc.



General

ON position I\j\ﬁ)l?g
(maintained )
logical 1 positi Bit
ogical 1 position) o I(.Bn]
o n=
OFF position
Logical 1 — (maintained —CO through 8)
logical 0 position)
A
MOMENTARY position
(logical 1for one
processing interval)
ON Position Relay
Word
ON _Bit
LBn
(n=1
Logical 1 —e through 8)
A

Switch shown in "ON" position
Figure 10 Local Control Switches

Eliminate RTU-to-Relay Wiring

Eliminate RTU-to-relay wiring with eight remote control
switches. Set, clear, or pulse remote control switches via
serial port commands. Program the remote control
switches into your control scheme via SELOGIC control
equations. Use remote control switches for SCADA-type
control operations such as trip, close, and settings group
selection. Switch operations are identical as for local
switches.

Replace Traditional Indicating Panel Lights

Replace traditional indicating panel lights with eight pro-
grammable displays. Define custom messages (e.g.,
Breaker Open, Breaker Closed) to report power system
or relay conditions on the front-panel display.

SELocIc Control Equations

USE SELOGIC control equations to assign relay outputs
to any logical combination of relay elements or inputs.

Program SELOGIC control equations by combining relay
elements, inputs, and outputs with SELOGIC control
equation operators. The state of all logical elements in
the relay is reflected by bits from a “Relay Word” table.
These logical elements include all current (50/51) and
level-detecting elements, timer elements, SELOGIC
control equation variables, inputs, outputs, and remote
and local bits. You can use any element including
input/output, differential, and overcurrent variables in
these equations.

SELOGIC control equation operators include OR, AND,
invert, and parentheses.

Schweitzer Engineering Laboratories, Inc.

The basic building blocks of SELOGIC control equations
are the Relay Word bits. The Relay Word bits are simple
digital quantities having a value of either logical O or
logical 1. The terms “assert” or “asserted” refer to a
Relay Word bit that has a value of logical 1 or is
changing from logical O to logical 1. The terms
“deassert” or “deasserted” refer to a Relay Word bit that
has a value of logical O or is changing from logical 1 to
logical 0. Various relay elements assert or deassert Relay
Word bits, which the relay uses in fixed internal logic to
make decisions, interpret inputs, or drive outputs. You
can access these same bits to flexibly define inputs or
outputs, specify control variables for internal logic, or
create special customized logic by using SELOGIC
control equations.

In addition to Boolean logic, ten general purpose
SELOGIC control equation timers eliminate external
timers for custom protection or control schemes. Each
timer has independent time-delay pickup and dropout
settings. Program each timer input with any desired
element (e.g., time qualify a current element). Assign the
timer output to trip logic, event report triggering, or other
control scheme logic.

Figure 11 depicts an example breaker failure circuit,
configured with relay elements and stored in nonvolatile
memory.

SV6PU
V6 SV6T 1 E)RUTty )
SV6D0 T (Retrip
N SV7PU 0UT2
TR — SvT ST L (Breaker
50P1 — J V700 T Failure)

Figure 11 Dedicated Breaker Fail Scheme Created
With SELocic Control Equation Variables/Timers

The following four lines show the SELOGIC control
equations to create the breaker fail circuit:

SV6 = 50P1*TR1
SV7 = 50P1*TR1
OUTI1 = SV6T (retrip)

OUT2 = SV7T (breaker failure trip)

Additional Features
Front-Panel Display

The LCD shows event, metering, setting, and relay self-
test status information. Use the eight multifunction push-
buttons to control this display, showing the messages the
relay generates and programmable Display Points. The
default display scrolls through any active, nonblank Dis-
play Points. Each display remains for two seconds,
before scrolling continues. Any message the relay gener-
ates because of an alarm condition takes precedence over

SEL-5877 Data Sheet



the normal default display. Error messages such as a self-
test failure appear on the LCD in place of the default dis-
play. The {EXIT} pushbutton returns the display to the
default display when the relay is displaying some other
front-panel function.

When the relay turns on, the LCD scrolls through the
current and voltage element displays until the relay is
again enabled. When the EN LED indicates the relay is
enabled, the LCD scrolls through active Display Points
and metering screens.

®

51 e | METER EVENTS|STATUS| MAINT | SET | CNTRL | EXIT

@)

o 000©0eee®

¢ LAMP eanceLsewecT| —< [ = | A | Y

87A  87B 87C
73 1 0
SEL).
Figure 12 Front-Panel Display
Status and Trip Target LEDs Table 5 Description of Target LEDs
The SEL-587Z includes eight status and trip target LEDs Target
on the front panel. These targets are shown in Figure 12 LED Function
and explained in Table 5. The target LEDs indicate con- EN el p — "
ditions that the relay has detected on the power system elay powered up properly, self-tests okay
and how the relay has reacted. Nonvolatile memory 87 Either Level 1 or Level 2 of the
stores the states of all eight LEDs. If the relay loses three differential elements asserted
power, the targets will resume their last state when power 50 Any one of the 13
returns. instantaneous overcurrent elements asserted
Use the SEL ASCII TAR n command (7 = row number) 51 Any one of the six time-overcurrent elements asserted
to assign relay variables to the LEDs during testing. This A A-phase overcurrent,
provides a visual indication of the status of more than time-overcurrent, or differential asserted
100 variables in the relay. Local Bit (LB) variables, the B B-phase overcurrent,
equivalent of panel switches, are stored in Row 7 in the time-overcurrent, or differential asserted
relay. For example, assume LB1 and LB6 are asserted.
. TAR 7 lts in th ool h . C C-phase overcurrent,
Eptermg results in the LED display shown in time-overcurrent, or differential asserted
Figure 12.
G Any of the three ground elements asserted

Application Examples

Bus Protection

Figure 13 illustrates a typical single-zone, high-imped-
ance bus protection installation. The CTs must have
identical ratios and saturation characteristics (C-ratings).
Configure the second level of the high-impedance ele-
ment to an alarm function with a low setting to report on
CT open-circuit conditions. Advance warning of an
open-circuit CT gives maintenance personnel time to
take corrective action that may prevent severe damage to
the CT and nearby primary equipment.

SEL-5877 Data Sheet

Figure 13 Example Bus Protection (One Phase Shown
Connected)
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Combine the overcurrent elements with the high-imped-
ance differential elements to provide protection for
smaller, wye-connected and grounded transformers; see
Figure 14. The REF CTs must have identical ratios and
saturation characteristics.

Transformer Protection |_.
o

When you use the SEL-587Z for transformer protection,

SEL-587

use the overcurrent elements to provide instantaneous
phase and ground overcurrent protection for bushing
faults. These elements provide phase and ground time-
overcurrent protection for coordination with other

system protection.

Figure 14 Transformer With Grounded-Wye Connected

Winding
[ ] [ ] [ ]
Wiring Diagrams
A
B
52-1 52-2 52-4
R R 1 R it
4 o o 4 5 o - 4 4 o 4 o o
A B C A B C A B C
SEL-5877
101 103 105
External 86-1 862| 863
Lock-Out = = = T
Relay
1020 104 106 O
| I S

Figure 15 Example AC Connection

Schweitzer Engineering Laboratories, Inc.
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A
B
¢ ? ? ? ?
52-1 52-2 52-3 52-4
AR AR 1 RN Ny
Y f [y f - T f Y f
A B C A B C A B C A B C
SEL-587Z SEL-587Z
107 109 m 101 103 105
External - g¢1| 862 | 863 Hi-| o [HE| [
LockOut —~ —— —— —— z z Z
Relay
108 10 2 1020 104 106 O
| I S
Figure 16 Example AC Connection With 50/51 Overcurrent Element
(*)
O
2150 201C 207 C 2030 205 O 209 O 2130 20
ouTt ouT2 ouT3 ALARM ouT4
PS INT IN2 I I I i I
GND
216 O 202 C 208 C 2040 206 O 210 O 214 O 2120 O
52a 86 CT
1 1 TRIP FAIL
86 OPEN
ANN ANN ANN
)
O ° * *® *®

Figure 17 Example DC Connection
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Front- and Rear-Panel Diagrams

® ® ®
. 38%'8 sy | e war| S| | SEL-587Z
O o=¥o 3833 00000 e ®e® HIGH—IMPEDANCE DIFFERENTIAL RELAY o
PORT F Amlu'fnﬁ %4»51«1:!14»‘ \
O oSCHWEITZER ENGINEERING LABORATORIES ©
® A ® woe® J|
i3483b
Figure 18 Front-Panel Diagram, Rack-Mount Option
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: a [TARCEY| MeveR [EvenTs|sTaTus| MANT | SET (cNTRL | EXIT SEL-587Z
o=¥o 15888 0090 ee®® HIGH—IMPEDANCE DIFFERENTIAL RELAY
PORT F * e © B8 jowvomjsmser| < | = | A | ¥
@.SCHWEITZER ENGINEERING LABORATORIES
® A ® o ®
i3481b
Figure 19 Front-Panel Diagram, Panel-Mount Option
):‘0\'\
osv
87A 878 87C A [ ic (Nt | OUT1 | OUTZ | INZ | OUT3 | OUT4 | ALARM | POWER ) PORT 1
SN N LA NI L el e Tl o e e [ L el e o0
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[ HEEYEY
ﬁ Hhel e
e
‘CONTACT WITH INSTRUMENT
TERMINALS MAY CAUSE
ELECTRICAL SHOCK WHI
RESULT IN INJURY OR DEATH
13482b

Figure 20 Rear-Panel Diagram
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Specifications

Compliance Power Supply
Designed and manufactured under an ISO 9001 certified quality 125250V
management system Range: 85-350 Vdc or 85-264 Vac
UL Listed to U.S. and Canadian safety standards (File E212775; Interruption: 100 ms @ 250 Vdc
NRGU, NRGU7) .
Ripple: 5%
CE Mark
Burden: <5.5W,<23 VA
RCM Mark
48/125V
Note: This equipment has been tested and found to comply with the
limits for a Class A digital device, pursuant to part 15 of the FCC Range: 36-200 Vdc or 85-140 Vac
Rulf:s. These limits are designed to providf: reasor}able protecFion Interruption: 100 ms @ 125 Vdc
against harmful interference when the equipment is operated in a
commercial environment. This equipment generates, uses, and can Ripple: 5%
radiate radio frequency energy and, if not installed and used in Burden: <5.5 W, <16 VA

accordance with the instruction manual, may cause harmful
interference to radio communications. Operation of this equipment in 24 Vdc
aresidential area is likely to cause harmful interference in which case

the user will be required to correct the interference at his own Range: 16-36 Vdc polarity-dependent
expense. Interruption: 25 ms @ 36 Vdc
General Ripple: 5%
Terminal Connections Burden: <55W

Rear Screw-Terminal Tightening Torque Note: Interruption and Ripple per IEC 60255-26:2013.

1.1 Nm (9 in-Ib)
1.3 Nm (12 in-Ib)

Output Contacts
Note: IEEE C37.90-2005 and IEC 60255-27:2013

Minimum:
Maximum:
Terminals or stranded copper wire. Ring terminals are recommended. Standard Outputs (5 contacts, including the alarm contact):
Minimum wire temperature rating of 90°C at 70°C ambient.

High-Impedance Inputs (87A, 878, 87C)

Make (Short Duration 30 Adc
Contact Current): 1000 operations @ 250 Vdc
2000 operations @ 125 Vdc

200 V nominal: 150 V continuous, linear to 3000 V
symmetrical Limited Making
o . Capacity: 1000 W @ 250 Vdc (L/R =40 ms)

Burden: 2000 Q stabilizing resistance
Mechanical Endurance: 10000 operations

Range: 20-800 V
Rated Voltage: 24-250 Vdc

Metal-oxide varistor One or two MOV option:

clamping voltage: 2100 V (8 x 20 ps) Operational Voltage
Four MOV Option: Range: 0-300 Vde

1500 V (8 x 20 ps)

One MOV-2500J
Two MOV-5000J

Pickup < 6 ms (resistive load)
Dropout < 6 ms (resistive load)

Operating Time:
Metal-oxide varistor

maximum transient Short Time Thermal

energy rating:

Four MOV-8400 J

Metal-oxide varistor One MOV-750 V
maximum continuous ac  Two MOV-750 V
voltage rating: Four MOV-600 V

AC Current Inputs (IA, 1B, IC)

5 A nominal: 15 A continuous, 500 A for 1 s, 625 A for
1 cycle (sinusoidal waveform), linear to
100 A symmetrical
Burden: <0.16 VA@5A,<1.15VA @ 15 A
Range: 0.5-80 A

3 A continuous, 100 A for 1 s, 250 A for
1 cycle (sinusoidal waveform), linear to
20 A symmetrical

Burden: <0.06 VA @ 1A,<0.18VA@3 A

1 A nominal:

Range: 0.1-16 A

Note: Use a minimum of C200 CTs or better for high-impedance bus
differential applications.
Frequency and Phase Rotation
System Frequency: 50 or 60 Hz

Phase Rotation: ABC or ACB rotation

Schweitzer Engineering Laboratories, Inc.

Withstand:

Continuous Contact
Current:

Contact Protection:

Limiting Breaking

Capacity/Endurance:

50 A for 1 second

6 A @70°C
4A @85°C

MOV protection across open contacts
300 Vdc continuous voltage
407

10000 operations
10 operations in 4 seconds, followed by
2 minutes idle

Rated Voltage

Resistive Break

Inductive Break
L/R = 40 ms (DC)

24 Vdc
48 Vdc
125 Vdc
250 Vdc

0.75 Adc 0.75 Adc
0.63 Adc 0.63 Adc
0.3 Adc 0.3 Adc
0.2 Adc 0.2 Adc

SEL-5877 Data Sheet
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Optoisolated Inputs

Standard Inputs (2 inputs, Control Voltage Jumpers):

24 Vdc: pickup 15-30 Vdc
48 Vdc: pickup 30-60 Vdc
125 Vde: pickup 80-150 Vdc
250 Vdc: pickup 150-300 Vdc

Note: Optoisolated inputs draw approximately 4 mA of current. All
current ratings are at nominal input voltages.

Communications Ports

Front Port: EIA-232

Rear Port (Ground EIA-232* or EIA-485*
Isolated): (*order option)

Baud: 300-38400 bps

Time-Code Input
Relay accepts demodulated IRIG-B time-code input at rear-panel port.
Humidity
5% to 95% without condensation
Altitude
2000 m (6560 feet) AMSL
Operating Temperature
—40° to +85°C (—40° to +185°F)

Note: LCD contrast impaired for temperatures below —20°C and
above +70°C.

Weight
4.1 kg (9.01 Ib)

Routine Dielectric Strength Tests
(performed on each manufactured relay)

AC current inputs,
optoisolated inputs,

and output contacts: 2500 Vac for 10 s
Power supply: 3100 Vdc for 10 s
Type Tests

Product Family Standard(s)
IEC 60255-26:2013

Electromagnetic Compatibility Emissions (EMC)
Conducted Emissions: FCC 15.107, Class A

Radiated Emissions: CISPR 22:2008, Class A
CISPR 11:2010, Class A
FCC 15.109:2014, Class A

Electromagnetic Compatibility Immunity

Conducted RF Immunity: IEC 60255-26:2013, Section 7.2.8
IEC 61000-4-6:2013

10 Vrms
Electrostatic Discharge TIEC 60255-26:2013, Section 7.2.3
Immunity: IEC 61000-4-2:2008

Levels 2, 4, 6, and 8 KV contact

Levels 2, 4, 8, and 15 kV air
IEEE C37.90.3-2001

Levels 2, 4, and 8 kV contact

Levels 4, 8, and 15 kV air

Electrical Fast Transient 1EC 60255-26:2013, Section 7.2.5
Burst Immunity: IEC 61000-4-4:2012
4kV @ 5 kHz on power supply and
outputs

2kV @ 5 kHz on communications ports

SEL-5877 Data Sheet

Power Frequency
Immunity:

IEC 60255-26:2013, Section 7.2.9
IEC 61000-4-16:2002
Zone A, applicable to binary input ports
only:
Differential mode: 150 Vrms
Common mode: 300 Vrms

Note: Always use multicore screened or twisted pair (screened or
unscreened) cables on optoisolated inputs (dc binary inputs).

Power Frequency
Magnetic Field
Immunity:

Power Supply Immunity:

Radiated Electromagnetic
Field Immunity:

Surge Immunity:

Surge Withstand:

Environmental
Cold:

Damp Heat Cyclic:

Dry Heat:

Vibration Resistance:

Shock Resistance:

Seismic:

Safety

Dielectric Strength:

Impulse:

IEC 60255-26:2013, Section 7.2.10
IEC 61000-4-8:2009

1000 A/m for 3 s

100 A/m for 60 s

1IEC 60255-26:2013, Sections 7.2.11,
7.2.12,7.2.13

1IEC 60255-27:2013, Sections 5.1.3,
10.6.6

IEC 60255-26:2013, Section 7.2.4
10 V/m (unmodulated) at swept
frequency, 80 MHz-1 GHz,
1.4-2.7 GHz
IEEE C37.90.2-2004
20 V/m (unmodulated) at swept
frequency 80 MHz-1 GHz

IEC 60255-26:2013, Section 7.2.7
IEC 61000-4-5:2005
0.5, 1.0, 2.0 kV line-to-line
0.5, 1.0, 2.0, 4.0 kV line-to-earth
0.5, 1.0, 2.0 kV communications ports

IEC 60255-26:2013, Section 7.2.6
IEC 61000-4-18:2006
Power supply, outputs, and inputs
2.5 kV peak common mode
1.0 kV peak differential mode
Communications ports
1.0 kV peak common mode
IEEE C37.90.1-2012
2.5 kV oscillatory
4.0 kV fast transient

IEC 60068-2-1:2007
Severity Level: 16 hours @ —40°C

IEC 60068-2-30:2005
Severity Level: 25° to 55°C, 6 cycles
Relative Humidity: 95%

IEC 60068-2-2:2007
Severity Level: 16 hours @ +85°C

1IEC 60255-21-1:1988
Class 1 Endurance
Class 2 Response

IEC 60255-21-2:1988
Class 1 Shock withstand, Bump
Class 2, Shock Response

IEC 60255-21-3:1993
Class 2 Quake Response

IEC 60255-27:2013; Section 10.6.4.3
IEEE C37.90-2005, Section 8
2.5 kVrms on contact inputs, contact
outputs, and analog inputs
3.6 kVdc on power supply

IEC 60255-27:2013; Section 10.6.4.2

0.5J,5kV
IEEE C37.90-2005, Impulse section
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FCC:

Canadian ICES-003:

Sampling

This device complies with Part 15 of the
FCC rules. Operation is subject to the
following two conditions:

(1) This device may cause no harmful
interference.

(2) This device must accept any
interference received, including
interference that may cause undesired
operation.

Changes or modifications to this product
may void authority to operate this
equipment provided in Part 15.

Canadian ICES-003: This Class A digital
apparatus complies with Canadian
ICES-003.

Cet appareil numérique de la classe A est
conforme a la norme NMB-003 du
Canada.

This Class A digital apparatus complies
with Canadian ICES-003.

Cet appareil numérique de la classe A est
conforme a la norme NMB-003 du
Canada.

16 samples per power system cycle

Processing

Differential elements, optoisolated inputs, and contact outputs are

processed at 1/8-cycle.

Overcurrent elements are processed at 1/8-cycle.

Metering Accuracy
Instantaneous Currents:
5 A Model:
1 A Model:
Demand Currents:
5 A Model:
1 A Model:
High-Impedance Voltage:
Differential Element

Pickup Range:

+2% +0.10 A
+2% +0.02 A

+2% +0.10 A

+2% +0.02 A

+5% 2V

20-800 V

Pickup Accuracy (V secondary):

5 A Model:
1 A Model:
Pickup Time (Max):

+5% x4V
+5% +4 V
1.25 cycles

Instantaneous Overcurrent Elements

Pickup Range (A secondary):

5 A Model:
1 A Model:

0.5-80.0 A
0.1-16.0 A

Pickup Accuracy (A secondary):

5 A Model:
1 A Model:
Pickup Time (Typ/Max):

Time-Overcurrent Elements

+5% +£0.10 A
+5% £0.02 A
0.75/1.25 cycles

Pickup Range (A secondary):

5 A Model:
1 A Model:

0.5-16.0 A
0.1-3.2 A

Pickup Accuracy (A secondary):

5 A Model:
1 A Model:

+5% +0.10 A
+5% £0.02 A

Schweitzer Engineering Laboratories, Inc.

Curves:

Time-Dial Range
U.S. Curves:
IEC Curves:

Timing Accuracy:

Reset Characteristic:

15

U.S. Moderately Inverse

U.S. Inverse

U.S. Very Inverse

U.S. Extremely Inverse

U.S. Short-Time Inverse

IEC Class A (Standard Inverse)
IEC Class B (Very Inverse)

IEC Class C (Extremely Inverse)
IEC Long-Time Inverse

IEC Short-Time Inverse

0.50-15.00, 0.01 step
0.05-1.00, 0.01 step

+4% +2% G’S’:Cm) +1.5 cycles

for current between 2 and 30 multiples
of pickup. Curves operate on definite-
time for current greater than 30
multiples of pickup or 16 times nominal.

Induction-disk reset emulation or 1-cycle
linear reset

SEL-5877 Data Sheet
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Technical Support

We appreciate your interest in SEL products and services. If you have questions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court

Pullman, WA 99163-5603 U.S.A.

Tel: +1.509.338.3838

Fax: +1.509.332.7990

Internet: selinc.com/support

Email: info@selinc.com

© 2002-2019 by Schweitzer Engineering Laboratories, Inc. All rights reserved.

All brand or product names appearing in this document are the trademark or registered
trademark of their respective holders. No SEL trademarks may be used without written
permission. SEL products appearing in this document may be covered by U.S. and Foreign
patents.

Schweitzer Engineering Laboratories, Inc. reserves all rights and benefits afforded under
federal and international copyright and patent laws in its products, including without lim-
itation software, firmware, and documentation.

The information in this document is provided for informational use only and is subject to
change without notice. Schweitzer Engineering Laboratories, Inc. has approved only the
English language document.

This product is covered by the standard SEL 10-year warranty. For warranty details, visit
selinc.com or contact your customer service representative.
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SEL| SEL-2440 Discrete Programmable
Automation Controller

Complete System for Control and Monitoring

32 Inputs
16 Outputs
4 Ports
(Standard)

Major Features and Benefits

Rack
Panel
Surface

Fast and Powerful I/O

» Utilize an exceptional and compact combination of
inputs, outputs, and communications.

» Analyze system events with inputs and other
events timed to the microsecond.

» Synchronize control with outputs that are
synchronized to IRIG-B time.

» Perform actions quickly with a processing interval
of 2 ms.

» Program new features with logic, latches, timers,
counters, edge-triggers, and math functions.

» Ensure safe operation by using an input with logic
programmed for local/remote control.

Convenient Maintenance and Support

» LEDs provide status for every I/O point and
communications port.

» Removable terminal blocks make installation and
replacement quick and efficient.

» Positive retention connectors ensure that
connections are not lost due to sagging cables.

» Front-panel management port makes device
management convenient.

Flexible Communications and Integration

» Communicate with DNP3, Modbus®, and IEC
61850 protocols over Ethernet and serial
connections. Direct and select-before-operate
(SBO) outputs are supported.

Schweitzer Engineering Laboratories, Inc.

» Automate systems with flexible communication
options that provide easy integration with SCADA.

» Configure easily with preprogrammed register or
object maps and front-panel DIP switches.

» Alternatively, configure with ACSELERATOR
QuickSet® SEL-5030 Software.

SEL Quality, Standards, and Global Support

» Designed and tested for harsh physical and
electrical environments.

» Designed and tested to operate with dc grounded
batteries and capacitive loads, and to trip breakers
and interrupt inductive loads.

» Superior specification compliance, high reliability,
low price, and worldwide, ten-year warranty.

RTAC &0 =+ SEL-3530
([ smmmalmls = T )

Serial or Ethernet Communications

- SEL-2440

- SEL-2440

SEL-2440 DPAC Data Sheet
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Product Summary

The SEL-2440 Discrete Programmable Automation Controller (DPAC) withstands harsh physical and electrical
environments and is built and tested to meet mission-critical IEEE and IEC protective relay standards. Apply the DPAC
to satisfy stand-alone or distributed input, output, and communications needs. Figure I shows the DPAC functionality.

Functional Diagram

R

Ethernet||Ethernet
aud ouT [ IN
MAC
| Security |
| Protocol Processing |
o 8 2
g 7 Programmable &
3] 4] S s T @
f} E’ e 8 Automation ~ g
32 Discrete § 28 o Engine g @ |16 Discrete
Inputs £ 3, (2 ms processing) 3 | Outputs
(typical) [= | |8 (typical)

Sequential Events Recorder

A

Figure 1 Functional Diagram

Configuration

» Easy Mode. Set address and communications
parameters with DIP switches.

> Flexible Mode. Access additional flexibility using
QuickSet software, shown in the following figure.

Figure 2 ACSELERATOR QuickSet Launchpad

Inputs/Outputs

DPAC devices can be ordered with different I/O and
input voltage ratings as shown in the following tables.

SEL-2440 DPAC Data Sheet

/0 Quantity Options
Inputs Outputs
Standard 32 16
Option 1 16 32
Option 2 48 0
Option 3 16 32 (16 Standard and

16 High-Current Interrupting)

Option 4 16 26 (12 Form A, 4 Form C,
10 Fast High-Current Form A)
Option 5 32 10 (10 Fast High-Current Form A)

I/0 Input Voltage Options

Digital Input Rating

24 Vac/Vdc 125 Vac/Vdc
48 Vac/Vdc 220 Vac/Vdc
110 Vac/Vdc 250 Vac/Vdc

Communication and Time

Many communications ports and protocols are provided.

Figure 3 Rear-Panel Communications and IRIG-B Ports

Port Port Interface

PORT F USB 2.0 physical interface, serial port (e.g., COM1)
software interface

PORT 1 Ethernet with switch/failover (copper or fiber)
PORT 2 Serial (EIA-232, EIA-485, or ST fiber)
PORT 3 Serial (EIA-232)

Serial Ethernet
DNP3 Yes Yes
Modbus Yes Yes
IEC 61850 Yes
MIRRORED BITs® Yes
SEL Fast Message Yes

Schweitzer Engineering Laboratories, Inc.



Input/Output Features

Inputs (Status and Alarms)

Use digital inputs to monitor critical alarms or status points and time-stamp to the microsecond.

Insensitive to Polarity

BO1 ——
|—_o/o—@— B02
|_0/— BO3 =

—V)— B04 ——
|_/— BOS
—V)— Bo6

BO7 ——

<@ | Bos [IN204

Independent and Isolated Inputs

Figure 4

BO1

Insensitive to Polarity

— B02

BO3

B0O4

BO5

BO6
BO7

BO8

Figure 5 Bussed Inputs

SEL inputs are designed and tested to ensure they operate correctly for dc battery grounds and capacitive discharges.

The bold line in Figure 6 shows how an earth fault completes the battery path through the input, bypassing the output. If
the input is rated for 125 Vdc, the 65 Vdc that the fault causes across the input will assert the input. SEL level-sensitive
inputs are designed so that they do not operate for this condition.

The bold line in Figure 7 shows a discharge path from the wiring capacitance through the input when a knife switch is
closed. This discharge can cause a temporary assertion of an input. SEL inputs are designed with debounce timers so that

they do not operate for this condition.

+62.5 Vdc

125 Vdce

+
[

A

-62.5 Vdc

& C

Figure 6 Secure Against DC Grounds

Outputs (Relays)

+62.5 Vdc

125 Vde

min

A
®

-62.5 Vdc

1L

_TE

Figure 7 Secure Against Capacitive Discharges

Outputs are rated for 30 A make and inductive interrupt applications such as trip and close operations and motor control.

See the Output specifications for more details.

0UT101

0UT102

OUT103

0UT104

Independent and Isolated Outputs

Figure 8

Schweitzer Engineering Laboratories, Inc.

o— AO1 —@—\
' A02 [Load |
— a0 [———@
———— A04 [Load
o— AO5 —@—\
— A06 Load
— o1 AO7 —@—\
—A08 [Toad |
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Power

The POWER terminals on the rear panel must connect to 120-230 Vac or 24-250 Vdc with the proper polarity. These
terminals are isolated from chassis ground. Extra terminals are provided so power can be daisy-chained from DPAC to DPAC.

Form C %%
Alarm
Z3

Z4 SEL-2440
DC or AC Z5 : DPAC
[

26
"

Power Source

z7
8 | -
729 |G

IRIG-B

A demodulated IRIG-B input and output are provided so this signal can be daisy-chained between DPAC devices.

—ON @'
ouT @OUT
Connectors

Removable terminal block connectors make installation and replacement quick and efficient but can result in intermittent
or lost connections if positive retention means aren’t provided. The following diagram shows one of the pluggable
connectors used on the DPAC and points out the retention screws that ensure connections remain in place.

Conformal Coating

The optional conformal coating protects the DPAC printed circuit board from moisture and corrosive elements found in
harsh installations. This conformal coating option conforms to Mil-1-46058C Type UR conformal coating requirements.

Communications Ports

A rich collection of communications ports and protocols are available with the DPAC as shown in the following figure,

which also includes connection examples.
SEL-2440
DPAC
PORT 1B
1A

PC F
SEL-2725 SEL 3830
1B Ethernet
SEL-2440 Switch
DPAC DNP3
9 SEL Device Master
MIRRORED BITS
IRIG-B IN
IRIG-B OUT , SEL-3010
Event Messenger

SEL-2440 DPAC Data Sheet Schweitzer Engineering Laboratories, Inc.



Analyze Sequence-of-Events

Record sequence-of-events with the Sequential Events Recorder (SER) function. With this function, you can analyze
assertions and deassertions of digital inputs and outputs—as many as 512 state changes to the microsecond for as many
as 96 different digital points. The function also captures when the device powers up and a settings change occurs.

Terminal Device Report Report
Identification Identification Date Time

i i

SEL-2440 Date: 09/2!/2008 Time: 12:!3:51
DEVICE -—————

Serial No = 000000000000001

FID = SEL-2440-R001-V0-Z001001-D20081010 CID = B12D

# DATE TIME ELEMENT STATE
150 09/23/2008 12:13:41.000000 TOS Asserted
149 09/23/2008 12:13:41.002000 TOS Deasserted
148 09/23/2008 12:13:41.224180 52_1_Closed Asserted
147 09/23/2008 12:13:41.224180 IN215R Asserted
146 09/23/2008 12:13:41.224180 Fan_Running Asserted
145 09/23/2008 12:13:41.224180 IN213R Asserted
144 09/23/2008 12:13:41.224180 IN212R Asserted
143 09/23/2008 12:13:41.224180 IN211R Asserted
142 09/23/2008 12:13:41.224180 IN210R Asserted
141 09/23/2008 12:13:41.224180 IN209R Asserted
140 09/23/2008 12:13:41.224180 IN208R Asserted
139 09/23/2008 12:13:41.224180 IN207R Asserted
138 09/23/2008 12:13:41.224180 IN206R Asserted
137 09/23/2008 12:13:41.224180 IN205R Asserted

S I )

I I | I I
SER SER SER Element or Element
Number  Date Time Condition State

Figure 9 Sample SER Report

Combine SER data from individual SEL-2440 DPAC devices into a system-wide log. Synchronize the system with
IRIG-B time code and the report data will align perfectly.

Sequence of Events Record
i View Configuration e
SU SR MEBME=E @ v 2N

v

s e P Fao
Server Substatior: _Refresh | Group: Equpment  State
S| sy [ansoies || 22 [oiraam oot || S| Fivmgems [ Eabret [rvsee
e A i [Ste == == == Substalion
SRR TZER S SELRTTE  VOLTS FERHERTZTAP St okt OWEGY  ROSETONDZ
S Ta B LTS VLTS FeR HERTE TP " e oo omeer  roserouws
e 12k SELATAZ  ALNEUTAALOVERCURRENTTHP  Awd  SELSY  OUTID  OWEGY  AOSEToNuS
MG T3 RIN SELTT2  VOLTS FER HERTZ THP Demeed  SEL® o owEsY  RoseToNU2
RT3 BN ST VOLTS FER HERTZ THP bemmed  SEL® oS OWEGY  ROSETONU
QMORIIBINA SELTAZ  AXNEUTAALOVERCURRENTTRP  Deomoted  SELS  OUTIG  OYWEGY  RoSETONU2
w13 750 SELaET2 R HERT2 THIP P s owEsY  ROsETONUZ
MRS SELAIT2  VOLT FER HERTZ THP claw  oUtm  omesy  RoseTowu:
0208 13512579 SELA7A2  ALXNEUTRAL OVERCURRENT TP Law  outs  omecy  Roseronu:
NERIERR0NS SELTT2  UNAESTAANED DFFERENTALTRP  Aed  SELa  an) owEsY  RosEToNy2
MR 1SRN SELEIT2  DIFERENTIL TP fomed sl oumor Owesy  Aoserous
MR ISR SELTA2  UNAESTAANEDDIFERENTALTRP  Amed  SELIY o7 owEsy  RoseTonu
StLaraz  OIFERENTIL TP homsd L& oUnm omeny  ROSETONUZ
CLwITs  RESTANEDDFFERNTALTAP  Avmed S oW owEsY  RosEToNyZ
Mg 1525075 SELTAZ  RESTRANEDDRFERENTALTAP  Aemed  SELaw  om owesy  RoseTony
MR8 153251 409 SELIT2  OVERCURRENT TP fowd  SELS OUTIZ  OWEGY  AOSETONU2
o6 153252653 SELar12 OFFERENTIALTAP  amseted  SEL® 1 ovesy  RoseTonu:
G155 SELTAZ  UNMESTAANEDDFFERENTALTR Dessoted  SEL3Y &7 owesy  RoseToNu2
RIS LRI SELAIT2  FESTRANEDDRFERENTALTRP  Desseted  SELE oW omesy  RoseTonyz
NRRISRNG SELTAZ  RESTAANEDDIFERENTALTAP  Deoseted  SEL3w oM ovEsy  RoseToNu:
0BG 153253109 SELAEIT2  DIFERENTIAL TR bewmed L& ounn omeoy  Roseronus
CoME0e 13253109 SELETAZ  DIFERENTIAL TAIP bemeed  SHL® ol oWy ROSEToNu
MR 125 SELEIT2  OVERCURRENT TP bemmd  SEL® oM OWEGY  ROSETONU
02/02/2006 17:54:25529  SEL-387-T2 VOLTS PER HERTZ TRIP Deasserted SEL-387 24c2t DYNEGY ROSETON U2
RSB SELIT2  VOLTSFER HERTE THP Do SELE  OUTG OWEG  ROSETONUZ
RSB SELATAL  ANEUTAALOVERCURRENTTHP  Desmeted  SELS  OUTID  OWEGY  AOSETONUZ
CE/08 13415959 SELITI  VOLTS FER HERTZ TP, fomed sl 2wt oviEGy  RosETONUT
M08 134140483 SELTTI  VOLTS PER HERTZ TP Damsated  SHLE 20t oGy AoseToNUn
RTINS0 SELEIT  VOLTS FER HERTE THP s oWESY  ROSETONUT
MBS 13420359 SELITI  VOLTS FER HERTZ TR Demeed  SHL® o owEsy  RoseToNUT
SELHTTI LN OVERCURRENT TP fomd S ounm omeer  Foscrouun
SELaTAT VOLTS FER HERTZ TP fmed Sl oUne OWesY  Aoseronul
MBS 1622590 SELITI ALY OVERCURRENT TRIP bemeed LA oUTe  OWes  RosETout
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CMRRIAZB0N0 SELATTI AL OVERCURRENT TP homed Gl oW Owesy  AosEToNu!
AR IAZ04I8 SELGTA VOLTS FER HERTZ TRP fomed Sl oUTid  OWesY  Aoserout
MRS SELEITI AL OVERCURRENT TRIP bt S oUTe OMES  ROSETONUT
NS 142300447 SELTAT  VOLTS FER HERTZ THP bemad S oUr  OWEGY  ROSETONUI
DR 142334090 SELATTI ALY OVERCURRENT TAIP jomed Sl ouri  Owesy  Aoseronut +SEL-2440 + SEL-2440
MR T6ZIH0 SELTAT  VOLTS FER HERTZ TRP fomed Sl OUTIH OWESY  AosEToNul
MR 16237328 SELAITI AL OVERCURRENT TRIP bt S oUTe  OWEGY  ROSETONUI
MR 14235724 SELTAT  VOLTS FER HERTZ THP Cmatcd S OUTIH  OWEGY  ROSETONUI
AR 1AZ S SELEITI AL OVERCURRENT TP homed SELW oUW OWEGY  AOSETONUI
MG 162347577 SELTAT  VOLTS FER HERTZ THP fomed Sl oUTie OWesr  AoseTonul
OB 14235007 SELITI AL OVERCURRENT TRIP bemaed L oUTr  OWEGY  ROSETONUT
N4 SELTAT  VOLTS FER HERTZ TP Cmatd  SHLG&  OUIH DG ROSETONUI
OB 14240655 SELEITI ALY OVERCURRENT TP homed Sl oUTid Owesy  Aoseronut
MR 14240657 SELTAT  VOLTS FER HERTZ THP fomed S OV OWEGY  AosETONUI
MR 14240650 SELBITI AU OVERCURRENT TAIP bewated S oUr OWEGY  ROSETONUI
RSB SELTAT  VOLTS FER HERTZ TP bewmed  SELE  oUMO OWEn  ROSETONUI
02/08/2006 142417703 SEL38T1  AUX OVERCURRENT TRIP Asserted SEL37 ouTios DYNEGY ROSETONUT - SEL-2440 -+ SEL-2440
MBS 142617703 SELTAT  VOLTS FER HERTZ TP fowed S OV DWEGY  RoSETONUI
MR 14241591 SELTTI AL OVERCURRENT TAIP bamatd S oA OWEGY  ROSETONUI
R 1424199 SELGTAT  VOLTS FER HERTZ TRP bemmed  SEL& oA OWEGY  ROSETONUI . X )
MR 142430708 SELEITI ALY OVERCURRENT TRIP o sla ot omes  Roseronw
= B Figure 11 Example SER Collection Architecture
OB 122 2) SELITI ALY OVERCURRENT TAIP bemmned  SEL  oUMO OWEGY  ROSETONUI
MBS 142432929 SELTAT  VOLTS FER HERTZ THP bemmed  SELA® o OWESY  ROSETONUT

“or Help, press Fi

Figure 10 Combine SER Data From Multiple SEL-2440
DPAC devices for a System-Wide Log and Display

Schweitzer Engineering Laboratories, Inc. SEL-2440 DPAC Data Sheet
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Automation Features

Flexible Control Logic and Integration Features

Eases Configuration

The DPAC does not require special communications
software. Use any system that emulates a standard termi-
nal system for engineering access to the device.

Simplifies Communications

The SEL-2440 is equipped with three independently
operated serial ports. Establish communication by con-
necting computers, modems, protocol converters, print-
ers, an SEL. Communications Processor, SCADA serial
port, and an RTU for local or remote communication.
Apply an SEL communications processor as the hub of a
star network, with point-to-point fiber or copper connec-
tion between the hub and the SEL-2440.

Supports Standard Protocols
As with most SEL devices, the DPAC comes standard
with the communications protocols listed below.
>» DNP3
» Modbus
» SEL ASCII
» SEL Compressed ASCII
» SEL Fast Meter
» SEL Fast Operate
» SEL Fast SER
» SEL Fast Message
» SEL MIRRORED BITS

Simplifies SCADA

SEL devices provide proprietary but open, binary “fast”
protocols. These protocols are self-describing and are
interleaved with ASCII protocols on the same port. Sim-
plify configuration, minimize communications wiring,
and improve performance between the DPAC and other
devices (e.g., communications processors) with these
protocols.

Provides Annunciation

Indicators (LEDs) provide annunciation of I/O status for each
input and output. In addition, device status and port activity
indicators simplify commissioning and troubleshooting.

Figure 12 Annunciation Indicators

SEL-2440 DPAC Data Sheet

Performs Logic and Math

Eliminate PLCs with Boolean logic, rising/falling edge
triggers, and math (+, -, *, /).

Replaces Traditional Latching Relays

Replace as many as 32 traditional latching relays for
such functions as “remote control enable” with latches.
Program latch set and latch reset conditions with
SELoGIC® control equations. Set or reset the nonvolatile
latches using optoisolated inputs, Remote Bits, latches,
or any programmable logic condition. The latches retain
their state when the device loses power.

Eliminates External Timers

Eliminate external timers for custom protection or con-
trol schemes with 32 general purpose SELOGIC control
equation timers. Each timer has independent time-delay
pickup and dropout settings. Program each timer input
with any desired element. Assign the timer output to trip
logic, transfer trip communications, or other control
scheme logic.

Eliminates External Counters

Eliminate external counters for custom control schemes
with 32 counters, updated every 2 ms processing interval.
Each counter element consists of five inputs (preset
value; load preset value, count up, count down, and reset
to zero) and three outputs (counter value; count as many
as preset reached, count down to zero reached).

Eliminates RTU-to-Device Wiring

Eliminate RTU-to-Device wiring with 32 Remote Bits.
Set, clear, or pulse Remote Bits using serial or Ethernet
port commands. Program the Remote Bits into your con-
trol scheme with SELOGIC control equations. Use
Remote Bits for SCADA-type control operations such as
trip, close, and settings group selection.

Schweitzer Engineering Laboratories, Inc.



Communications Architectures

10/100BASE-T Ethernet Port EIA-485
+ Modbus TCP + Modbus RTU

| - DNP3 LAN/WAN . DNP3 Level 2 Slave
«-IEC 61850

(A) Ethernet Communications Architecture (B) EIA-485 Communications Architecture

Figure 13 Typical Ethernet and EIA-485 Communications Architectures

, —— SEL-2032 geduinlibitclihe
‘;L‘ Processor

T SEL-2411

Serial
Communications

EIA-232 or Fiber Optic
NAEZill - Modbus RTU

+ DNP3 Level 2 Slave

+ SEL ASCII

+ SEL Fast Message, Fast SER
+ SEL Fast Meter, Fast Operate

R
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<> Omm
o o ]

Meters and

. Modbus, DNP3,
Monitors

SEL Protocols RTUs

-+ SEL-2440
)

:
@
= -+ SEL-2440 =2
- wommmn) ]
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( )

SEL-2440 DPAC Relays and IEDs

Figure 14 Typical EIA-232 and Fiber-Optic Communications Architecture

Additional Ordering Options

The following options can be ordered for any SEL-2440 model (see the SEL-2440 Model Option Table for details):

Port 2 Physical Interface Mounting
EIA-232 Rack
EIA-485 Panel

ST fiber Surface

Schweitzer Engineering Laboratories, Inc. SEL-2440 DPAC Data Sheet
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Front- and Rear-Panel Diagrams
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Figure 15 Rack-Mount Drawing
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Figure 16 Panel-Mount Drawing
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Figure 17 Surface-Mount Drawings
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Figure 18 32 Input, 16 Output Rear-Panel Drawing

High-current interrupting outputs are polarity sensitive. This is indicated with a + next to the contact on the overlay to
indicate the positive side of the contact.

SEL-2440 DPAC Data Sheet Schweitzer Engineering Laboratories, Inc.
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Figure 19 High-Current Interrupting Option Rear-Panel Drawing
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Figure 20 Port 2 EIA-485 and Fiber-Optic Ethernet Option Rear-Panel Drawing
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Figure 21 48DI Option Rear-Panel Drawing
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Dimensions
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Specifications

n

Compliance

Designed and manufactured under an ISO 9001 certified quality
management system

UL Listed to U.S. and Canadian safety standards
(File E220228; NRAQ, NRAQ7)
Note: DC output ratings not evaluated by UL61010.

CE Mark
RCM Mark

Note: This equipment has been tested and found to comply with the
limits for a Class A digital device, pursuant to part 15 of the FCC
Rules. These limits are designed to provide reasonable protection
against harmful interference when the equipment is operated in a
commercial environment. This equipment generates, uses, and can
radiate radio frequency energy and, if not installed and used in
accordance with the instruction manual, may cause harmful
interference to radio communications. Operation of this equipment in
aresidential area is likely to cause harmful interference in which case
the user will be required to correct the interference at his own
expense.

General

Operating Temperature Range
—40° to +85°C (—40° to +185°F)
(not applicable to UL installations. UL rated 40°C)

When Powered by 24 V, the SEL-2440 Supports the Following
Conditions:

70°C: Operate 32 outputs and 2.5 W max on

+5 V pin (Port 2/3)
Conformal Coated: Derate operating temperature by 10°C.

Operating Environment

Pollution Degree: 2
Overvoltage Category: I
Insulation Class: 1

Relative Humidity:
Maximum Altitude: 2000 m
Weight
2.0kg (44 1b)
Inputs

Optoisolated Control Inputs
When Used With DC Control Signals:

5%-95%, noncondensing

250 V. ON for 200-275 Vdc OFF below 150 Vdc
220V ON for 176-242 Vdc OFF below 132 Vdc
125V ON for 100-135.5 Vdc  OFF below 75 Vdc
110V ON for 88-121 Vdc OFF below 66 Vdc
48V ON for 38.4-52.8 Vdc  OFF below 28.8 Vdc
24V ON for 15-30 Vdc OFF below 5 Vdc

When Used With AC Control Signals:

250 V. ON for 170.6-275 Vac  OFF below 106 Vac
220V ON for 150.3-264 Vac  OFF below 93.2 Vac
125V~ ON for 85-150 Vac OFF below 53 Vac
110V ON for 75.1-132 Vac OFF below 46.6 Vac
48V ON for 32.8-60 Vac OFF below 20.3 Vac
24V ON for 14-27 Vac OFF below 5 Vac

Current Draw at Nominal

DC Voltage:

Outputs

2-4 mA (except for 24 V, 8 mA)

Mechanical Durability

10 M no-load operations
DC Output Ratings
Standard Output Option

Rated Operational Voltage:
Rated Voltage Range:

24-250 Vdc
19.2-275 Vdc

Schweitzer Engineering Laboratories, Inc.

Rated Insulation Voltage: 300 Vdc

Make: 30 A @ 250 Vdc per IEEE C37.90
Continuous Carry: 6 A @70°C;4 A @85°C
Thermal: S0Aforls

360 Vdc, 40 J MOV protection across
open contacts

Contact Protection:

Operating Time (Coil
Energization to Contact
Closure, Resistive Load): Pickup/Dropout time <8 ms typical

Breaking Capacity 24V 075A L/R =40 ms
(10,000 Operations) per 48V 0.50A L/R =40 ms
IEC 60255-0-20:1974: 125V 030A L/R =40 ms

250V 0.20A L/R =40 ms

Cyclic Capacity 24V 075A L/R =40 ms
(2.5 Cycles/Second) per 48V 050A L/R =40 ms
IEC 60255-0-20:1974: 125V 030A L/R =40 ms

250V 0.20A L/R =40 ms
High-Current Interrupting Output Option

Rated Operational Voltage: 24-250 Vdc

Rated Voltage Range: 19.2-275 Vdc

Rated Insulation Voltage: 300 Vdc

Make: 30A

Carry: 6 A continuous carry at 70°C

4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection: 330 Vdc/145]

Pickup Time: Less than 5 ms

Dropout Time: Less than 8 ms, typical

Breaking Capacity (10,000 Operations):

24V 10A L/R =40 ms
48V 10 A L/R =40 ms
125V 10A L/R =40 ms
250V 10A L/R =20 ms

Cyclic Capacity (4 Cycles in 1 Second, Followed by 2 Minutes Idle for
Thermal Dissipation):

24V 10A L/R =40 ms
48V 10A L/R =40 ms
125V 10 A L/R =40 ms
250V 10 A L/R =20 ms

Note: Make per IEEE C37.90-1989.

Note: Do not use high-current interrupting output contacts to switch
ac control signals. These outputs are polarity dependent.

Note: Breaking and Cyclic Capacity per IEC 60255-0-20:1974.

Fast High-Current Interrupting Output Option
Rated Operational Voltage:  24-250 Vdc

Rated Voltage Range: 19.2-275 Vdc
Rated Insulation Voltage: 300 Vdc
Make: 30 A @ 250 Vdc per IEEE C37.90

Continuous Carry: 6 A @70°C;4 A @85°C

Continuous Carry

(UL/CSA Derating With
All Outputs Asserted): 5 A @ <60°C; 2.5 A 60 to 70°C
Thermal: 50Aforls

Contact Protection: 330 Vdc, 145 J MOV protection across

open contacts
Operating Time (Coil Energization to Contact Closure, Resistive Load)

~16 ps at 250 Vdc, 22 ps at 125 Vdc, 85 ps
at 19.2 Vdc typical (results with 100 kQ
resistive load)

Pickup Time:

Dropout Time: <8 ms typical

SEL-2440 DPAC Data Sheet



Inductive Breaking Capacity (100,000 Operations)

per IEC 60255-0-20:1974

24 Vdc 10 A
48 Vdc 10A
125 Vdc 10 A
250 Vdc 10A

L/R =40 ms
L/R =40 ms
L/R =40 ms
L/R =20 ms

Cyclic Capacity (4 Cycles/Second Followed by 2 Minutes Idle Thermal
Dissipation) per IEC 60255-0-20:1974

24 Vdc 10A
48 Vdc 10A
125 Vdc 10A
250 Vdc 10A

AC Output Ratings

Standard Output Option
Rated Operational Voltage:
Rated Voltage Range:
Rated Insulation Voltage:
Rated Frequency:
Utilization Category:

Contact Rating
Designation:

Contact Protection:
Continuous Carry:

Continuous Carry
(UL/CSA Derating With
All Outputs Asserted):

Operating Time (Coil
Energization to Contact
Closure):

Electrical Durability Make
VA Rating:

Electrical Durability
Break VA Rating:

L/R =40 ms
L/R =40 ms
L/R =40 ms
L/R =20 ms

110-240 Vac
19.2-264 Vac
270 Vac

50/60 + 5 Hz

AC-15 (control of electromagnetic
loads >72 VA)

B300 (B =5 A, 300 = rated insulation
voltage)

270 Vac,40J
6 A @70°C;4 A @85°C

5 A @ <60°C; 2.5 A 60-70°C

Pickup/Dropout Time: <8 ms
3600 VA, cos¢ = 0.3

360 VA, cosp =0.3

Fast High-Current Output Option

Rated Operational Voltage:
Voltage Range:

Rated Insulation Voltage:
Rated Frequency:

Make:

Utilization Category:

Contact Rating
Designation:

Continuous Carry:

Continuous Carry
(UL/CSA Derating With
all Outputs Asserted):

Thermal:

Contact Protection:

110-240 Vac
19.2-250 Vac
250 Vde

50/60 + 5 Hz

30 A @ 240 Vac

AC-15 (control of electromagnetic loads
>72 VA)

B300 (B =5 A, 300 = rated insulation
voltage)

6 A @70°C;4 A @85°C

5A @ <60°C; 2.5 A 60 to 70°C
50 Aforls

250 Vac, 145 J MOV protection across
open contacts

Operating Time (Coil Energization to Contact Closure, Resistive Load)

Pickup Time:

Dropout Time:

~16 us at 250 Vac, 22 ps at 125 Vac, 85 ps
at 19.2 Vac typical (results with 100 kQ
resistive load)

<8 ms typical

Note: Per IEC 60255-23:1994, using the simplified method of

assessment.

Note: Making rating per IEEE C37.90-1989.

SEL-2440 DPAC Data Sheet

48DI Input Derating Curve:

32D0/16DI Output Derating Curve:

Time-Code Input (Demodulated IRIG-B)

On (1) State: Vin=22V
Off (0) State: V;<08V
Input Impedance: 2kQ
Accuracy: microsecond

Time-Code Input (SNTP)

High-Priority Server

Accuracy: +5 ms
Low-Priority Server
Accuracy: +25 ms

Time-Code Output (Demodulated IRIG-B)
On (1) State: Von=24V
Off (0) State: Vg <08V
Load: 50 Q
Communications
Communications Ports
USB 2.0 Port:
Ethernet Ports:

Port F; front-panel port

Port 1A, 1B; rear-panel 10/100BASE-T or
100BASE-FX ports

300115200 bps Port 2; rear panel
available as:
EIA-232 with IRIG-B
EIA-485 with IRIG-B
ST fiber with IRIG-B

300-115200 bps Port 3; rear-panel port
with IRIG-B

Fiber-Optic Ports Characteristics
Port 1 (or 1A, 1B) Ethernet
Wavelength:
Data Rate:

Optional Port:

EIA-232 Port:

1300 nm
100 Mbps
Optical Connector Type: LC

Fiber Type: Multimode

Schweitzer Engineering Laboratories, Inc.



Link Budget:

Typical TX Power:

Min RX Sensitivity:
Fiber Size:
Approximate Range:
Typical Fiber Attenuation:

16.1 dB
-15.7 dBm
-31.8 dBm
50-200 pm
~6.4 km
-2 dBm/km

Port 2 Serial ST (SEL-2812 Compatible)

Product Standards

Electrical Equipment for
Measurement, Control,
and Laboratory Use:

Measuring Relays and
Protection Equipment:

Type Tests

13

IEC 61010-1:2013

UL 508:2018

C22.2 No. 61010-1:12
IEC 61010-2-201:2013
UL 61010-2-201:2017
C22.2 No. 61010-2-201:14

IEC 60255-26:2013
IEC 60255-27:2013

Note: To ensure good EMI and EMC performance, type tests were
performed using shielded copper Ethernet cables with the shell
grounded at both ends of the cable. Double-shielded cables are
recommended for best EMI and EMC performance.

Baud Rate: 300-115200 bps
Wavelength: 850 nm

Optical Connector Type: ST

Fiber Type: Multimode

Link Budget: 16 dBm

Min TX Power: —13 dBm

Max TX Power: -3 dBm

Min RX Sensitivity: —29 dBm

Fiber Size: 50-200 um
Approximate Range: ~4 km with 62.5 um

~1 km with 200 um
Typical Fiber Attenuation: —4 dBm/km
Communications Protocols

Modbus Slave (TCP and RTU)

DNP3 Level 2 Outstation (LAN/WAN and Serial)
IEC 61850 communications

FTP

Telnet

SEL MIRRORED BITS

Ymodem file transfer on the front and rear port
Xmodem file transfer on the front port

SEL ASCII and Compressed ASCII

SEL Fast Meter

SEL Fast Operate

SEL Fast SER

SEL Fast Message unsolicited write

SEL Fast Message read request

SEL Event Messenger points

Maximum Concurrent Connections

Modbus Slave: 2
DNP3 Level 2 Outstation: 5%
Ethernet FTP: 2
Telnet: 2
@Maximum in any combination of serial and/or LAN/WAN links.
Power Supply
Input Voltage
Rated Voltage: 24-250 Vdc
110-230 Vac, 50/60 Hz
Voltage Range: 19.2-275 Vdc
85-264 Vac
Inrush Current: <20 A pk
Power Consumption
AC: <50 VA
DC: <20 W

10ms @ 24 Vdc
25ms @ 48 Vdc
125 ms @ 125 Vdc
160 ms @ 120 Vac
600 ms @ 250 Vdc
1000 ms @ 230 Vac

3.15 A, high breaking capacity, time lag T,
250 V (5 x 20 mm, T3.15AH 250 V)

Processing Specifications

Processing Interval: 2 ms

Interruptions:

Fuse Rating:

Schweitzer Engineering Laboratories, Inc.

Environmental Tests

Enclosure Protection:

Vibration Endurance:
Response:

Shock Withstand:
Response:

Bump Withstand:

Seismic Response:

Cold:

Damp Heat, Steady State:

Damp Heat, Cyclic:

Dry Heat:

Power Interruption Tests
AC Power:
DC Power:

IEC 60529:1989 + A1:1999 + A2:2013
1P4X Front
IP2X Product
Note: If rear terminals are accessible during
normal use, the product must be mounted in
a locked enclosure or restricted area
accessible by trained maintenance or
operation personnel only.
Class 2
Class 2
Class 1
Class 2
Class 1
Class 2
IEC 60068-2-1:2007
—40°C, 16 hours
IEC 60068-2-78:2001
40°C, 93% relative humidity, 4 days
IEC 60068-2-30:2005
25°C-55°C, 6 cycles,
95% relative humidity
IEC 60068-2-2:2007
85°C, 16 hours

61000-4-11:2004
61000-4-29:2001

Dielectric Strength and Impulse Tests

Dielectric (HiPot):

Impulse:

RFI and Interference Tests
EMC Immunity

Electrostatic Discharge
Immunity:

Radiated RF Immunity:

Fast Transient, Burst
Immunity:

Surge Immunity:

IEC 60255-27:2013
IEEE C37.90-2005
3.6 kVdc on power supply
2.5 kVac on contact I/O
1.5 kVac on Ethernet/IRIG IN
IEC 60255-27:2013
5 kV on power supply, contact I/O
2.2 kV on Ethernet

IEC 61000-4-2:2008
Severity Level:
2,4, 6, 8 kV contact discharge
2,4, 8, 15 kV air discharge
IEC 61000-4-3:2006 + A1:2007 +
A2:2010, 10 V/m
IEEE C37.90.2-2004, 20 V/m
IEC 61000-4-4:2012
4 kV @ 5 kHz on power supply and
contact I/O
2kV @ 5 kHz for communication ports
1IEC 61000-4-5:2005
1 kV on power supply, contact I/O
2 kV on power supply, contact 1/O,
Ethernet and serial ports, IRIG

SEL-2440 DPAC Data Sheet
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Surge Withstand IEC 61000-4-18:2006 + A1:2010
Capability: Severity Level:

Power supply and contact I/O
2.5 kV peak common mode
1.0 kV peak differential mode

Communications ports
1.0 kV peak common mode

IEEE C37.90.1-2012
2.5kV oscillatory, 4 kV fast transient

Conducted RF Immunity: IEC 61000-4-6:2013

10 Vrms
Power Frequency IEC 61000-4-8:2009
Magnetic Field: 1000A/m for 3 s
100A/m for 1 min
Pulse Magnetic Field: IEC 61000-4-9:2016
1000 A/m
Damped Oscillatory IEC 61000-4-10:2016
Magnetic Field: 100 A/m

EMC Emissions
Note: Test performed using serial cables with shield grounded at both

ends.
Conducted and Radiated ~ Class A
Severity Level: EN 55011:2009 + A1:2010

EN 55022:2010 + AC:2011
EN 55032:2012 + AC:2013
CISPR 11:2009 + A1:2010
CISPR 22:2008

CISPR 32:2015

ANSI C63.4:2014

SEL-2440 DPAC Data Sheet Schweitzer Engineering Laboratories, Inc.
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Notes
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DB 41-077

Flexitest Switches

Application

Advantages

Warranty

ABB Flexitest Switches, Types FT-1 (10 pole, rear connected), FT-1F (10 pole, front connected),
FT-1X (10 pole, extended terminals, rear connected), FT-14 (14 pole, rear connected), and
associated Test Plugs provide a safe, simple, fast and reliable method to isolate and service
installed equipment.

FT test switches provide a safe, reliable, and cost-effective means to wire the output of
relays, meters, and other associated equipment to external devices for in-service testing.
FT test switches have been an industry standard for years.

FT-1  Standard 10 pole, rear connected test switch.

FT-1F Surface mount switch allows the user to make the same connections as with FT-1
but on the front of the switch.

FT-1X Extended length test switch brings the rear terminal connections to the same depth
as most panel mounted protective relays and equipment.

FT-14 Provides the same features and reliability as FT-1 but with a maximum of 14 individual
poles. Although supplying 40% more capacity than the FT-1, the FT-14 only requires
18% more space.

Safe and Convenient  All measurements and tests can be performed at the front of the
switchboard without taking any devices out of service.

Flexitest Switches and Test Plugs have all the features necessary for applications involving
the measurement of individual currents and voltages to facilitate testing of substation
instrumentation and protection devices.

The make-before-break current short circuit feature allows test personnel to quickly and
safely isolate equipment from current transformer (CT) circuits.

Voltage measurements can also be made directly on FT Switches without disturbing existing
connections. There is a test clip located on the top of each pole that allows connection with
standard spring clip test leads.

Fast and Reliable = When Test Plugs are used, any number of circuits may be tested
in rapid succession. One plug properly connected can test all instruments or meters of a
particular type.

Maximum Flexibility Testswitchescanbeassembledinavariety ofdifferentarrangements,
to match customer requirements.

Test Plugs used in conjunction with FT Switches enable easy measurement, calibration,
verification and maintenance of relays, meters and instruments.

Security  With the cover in place, a meter seal can be placed through either of the cover
studs of any FT Switch to prevent unauthorized access to the switch. As an additional
feature, a clear cover is available that can also be installed and locked with the switchblades
in the open or closed positions.

ALL ABB Substation Automation and Protection test
swtiches and relays are backed by a 12-YEAR warranty.
The quality of ABB products comes from years of
experience and rigorous quality testing programs.

ABB
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Specifications

ABB

All Flexitest Switches meet or exceed all requirements of ANSI/IEEE Standard C37.90 Class
1E Switches meet IEEE C37.98, C37.105, 323-1983 and 344-1987 Standards. UL, CUL,
CSA, and 1E certification are available for most test switches.

Ratings All Flexitest Switches are rated at 600 volts and 30 amps.

Mounting The FT-1, FT-14 and FT-1X Switches are designed for semi-flush mounting
on the front of switchboard panels, facilitating inspection and accessibility. The FT-1F is
designed for surface mounting and can also be mounted on a unistrut with the use of a
unistrut adapter plate. Refer to Figures 11 to 13 beginning on page 28 for the specific outline
and drilling plan information of each switch.

Weight Specifications
Device Type ety | Lostg | Lxwxrmom
FT-1 and FT-1F 1.75(0.79) 3(1.4) 7x5x4[18x 13 x 10]
FT-1X 2.7 (1.25) 3.75(1.7) 7x12x4[18 x 30 x 10]
FT-14 3.25(1.5) 3.25(1.5) 9x5x4[22x 13 x 10]
Separate Source Test Plug (10 position) 1.5 (0.68) 3(1.4) not available
In-Service Series Test Plug (10 position) 1.5 (0.68) 3(1.4) not available
Individual Current Circuit Test Plug 0.1 (0.045) 1(0.45) not available

Construction The base of all Flexitest Switches is made of a molded thermo-plastic
which provides a tough, insulated enclosure. Barriers are molded into the base (front and
rear) to separate the switch units from one another. The barriers provide insulation between
poles, and also ample wiring space between terminals. The terminals of the FT-1X are
extended 8 to 10 inches beyond the switch blades located on the front of the switch.

Cover All Flexitest Switch covers provide a tough insulated enclosure for the switch and
are made from a durable plastic material. Covers are fastened to the switches with thumbnuts
on either end that can be loosened and tightened by hand, or with a 1/4” nut driver. This is
the same size nut driver used on the hex head terminal screws of all Flexitest Switches. All
covers have the provision to accept meter seals.

Figure 1. FT Cover selection samples (a) Black; (b) Clear; (c) Lockable

All switches may be purchased with a black opaque cover or a clear cover. The clear cover
affords the user the unique option of intentionally leaving switch handles in the open position
with the cover in place, maintaining the provision for a meter seal. This allows the user to
service electrical equipment while still complying with OSHA tag and lockout procedures.
Lockable covers (in black or clear) are also available upon request.

Any cover can be ordered separately to retrofit any existing switch, maintaining the same
ease of use and accessibility. See Ordering Information on page 12.
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Flexitest Switches

Poles

FT-1, FT-1F and FT-1X switches
are available in combinations of 1 to
a maximum of 10 individual poles
or switch units. FT-14 switches are

BEFORE SHORTING BLADE
available in combinations of 1 to a DT Ca et B
maximum of 14 poles or switch units. AT
Each pole is identified by a letter (A to
J or A to N) visible along the top of the
base from left to right (front view). SHORTING SPRING

Each individual pOIe is of a knife Figure 2. Blade assembly of 2 position pole “C-C”

blade type. There are two different (rear view outside of base)

types of poles, Potential and Current.

Potential poles (P) are configured as single, non-shorting knife blades for use in potential,
trip, or control circuits. Current poles are typically configured in sets of two (C-C), for use
with current circuits, and consist of a current test jack, a shorting spring, a shorting blade,
and a non-shorting blade (see Figure 2). The positions of the short circuit springs are always
visible from the front of the switch.

Switch Handles

Switch handles are made of a molded
thermo-plastic material. They are
typically black for potential and current
circuits, red for trip circuits. In addition to
black and red, switch handles are also
available in various other colors (brown,
purple, green, yellow, blue, white, and
orange). Each handle has a dovetail

indentation that can hold a circuit
identification label. Figure 3. Switch handles with interlocking bar

DOVETAIL INDENTATION

INTERLOCKING BAR

Knife blade switches can be operated independently, or ganged together with a horizontal
interlocking bar to suit testing needs. A hole runs through the middle of each switch handle to
allow insertion of interlocking bars that can mechanically tie 2, 3, 4, 5, 6, 8, 10, or 14 switch
handles together.

Interlocking Bars are sold separately, see “Test Plug & Accessories — Ordering Information”
on page 12.

Terminals

Connection terminals are poue rosmons
Ioc_ated at the rear of the s i n 6 r E D e B o oot
switch (except on the front ’

connected FT-1F). Terminal [

TERMIMAL
numbers are marked for fmm
easy identification along =] |? 15 |3
the rear of the switch (1 to =] IB m 5 l
20 on FT-1 and 1 to 28 on & @ &

FT-14). i
. ——f | TYP - =— TYP
Each pair of numbered
. P . . FT1 = 0.450 FT1=0.513 TERMIKAL SRACING
terminals is associated FT14 = 0.410 ET14 = 0472
with a matching pole (DIMENSIONS IN INCHES)

designated by a letter on

the front of the SWitCh, see Figure 4. FT Switch terminals, rear view (FT-1 shown)
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Figure 4.
STANDARD
SCREW TERMINALS
1S Terminal Connections
A FT-1SW All required terminal hardware is supplied with every FT
v/ Switch (see Figure 5).
Screw terminals are provided standard with all FT switches.
]3 Connections are made with a hex washer head screw - #8
o thread size (0.164-32), 1/4” hex head.
U screwsze: Stud and nut terminals are an optional feature. Connections
IHD = 16432 are made with two washers and a nut. A special (5/16”)
- HEXHD = 1/4

nut driver can be purchased from ABB to connect to stud
Max Lug Size = Yellow 12-10 ga. Ring Terminal

OPTIONAL .
terminals, see “Test Plug &

STUD & NUT TERMINALS ] . .
- A WARNING Accessories - Ordering Information”
AR on page 12.

— FT-1 SW
-
B Connections to ALL equipment should be made using
—I]'l'ﬂ standard and safe connection practices.
- Recommended maximum torque values for all FT-1 &
1 o= 1642 FT-14 terminals is 16 in-lbs. Exceeding this torque may
~ HEX=518 result in damage to terminal threads.
Figure 5. Terminal Connections Even number terminals (bottom row) of FT switches

should be connected to Voltage Transformers and Current
Transformers, while odd number terminals (top row)
should be connected to equipment
that is to be isolated, such as A B CDETFGH I J
meters and relays.

sy Frv-l=H "w-
Switch Arrangement

Pole positions are identified from ‘
left to right on the front view of the i El
switch by the letters “A” through “J” i
or “A” through “N”. Individual pole

designations are used to identify T TP CC
each pole according to its type P2 B2 Bl CiCi
or function. In order to develop a
complete Switch Arrangement,

0 |
i n i ot o

GYWZO

P5 P6 P8 P7 P9

&

pole designations should be listed sequentially from left -
to right to account for every pole position on the switch Potential Pole Handle
. o ’ Designation Color
Unused poles are identified by the letter X.
P P1 Black
Potential Poles P designates a Potential or control T P2 Red
circuit with a black handle. Potential poles with other H P3 Brown
color handles are available by replacing the "P” with the \Y P4 Purple
appropriate designation per chart on this page. G P5 Green
Each potential pole can also be described with 2 characters Y P6 Yellow
(P1 to P9). P indicates Potential and the second character z P7 Blue
is a numeric color code for the switch handle. w P8 White
o P9 Orange

ABB 5
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Current Poles .C designates a smgle Current circuit, Current Pole Handle
non-shorting pole, with a current test jack and a black Designation Color
handle. Current poles with other color handles are available C C1 Black
by replacing the "C” with the appropriate designation per
chart on page 6. R c2 Red
Each current pole can also be described with 2 characters 3 c3 Brown
(C1 to C9). C indicates Current and the second character is 4 C4 Purple
a numeric color code for the switch handle. 5 C5 Green
Current poles typically span more than one pole position. Pole 6 c6 Yellow
designations C-C, C-C-C, C-C-C-C 7 Cc7 Blue
and C-C-C-C-C indicate current -
4 shorting poles (make-before-break)
with black handles. Note that any 9 C9 Orange
color handle may be selected for any pole position by using the
appropriate pole designation, ex: 5-R or C-9-7 (alternately C5-C2 or C1-C9-C7).
Description of Poles - FT Flexitest Switches
Pole Handle e : .
Pole Type Designation it Description & Schematic Symbol Schematic
Potential P l Black Legend
T P2 Red =
H 53 Brown Non-Shorting
Vv P4 Purple o Blade
G P5 Green Potential, non-shorting blade. ({ C
Y P6 Yellow
Z P7 Blue
w P8 White Shorting
0 P9 Orange
- Blade
L L1 Black T | Potential, shorting blade. f o
Current C C1 Black f
R [o7] Red
3 o3 Brown Current
4 c4 Purple ) ) ) Test Jack
5 o5 Green Cuc:rz:ﬁt(,j non-shorting, with test jack %
6 c6 Yellow and blade.
7 c7 Blue
8 c8 White Shorting
9 Cc9 Orange Spring
D DO None Current test jack, no blade. {
Current Shortin ¥ } Current shorting (make-before-break), y /\l—({)
0 ¢-C | cret with test jack and blade. f /\Ii/
Current shorting (make-before-break), y oh c-cc
C-A | ciat with blade only. f ﬁ—{
Current shorting (make-before-break) ° o8 y y
CB | &80 with stud only. ' f/\'—(()
Black T [$ D
Current shorting (make-before-break),
C-D | ctbo with test jack only. fk‘i
Current shorting (make-before-break), y 4
C-E c1-E1 with shorting blade only. f&‘—f
Current shorting (make-before-break), “ S
c-s c1-80 with fixed shorting strap. f&‘—I
Miscellaneous S S0 None Fixed shorting strap. I
J Jo None Current jaw, no blade.
N NO None Terminal stud in blade location, no jaw.
U uo None Stud and test clip in jaw location, no blade.
X X0 None Empty pole position.

Current shorting poles are also available spanning up to 5 positions (ex: C-C-C-C-C or alternately C1-C1-C1-C1-C1).
Every color handle is available by substituting appropriate pole color designation in desired location.
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AL Eb BB
FREPEP FT-1 Configurator
TO COMFIGURE: Select Base, Options, Poles & Handles
Click Configure... Meed to start over? Click Reset

TO SEARCH: Want to view an existing FT-1or FT-14 Switch?

How-t this Site:
Chath You can search by Code Mao. or Style No.

Select Base: @ Stand Alone FT-1~ © FT-19R Replacement FT-1  © Front Connected FT-1F < FT-14 [SEARCH FT-1.

Letters = Pole Positions Go
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Cover: &o
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Terminals:

@
< Serew Terms - ole Descriptions
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& Standard D |Test Jack
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© Copyright 2007 ABB. Al rights reserved ABB Test Equipment
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FT-1 Configurator

ABB has a web based tool to help build
any complete FT Switch Arrangement,
select options, view schematic details
and get Style Number information.
The following products can be easily
configured:

e FTA

*  Front connected FT-1F

+ Extended terminals FT-1X

* Replacement switches for FT-19R
*  FT-14 (14 Pole)

*  FT19R switch panel assemblies

Please visit ABB's FT-1 Configurator website
@ http://ft1switch.com/

FT-1 Configurator

How-to use this Site:
Click Configure... Meed to start over? Click Reset.

" FT-19R Replacement FT-1

Select Base: & Stand Alone FT-1

Letters = Fole Positions
Mumbers = Rear Terminals

Select Options:
Cover:
* Black Cover
" Clear Cover

Terminals:
% Screw Terms.
" Stud Terms
Depth:
& Standard
" Extended (10")

All

" Fraont Connected FT-1F

TO CONFIGURE: Select Base, Options, Poles & Handles.

T FT-14

Front “iew

Select Poles: |

A B C 1] E F G H | J
2 S s s (o e L s e

Select Handles: |

TR TN T TN TQME T Oy T0OF TOMR
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Alone
|P9 PG P7 P8 P5 C1-C1 P2 P4 P3
Data Sheet | ]
GetDati Shast Options: |Black Cover, Screw Terminals

@© Copyright 2007 ABE. All rights reserved.
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Flexitest Switches

All Switch Arrangements should be checked for adequate current transformer shorting when
applied to current transformer circuits.

For a complete listing of available Pole Designations and their description, see below.

Ordering Information - Flexitest Switches

FT-1, FT-1F and FT-1X switches are available in any combination of 1 to 10 poles and FT-
14 is available in any combination up to 14 poles. Each different configuration of poles is
assigned a unique part number or Style Number by the factory.

All FT switches are ordered by Style Number, see Ordering Information on page 9. The
standard FT-1 Style Number defines a unique pole configuration. Adding a prefix and/or
suffix to the standard Style Number allows the selection of options for FT-1 as well as the
ability to create complete FT-1F and FT-1X Style Numbers. FT-14 Style Numbers are based
on a smart part number system

The FT-1 Selection Guide, (Table 1, pages 13-22) and the FT-14 Selection Guide (Table 3,
pages 27 & 28) provide a comprehensive listing of existing Style Numbers.

Ordering Examples - “How-To”

The ordering information in Tables 1 and 3 (FT-1 and FT-14 Switch Selection Guides) is
organized by number of poles and also by number of potential and current poles. To look up
a 10 pole FT-1 switch, go to the 10 pole section of Table 1 and select the desired potential
and current pole positions then select the corresponding Style Number.

ex: 10 Poles (6 Potentials, 4 Currents) PP PP P P C-C-C-C = Style No. 670B197G28
10 Poles (10 Potentials, 0 Currents) PP P PP P P P P P = Style No. 129A501G01

An FT-1 switch with black cover and screw terminals will be supplied when ordering the
standard Style Number as listed in Table 1, ex: 129A501G01. An optional clear cover will be
supplied instead of the black cover by using Style Number prefix “C,” ex: C129A501G01. An
FT-1X extended switch with clear cover will be supplied by using prefix “C” and suffix “X10”,
ex: C129A501G01X10.

Optional stud and nut terminals are available for all FT switches. Style Number prefix “S” is
used for this option, ex: S129A501G01. For optional clear cover with stud and nut terminals
use Style Number prefix “CS”, ex: CS129A501G01.

For FT-1, FT-1F, FT-1X, and FT-14 switch requirements not matching an existing Style Number
in Tables 1 & 3, select the Style Number that comes closest to the desired configuration and
describe the new configuration as similar to the existing Style chosen.

Customers may also place an order by providing a complete Switch Arrangement definition.
ex:. PXPC-CC-CC-CP (P1X0P1C1-C1C1-C1C1-C1P1).

Reference

* For a breakdown of FT-1 Current and Potential poles by Style Number see Table 2,
pages 23 to 26. .

* A Typical FT-1 Switch Connection Schematic is given in Figure
14, page 31.

* Refer to page 9 for FT-1, FT-1F, FT-1X and FT-14 Style Number examples, options, and
ordering information.
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FT Flexitest Switches - Ordering Information

FT-1

10 Pole - Flexitest Switch

o Style Numbers are assigned by the factory.
See Tables 1 & 2 (p.13 to p.26).

e Choose from available options by adding
Style Prefix as shown.

Example Style Number
_129A501G01

Style Prefix

None = Black cover, screw terminals.
S = Black cover, stud & nut terminals.

C = Clear cover, screw terminals.
CS = Clear cover, stud & nut terminals.

R = FT-19R application, screw terminals.
RS = FT-19R application, stud & nut terminals.

FT-1X

10 Pole - Extended Terminals

¢ Style Numbers same as FT-1.
* Choose options (Style Prefix) same as FT-1.
¢ Choose extended length as shown below.

Example Style Number

_ _129A501G01X10
| |
Style Prefix Extended Length

Same as FT-1 X10 =10 inches
X08 = 8inches

FT-1F

10 Pole - Front Connected

¢ Style Numbers are assigned by the factory.
See Tables 1 & 2 (p.13 to p.26).

¢ Choose from available options by adding
Style Prefix as shown.

Example Style Number ‘
__F129A501G01 |
‘ ;

Style Prefix
F = Black cover, screw terminals. !
SF = Black cover, stud & nut terminals. !

CF = Clear cover, screw terminals. ;
CSF = Clear cover, stud & nut terminals ;

FT-14

14 Pole s i i
Flexitest Switch A e
(See Table 3, p.27) FT4AA14T14CN 40

Base Type:
FT4=FT-14

Depth:
A = Standard depth (rear connected)

No. of Poles:
01-14 = Total number of poles used

Terminals:
T = Standard screw terminals
S = Stud & nut terminals

No. of Potentials:
00-14 = Total number of Potential poles

Cover:
C = Clear cover
B = Black cover

Special Features:
N = None

Code No:
4001-4999 = Unique Code Number assigned by the factory,

ABB
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Flexitest Switches

Test Plugs

10

+ For rack mounted assemblies of FT-1 Switches, see Descriptive Bulletin 41-078, FT-
19R and FT-19RX Flexitest Switch
Assemblies. The typical FT-19R 19”
panel can accommodate up to 3
FT-1 switches.

* To build new or view existing FT
Switches and FT-19R panels,
please visit our interactive FT-1
Configurator website @ http://
ft1switch.com/ (see page 7).

In-Service Series Test Plug

The “In-Service” Series Test Plug with a
maximum of 10 positions is designed to
match the pole configurations of specific
styles of FT Flexitest devices (either
FT-1, FT-1F, FT-1X switches or FT case
relays).

Figure 6. In-Service Series Test Plug

This Test Plug is typically used to connect devices measuring the currents and voltages
being applied to the switchboard relays, meters and instruments without interrupting or
short-circuiting the circuit. Only current test switches with a
current jack must be opened before inserting the Series Test
Plug. Connections to the test plug must be made before

inserting the test plug into an FT switch or relay.

Not every switch or relay pole configuration is suitable to accept an In-Service Series Test
Plug. For available Styles, see Table 1,
page 13, “TEST PLUG” column.

When using an In-Service Series Test Plug
for current measurements, connections
from the Test Plug to the measuring
instruments must be made before inserting
the Test Plug in place.

Individual Current Circuit Test Plug

The Individual Current Circuit Test Plug

allows in service current measurement with an ammeter. It can be inserted in the current test
jack of FT Flexitest devices after opening
the knife blade switch. This plug consists
of two conducting strips separated by an
insulating strip. The ammeter is connected
to these strips by terminal screws and leads
carried out through holes in the back of the
insulated handle. (See Figures 7 and 8.)

A WARNING

Figure 7. Individual Current Circuit Test Plug

Figure 8. Individual Current Circuit Test Plug
inserted in Flexitest Relay Case

ABB
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Connections from the Individual Current Circuit Test Plug to the measuring instrument must be made
before inserting the Test Plug in place.

BANANA PLUG RECEPTACLE, ACCEPTS
ALL COMMON SIZES

THRU-HOLE FOR METER
PROBE
- BANANA PLUG
RECEPTACLE
REMOVED
FROM BASE
s

Figure 9. Separate Source Test Plug

The test plug inserts into the current test jack with the red part of the handle facing up allowing the alignment nipple
and tab to guide the connector into the test jack.

Separate Source Test Plug

The 10 Position Separate Source Test Plug isolates the external
connections from the relay or equipment under test. The test plug accepts
all common size banana plugs, ring wire connectors, spade lugs and has a
through hole for meter probe or wire connections.

This test plug provides quick circuit testing by fitting into the stationary
contact jaws of any Flexitest Type FT Case or Switch. The L-shaped test
blades assure quick, accurate alignment between the Test Plug and the
stationary contact jaws. The blades connect the relay inputs and outputs
to a set of binding banana posts on the top of the Test Plug. An insulated
barrier along the bottom of the blades isolates the relay circuits from
external connections. Test circuits can then be connected to these binding

posts, which are staggered for easy accessibility. Figure 10. Separate Source Test Plug
inserted in Flexitest Relay Case

Before inserting the Separate Source

Test Plug into service, all switchblades must be placed in the full open position.
In A WARNING a Flexitest Type FT Case, the plug is inserted in the bottom switch jaw with the

binding posts up and in the top test switch jaw with the binding posts down.

Provision is made only on current poles with shorting springs to automatically short-circuit current
transformer circuits when the knife switches are opened prior to
inserting the Test Plug.

FT Test Kit

The ABB FT test kit comes with a convenient carrying case to hold your hand
held meter, test plugs, patch cords, test clips, and test probes in neat order.
FT Test Kits can be ordered with your selected quantities of test plugs, patch
cords, test clips, and test probes. Patch cords are highly durable and flexible.
Contact your local ABB representative for a quotation.

To order the FT Test Kit with items shown shown here, use Style Number
9688A68G18. For more information see “Test Plugs & Accessories - Ordering
Information” on page 12.

ABB 1"
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Test Plugs & Accessories - Ordering Information

Test Plugs Style Number
In-Service Series Test Plug See Table 1
(Order to match Flexitest FT-1 Switch Arrangement or FT Relay Case) (Page 13)
Individual Current Circuit Test Plug - leads not included 7B4618G04
Individual Current Circuit Test Plug - leads included * 7B4618G05 *
Separat.e' Source Test Plug 1164046
(10 position)
Separat'e' Source Test Plug 1355D32G04
(14 position)
Complete FT Test Kit (includes Red ABB Bag with 12 Year Warranty Logo) 9688A68G18
. . Rated Rated
Items in Test Kit 9688A68G18 Voltage Current
1 Red 6’ safety patch cord with retractable sleeve banana plug on both ends 600 VDC 32A
1 Black 6’ safety patch cord with retractable sleeve banana plug on both ends 600 VDC 32A
1 Red 10’ UTP cable with RJ-45 male connector on both ends. 600V 30A
1 Red safety plug-on test probe 1000V 10A
1 Black safety plug-on test probe 1000V 10A
5 1 Red safety plug-on alligator test clip 1000V 10A
\ . 1 Black safety plug-on alligator test clip 1000V 10A
V) k k FT Separate Source Test Plug - 1164046 600V 30A
FT Individual Series Test Plug - 7B4618G04 600V 30A
Covers FT-1 FT-14
Standard Cover - BLACK 128A973G01 128A973G03
) Standard Cover - CLEAR 9676A32G01 9676A32G02
(B (o] | Lockable Cover w/Locking Bar - BLACK 9669A49G01 9669A49G03
‘ k# Lockable Cover w/ Locking Bar - CLEAR 9669A49G02 9669A49G04
Notched Cover - CLEAR 2 9654A08G01 ° 9654A08G03 ?
Notched Cover - BLACK ? 9654A08G02 ° 9654A08G04 °
Interlocking Bars FT-1 FT-14
2 Positions 1270547 9669A19G02
/ 3 Positions 1164048 9669A19G03
- 4 Positions 02C9834G03 9669A19G04
5 Positions 02C9834G04 9669A19G05
6 Positions 02C9834G06 9669A19G06
8 Positions 02C9834G07 9669A19G08
10 Positions 02C9834G05 9669A19G10
14 Positions NONE 9669A19G14
Miscellaneous Style Number
ﬁ. FT-1 & FT-14 Nut Driver
For Stud & Nut Terminals 877A821G02
Unistrut Adapter Plate for Railmount of FT-1F (see Figure 12) 9666A15H01

12

t =
g =

One red and one black lead included, each is 3’ safety patch cord with retractable sleeve banana plug connector.
Bottom end of cover is notched to allow free hanging of identification tags from switch handles.
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Table 1 - FT-1 Switch Selection Guide
. .
E E <2> <3> <4> E g <2> <3> <4>
= B
& O ABCDEFGHTIJ STYLE NO. TEST PLUG % O ABCDEFGHTIJ STYLE NO. TEST PLUG
1 0 P 774B542G09 129A062G10 4 0 TTTT 9688A79G01 129A062G10
2 3 1 PPC P 291B956G26 <1>
Poles ABCDEFGHIJ STYLE NO. TEST PLUG 3 1 PPPS 9688A67G01 >
2 0 P . P 291B954Gl5 129A062G10 5 2 00 c-—C 9688A25G01 <1>
2 0 P P 1292534G01  1291062G10 2 2 P. -C P 129A507G0l 129A062G01
2 0 PP 291B954G13 129A062G10 2 2 PP - 201B956G18 129A062G01
2 0 T T 291B954G14 129A062G10 2 2 P P C-C 291B956G30 <1>
2 0 TO 9688R46G01  129R062G10 2 2 T. -C P 9671A05G01 129A062G01
2 0 TT 291B954G16 129A062G10 2 2 T - 9676A36G01 129A062G01
2 0 2z 2z 9676A38G01 129A062G10 2 2 WW - 0688A03G01 1292062G01
0 2 C-C . 291B954Gl2 129A062G01 13 ccc 291B956G28 <1>
0 2 c-c 129A531G01  129A062G08 1 3 c-c-c 991A219G01 <1>
0o 2 c-c 498A026G01 129A062G07 0o 4 C-C C-C . 291B956G13 129A062G02
0 2 c-C 9689A74G01 129A062G07 0 4 cccc 291B956G23 <1>
3 0 4 c-2 C-A . 9666A12G01 <1>
Poles ABCDEFGHTIJ STYLE NO. TEST PLUG 0 4 clc cic 763A109G01 <>
30 P P P 716B871GI1 129A062G10 0o 4 c-c c-C 498A027G01 129A062G09
30 PP 716B871G09 129A062G10 0 4 cccc 291B956G27 <>
30 TTT 9689A75G01 129A062G10 0 4 C-A C-A 9689A12G01 <1>
3 0 z2 2% 9688A63G01 129A062G10 0 4 c-C c-C 291B956G29 <1>
30 P P 716B871G12 129A062G10 0 4 C-C-C-B 991A626G01 <>
3 0 0 991A939G01 129A062G10 0 4 c-Cc_C—C 8372087G01 <>
1 2 c-c T 9663A78G01 <1> 5
0 3 ccc 716B871G10 <1> Poles ABCDEF G J STYLE NO. TEST PLUG
4 5 0 PP P 129A505G01 129A062G10
Poles ABCDEVFGHTIJ STYLE NO. TEST PLUG 5 0 PPPPP 201B957G15 129A062G10
o R JOTEEACED]  IAERDGACTY 5 0 TT T T 9676A37G01 129A062G10
40 TTTE 9676A27G01 129A062G10 5 0 TYZWEP 9688A55G01 129A062G10
4 U PR PR 12983524E01 1222062610 3 2 PCCP P 129A508G01 129A062G07
4 0 T . T.T.T. 291B956G31 129A062G10 3 2 pop —C P 129A533G01 129A062GO01
o 0 I Loeptoietl  L2onbe2ell 3 2 PP C-C P 9666A95G0l 129A062G01
4 0 TTTT 291B956G32 129A062G10 3 2 pop oot P 291B957G17 <>
4 0 22722 9689A80G01 129A062G10 T 291B957G16 <>
4 0 p.PLP 9688A64G0L  129A062G10 3 2 TP C-C T 291B957G09 129A062G01
4 o0 P P P 129A506G01 129A062G10 14 cc.c 498A002G01 <>
4 o b P P P 291B956G24 129A062G10 1 4 c-c-C-C P 9639A54G01 <>
4 o0 P PP 291B956G25 129A062G10 0 5 c.c.c C . 129A555G01 <>
4 o b T Y Z 9647A17G01 129A062G10 6
4 0 P P P P 129A538G01 129A062G10 Poles ABCDEVFGHTIJ STYLE NO. TEST PLUG
4 0 PPP P 498A022G01 129A062G10 6 0 PPPPPP . 188R416G01 129A062G10
4 0 PP T 9663A80G01 129A062G10 6 0 PP P P P 837A889G01 129A062G10
4 0 PPPP 9672A73G01  129A062G10 6 0 PP..PP P P 629A568G01 129A062G10
4 0 T T 763A166G01 129A062G10 6 0 PPP P PP 129A504G01 129A062G10
4 o0 T T 498A012G01 129A062G10 6 0 PPPP P P 129A550G01 129A062G10
4 0 T .T T 862A584G01 129A062G10 6 0 PPPPPEP 291B958G25 129A062G10
4 0 TT P P 991A932G01 129A062G10 6 0 PPT T T 1586C40G01 129A062G10
4 0 TTT T 1586C39G02 129A062G10 6 0 TTTT 9683A81G01 129A062G10

ABB
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Table 1 - FT-1 Switch Selection Guide (continued)

CURRENT

<2> <3> <4>

CURRENT

<2> <3> <4>

3 3

& ABCDEFGHTIJ STYLE NO. TEST PLUG & ABCDEFGHTIJ STYLE NO. TEST PLUG

6 0 TTTT. . ..TT 291B958G33 129A062G10 5 2 PP C-C P P P 129A510G01 129A062G08

6 0 TTTTTT 9676A65G01  129A062G10 5 2 PPPPP...C-C 291B959G27 <1>

6 0 TYO O Y T 9688A40G01 129A062G10 5 2 PPPPP..CC 291B959G18 129A062G01

6 0 WW..PP..WW 9688A04G01 129A062G10 5 2 TP P P C-CT 188R622G01 129A062G01

6 0 Y¥Y Y Y 9669A31G01 129A062G10 5 2 TT R-R T T T 9667A17G01 129A062G08

6 0 ZZZPP P 9666A39G01 129A062G10 4 3 PPC.C.C. PP 188R477G01 292B319G24

4 2 p P P C-C P 129A509G01 129A062G01 3 4 PCC.C.C.PP 188A618G01 <1>

4 2 PPPPR-R 9667802G01 <1> 3 4 PC-C.P.C-C.P 9688A83G0L <1>

4 2 TOT PP . C-C 9672A03G01 <1> 3 4 ppP C-C C-C P 129A511G01 129A062G02

3 3 PP CCCP 291B958G24 <1> 3 4 PPP c-c c-C 498A008G01 129A062G02

3 3 PP C C-C P 129A543G01 129A062G02 g 4 W E-C W - W 291B959G26 <1>

3 3 ppPP ccc 9676A19G01 <1> 3 4 TTT CCCC 291B959G32 <1>

2 4 c-C c-C P P 291B958G30 129A062G12 3 4 TCTT E=C E=C 291B959G20 129A062G02

2 4 p C-C C-C P 129A537G01 129A062G02 3 4 TTT.C-C C-C 9676A79G01 <1>

2 4 P C-C C-C 291B958G31 <1> 2 5 @-C-C=C=C T @ 9682A43G01 <1>

2 4 p cccc P 291B958G27 <1> 1 6 C-C C-C C-C T 498A003G01 292B319G23

0 6 C-C C-C C-C 9672A72G01 <1> i 6 €=€ C=€ =€ T 9663A77G01 <1>

0 6 R-R 7-7 8-8 9688A43G01 <1> 1 6 P C-CC-BC-B 129A540G01 <1>

0 6 R-R 8-8 7-7 9688A30G01 <1> 1 6 T R-R 8-8 7-7 991A936G01 <1>

0 6 8-8 8-8 8-8 9689A78G01 292B319G23 0o 7 C c-C c-C ¢c-C 291B959G29 292B319G22

0 6 CEECEEEE 188A454G01 <1> @ 7 €-€ €=C €€ € 9676A24G01 <1>

0 6 C-A C-A C-A 291B958G26 <1> 8

0 6 P —— SoiBoee55 2 Poles ABCDEFGHTIJ STYLE NO. TEST PLUG

0 6 C-B C-B C-B 4982017G01 > 8 0 PPPPPPPEP 291B960G37 129A062G10

0 6 P 129A516G01  292B319G23 8 0 00000000 9689A95G01 129A062G10

0 6 R-R R-R R-R 291B958G28 292B319G23 8 0 P..PPPPPPP 129A549G01 129A062G10

0 6 SEEEECE P = 8 0 PP.PP.PPFPP 9639A22G01 129A062G10

0 6 6-6 . 7-7 . 9-9 9666A83G01 > 8 0 PPP PPPPP 719B591G09 129A062G10

0 6 CE ol . OO 4982014601 = 8 0 PPP.PP.PPFP 291BY960G39 129A062G10

0 € coC CeC C-C 9683A76G01 > 8 0 PPPP PP PP 129A502G01 129A062GL0

0 6 c.cC C . .CcCC 188A304G01 <1> 8 0 PP PP PPPT 129A536G01 129A062G10

0 6 c-cC C-C . . C-C  9689A23GO01 <1> 8 0 PPPPP..PPP 129A546G01 129A062G10

0 6 -6 C-E oG 9660A97G01 P 8 0 PPPPP..PTT 719B591G14 129A062G10
7 8 0 PPPPPP T T 9683A80G01 129A062GL0

Poles ABCDEFGHTIUJ STYLE NO. TEST PLUG 8 0 PPPPPPPP 719B591G10 129A062G10

7 0 TTTTTTT 9688A99G01 129A062G10 8 0 TT 72 %2 Z Z 7 7 9689A90G01 129A062G10

70 PPPPPPP 129A526G01 129A062G10 8 0 TTT.T.OOGSG G 9689A76G01 129A062G10

7 0 P PPP.PPP 129A503G01 129A062G10 8 0 TTTT TTTT 9683A10G01 129A062G10

7 0 P PPPPP P 291B959G19 129A062G10 8 0 TTTTT . . TTT 719B591G12 129A062G10

7 0 P PP P P PP 129A547G01 129A062G10 8 0 TTTTTT T T 991A937G01 129A062G10

7 0 PPP PP PP 291B959G30 129A062G10 6 2 00 C-C Z 7 Z Z 9683A71G01L <1>

7 0 PPPP..PPEP 498A013G01 129A062G10 6 2 PPP C-C P P P 291B960G26 129A062G08

7 0 PPPPPP T 9663A79G01 129A062G10 6 2 PPPPP..C-CP 188R632G01 129A062G01

7 0 PPPPPPEP 291B959G28 129A062G10 6 2 PPPPPEP C-C 291B960G36 <1>

7 0 T PPP.PPT 7632168601 129A062G10 6 2 T . .PPPPC-CT 7632167G01 129A062G01

7 0 TTEP PP PP 291B959G33 129A062G10 6 2 WWWWWW C-C  9689A16G01 <1>

5 2 PC-CP .. .PFPFP 188A261G01 129A062G07 4 4 P PP C-CC-CP 629A315G01 129A062G02
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Flexitest Switches DB 41-077
Table 1 - FT-1 Switch Selection Guide (continued)

2 g 2 s

E E <2> <3> <4> E g <2> <3> <4>

o O aB CDEFGHTIJ STYLE NO. TEST PLUG 2] O aB CDEFGHTIJ STYLE NO. TEST PLUG

4 4 C-C C-C PP PP 719B591G13 <1l> 6 3 PPPPP C C-C P 129A552G01 129A062G02

4 4 c-C C-C PPPP 719B591G11 <1> 6 3 PPPPP C-C C P 629A483G01 <1>

4 4 CCCCWWWW 9669A32G01 <1> 5 4 PPPP.C-CC-CP 188A633G01 129A062G02

4 4 P C-C P P C-C P 129A512G01 129A062G06 5 4 PPPPP C-C C-C 291B961G22 <1>

4 4 PP CCcCCC . PP 498A016G01 <1l> 5 4 PPPPPCCCLC 291B961G28 <1l>

4 4 P P C-C C-C . P P 129A530G01 129A062G12 5 4 PPPPPC-CC-C 129A545G01 129A062G02

4 4 P PPP Cc-C C-C 129A544G01 129A062G02 4 5 P PPP C C-C-C-B 498A028G01 <1>

3 5 TP C C-C C-C T 291B960G27 292B319G23 4 5 PPPFP C-C-C-C-E 9689A10G01 <1>

2 6 cccccc. PP 967A21G01 <1> 3 6 T C-C T C-C T C-C 9663A34G01 <1l>

2 6 C-C C-C C-C . P P 129A521G01 129A062G09 3 6 P C-C P C-C P C-C 861A551G01 <1>

2 6 C-C C-C C-C . T T 9683222G01 129A062G09 3 6 PP .C-CC-CC-CP 129A515G01 292B319G23

2 6 c-c c-c c-c PP 129A525G01 129A062G09 3 6 P PP C-C C-C-C-B 498A024G01 <1l>

2 6 C-BC-BC-B . . PP 291B960G38 <1> 3 6 P PP C-C C-C C C 291B961G27 <1l>

2 6 C-Ccc-ccCc-C . . TT 991A938G01 <1> 3 6 P P P C-C C-C C-C 291B961G29 292B319G23

2 6 T T C-C C-C C-C 9668A69G01 <1> 3 6 T T . C-C C-C C-C T 9663A74G01 292B319G23

2 6 YARVA C-C C-C C-C 9688A65G01 <1> 3 6 T T O R-R 8-8 7-7 9689A56G01 <1>

1 7 C . . C-B C-B C-B P 498A018G01 <1> 3 6 T TT R-R 8-8 7-7 9689A57G01 <1>

1 7 P . CC-C C-C C-C 498A019G01 292B319G22 2 7 PP . C-BC-BC-BS 291BR961G26 <1>

0 8 CCCCCCCC 498A004G01 <1> 1 8 C-C C-C C-C C-C T 498A009G01 292B319G22

0 8 C-C c-C c-C c-C 129A517G01  292B319G22 1 8 T . C-CC-CC-CC-C 9668A70G01 <1>

0 8 C-C-C-B C-C-C-B 498A029G01 <1> 0 9 C C-B CC-B C C-B 498A023G01 <1>

0 8 C-C-C-B C-C-C-B 291B960G20 <1> 0 9 Cc C-C Cc-C c-C c-C 498A021G01 <1>

0 8 C=C=C=C C=C=C=C 291B960G33 <1> 0 9 C=C C=C C=C C C-C 9676A25G01 <1>

0 8 R-R R-R R-R R-R 9660A84G01 292B319G22 10

0 8 5-5 R-R 7-7 8-8 9688A42G01 <1> Poles ABCDEVFGHTI STYLE NO. TEST PLUG

0 8 5-5-5-A . 5-5-5-A 9689A27G01 <1> 10 0 GGGGGGGGG 9688A58G01 129A062G10

§ 8 Gf Ron B .. B0 GEEEATREil = 10 0 GGGGGGGG Y 9689A62G01 129A062G10

0 8 cccoc CCoCoC 188A229G01 <1> i 0 CEEEEEETE T 9689A37G01 129A062G10

0 8 c-C C-C C-C C-C 9672A10G01 <> 10 0 GGGGGGTTT 9688A57G01 129A062G10

0 8 C-C C=C C=C . . C-C 1586C41G01 <> 10 0 GGGGGOOOOo 9666A73G01 129A062G10

0 8 c-c c_c c_c c—c 5689A20G01 P 10 0 GGGGGYYYY 9688A26G01 129A062G10

0 8 C-C-C-A . . C—C—C-A 9683A93GO01 > 10 0 GGGGGZ Z Z % 9683A88G01 129A062G10

0 8 C-C-C-A C-C-C-B 837A099G01 <1> 10 0 GGGGPPTTT 9688A56G01 129A062G10

0 8 C-C-C-B C-C-C-B 498A025G01 <> 10 0 GGGGYYYTT 991A623G01 129A062G10

08 clelele CLGlElE odeensEan s 10 0 GGGGYYYYY 9683A69G01 129A062G10

0 8 C-C-C-C C=C-C-B 837A098G01 <1> 10 0 GGYYYYYYY 9682A77G01 129A062G10

0 8 DD D C-C-C-C-S 9688A70G01 <1> 10 0 GOOOOOOOOo 9682A57G01 129A062G10
9 10 0 GTTGT TTTT 9689A65G01 129A062G10

Poles ABCDEFGHTIUJ STYLE NO. TEST PLUG 10 0 GTTTTTTTG 9682A42G01 129A062G10

9 0 PP.PPPPPPP 129A548G01 129A062G10 10 0 GTTTTTTTT 9689A59G01 129A062G10

9 0 P PPP PPPPP 129A551G01 129A062G10 10 0O GYTTTGTTT 9689A99G01 129A062G10

9 0 PPPP TTTTT 9682A44G01 129A062G10 10 0 OGOPPPPPP 9688A13G01 129A062G10

9 0 PPPPPPPPP 9689A21G01 129A062G10 10 0 0OO0OO0OO0OO0OO0OO0OO0O 9672A97G01 129A062G10

9 0 TTTTTTT.OT 991A940G01 129A062G10 10 0 00000 YYYY 9688A08G01 129A062G10

9 0 TTTTTTTT.T 9688A45G01 129A062G10 10 0 00000 ZZZ % 9666A58G01 129A062G10

6 3 PPPCCCPPP 291B961G23 <1> 10 0 OOTTTTZPPP 9683A61G01 129A062G10

6 3 PPPPP C CCP 291B961G30 <1> 10 0O OWZZGWYYW 9683A18G01 129A062G10
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DB 41-077

Flexitest Switches

Table 1 - FT-1 Switch Selection Guide (continued)

7 )

E E <2> <3> <4> E E <2> <3> <4>

o E g

A o ABCDEVFGHTIUJ STYLE NO. TEST PLUG [:1) o ABCDEVFGHTIUJ STYLE NO. TEST PLUG
10 0 PPGYTTTTGG 9669A37G01 129A062G10 10 0 PPTTTTUPPPP 991A224G01 129A062G10
10 0 PPPPGTTZPPP 9666A50G01 129A062G10 10 0 PPTTTTZPPTT 9652A29G01 129A062G10
10 0 PPPPGTTTZPP 9666RA49G01 129A062G10 10 0 PPTTTTTZPPZP 9664RA98G01 129A062G10
10 0 PPPPOOOOOO 9666A62G01 129A062G10 10 0 PPTTTTTTZPZP 9664A97G01 129A062G10
10 0 PPPPPPOOTT 9688A90G01 129A062G10 10 0 PPTTTTTTTT 670B197G24 129A062G10
10 0 PPPPPPPPPO 991A621G01 129A062G10 10 0 PPWWPPPPYY 9669A34G01 129A062G10
10 0 PPPPPPPPPP 129A501G01 129A062G10 10 0 PPYYYYWWWW 9682A76G01 129A062G10
10 0 PPPPPPPPPT 774B430G19 129A062G10 10 0 PTPPPPPPPT 9688A20G01 129A062G10
10 0 PPPPPPPPPW 991A930G01 129A062G10 10 0 PTPPPPPPTT 9688A19G01 129A062G10
10 0 PPPPPPPPTP 9676A88G01 129A062G10 10 0 PTPPTZPPTTZPP 9668A27G01 129A062G10
10 0 PPPPPPPPTT 1586C42G23 129A062G10 10 0 PTPPTTPPTTP 9667A03G01 129A062G10
10 0 PPPPPPPPZZ 9671A94G01 129A062G10 10 0 PTPTPPTZPTTP 9670A98G01 129A062G10
10 0 PPPPPPPTTZP 9672A77G01 129A062G10 10 0 PTTPPPPPPP 9671A69G01 129A062G10
10 0 PPPPPPPTTT 1586C42G25 129A062G10 10 0 PTTPPPPTTT 9688A18G01 129A062G10
10 0 PPPPPPPWEPP 9682A83G01 129A062G10 10 0 PTTTPPTTZPP 9676A53G01 129A062G10
10 0 PPPPPPTZPPP 1586C42G29 129A062G10 10 0 PTTTTTTTTT 9688A17G01 129A062G10
10 0 PPPPPPTPPT 9676A08G01 129A062G10 10 0 PTWZPPTWZP 9683A97G01 129A062G10
10 0 PPPPPPTPTZP 9672A75G01 129A062G10 10 0 PWTGOZTTTT 9688A84G01 129A062G10
10 0 PPPPPPTPTT 1586C42G30 129A062G10 10 0 PYPPPPPPPP 991A229G01 129A062G10
10 0 PPPPPPTTTZP 9672A98G01 129A062G10 10 0 PYPYPPZZTT 991A225G01 129A062G10
10 0 PPPPPPTTTT 9672A71G01 129A062G10 10 0 PYTTTTU®PPPP 991A223G01 129A062G10
10 0 PPPPPPZZGT 9688A59G01 129A062G10 10 0 PYTTTTTTUPP 991A228G01 129A062G10
10 0 PPPPPPZZZZ 9671A95G01 129A062G10 10 0 T GT 2 2 2 72 72 72 7 9688A12G01 129A062G10
10 0 PPPPPTPTZPT 9676A97G01 129A062G10 10 0 TOYT2ZOOTYT 9688A44G01 129A062G10
10 0 PPPPPTTTTT 1586C42G24 129A062G10 10 0 T PPPPPPPPUP 1586C42G31 129A062G10
10 0 PPPPPTTTTT 670B197G21 129A062G10 10 0 T PPPPPPPPT 670BL97G36 129A062G10
10 0 PPPPTGTGZPP 991A931G01 129A062G10 10 0 TPPPPPPPPW 9664A92G01 129A062G10
10 0 PPPPTPPPPP 9688A16G01 129A062G10 10 0 TPPPPPPPTT 9682A59G01 129A062G10
10 0 PPPPTPPPPT 9688A96G01 129A062G10 10 0 TPPPPTZPPPP 9667A93G01 129A062G10
10 0 PPPPTPPTZPP 9667A06G01 129A062G10 10 0 TPPPPTTTTTP 9682A72G01 129A062G10
10 0 PPPPTPTPTZP 9682A71G01 129A062G10 10 0 TPPTPPPPPP 9670A35G01 129A062G10
10 0 PPPPTPTTTT 1586C42G28 129A062G10 10 0 T PPTPPPPTT 9682A73G01 129A062G10
10 0 PPPPTTZPPPP 9688A95G01 129A062G10 10 0 TPPTPPTZPPP 9670A34G01 129A062G10
10 0 PPPPTTTZPPP 9676A14G01 129A062G10 10 0 TPPTPPTZPPT 9670A97G01 129A062G10
10 0 PPPPTTTTZPP 9688A28G01 129A062G10 10 0 TPTUPPPPPPP 1586C42G006 129A062G10
10 0 PPPPTTTTTP 9688A15G01 129A062G10 10 0 TPTPPPPPTT 9682A79G01 129A062G10
10 0 PPPPTTTTTT 670B197G26 1292062G10 10 0 TPTPPPPTPT 1586C42G46 129A062G10
10 0 PPPPWWTTTT 9683A95G01 129A062G10 10 0 T PTUPTZPPPPZP 9676A87G01 129A062G10
10 0 PPPTPPPPPP 9689A79G01 129A062G10 10 0 TPTPTPTZPPTP 9676A89G01 129A062G10
10 0 PPPTTPPTTT 9666A61G01 129A062G10 10 0 TPTPTPTZPTP 9668A54G01 129A062G10
10 0 PPPTTTTTTZP 9672A74G01 1292062G10 10 0 TPTTTPTPTZP 9676A34G01 129A062G10
10 0 PPPTTTTTTT 9689A32G01 129A062G10 10 0 TTGGGGGGGG 9689A49G01 129A062G10
10 0 PPTPPPPPPP 9676A90G01 129A062G10 10 0 TTGGGGTTTT 9689A50G01 129A062G10
10 0 PPTPTUPPPPP 1586C42G15 129A062G10 10 0 TTGOTTTTTT 9682A41G01 129A062G10
10 0 PPTTPPPPOO 9682A45G01 129A062G10 10 0 TTGTTTTTTT 9676A72G01 129A062G10
10 0 PPTTPPPPPP 9666A80G01 129A062G10 10 0 TTOOYYTTGG 9688A10G01 129A062G10
10 0 PPTTTPPTTT 9689A97G01 129A062G10 10 0 T TPPPPPPPP 1586C42G45 129A062G10
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Flexitest Switches DB 41-077
Table 1 - FT-1 Switch Selection Guide (continued)

2 g 2 s

E E <2> <3> <4> E g <2> <3> <4>

o O aB CDEFGHTIJ STYLE NO. TEST PLUG 2] O aB CDEFGHTIJ STYLE NO. TEST PLUG
10 0 TTPPPPPPPT 9667A78G01 129A062G10 10 O TTTTZZZ 272 Z Z 9688A93G01 129A062G10
10 0 T TPPPPPPPW 991A814G01 129A062G10 10 0 TTTYYPPPPP 9676A74G01 129A062G10
10 0 TTPPPPPPTZP 9682A70G01 129A062G10 10 0 TTTZZTTTTT 9664A78G01 129A062G10
10 0O TTPPPPPPTT 1586C42G41 129A062G10 10 0 TTYYPPPPPP 9676A73G01 129A062G10
10 0O TTPPPPTTZPP 9660A92G01 129A062G10 10 0O TTYYZZ7ZZ TP 9689A08G01 129A062G10
10 0 TTPPPPTTTT 991A220G01 129A062G10 10 0 TTZ 2ZPPTGOG 9664A88G01 129A062G10
10 0O TTPPPTTZPPP 9671A68G01 129A062G10 10 0O TTZ2Z2TTTTTT 9682A29G01 129A062G10
10 0O TTPPTPPPPP 96606A93G01L 129A062G10 10 0O TTZZTTTTTT 9682A37G01 129A062G10
10 0 TTPPTTPPTT 9667A86G01 129A062G10 10 O T T Z 2Z2 272 272 72 72 Z Z 9652A26G01 129A062G10
10 0 TTPPTTPTTP 991A221G01 129A062G10 10 0 TWPPPPPPPP 9666RA47G01 129A062G10
10 0 TTTGGTZPPZZ 9689A70G01 129A062G10 10 0O TWPWTTWPWT 991A303G01 129A062G10
10 0 TTTGYZYOOY 96606A52G01 129A062G10 10 0O TWWWWPPPPP 9682A52G01 129A062G10
10 0O TTTOOOOOOO 9666A45G01 129A062G10 10 0O TYZPPPPPOO 9666A36G01 129A062G10
10 0 TTTOOOOOOO 9682A35G01 129A062G10 10 0 TYZTYZTYZP 9689A40G01 129A062G10
10 0 TTTPPPPPPP 9676A84G01 129A062G10 10 0 TY ZWGGGGGG 9689A36G01 129A062G10
10 0O TTTPPPPTTT 9663A25G01 129A062G10 10 0 TYZWGGGGGUP 9688A54G01 129A062G10
10 0O TTTPPPTTZPP 991A222G01 129A062G10 10 0 TYZWPPPGGG 9688A52G01 129A062G10
10 0O TTTPPPWPPT 991A929G01 129A062G10 10 0 TYZWPZPPPZPP 9688A53G01 129A062G10
10 0 TTTPTTPTTP 991A230G01 129A062G10 10 0 TY ZWTYZWPP 9666A13G01 129A062G10
10 0O TTTPYYYPOP 9682A38G01 129A062G10 10 0 T ZPOTGWPOG 9664A84G01 129A062G10
10 0O TTTTOOOOOO 9682A62G01 129A062G10 10 0O WWOOYYZZYTW 9647A22G01 129A062G10
10 0O TTTTPPPPPP 670B197G31 129A062G10 10 0O WWPPGGPPPP 9669A33G01 129A062G10
10 0 TTTT®PPPPTT 9682A60G01 129A062G10 10 0O WWPPPPPPPP 991A232G01 129A062G10
10 O TTTTPPTTTT 9689A31G01 129A062G10 10 0O WWTTTGZPPPZP 9647A21G01 129A062G10
10 0O TTTTPPWPPP 991A302G01 129A062G10 10 0O WWTTYZYOOP 9666A53G01 129A062G10
10 0O TTTTTZPPPPP 9671A13G01 129A062G10 10 0O WWTTYZYOOY 9649A37G01 129A062G10
10 0 TTTTTTGGOO 9682A31G01 129A062G10 10 0O WWWTTTTTTT 9641A64G01 129A062G10
10 O TTTTTTZPPPP 716B562G10 129A062G10 10 0O WWWWWWWWWT 9646A77G01 129A062G10
10 0O TTTTTTZPPTZP 9666A65G01 129A062G10 10 0O WWWWWWWWWW 9676A93G01 129A062G10
10 O TTTTTTPPZZ 9689A69G01 129A062G10 10 0O WWWWWWYYYY 9689A63G01 129A062G10
10 0 TTTTTTTOTT 9689A60G01 129A062G10 10 0O WWWWYYYYGG 9688RA66G01 129A062G10
10 0 TTTTTTTZPPP 9666A76G01L 129A062G10 10 0 WY ZZYYGTTT 9683A17G01 129A062G10
10 0O TTTTTTTTOO 9682A66G01 129A062G10 10 0 WY ZZYYOWWW 9683A19G01 129A062G10
10 O TTTTTTTTZPP 1586C42G44 129A062G10 10 0 YGYGYYYWWW 9688A14G01 129A062G10
10 0 TTTTTTTTTP 9666RA43G01 129A062G10 10 0 YTGWZWTTTP 9666A79G01 129A062G10
10 0 TTTTTTTTTT 129A539G01 129A062G10 10 0 YYTTTTTTTT 9666A87G01 129A062G10
10 0O TTTTTTTTTW 9682A30G601 129A062G10 10 0O YYWWWWWWWW 9688A82G01 129A062G10
10 O TTTTTTTTWW 9682A67G01 129A062G10 10 0O YYWWWWWYY Y 9688A73G01 129A062G10
10 0 TTTTTTTWWW 9682A32G01 129A062G10 10 0 YYWWYYWYYY 9688A72G01 129A062G10
10 0 TTTTTTVVVV 9682A90G01 129A062G10 10 0 YYYYTTTTTT 9666A86G01 129A062G10
10 0O TTTTTTYYYY 9683A03G01 129A062G10 10 0 YYYYWWWWTT 9669A41G01 129A062G10
10 O TTTTTTZZ OO 9682A96G01 129A062G10 10 0 YYYYWWWWWW 9688A71G01 129A062G10
10 0 TTTTTTZZ2Z Z 9672A02G01 129A062G10 10 0O YYYYWWYYYY 9689A47G01 129A062G10
10 0 TTTTTZ %2 2 2 2 9683A06G01 129A062G10 10 0 YYYYYTTTTT 9688A09G01 129A062G10
10 0O TTTTWWWWWW 9682A99G01 129A062G10 10 0O YYYYYWWWWW 9688A81G01 129A062G10
10 O TTTTZTTTTT 9664A79G01 129A062G10 10 0 YYYYYYPPPP 9669A38G01 129A062G10
10 0 TTTTZZZGGG 9689A61G01 129A062G10 10 0O YYYYYYTTPP 9682A46G01 129A062G10
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DB 41-077

Flexitest Switches

Table 1 - FT-1 Switch Selection Guide (continued)

POTENTIAL
CURRENT

<2> <3> <4>

CURRENT

<2> <3> <4>

o

ABCDETVFGHTIJ STYLE NO. TEST PLUG A ABCDETFGHTIJ STYLE NO. TEST PLUG
10 0 YYYYYYWWWW 9688A78G01 129A062G10 8 2 C-CZ2 72 72 72 7 7Z 7 7Z 991A944G01 <1>
10 0 YYYYYYWWYY 9688A80G01 129A062G10 8 2 0YZWGC-CTVH 991A934G01 <1>
10 0 YYYYYYYTTT 9689A13G01 129A062G10 8 2 PCCPPPTTPPP 1586C42G32 <1>
10 0 YYYYYYYYGG 9688A24G01 129A062G10 8 2 PPC-CPPPPPP 670BL97G33 <1>
10 0 YYYYYYYYTT 9666A90G01 129A062G10 8 2 PPPC-CPPPPP 716B562G21 <1>
10 0 YYYYYYYYWW 9688A77G01 129A062G10 8 2 PPPPPC-CPPP 9689A72G01 <1>
10 0 YYYYYYYYYY 9683A01G01 129A062G10 8 2 PPPPPPB8-81Z1Z 9666A28G01 <1>
10 0 YY Z Z 2 72 72 2 TP 9689A09G01 129A062G10 8 2 PPPPPPC-CPP 9663A60G01 <1>
10 0 ZZGGGGGGGG 9666A77G01 129A062G10 8 2 PPPPPPPC-BP 9666A82G01 <1>
10 0 Z2ZZGGGGGGWW 9683A75G01 129A062G10 8 2 PPPPPPPC-CP 129A542G01 129A062G01
10 0 ZZGGGGWWWY 9683A70G01 129A062G10 8 2 PPPPPPPC-CT 1586C42G38 129A062G01
10 0 ZZGGWWWWWW 9688A23G01 129A062G10 8 2 PPPPPPPPC-A 714B325G30 <1l>
10 0 ZZGGWWYYYY 9652A27G01 129A062G10 8 2 PPPPPPPPC-C 716B562G26 <1>
10 0 ZZGGWYYYWW 9688A74G01 129A062G10 8 2 PPPPPPPPC-E 9682A25G01 <1>
10 0 ZZPPPPPPPP 9682A65G01 129A062G10 8 2 PPPPPPPR-RP 9676A15G01 129A062G01
10 0 ZZPPWWPPPP 991A943G01 129A062G10 8 2 PPPPPTTT C-C 991A241G01 <1>
10 0 ZZWWWWWWWW 9688A76G01 129A062G10 8 2 PPPPTTZPC-CP 716B562G35 129A062G01
10 0 ZZWWWWWWYY 9683A02G01 129A062G10 8 2 PPPR-RPPPPP 9682A74G01 <1>
10 0 ZZYYYYWWWW 9666A92G01 129A062G10 8 2 PPPTTTTC-CP 9666AR42G01 129A062G01
10 0 ZZYYYYYYGW 9663A41G01 129A062G10 8 2 PPPTTTTT C-C 991A226G01 <1>
10 0 ZZYYYYYYWW 9682A78G01 129A062G10 8 2 PPR-RTPPPPP 9689A25G01 <1>
10 0 ZZ 72 00O0O0O0O0O0 9688A89G01 129A062G10 8 2 PPTTTTTT C-C 9688A98G01 <1>
10 0O Z Z ZPPPPPPP 9682A89G01 129A062G10 8 2 TPPPPPPC-CP 9672A83G01 129A062G01
10 0 Z2ZZTTTTTT Z 991A227G01 129A062G10 8 2 TPPPPPPC-CT 1586C42G26 129A062G01
10 0 2272 7Z00O0O0O0O0 9688A88G01 129A062G10 8 2 TTC-CPGYWZO 9676A04G01 <1>
10 0 Z Z 72 ZPPPPPP 9682A64G01 129A062G10 8 2 TTR-ATTTTTT 9689A87G01 <1>
10 0 Z2ZZZTTTTTT 9669A39G01 129A062G10 8 2 TTR-RTTTTTT 991A933G01 <1>
10 0 22 Z 7Z7Z0O0O0O0O0 9689A15G01 129A062G10 8 2 TTTC-CPPPPP 9666RA69G01 <1l>
10 0 2 2 72 72 72720000 9688A92G01 129A062G10 8 2 TTTSTSOOGG 9689A88G01 <1>
10 0 22227272 TTTT 9682A19G01 129A062G10 8 2 TTTTC-CTTTT 1586C42G33 <1>
10 0O Z2 Z Z 7Z 7Z 7Z 7Z 7Z 0O 9689A91G01 129A062G10 8 2 TTTTTT 5-5 P P 9682A85G01 <1>
10 0O 2 2 72 72 72 72 72 72 PP 9676A81G01 129A062G10 8 2 TTTTTTC C-ATT 9688A62G01 <1>
10 0O 22 72 2 72 7272 2ZWW 9676A91G01 129A062G10 8 2 TTTTTTR-RTT 9666A34G01 <1>
10 0 2 2 72 2 72 72 72 72 7Z Z 9676A%94G01 129A062G10 8 2 TTTTTTTC-CT 1586C42G47 129A062G01
9 1 CPPPPPPPPP 498A011GO1 <1> 8 2 TTTTTTTR-AT 9666A%G01 129A062G01
9 1 CTTTTTTTTT 1586C42G39 <1> 8 2 TTTTTTTR-RT 670B197G17 129A062G01
9 1 OYCWGPPTTT 9647A19G01 129A062G10 8 2 TTTTTTTT C-C 9672A89G01 <1>
8 2 C-APPPPPPPP 714B325G31 <1> 7 3 PPPPPPCC-CP 129A553G01 <1>
8 2 C-ATTTTTTTT 9682A80G01 <1> 6 4 6-6 7-7 GY ZWOW 9666A27G01 <1>
8 2 C-CPPPPPPPP 837A665G01 <1> 6 4 CCPPPPPPCC 716B562G20 <1>
8 2 C-CPPPPTTTT 9647A12G01 <1l> 6 4 C-AC-APPPPPP 714B325G27 <1>
8 2 C-CPPTTTTTT 9647A11G01 <1> 6 4 C-CC-CPPPPPO 991A622G01 <1>
8 2 C-CTTPPPPPP 9676A86G01 <1> 6 4 C-CC-CPPPPPP 498A015G01 <1>
8 2 C-CTTPPTTPP 9688A07G01 <1> 6 4 C-CC-CPPPPPT 1586C42G13 <1>
8 2 C-CTTTT®PPPP 9647A98G01 <1l> 6 4 C-CC-CPPPPTT 9672A80G01 <1>
8 2 C-CTTTTTTPP 9683A72G01 <1> 6 4 C-CC-CPPPTTT 991A218G01 <1>
8 2 C-CTTTTTTTT 1586C42G20 <1> 6 4 C-CC-CPPTTTT 9676A06G01 <1>
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Flexitest Switches DB 41-077
Table 1 - FT-1 Switch Selection Guide (continued)

2 s : s

E E <2> <3> <4> E g <2> <3> <4>

o O aB CDEFGHTIJ STYLE NO. TEST PLUG 2] O aB CDEFGHTIJ STYLE NO. TEST PLUG

6 4 C-CC-CTTZPZPPP 991A334G01 <1l> 6 4 TTTTTT C-C C-C 991A235G01 <1>

6 4 C-CC-CTTTTTT 9663A31G01 <1> 6 4 TY ZTY Z R-6-7-C 9689A42G01 <1>

6 4 C-C P PC-CPPPP 716B562Gl7 <1> 6 4 72 72 O 0 0O 0O C-C C-C 9689A18G01 <1>

6 4 C-CPPPPC-CPP 716B562G19 <1> 5 5 PPCC-CPC-CPP 670B197G20 <1>

6 4 C-CPPPPPPC-C 877A077G01 <1l> 4 6 7=7 7-7 7-7 P P O O 9682A48G01 <1>

6 4 C-CTTTC-CTTT 9666A97G01 <1> 4 6 7-7 7-7 7-7 T T T T 9682A49G01 <1>

6 4 C-C-C-ATTTTTT 9683A94G01 <1> 4 6 7=-7 7-7 7-7 Y Y Y Y 9682A50G01 <1>

6 4 C-C-C-C P PPPPT 1586C42G11 <1> 4 6 8-8 8-8 8-8 W W W W 9682A51G01 <1>

6 4 C-C-C-C P PPPTT 1586C42G12 <1> 4 6 9-9 9-9 9-9 P P P P 9669A43G01 <1l>

6 4 C-C-C-C T TTTTT 9672A99G01 <1> 4 6 9-9 9-9 9-9 W W W W 9669A36G01 <1>

6 4 C-C-C-C WWWTTT 9689A38G01 <1> 4 6 ccccccpeppPpPpPP 774B430G18 <1>

6 4 C-C-C-E T TTTTT 9672A87G01 <1l> 4 6 CC-CC-CCTTTT 1586C42G21 <1>

6 4 O O0OPPPPR-6-7T-C 9666A37G01 <1> 4 6 C-C 5-5 R-R P P P P 9666A91G01 <1l>

6 4 P C-CC-CPPPPP 716B562G36 <1> 4 6 C-CC-CC-CGTTT 9683A15G01 <1>

6 4 PC-CC-CTTTTT 9682A36G01 <1> 4 6 C-C C-C C-C O O W W 9683A21G01 <1>

6 4 P C-CPPPPC-CP 129A513G01 129A062G06 4 6 C-C C-CC-C OYWW 9683A20G01 <1>

6 4 PC-CPPPPC-CT 629A735G01 129A062G06 4 6 C-C C-C C-C P P P P 774B430G20 <1l>

6 4 P C-CPPPTC-CP 1586C42G22 129A062G06 4 6 C-C C-C C-C P PPT 1586C42G36 <1>

6 4 PC-CPPTTC-CT 1586C42G27 129A062G06 4 6 C-CC-CC-CPPTT 9671A70G01 <1>

6 4 P C-C-C-C P P P PP 836A867G01 <1> 4 6 C-CC-CC-CTTZPP 9683A73G01 <1>

6 4 PPCPCPCPCP 991A506G01 292B319G22 4 6 C-CC-CC-CTTTT 774B430G24 <1>

6 4 P PC-AC-APPPP 714B325G28 <1> 4 6 C-CC-CC-CTTWW 991A238G01 <1>

6 4 P PC-CPPC-CPP 716B562G1l5 <1> 4 6 C-C C-C C-C Y Y Z Z 991A239G01 <1>

6 4 P PPC-CC-CPPP 9689A81G01 129A062G12 4 6 C-CC-CC-CZZYY 9666A60G01 <1l>

6 4 PPPC-CC-CTTT 9652A30G01 129A062G12 4 6 C-C P P C-C P P C-C 716B562Glo6 <1>

6 4 P PPC-CPPC-CP 129A520G01 129A062GO05 4 6 C-C TP C-C-C-C P T 1586C42G10 <1l>

6 4 P PP C-C-C-CP PP 991A335G01 <1> 4 6 c-C-C-C Cc-C P P P P 774B430G09 <1>

6 4 PPPPCCCCPP 9689A01G01 <1> 4 6 C-C-C-C C-C P TPT 9676A98G01 <1>

6 4 PPPPC-AC-APP 714B325G29 <1> 4 6 C-C-C-D P L C-C T T 9683A98G01 <1>

6 4 PPPPC-CC-CPP 670B197G19 <1l> 4 6 G G 9-9 9-9 9-9 P P 9669A42G01 <1l>

6 4 PPPPC-CPPC-C 670B197G34 <1> 4 6 L L LLC-EC-EC-E 9660A96G01 <1>

6 4 P PPPPC-CC-CP 129A532G01 129A062G02 4 6 OGTWC-C C-C C-C 9676A99G01 <1>

6 4 PPPPPPC-AC-A 714B325Glo6 <1> 4 6 O O 0 0 C-C C-C C-C 9689A14G01 <1>

6 4 PPPPPPC-C-C-A 714B325G18 <1l> 4 6 O Y Y O C-C C-C C-C 9666A20G01 <1l>

6 4 PPPPPPC-C-C-C 670B197G28 <1> 4 6 OY Z 8-9 8-6 8-7 P 9683A05G01 292B319G23

6 4 PPTPPC-CC-CP 9676A09G01 129A062G02 4 6 P C-A P C-A P C-A P 9689A04G01 <1>

6 4 PPTPTP C-C-C-C 1586C42G14 <1> 4 6 P C-C C-C C-C P PP 716B562G37 129A062G09

6 4 P TPR-CPPR-CP 9676A71G01 129A062G05 4 6 P C-C C-C C-C P PP 774B430G10 129A062G09

6 4 R-AR-ATTTTTT 9689A73G01 <1> 4 6 P C-C P C-C P C-C P 129A528G01 <1>

6 4 R-R R-R 0O O O O O O 9682A98G01 <1> 4 6 PGT C-C 5-5 R-R W 9676A58G01 292B319G23

6 4 R-RR-RTTTTTT 670B197G25 <1> 4 6 PPCCCCCCPP 774B430G21 <1>

6 4 T PCPCPCPCP 670B197G37 292B319G22 4 6 P PCC-CC-CCPP 714B325G19 <1l>

6 4 T PP C-CPPC-CP 9660A91G01 129A062G05 4 6 P P C-CP P C-CC-C 716B562G18 <1>

6 4 TPPC-CTPFPC-C 9676A05G01 <1> 4 6 P PP 6-66-6 6-6 P 9664A93G01 292B319G23

6 4 T PPPPC-CC-CT 849A307G01 <1> 4 6 PPPCCCCCCP 9670A05G01 <1>

6 4 TR-ETR-ETTTT 991A231G01 <1l> 4 6 P P P C-A C-A C-A P 9688A22G01 292B319G23

6 4 TTTR-RTTR-RT 861A670G01 129A062G05 4 6 P PP C-A P C-C-C-A 714B325G17 <1>

ABB
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DB 41-077

Flexitest Switches

Table 1 - FT-1 Switch Selection Guide (continued)

CURRENT

<2> <3> <4>

CURRENT

<2> <3> <4>

o o

A ABCDETVFGHTIJ STYLE NO. TEST PLUG A ABCDETFGHTIJ STYLE NO. TEST PLUG
4 6 P PP C-CC-CC-CP 129A514G01 292B319G23 4 6 T TP C-CC-CC-CT 9667A80G01 292B319G23
4 6 PP PC-CC-CC-CT 670B197G32 292B319G23 4 6 T TPPC-CC-CC-C 9672A90G01 <1>

4 6 PP PC-CC-CC-CZ 9671A93G01 292B319G23 4 6 T T T 5-5 5-5 5-5 T 9682A84G01 292B319G23
4 6 P PP C-CC-RC-RT 1586C42G34 292B319G23 4 6 T T T 5-A 5-A 5-A T 9689A29G01 292B319G23
4 6 PP PC-CPC-C-C-C 670B197G27 <1> 4 6 T TT C-C C-C C-C G 9666A59G01 292B319G23
4 6 P PP GR-RR-RR-R 9688A01G01 <1> 4 6 T TTC-C C-C C-C P 9667A69G01 292B319G23
4 6 P PPPC-AC-AC-A 714B325G24 <1> 4 6 T T T C-C C-C C-C T 714B325G32 292B319G23
4 6 P PPPC-BC-BC-B 9666A46G01 <1l> 4 6 T TTC-C C-C C-C W 9676A35G01 292B319G23
4 6 PP PPC-CC-CC-C 1586C42G05 <1> 4 6 T TT G C-C C-C C-C 9647A23G01 <1>

4 6 P PPPC-CC-CC-C 670B197G18 <1> 4 6 T TTPC-CC-CC-C 9676A80G01 <1>

4 6 P PPPC-C-CC-C-C 1586C42G37 <1> 4 6 T T T R-RR-RR-R T 774B430G13 292B319G23
4 6 PPPPPPC-CC-C 670B197G23 <1l> 4 6 T TTT C-C C-C C-C 498A010G01 <1>

4 6 PP PP R-RR-RR-R 9660A85G01 <1> 4 6 T TTT C-C C-C-C-C 9676A10G01 <1>

4 6 P PP R-RR-R R-R P 1586C42G03 292B319G23 4 6 TTTT R-R 8-8 7-7 9682A69G01 <1>

4 6 P PP R-RR-RR-RW 9688A38G01 292B319G23 4 6 T TTT R-R R-R R-R 9682A39G01 <1>

4 6 P PTC-CC-CC-CT 1586C42G48 292B319G23 4 6 T W Z G R-R 7-7 8-8 9688A41G01 <1>

4 6 P R-R P R-RPR-RP 9676A17G01 <1> 4 6 T W Z G R-R 8-8 7-7 9683A07G01 <1>

4 6 P T Z C-7 8-7 7-C P 9676A55G01 292B319G23 4 6 T W Z P R-R 8-8 7-7 991A234G01 <1>

4 6 P T Z C-8 R-8 7-8 W 9676A68G01 292B319G23 4 6 T W Z R-R 8-8 7-7 P 9683A04G01 292B319G23
4 6 P T Z W 6-58-5 9-5 9689A53G01 <1> 4 6 T Y P G R-R 6-6 C-C 9682A86G01 <1>

4 6 P Y Y P C-CC-CC-C 9666A55G01 <1> 4 6 T Y Z 8-C P R-6-7-C 9689A41G01 <1>

4 6 P Y Z R-R 6-6 7-6 P 9666A63G01 292B319G23 4 6 T Y Z R-R 6-6 7-7 P 9666A44G01 292B319G23
4 6 P Y Z R-R 6-6 7-7 P 9666A67G01 292B319G23 4 6 T Y Z WC-CC-C C-C 9689A06G01 <1>

4 6 R-BR-BR-BTTTT 714B325G20 <1l> 4 6 W WO O C-C C-C C-C 9666A54G01 <1>

4 6 R-R 7-7 C-C G Y T P 9664A89G01 <1> 4 6 WWOYC-CC-CC-C 9666A21G01 <1>

4 6 R-R 7-7 C-C G Y W O 9664A81G01 <1> 4 6 WWW 9-C 9-C 9-C W 9652A25G01 292B319G23
4 6 R-R 7-7 C-C T G O G 9664A87G01 <1> 4 6 WWWW 8-8 8-8 8-8 9682A93G01 <1>

4 6 R-R 7-7 C-C T T TP 991A941G01 <1> 4 6 WWWW 9-9 9-9 9-9 991A624G01 <1>

4 6 R-R 7-7 C-C T Z P O 9664A86G01 <1l> 4 6 WWWWC-C C-C C-C 9688A02G01 <1>

4 6 R-R 7-7 C-C W P O G 9666A88G01 <1> 4 6 WWYOC-CC-CC-C 9647A20G01 <1>

4 6 R-R 7-7 C-C W PTG 9664A85G01 <1> 4 6 WYY OC-CC-CC-C 9652A28G01 <1l>

4 6 R-R 7-7 C-C Y W TG 9666A84G01 <1> 4 6 YT G 6-6 R-R 5-5 W 9666A66G01 292B319G23
4 6 R-R R-R R-R P P P P 9689A33G01 <1l> 4 6 Y Y Y C-CC-CC-CY 991A236G01 292B319G23
4 6 R-RR-RR-RTTTT 9688A11G01 <1> 4 6 Y Y Y R-RR-RR-RY 9669A30G01 292B319G23
4 6 T 5-A T 5-A T 5-A T 9689A28G01 <1> 4 6 Z R-R Z R-R Z R-R P 9666A38G01 <1>

4 6 T C-C C-C C-C P PP 9676A60G01 129A062G09 4 6 Z 72 00 C-C C-C C-C 9689A19G01 <1>

4 6 T C-CTC-CTC-CT 188A523G01 <1l> 4 6 2 2 Z C-CC-CC-CZ 9672A01G01 292B319G23
4 6 T C-C T C-CTC-CY 9689A84G01 <1> 4 6 Z Z Z R-R R-R R-R G 9682A82G01 292B319G23
4 6 T O G W R-R 9-9 5-5 9666A72G01 <1> 4 6 7Z 72 Z R-R R-R R-R Z 991A240G01 292B319G23
4 6 T P C-C C-C C-C P P 1586C42G18 <1> 4 6 Z Z Z W R-R 6-6 5-5 9689A85G01 <1>

4 6 T P P C-C C-C C-C P 9682A53G01 292B319G23 4 6 2 2 7Z 72 C-CC-C C-C 9676A95G01 <1>

4 6 T PP P C-CC-C C-C 9664A80G01 <1> 3 7 9-C 6-C 7-C 8 P G P 9683A96G01 <1>

4 6 T PP P C-C C-R C-C 9689A89G01 <1> 3 7 CYYYC-CC-CC-C 9682A97G01 <1>

4 6 TP TP C-CC-C C-C 9666A94G01 <1> 3 7 C-CC-CC-CCPPP 1586C42G43 <1>

4 6 T P Z W R-R C-C 7-7 9688A87G01 <1l> 3 7 C-C P C-CPC-CPC 714B325G22 <1>

4 6 T T C-C C-C C-CTT 9667A22G01 <1> 3 7 LLLUZC-EC-EC-E 1485B70G10 <1>

4 6 T T P C-C C-C C-C P 9689A07G01 292B319G23 3 7 P GT C-C 5-5 R-R 8 9676A76G01 <1>
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Flexitest Switches DB 41-077
Table 1 - FT-1 Switch Selection Guide (continued)

2 s : s

E E <2> <3> <4> E g <2> <3> <4>

o O aB CDEFGHTIJ STYLE NO. TEST PLUG 2] O aB CDEFGHTIJ STYLE NO. TEST PLUG

3 7 PPCC-CCC-CCUP 716B562G12 <1> 2 8 C-C-C-C C-C-C-C P T 1586C42G09 <1>

3 7 P P CC-C C-C C-C P 129A535G01 292B319G22 2 8 C-C-C-C C-C-C-C T P 9671A22G01 <1>

3 7 P P CC-CC-CC-CT 9672A86G01 292B319G22 2 8 C-C-C-C C-C-C-C T T 9642A36G01 <1>

3 7 PPPCCCCCCC 1586C42G17 <1> 2 8 C-C-C-C P C-C-C-C P 9672R94G01 <1>

3 7 P PP CC-CC-CC-C 9671A26G01 <1> 2 8 C-C-C-C T C-C-C-C T 9676A01G01 <1>

3 7 P PP C-BC-BC-BS 716B562G30 <1> 2 8 C-C-C-D C-C-C-B P P 498A032G01 <1>

3 7 P PP C-CC-CC-CC 1586C42G19 <1> 2 8 C-C-C-D C-C-C-D P P 714B325G13 <1>

3 7 P PP C-CC-CC-CC 714B325G11 <1l> 2 8 C-C-C-D C-C-C-D P P 774B430G12 <1>

3 7 P PP C-CC-CC-CC 714B325G25 <1> 2 8 C-C-C-E C-C-C-E T T 9672A23G01 <1>

3 7 P PP S C-CC-CC-C 774B430G1l6 <1> 2 8 C-C-C-E T C-C-C-E T 9672A88G01 <1>

3 7 PPPUCUCUCU 1485B70G09 <1> 2 8 C-C-E C C-C C-C P P 716B562G39 <1>

3 7 P TCC-CC-CC-CT 670B197G22 292B319G22 2 8 L C-E C-E C-E C-E L 9666A23G01 <1l>

3 7 R-R 7-7 C-C C Y W O 9666A89G01 <1> 2 8 0O O C-C C-C C-C C-C 9682A61G01 <1l>

3 7 TOYSC-8 7-8 5-8 9666A56G01 <1> 2 8 P 8-8 8-8 8-8 8-8 P 9682A24G01 292B319G22

3 7 T T C C-C C-C C-C T 670B197G35 292B319G22 2 8 pCccCccCccCccCcCCCP 129A519G01 <1>

3 7 T T C-C C-C C-C C T 9688A86G01 <1> 2 8 PCCCCPCCCC 716B562G27 <1>

3 7 T T T C-C 5-5 R-R 8 9689A45G01 <1> 2 8 P C-C C-C C-C C-C P 129A518G01 292B319G22

3 7 T T T C-C C-C C-C C 9663A59G01 <1> 2 8 P C-C C-C C-C C-C T 1586C42G08 292B319G22

3 7 T TT C-C C-C C-C N 291B961G25 <1> 2 8 P C-C C-C C-C C-C T 837A616G01 292B319G22

3 7 T T T C-C C-C C-C U 1485B70G11 <1> 2 8 P P 5-5 R-R 6-6 C-C 9682A87G01 <1>

3 7 T T T R-R R-R R-R R 9688A50G01 <1> 2 8 P P 9-9 9-9 9-9 9-9 991A625G01 <1l>

2 8 5-5 5-5 5-5 5-5 G G 9683A87G01 <1> 2 8 P P C-C C-C C-C C-C 716B562G25 <1>

2 8 6-6 R-R 5-5 8-8 7 W 9666A64G01 <1> 2 8 PP C-C-C-C C-C-C-C 9676A96G01 <1>

2 8 7=7 7=7 7=7 7-7T W W 9682A47G01 <1> 2 8 P R-R 8-8 7-7 C-C P 991A233G01 292B319G22

2 8 7-7 7-7 7-7 7-7 Z Z 9683A89G01 <1> 2 8 P R-R R-R R-R R-R P 9683A99G01 292B319G22

2 8 8-C 8-C 8-C 8-C P P 991A237G01 <1> 2 8 P S P R-R R-R R-R C 9676A83G01 <1>

2 8 8-CR-C 5-C 9-C T T 9688A85G01 <1> 2 8 R-6-7-C R-6-7-C 0 O 9666A35G01 <1>

2 8 9-9 9-9 9-9 9-9 G G 9669A35G01 <1> 2 8 R-BR-BR-BR-BTT 714B325G12 <1>

2 8 9-C 6-C 7-C C-C T T 9647A18G01 <1> 2 8 R-C R-C R-C R-C T T 716B562G11 <1>

2 8 CcCcCcCccCccCccCCCPP 9689A02G01 <1l> 2 8 R-R 7-7 C-C 9-9 T G 9664A83G01 <1l>

2 8 C-A P PCC-CCC-C 714B325G21 <1> 2 8 R-R 7-7 C-C 9-9 T P 9664A82G01 <1>

2 8 C-B C-B C-B C-B P P 991A942G01 <1> 2 8 R-R R-R R-R R-R P P 9688A91G01 <1>

2 8 C-C C-C C-C C-C P P 837R407GO01 <1> 2 8 R-R R-R R-R R-R T T 9666A48G01 <1>

2 8 C-C C-C C-C C-C P T 9672A95G01 <1l> 2 8 T 5-5 6-6 7-7 5-5 T 9666A26G01 292B319G22

2 8 C-C C-C C-C C-C TP 9676A11G01 <1> 2 8 TCcCcCcCccCcCcCcCCP 9671A04G01 <1>

2 8 C-C C-C c-C Cc-C T T 774B430G22 <1> 2 8 TCCCCCCCCT 9671A12G01 <1>

2 8 C-C C-C C-C C-C W W 9683A16G01 <1> 2 8 T CCC-CC-CC-CT 876A157G01 <1>

2 8 C-C C-CPCCCCP 837A664G01L <1l> 2 8 T C-C C-C C-C C-C P 670B197G38 292B319G22

2 8 C-C P PCC-CCC-C 716B562G24 <1> 2 8 T C-C C-C C-C C-C T 849A513G01 292B319G22

2 8 C-C T C-C C-C C-C P 9688A94G01 <1> 2 8 T C-C C-C C-C C-C Y 9676A75G01 292B319G22

2 8 C-C T C-C C-C C-C T 9667A68G01 <1> 2 8 T C-C-C-C C-C C-C P 9666A24G01 <1>

2 8 (C-C-C-B C-C-C-B P P 498A031G01 <1l> 2 8 T C-C-C-C C-C-C-C P 9689A34G01 <1l>

2 8 C-C-C-C CCC-CPP 716B562G38 <1l> 2 8 T R-R R-R R-R R-R T 716B562G28 292B319G22

2 8 C-C-C-C C-C C-C P P 714B325G15 <1> 2 8 T T 5-5 R-R 8-8 7-7 9682A68G01 <1>

2 8 (C-C-C-C C-C-C-B P P 837A101G01 <1> 2 8 T T 9-9 9-9 9-9 9-9 9669A40G01 <1>

2 8 C(C-C-C-C C-C-C-B T T 1586C42G42 <1l> 2 8 T T C-C C-C C-C C-C 1586C42Gl6 <1>

2 8 C-C-C-C C-C-C-C P P 774B430G11 <1> 2 8 T T C-C C-C C-C C-C 774B430G28 <1>
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DB 41-077 Flexitest Switches
Table 1 - FT-1 Switch Selection Guide (continued)

: 3 g

E E <2> <3> <4> E § <2> <3> <4>

& Y ABCDEFGHIJ STYLE NO. TEST PLUG & Y ABCDEFGHIJ STYLE NO. TEST PLUG
2 8 T T R-R 8-8 7-7 5-5 991A935G01 <1l> 0 10 C-C C-C C-C C-C 8-8 9682A91G01 <1>
2 8 W W C-C C-C C-C C-C 9666A51G01 <1> 0 10 C-C C-C C-C C-C C C 774B430G1l5 <1>
2 8 Z C-C C-C C-C C-C Z 09689A77G01 292B319G22 0 10 C-C C-C C-C C-C C-C 498A020G01 <1l>
1 9 ccccccccCccCcpP 129A541G01 <1l> 0 10 C-C C-C C-C C-C R R 9676A23G01 <1>
1 9 ccCcccccccCccCT 188A286G01 <1> 0 10 C-C C-C C-C C-C-C-C 9676A20G01 <1>
1 9 CCCC-CC-CC-CP 670B197Gl6 <1> 0 10 C-C-C-A C-A C-A C-A 9683A92G01 <1l>
1 9 C-C C-C C-C C C-C P 1586C42G40 <1> 0 10 C-C-C-A C-C C-C C-A 774B430Gl4 <1>
1 9 C-C C-C C-C C C-C T 1586C42G35 <1> 0 10 C-C-C-A C-C-C-A C-C 1586C42G02 <1>
1 9 P C-CCC-CCC-CC 714B325G23 <1l> 0 10 C-C-C-B C-C C-C-C-B 498A001G01 <1l>
1 9 P C-C-C-B C C-C-C-B 498A030G01 <1> 0 10 C-C-C-C C-C C-C C-C 714B325G1l4 <1l>
1 9 T 8-8 C-C 5-5 R-R 8 9688A48G01 <1> 0 10 C-C-C-C C-C C-C-C-C 9666A40G01 <1>
0 10 5-A 5-A 5-A 5-A 5-A 9689A26G01 <1> 0 10 C-C-C-C C-C-C-C C-C 774B430G23 <1>
0 10 6-6 6-6 6-6 6-6 6-6 9664A94G01 <1> 0 10 C-C-C-C C-C-C-C R-R 9666A41G01 <1l>
0 10 8-8 8-8 8-8 8-8 8-8 9682A94G01 <1> 0 10 C-D C-D C-D C-D C-D 9676A07G01 <1l>
0 10 cccccccccCcC 129A529G01 <1> 0 10 C-E C-E C-E C-E C-E 714B325G09 <1>
0 10 cccccccccc 774B430GLl7 <1> 0 10 J JJJJJJJJTJ 291B962G31 <1>
0 10 CCCC-CC-CC-CC 9676A18G01 <1> 0 10 RRRRRRRRRR 9682A54G01 <1>
0 10 C C C Cc-C-C-C-C C C 9688A75G01 <1> 0 10 R-6-7-C R-6-7-C 8-C 9689A43G01 <1>
0 10 CC-BCC-BCC-BC 716B562G1l4 <1> 0 10 R-A R-A R-A R-A R-A 9689A17G01 <1>
0 10 C C-C Cc-C C-C C-C C 716B562G13 <1> 0 10 R-B R-B R-B R-B R-B 714B325G10 <1>
0 10 C-A C-A C-A C-A C-A 9689A03G01 <1l> 0 10 R-C R-C R-C R-C R-C 716B562G09 <1>
0 10 C-C 5-5 R-R 8-8 8-8 9689A11G01 <1> 0 10 R-R 6-6 7-7 8-8 C-C 9688A51G01 <1>
0 10 C-C C-C C C C-C C-C 714B325G26 <1> 0 10 R-R R-R R-R R-R R-R 9663A33G01 <1>
0 10 C-C C-C C-C 8-8 8-8 9682A92G01 <1>

Table 1 Notes:

<1> When a multi-position In-Service Test Plug is not available then the individual current circuit test plug can be
used.

<2> Astandard FT-1 Switch with screw termination will be supplied when using the Style Number per this table.
An optional FT-1 Switch with stud and nut terminals can be supplied at no additional charge provided an “S” prefix
is used with FT-1 Switch Style Number  (Example: S129A501G01).

<3> Astandard FT-1 Switch with black opaque cover will be supplied when using the Style Number per this table.
An optional FT-1 Switch with clear cover can be supplied at no additional charge provided a “C” prefix is used
with FT-1 Switch Style Number (Example: C129A501G01 or CS129A501GO01 for clear cover and stud & nut
terminals, per note <2>).

<4> FT-1 Switch styles using the prefix “R” or “RS” can only be used with the FT-19R Assembly (refer to the FT-
19R Technical Data and DB 41-078 for more details).

See Ordering Information on page 9.
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Flexitest Switches DB 41-077

Table 2 - FT-1 Switch Selection by Style

: : : » :

- - - - -
STYLE NO. ] 3} STYLE NO. 1 3] STYLE NO. 1} 3} STYLE NO. [ 3} STYLE NO. [ 3]
129A501G01 10 O 129A550G01 6 0 1586C42G39 9 1 291B958G28 0 6 498A019G01 1 7
129A502G01 8 0 129A551G01 9 0 1586C42G40 1 9 291B958G29 0 6 498A020G01 0 10
129A503G01 7 0 129A552G01 6 3 1586C42G41 10 O 291B958G30 2 4 498A021G01 O 9
129A504G01 6 0 129A553G01 7 3 1586C42G42 2 8 291B958G31 2 4 498A022G01 4 0
129A505G01 5 0 129A555G01 O 5 1586C42G43 3 7 291B958G33 6 0 498A023G01 O 9
129A506G01 4 0 1485B70G0S9 3 7 1586C42G44 10 O 291B959G18 5 2 498A024G01 3 6
129A507G01 2 2 1485B70G10 3 7 1586C42G45 10 O 291B959G19 7 0 498A025G01 O 8
129A508G01 3 2 1485B70G11 3 7 1586C42G46 10 O 291B959G20 3 4 498A026G01 O 2
129A509G01 4 2 1586C39G01 4 0 1586C42G47 8 2 291B959G26 3 4 498A027G01 O 4
129A510G01 5 2 1586C39G02 4 0 1586C42G48 4 6 291B959G27 5 2 498A028G01 4 5
129A511G01 3 4 1586C40G01 6 0 188A229G01 O 8 291B959G28 7 0 498A029G01 O 8
129A512G01 4 4 1586C41G01 O 8 188A261G01 5 2 291B959G29 0 7 498A030G01 1 9
129A513G01 6 4 1586C42G02 0 10 188A286G01 1 9 291B959G30 7 0 498A031G01 2 8
129A514G01 4 6 1586C42G03 4 6 188A304G01 O 6 291B959G32 3 4 498A032G01 2 8
129A515G01 3 6 1586C42G05 4 6 188A416G01 6 0 291B959G33 7 0 629A315G01 4 4
129A516G01 O 6 1586C42G06 10 O 188A454G01 O 6 291B960G20 0 8 629A483G01 6 3
129A517G01 O 8 1586C42G08 2 8 188A477G01 4 3 291B960G26 6 2 629A568G01 6 0
129A518G01 2 8 1586C42G09 2 8 188A523G01 4 6 291B960G27 3 5 629A735G01 6 4
129A519G01 2 8 1586C42G10 4 6 188A618G01 3 4 291B960G33 0 8 670B197Gl6 1 9
129A520G01 6 4 1586C42G11 6 4 188A622G01 5 2 291B960G36 6 2 670B197G17 8 2
129A521G01 2 6 1586C42G1l2 6 4 188A632G01 6 2 291B960G37 8 0 670B197G18 4 6
129A523G01 O 6 1586C42G13 6 4 188A633G01L 5 4 291B960G38 2 6 670B197G19 6 4
129A524G01 4 0 1586C42G14 6 4 291B954G12 0 2 291B960G39 8 0 670B197G20 5 5
129A525G01 2 6 1586C42G15 10 O 291B954G13 2 0 291B961G22 5 4 670B197G21 10 O
129A526G01 7 0 1586C42Gl6 2 8 291B954G14 2 0 291B961G23 6 3 670B197G22 3 7
129A528G01 4 6 1586C42G17 3 7 291B954G15 2 0 291B961G25 3 7 670B197G23 4 6
129A529G01 0 10 1586C42G18 4 6 291B954Gle 2 0 291B961G26 2 7 670B197G24 10 O
129A530G01 4 4 1586C42G19 3 7 291B956G13 0 4 291B961G27 3 6 670B197G25 6 4
129A531G01 O 2 1586C42G20 8 2 291B956G18 2 2 291B961G28 5 4 670B197G26 10 O
129A532G01 6 4 1586C42G21 4 6 291B956G23 0 4 291B961G29 3 6 670B197G27 4 6
129A533G01 3 2 1586C42G22 6 4 291B956G24 4 0 291B961G30 6 3 670B197G28 6 4
129A534G01 2 0 1586C42G23 10 O 291B956G25 4 0 291B962G31 0 10 670B197G31 10 O
129A535G01 3 7 1586C42G24 10 O 291B956G26 3 1 498A001G01 0 10 670B197G32 4 6
129A536G01 8 0 1586C42G25 10 0 291B956G27 0 4 498A002G01 1 4 670B197G33 8 2
129A537G01 2 4 1586C42G26 8 2 291B956G28 1 3 498A003G01 1 6 670B197G34 6 4
129A538G01 4 0 1586C42G27 6 4 291B956G29 0 4 498A004G01 0 8 670B197G35 3 7
129A539G01 10 O 1586C42G28 10 O 291B956G30 2 2 498A008G01 3 4 670B197G36 10 O
129A540G01 1 6 1586C42G29 10 O 291B956G31 4 0 498A009G01 1 8 670B197G37 6 4
129A541G01 1 9 1586C42G30 10 O 291B956G32 4 0 498A010G01 4 6 670B197G38 2 8
129A542G01 8 2 1586C42G31 10 O 291B957G09 3 2 498A011G01 9 1 714B325G09 0 10
129A543G01 3 3 1586C42G32 8 2 291B957G15 5 0 498A012G01 4 0 714B325G10 0 10
129A544G01 4 4 1586C42G33 8 2 291B957Gl6 3 2 498A013G01 7 0 714B325G11 3 7
129A545G01 5 4 1586C42G34 4 6 291B957G17 3 2 498A014G01 0 6 714B325G1l2 2 8
129A546G01 8 0 1586C42G35 1 9 291B958G24 3 3 498A015G01 6 4 714B325G13 2 8
129A547G01 7 0 1586C42G36 4 6 291B958G25 6 0 498A016G01 4 4 714B325G14 0 10
129A548G01 9 0 1586C42G37 4 6 291B958G26 0 6 498A017G01 O 6 714B325G1l5 2 8
129A549G01 8 0 1586C42G38 8 2 291B958G27 2 4 498A018G01 1 7 714B325Gl6 6 4
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DB 41-077 Flexitest Switches

Table 2 - FT-1 Switch Selection by Style (continued)

. 2 e . 2 e .

Z 2 P4 4 P4
STYLE NO. (s1) O STYLE NO. N O STYLE NO. s1) O STYLE NO. N O STYLE NO. ~n O
714B325G17 4 [$) 719B591G12 8 0 9647A17G01 4 0 9664A94G01 0 10 9666A73G01 10 0
714B325G18 6 4 719B591G13 4 4 9647A18G01 2 8 9664A97G01 10 0 9666A76G01 10 0
714B325G19 4 6 719B591G14 8 0 9647A19G01 9 1 9664A98G01 10 0 9666A77G01 10 0
714B325G20 4 6 763A109G01 0 4 9647A20G01 4 6 9666A12G01 0 4 9666A78G01 0 8
714B325G21 2 8 763A166G01 4 0 9647A21G01 10 0 9666A13G01 10 0 9666A79G01 10 0
714B325G22 3 7 763A167G01 6 2 9647A22G01 10 0 9666A20G01 4 6 9666A80G01 10 0
714B325G23 1 9 763A168G01 7 0 9647A23G01 4 6 96066A21G01 4 (&) 9666A82G01 8 2
714B325G24 4 6 774B430G09 4 6 9647A98G01 8 2 9666A23G01 2 8 9666A83G01 0 6
714B325G25 3 7 774B430G10 4 6 9649A37G01 10 0 9666A24G01 2 8 9666A84G01 4 6
714B325G26 0 10 774B430G11 2 8 9652A25G01 4 6 9666A26G01 2 8 9666A85G01 0 8
714B325G27 6 4 774B430G12 2 8 9652A26G01 10 0 9666A27G01 [$) 4 9666A86G01 10 0
714B325G28 6 4 774B430G13 4 6 9652A27G01 10 0 9666A28G01 8 2 9666A87G01 10 0
714B325G29 6 4 774B430G14 0 10 9652A28G01 4 6 9666A34G01 8 2 9666A88G01 4 6
714B325G30 8 2 774B430G15 0 10 9652A29G01 10 0 9666A35G01 2 8 9666A89G01 3 7
714B325G31 8 2 774B430G1l6 3 7 9652A30G01 6 4 9666A36G01 10 0 9666A90G01 10 0
714B325G32 4 6 774B430G17 0 10 9660A84G01 0 8 9666A37G01 6 4 9666A91G01 4 6
716B562G09 0 10 774B430G18 4 6 9660A85G01 4 6 9666A38G01 4 6 9666A92G01 10 0
716B562G10 10 0 774B430G19 10 0 9660A91G01 6 4 9666A39G01 [$) 0 9666A93G01 10 0
716B562G11 2 8 774B430G20 4 6 9660A92G01 10 0 9666A40G01 0 10 9666A94G01 4 6
716B562G12 3 7 774B430G21 4 6 9660A96G01 4 6 9666A41G01 0 10 9666A95G01 3 2
716B562G13 0 10 774B430G22 2 8 9660A97G01 0 6 9666A42G01 8 2 9666A96G01 8 2
716B562G14 0 10 774B430G23 0 10 9663A25G01 10 0 9666A43G01 10 0 9666A97G01 [$) 4
716B562G15 6 4 774B430G24 4 6 9663A31G01 6 4 9666A44G01 4 6 9667A02G01 4 2
716B562G16 4 6 774B430G28 2 8 9663A33G01 0 10 9666A45G01 10 0 9667A03G01 10 0
716B562G17 6 4 774B542G09 1 0 9663A34G01 3 6 9666A46G01 4 [$) 9667A06G01 10 0
716B562G18 4 6 836A867G01 6 4 9663A41G01 10 0 9666A47G01 10 0 9667A17G01 5 2
716B562G19 6 4 837A087G01 0 4 9663A59G01 3 7 9666A48G01 2 8 9667A21G01 2 6
716B562G20 6 4 837A098G01 0 8 9663A60G01 8 2 9666A49G01 10 0 9667A22G01 4 6
716B562G21 8 2 837A099G01 0 8 9663A74G01 3 6 9666A50G01 10 0 9667A68G01 2 8
716B562G24 2 8 837A101G01 2 8 9663A77G01 1 6 9666A51G01 2 8 9667A69G01 4 6
716B562G25 2 8 837A407G01 2 8 9663A78G01 1 2 9666A52G01 10 0 9667A78G01 10 0
716B562G26 8 2 837A616G01 2 8 9663A79G01 7 0 9666A53G01 10 0 9667A80G01 4 6
716B562G27 2 8 837A664G01 2 8 9663A80G01 4 0 9666A54G01 4 6 9667A86G01 10 0
716B562G28 2 8 837A665G01 8 2 9664A78G01 10 0 9666A55G01 4 6 9667A93G01 10 0
716B562G30 3 7 837A889G01 6 0 9664A79G01 10 0 9666A56G01 3 7 9668A27G01 10 0
716B562G35 8 2 849A307G01 6 4 9664A80G01 4 6 9666A58G01 10 0 9668A54G01 10 0
716B562G36 6 4 849A513G01 2 8 9664A81G01 4 6 9666A59G01 4 6 9668A69G01 2 6
716B562G37 4 6 861A551G01 3 6 9664A82G01 2 8 9666A60G01 4 6 9668A70G01 1 8
716B562G38 2 8 861A670G01 [$) 4 9664A83G01 2 8 9666A61G01 10 0 9669A30G01 4 6
716B562G39 2 8 862A584G01 4 0 9664A84G01 10 0 9666A62G01 10 0 9669A31G01 6 0
716B871G09 3 0 876A157G01 2 8 9664A85G01 4 6 9666A63G01 4 6 9669A32G01 4 4
716B871G10 0 3 877A077G01 6 4 9664A86G01 4 6 9666A64G01 2 8 9669A33G01 10 0
716B871G11 3 0 9641A64G01 10 0 9664A87G01 4 6 9666A65G01 10 0 9669A34G01 10 0
716B871G12 3 0 9642A36G01 2 8 9664A88G01 10 0 9666A66G01 4 6 9669A35G01 2 8
719B591G09 8 0 9646A77G01 10 0 9664A89G01 4 6 9666A67G01 4 6 9669A36G01 4 6
719B591G10 8 0 9647A11G01 8 2 9664A92G01 10 0 9666A69G01 8 2 9669A37G01 10 0
719B591G11 4 4 9647A12G01 8 2 9664A93G01 4 6 9666A72G01 4 6 9669A38G01 10 0
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Flexitest Switches DB 41-077
Table 2 - FT-1 Switch Selection by Style (continued)

I 1 r o o

Z z P 4 z
STYLE NO. [ 3] STYLE NO. ] O STYLE NO. (1] 3] STYLE NO. ] O STYLE NO. (1] (8]
9669A39G01 10 0 9676A05G01 6 4 9676A94G01 10 O 9682A74G01 8 2 9683A81G01 6 0
9669A40G01 2 8 9676A06G01 6 4 9676A95G01 6 9682A76G01 10 O 9683A87G01 2 8
9669A41G01 10 O 9676A07G01 0 10 9676A96G01 2 8 9682A77G01 10 O 9683A88G01 10 O
9669A42G01 4 6 9676A08G01 10 O 9676A97G01L 10 O 9682A78G01 10 O 9683A89G01 2 8
9669A43G01 4 6 9676A09G01 6 4 9676A98G01 4 6 9682A79G01 10 O 9683A92G01 0 10
9670A05G01 4 6 9676A10G01 6 9676A99G01 4 6 9682A80G01 8 2 9683A93G01 0 8
9670A34G01 10 0 9676A11G01 2 8 9682A19G01 10 O 9682A82G01 4 6 9683A94G01 6 4
9670A35G01 10 O 9676A14G01 10 O 9682A24G01 2 8 9682A83G01 10 O 9683A95G01 10 O
9670A97G01 10 O 9676A15G01 8 2 9682A25G01 8 2 9682A84G01 4 6 9683A96G01 3 7
9670A98G01 10 0 9676A17G01 4 6 9682A29G01 10 O 9682A85G01 8 2 9683A97G01 10 O
9671A04G01 2 8 9676A18G01 0 10 9682A30G01 10 O 9682A86G01 4 6 9683A98G01 4 6
9671A05G01 2 2 9676A19G01 3 3 9682A31G01 10 O 9682A87G01 2 8 9683A99G01 2 8
9671A12G01 2 8 9676A20G01 0 10 9682A32G01 10 O 9682A89G01 10 O 9688A01G01 4 6
9671A13G01 10 0 9676A23G01 0 10 9682A35G01 10 O 9682A90G01 10 O 9688A02G01 4 6
9671A22G01 2 8 9676A24G01 O 7 9682A36G01 6 4 9682A91G01 0 10 9688A03G01 2 2
9671A26G01 3 7 9676A25G01 O 9 9682A37G01 10 O 9682A92G01 0 10 9688A04G01 6 0
9671A68G01 10 O 9676A26G01 4 0 9682A38G01 10 O 9682A93G01 4 6 9688A07G01 8 2
9671A69G01 10 0 9676A27G01 4 0 9682A39G01 4 6 9682A94G01 O 10 9688A08G01 10 O
9671A70G01 4 6 9676A34G01 10 O 9682A41G01 10 O 9682A96G01 10 O 9688A09G01 10 O
9671A93G01 4 6 9676A35G01 4 6 9682A42G01 10 O 9682A97G01 3 7 9688A10G01 10 O
9671A94G01 10 O 9676A36G01 2 2 9682A43G01 2 5 9682A98G01 6 4 9688A11G01 4 6
9671A95G01 10 0 9676A37G01 5 0 9682A44G01 9 0 9682A99G01 10 O 9688A12G01 10 O
9672A01G01 4 6 9676A38G01 2 0 9682A45G01 10 O 9683A01G01 10 O 9688A13G01 10 O
9672A02G01 10 O 9676A53G01 10 O 9682A46G01 10 O 9683A02G01 10 O 9688A14G01 10 O
9672A03G01 4 2 9676A55G01 4 6 9682A47G01 2 8 9683A03G01 10 O 9688A15G01 10 O
9672A10G01 0 8 9676A58G01 4 6 9682A48G01 4 6 9683A04G01 4 6 9688A16G01 10 O
9672A23G01 2 8 9676A60G01 4 6 9682A49G01 4 6 9683A05G01 4 6 9688A17G01 10 O
9672A71G01 10 O 9676A65G01 6 0 9682A50G01 4 6 9683A06G01 10 O 9688A18G01 10 O
9672A72G01 O 6 9676A68G01 4 6 9682A51G01 4 6 9683A07G01 4 6 9688A19G01 10 O
9672A73G01 4 0 9676A71G01 6 4 9682A52G01 10 O 9683A10G01 8 0 9688A20G01 10 O
9672A74G01 10 0 9676A72G01 10 O 9682A53G01 4 6 9683A15G01 4 6 9688A22G01 4 6
9672A75G01 10 0 9676A73G01 10 O 9682A54G01 0 10 9683A16G01 2 8 9688A23G01 10 O
9672A77G01 10 O 9676A74G01 10 O 9682A57G01 10 O 9683A17G01 10 O 9688A24G01 10 O
9672A80G01 6 4 9676A75G01 2 8 9682A59G01 10 O 9683A18G01 10 O 9688A25G01 2 2
9672A83G01 8 2 9676A76G01 3 7 9682A60G01 10 O 9683A19G01 10 O 9688A26G01 10 O
9672A86G01 3 7 9676A79G01 3 4 9682A61G01 2 8 9683A20G01 4 6 9688A28G01 10 O
9672A87G01 6 4 9676A80G01 4 6 9682A62G01 10 O 9683A21G01 4 6 9688A30G01 O 6
9672A88G01 2 8 9676A81G01 10 O 9682A64G01 10 O 9683A22G01 2 6 9688A38G01 4 6
9672A89G01 8 2 9676A83G01 2 8 9682A65G01 10 O 9683A61G01 10 O 9688A40G01 6 0
9672A90G01 4 6 9676A84G01 10 O 9682A66G01 10 O 9683A69G01 10 O 9688A41G01 4 6
9672A94G01 2 8 9676A86G01 8 2 9682A67G01 10 O 9683A70G01 10 O 9688A42G01 O 8
9672A95G01 2 8 9676A87G01 10 O 9682A68G01L 2 8 9683A71G01 6 2 9688A43G01 O 6
9672A97G01 10 0 9676A88G01 10 O 9682A69G01 4 6 9683A72G01 8 2 9688A44G01 10 O
9672A98G01 10 0 9676A89G01 10 O 9682A70G01L 10 O 9683A73G01 4 6 9688A45G01 9 0
9672A99G01 6 4 9676A90G01 10 O 9682A71G01 10 O 9683A75G01 10 O 9688A46G01 2 0
9676A01G01 2 8 9676A91G01 10 O 9682A72G01 10 O 9683A76G01 O 6 9688A48G01 1 9
9676A04G01 8 2 9676A93G01 10 O 9682A73G01 10 O 9683A80G01 8 0 9688A50G01 3 7
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DB 41-077 Flexitest Switches
Table 2 - FT-1 Switch Selection by Style (continued)

r r r r

z Z z Z
STYLE NO. (1] 3] STYLE NO. [ 3] STYLE NO. (1] 3] STYLE NO. [ 3]
9688A51G01 0 10 9689A04G01 4 6 9689A63G01 10 O 991A241G01 8 2
9688A52G01 10 O 9689A06G01 4 6 9689A65G01 10 O 991A302G01 10 O
9688A53G01 10 O 9689A07G01 4 6 9689A69G01 10 O 991A303G01 10 O
9688A54G01 10 O 9689A08G01 10 O 9689A70G01 10 O 991A334G01 6 4
9688A55G01 5 0 9689A09G01 10 O 9689A72G01 8 2 991A335G01 6 4
9688A56G01 10 O 9689A10G01 4 5 9689A73G01 6 4 991A506G01 6 4
9688A57G01 10 O 9689A11G01 0 10 9689A74G01 O 2 991A621G01 10 O
9688A58G01 10 O 9689A12G01 O 4 9689A75G01 3 0 991A622G01 6 4
9688A59G01 10 O 9689A13G01 10 O 9689A76G01 8 0 991A623G01 10 O
9688A62G01 8 2 9689A14G01 4 6 9689A77G01 2 8 991A624G01 4 6
9688A63G01 3 0 9689A15G01 10 O 9689A78G01 O 6 991A625G01 2 8
9688A64G01 4 0 9689A16G01 6 2 9689A79G01 10 O 991A626G01 O 4
9688A65G01 2 6 9689A17G01 0 10 9689A80G01 4 0 991A814G01 10 O
9688A66G01 10 O 9689A18G01 6 4 9689A81G01 6 4 991A929G01 10 O
9688A67G01 3 1 9689A19G01 4 6 9689A84G01 4 6 991A930G01 10 O
9688A70G01 O 8 9689A20G01 O 8 9689A85G01 4 6 991A931G01 10 O
9688A71G01 10 O 9689A21G01 9 0 9689A87G01 8 2 991A932G01 4 0
9688A72G01 10 O 9689A22G01 8 0 9689A88G01 8 2 991A933G01 8 2
9688A73G01 10 O 9689A23G01 O 6 9689A89G01 4 6 991A934G01 8 2
9688A74G01 10 O 9689A25G01 8 2 9689A90G01 8 0 991A935G01 2 8
9688A75G01 0 10 9689A26G01 0 10 9689A91G01 10 O 991A936G01 1 6
9688A76G01 10 O 9689A27G01 O 8 9689A95G01 8 0 991A937G01 8 0
9688A77G01 10 O 9689A28G01 4 6 9689A97G01 10 O 991A938G01 2 6
9688A78G01 10 O 9689A29G01 4 6 9689A99G01 10 O 991A939G01 3 0
9688A79G01 4 0 9689A31G01 10 O 991A218G01 6 4 991A940G01 9 0
9688A80G01 10 O 9689A32G01 10 O 991A219G01 1 3 991A941G01 4 6
9688A81G01 10 O 9689A33G01 4 6 991A220G01 10 O 991A942G01 2 8
9688A82G01 10 O 9689A34G01 2 8 991A221G01 10 O 991A943G01 10 O
9688A83G01 3 4 9689A36G01 10 O 991A222G01 10 O 991A944G01 8 2
9688A84G01 10 O 9689A37G01 10 O 991A223G01 10 O
9688A85G01 2 8 9689A38G01 6 4 991A224G01 10 O
9688A86G01 3 7 9689A40G01 10 O 991A225G01 10 O
9688A87G01 4 6 9689A41G01 4 6 991A226G01 8 2
9688A88G01 10 O 9689A42G01 6 4 991A227G01 10 O
9688A89G01 10 O 9689A43G01 0 10 991A228G01 10 O
9688A90G01 10 O 9689A45G01 3 7 991A229G01 10 O
9688A91G01 2 8 9689A47G01 10 O 991A230G01 10 O
9688A92G01 10 O 9689A49G01 10 O 991A231G01 6 4
9688A93G01 10 O 9689A50G01 10 O 991A232G01 10 O
9688A94G01 2 8 9689A53G01 4 6 991A233G01 2 8
9688A95G01 10 O 9689A54G01 1 4 991A234G01 4 6
9688A96G01 10 O 9689A56G01 3 6 991A235G01 6 4
9688A98G01 8 2 9689A57G01 3 6 991A236G01 4 6
9688A99G01 7 0 9689A59G01 10 O 991A237G01 2 8
9689A01G01 6 4 9689A60G01 10 O 991A238G01 4 6
9689A02G01 2 8 9689A61G01 10 O 991A239G01 4 6
9689A03G01 0 10 9689A62G01 10 O 991A240G01 4 6
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Flexitest Switches DB 41-077
Table 3 - FT-14 Switch Selection Guide
E = ARRANGEMENT E = ARRANGEMENT
) )
&f# O ABCDEFGHIUJKLMN STYLE NO. &f# O ABCDEFGHIUJKLMN STYLE NO.
11 0 TTTTTTTTTTT FT4A11T11CN4004 8 6 C-C-C-CC-CPPPPTTTT FT4A14TO8CN4093
5 6 TTTCCCCCCYY FT4A11T05CN4102 8 6 PPPC-CC-CC-CPPPPP FT4A14T0O8CN4003
3 8 Cc-CC-CC-CC-CTTT FT4A11TO3CN4104 8 6 PPPC-CC-CC-CPTPPFP FT4A14T0O8CN4028
8 C-CC-CC-CC-C2Z2ZZ FT4A11T03CN4006 8 6 TPOOPPPGC-CC-CC-C FT4A14T08CN4101
12 8 6 TTC-CC-CC-CWWWWWW FT4A14T08CN4097
Pole ABCDEFGHIJKLMN STYLE NO. 8 6 TTTC-CC-CC-CTTTTT FT4A14T08CN4030
12 0 PPPPPPPPPPPP FT4A12T12CN4007 8 6 TTTC-CC-CC-CWGOYZ FT4A14T08CN4031
12 0 TTTTTTTTTTTT FT4A12T12CN4008 8 6 TTTTC-CC-CC-CTTTT FT4A14T08CN4032
6 6 PPPPR-RRRRRZZ FT4A12T06CN4091 8 6 TTTTTTTT C-C C-C C-C FT4A14T08CN4099
4 8 c-cc-CC-CC-CTTTT FT4A12T04CN4010 8 6 T Y ZR-R 6-67-7 P PP Y Y FT4A14T08CN4072
4 8 c-CC-CC-CC-CTTPP FT4A12T04CN4011 7 7 PPPPPPPC-CC-CC-CC FT4A14TO7CN4033
4 8 c-CccC-CC-CC-CZ7Z27Z7Z FT4A12T04CN4012 7 7 PPTTPPPC-CC-CC-CC FT4A14T07CN4034
4 8 PPPC-CC-CC-CC-CT FT4A12T04CN4076 6 8 C-CC-CC-CC-CPPPPPP FT4A14TO6CN4068
4 8 TTTTW C-C C-C C-C C-C FT4A12T04CN4013 6 8 C-CC-CC-CC-CPPPPTT FT4A14T06CN4035
00 120 NE-E e-C c-C ne-Che-C Cc-C FT4A12T00CN4079 6 8 C-CC-CC-CC-CTTZPZPPP FT4A14T06CN4036
0 12 c-C Cc-C C-C C-C C-C C-C FT4A12TO0CN4014 6 8 C-CC-CC-CC-CTTTTTT FT4A14T06CN4037
13 6 8 C-CC-CC-CC-CTYYYYY FT4A14TO6CN4038
Pole ABCDEFGHIJKLMN STYLE NO. 6 8 C-CC-CC-CC-CZOYGPT FT4A14T06CN4064
13 0 TTTTTTTTTTTTT FT4A13T13CN4015 6 8 C-CC-CC-CC-CZZZYYY FT4A14TO6CN4040
9 4 PPPCCPPPCCPPP FT4A13T09CN4084 6 8 P C-CC-CC-CC-CPPPPP FT4A14T06CN4002
0 13 C . C-5C-5C-5C-5C-5 C-5 FT4A13TO0CN4088 6 8 PPOOOOR-R6-6 7-7 8-8 FT4A14T06CN4043
14 6 8 PPPC-CC-CC-CC-CPPP FT4A14T06CN4044
Pole ABCDEFGHIJKLMN STYLE NO. 6 8 PPPPC-CC-CC-CC-CPP FT4A14T0O6CN4065
14 0 GGGGGGGGGGGGGG FT4A14T14CN4083 6 8 PPPPC-CC-CC-CC-CTT FT4A14T06CN4045
14 0 PPGYZZTTTTTTTT FT4A14T14CN4017 6 8 PPPPPPC-CC-CC-CC-C FT4A14TO6CN4046
14 0 PPPPPPPPPPPPPP FT4A14T14CN4001 6 8 R-R R-R R-R R-R P P P P P P FT4A14T06CN4095
14 0 PPPPTTTTTTTTTT FT4A14T14CN4080 6 8 T C-CC-CC-CC-CPPPPP FT4A14TO6CN4103
14 0 TPTPTPTPTPTZPTP FT4A14T14CN4066 6 8 T C-C TC-CTC-CTC-CTT FT4A14T06CN4048
14 0 TTTTPPPPPPPPPP FT4A14T14CN4073 6 8 TPTOOGOC-CC-CC-C 5-5 FT4A14T06CN4100
14 0 TTTTTTTTTTTTTT FT4A14T14CN4018 6 8 TTC-CC-CC-CC-CWWWTW FT4A14T06CN4096
14 0 TYZTTYYZZPPPYY FT4A14T14CN4071 6 8 T TTC-CC-CC-C 8-8 WP P FT4A14TO6CN4049
14 0 WWWWWWWWWWWWWW FT4A14T14CN4090 6 8 T TTC-CC-CC-CC-CTTT FT4A14T06CN4050
14 0 YYYYYYYYYYYYYY FT4A14T14CN4078 6 8 T T T C-C C-C C-C T C-C T T FT4A14T06CN4051
12 2 C-CPPPPPPTTTTTT FT4A14T12CN4085 6 8 TTTTC-CC-CC-CC-CTT FT4A14T06CN4052
10 4 TTTTTTTTZPPC-CC-C FT4A14T10CN4086 6 8 TTTTTT C-C C-C C-C C-C FT4A14T06CN4053
8 6 CCCCCCPPPPTTTT FT4A14T0O8CN4092 6 8 TTTTZ Z C-C C-C C-C C-C FT4A14T06CN4054
8 6 C-CC-CC-CPPPPPPPP FT4A14TO8CN406G7 6 8 TTTZ 2 Z C-CC-C C-C C-C FT4A14T06CN4055
8 6 C-CC-CC-CPPPPTTTT FT4A14T0O8CN4021 6 8 ZZ2Z7ZC-CC-CC-CC-CTT FT4A14T06CN4074
8 6 C-CC-CC-CPPPTTTTT FT4A14T08CN4077 6 8 7272777 7 C-CC-CC-CC-C FT4A14T06CN4056
8 6 C-CC-CC-CTTTTPZPPP FT4A14T08CN4022 5 9 TPPPPC-CC-CC-CC-CC FT4A14TO5CN4057
8 6 C-CC-CC-CTTTTTTTT FT4A14T08CN4023 4 10 9-9 9-9 9-9 Z Z Z 9-9 9-9 Z FT4A14T04CN4058
8 6 C-CC-CC-CTTTTYYYY FT4A14T08CN4024 4 10 C-C-C-C-C P T T T C-C-C-C-C FT4A14T04CN4081
8 6 C-CC-CC-CTTYYYYYY FT4A14T0O8CN4025 4 10 C-R-5-6-C P P C-7-8-9-C P P FT4A14T04CN4082
8 6 C-CC-CC-CZ2Z2ZYYYYY FT4A14TO8CN4026 4 10 P P C-C C-C C-C C-C C-C P P FT4A14T04CN4059
8 6 C-CC-CC-CZ22Z7ZTTYY FT4A14T0O8CN4027 2 12 9-9 9-9 9-9 9-9 Z 9-9 9-9 Z FT4A14T02CN4060
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DB 41-077

Flexitest Switches

Table 3 - FT-14 Switch Selection Guide (continued)

E = ARRANGEMENT E = ARRANGEMENT
[ O ABCDEFGHIJKLMN STYLE NO. o O ABCDEFGHIJKLMN STYLE NO.
2 12 ccccccccceccccCcP P FT4A14T02CN4094 2 12 T T C-C C-C C-C C-C C-C C-C FT4A14T02CN4062
2 12 C-C C-C C-C C-C C-C C-C P P FT4A14T02CN4098 0 14 C-5C-5C-5C C-5 C-5 C-5 C FT4A14TO0OCN4089
2 12 Cc-CC-CC-CC-CC-CC-CTT FT4A14T02CN4061 0 14 C-5C-5C-5C-5 C-5 C-5 C-5 FT4A14T00CN4087
2 12 C-C-C-C C-C C-C C-C C-C P P FT4A14T02CN4069 0 14 C-C C-C C-C C-C C-C C-C C-C FT4A14T00CN4063
2 12 P C-C C-C C-C C-C C-C C-C P FT4A14T02CN4075 0 14 C-C C-C C-C C-C C-C C-C-C-C FT4A14TOOCN4070
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1. Application

ABB Flexitest switches, types FT-1 (10 pole, rear connected),
FT-1F (10 pole, front connected), FT-1X (10 pole, extended
terminals, rear connected), FT-14 (14 pole, rear connected), and
associated Test Plugs, provide a safe, simple, fast and reliable
method to isolate, test, and service installed equipment without
disturbing the system.

FT-19R, FT-19RX, FT-19RS, and FT-22RS Flexitest switch
assemblies for rack and switchboard mounting also permit con-
venient isolation of switchboard relays, meters, and instruments
allowing quick and easy multi-circuit testing by any conven-
tional test method. These assemblies utilize FT-1 and/or FT-14
switches, depending on customer’s requirements.
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2. The most complete family of test switches

2.1. FT-1 Standard 10 pole, rear connected test switch.

2.2. FT-1F Surface mount switch allows the user to make the
same connections as with FT-1 but on the front of the switch.

2.3. FT-1X Extended length test switch brings the rear terminal
connections to the same depth as most panel mounted protec-
tive relays and equipment for easier and faster access to wiring
points. Extended 8 inches or 10 inches depth is available.

2.4. FT-14 Provides the same features and reliability as FT-1 but
with a maximum of 14 individual poles. Although supplying 40%
more capacity than the FT-1, the FT-14 only requires 18% more
space.

1 FT-1 |2 FT-1F | 3 FT-1X | 4 FT-14 | 5 FT-19R 2RU with Full Length Clear Cover

4 FT Flexitest family | Descriptive bulletin

2.5. The FT-19R and FT-19RX assemblies accommodate up to
three FT-1 switches mounted on a 19” wide, and two-rack unit
(2RU), three-rack unit (3RU), or four-rack unit (4RU) high panel
suitable for rack or switchboard mounting. These assemblies
can be ordered with a full-length clear cover (standard), or op-
tional individual clear covers for each switch.

The FT-19RX extends the rear terminals of the FT-1 switches to
the same depth as most 19” rack mounted equipment thereby
providing improved access to the rear terminals. FT-19RX two-
rack unit assemblies (2RU) allow the user to mount protective
relays or other equipment in the racks directly above and below
the FT-19RX, optimizing the space in the rack and reducing the
amount of wire required.




2.6. FT-19RS assemblies consist of up to two FT-1 switches,
two FT-14 switches, or the combination of one FT-1 and one
FT-14 switch mounted on a 19” wide, and two-rack unit (2RU),
three-rack unit (3RU), or four-rack unit (4RU) high panel suitable
for rack or switchboard mounting. Any combination of FT-1 or
FT-14 switches styles may be selected with individual black or
clear covers. Non-ABB equipment is not included with the as-
sembly (see circle in picture 9 below).

2.7. FT-22RS assemblies consists of up to three FT-1 or two FT-
14 switches mounted on a 22” wide, two-rack unit (2RU), three-
rack unit (8RU), or four-rack unit (4RU) high mounting panel
suitable for rack or switchboard mounting. Any combination of
FT-1 or FT-14 switches styles may be selected with individual
black or clear covers.

Mounting panels for these assemblies may be of steel or alu-
minum. Steel panels are commonly available in gray, beige and
black; although panel color or finish, as well as panel height,
can be customized to meet the user’s necessities. The three
rack unit (3RU) assembly also allows switches to be positioned
off-center, in either low or high upper mounting positions in the
rack panel, allowing room for special label requirements, as
shown on page 5, figure 7.

6 FT-19 3RU lockable version | 7 FT-19R 3RU with Full Length Clear Cover. Switches mounted in the lower position, with special customer labels | 8 FT-19RX

3RU with Full Length Clear Cover | 9 FT-19RS | 10 FT-22RS
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3. Advantages

Flexitest test switches provide a safe, reliable, and cost-effective
means to wire the output of relays, meters, and other associ-
ated equipment to external devices for in-service testing.

3.1.Safe and convenient

All measurements and tests can be performed at the front of
the switchboard, without taking any devices out of service, and
without the need to access wiring at the rear of the devices.

Flexitest switches and test plugs have all the features necessary
for applications involving the safe measurement and isolation of
individual currents, voltages, and digital I/0O signals to facilitate
testing of substation instrumentation and protection devices.

The make-before-break current shorting feature allows test
personnel to quickly and safely isolate equipment from current
transformer (CT) circuits.

Voltage measurements can also be made directly on Flexitest
switches, without disturbing existing connections. There is a
test clip located on the top of each pole that allows connection
with standard spring clip test leads.

3.2. Fast and reliable

When test plugs are used, any number of circuits may be tested
in rapid succession. One plug properly connected can test all
instruments or meters of a particular type.

6 FT Flexitest family | Descriptive bulletin

3.3. Maximum flexibility

Test switches can be assembled in a variety of different arrange-
ments, to match customer requirements. To build new or view
existing Flexitest Switches and FT-19R panels, please visit our
interactive FT-1 Configurator website at http://ft1switch.com
(see page 15).

3.4. Security

With the cover in place, a meter seal can be placed through
either of the cover studs of any Flexitest switch to prevent unau-
thorized access to the switch. As an additional feature, a clear
cover is available that can also be installed with the switch-
blades in the fully open or closed positions. In addition, a barrier
has been incorporated into the cover to prevent knife switches
from being left partially open. Optional padlocking provisions are
available for most covers allowing access to authorized person-
nel only.

3.5. Quality

With over 50 years of field proven applications, ABB is the
test switch manufacturer with the highest quality and largest
installed base in North America. ABB’s Flexitest test switches
have been an industry standard for years.

3.6.Technical and application engineering support
Available 24/7 at +1 800 HELP 365, option 8; or +1 440 585
7804.



4. Specifications

4.1. Certifications

All Flexitest Switches meet or exceed all requirements of ANSI/
|EEE Standard C37.90. Class 1E switches meet IEEE C37.98,
C37.105, 323-1983 and 344-1987 Standards.

UL and CUL file number E103204, CSA, and 1E certification are
available for most test switches. Contact your ABB representa-
tive for more details.

4.2. Ratings
All Flexitest switches are rated at 600 Volts AC and 30 Amps.

4.3. Mounting

The FT-1, FT-14, and FT-1X switches are designed for semi-
flush mounting on the front of switchboard panels, facilitating
inspection and accessibility. The FT-1F is designed for surface
mounting and can also be mounted on a unistrut with the use
of a unistrut adapter plate. Refer to figures 7 to 9 beginning on
page 30 for the specific outline and drilling plan information of
each switch.

The FT-19R, FT-19RX, and FT-19RS are designed for mounting
on 19-inch rack structures or conventional panels. The FT-22RS
are designed for mounting on 22-inch rack

structures.

Connections, dimensions and layout are shown on pages 30-
37.

Approximate shipping weight and dimensions

Device type i Net
i Ibs (kg)

i Shipping
i Ibs (kg)

i Shipping container
iLxW x Hin (mm)

L4 (100)x7 (177)x 5 (126)

(100 X9

0 (254) x 21 (534

)
)
254) x 21 (534
)
)

054)x 24 (610) x 10 (254)

>
2
2
x
=
)
~
[
£

(
(
0 (254 x 21 (534
(
(

£10(253)x 7 (177) x 5 (126)
‘ up to 4 pieces

110 (258) x 7 (177) x 5 (126)
¢ For up to 4 pieces

FT-1 and FT-1F $1.75(0.79)
FT-1X :

FT-14 "
FT-19R 7.0 (3.18)
FT-19RX 9.0 (4.08)
FT1RS 70618
FT-22RS 7.0(3.18)
Separate Source Test Plug 1.5 (068)
(10 position)

In-Service Series Test Plug 1.5 (068)
(10 position)

Individual Current Circuit Test Plug 0.1 (0045)

£10(258)x 7 (177) x 5 (126)
For up to 30 pieces
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4.4. Construction

The base of all Flexitest switches is made of a high grade
molded thermo-plastic which provides a tough, insulated
enclosure. Barriers are molded into the base (front and rear) to
separate the switch units from one another. The barriers provide
insulation between poles, and also ample wiring space between
terminals. The terminals of the FT-1X are extended either 8 or
10 inches beyond the switch blades located on the front of the
switch. The back of the terminals is marked with a white raised
3-D numbering, which allows easier identification of poles and
helps prevent inadvertent upside down installation.

4.5. Cover

All Flexitest switch covers provide a tough insulated enclosure

for the switch and are made from a durable thermoplastic mate-

rial. Covers are fastened to the switches with thumbnuts on Figure 1. FT switch terminal numbering, rear view.
either end that can be loosened and tightened by hand, or with

a 1/4” nut driver. This is the same size nut driver used on the

hex head terminal screws of all Flexitest Switches. All covers

have the provision to accept meter seals.

All switches may be purchased with a black opaque cover or
a clear cover. The clear cover offers the user the unique option
of intentionally leaving switch handles in the open position with
the cover in place, maintaining the provision for a meter seal.
This allows the user to service electrical equipment while still
complying with OSHA tag and lockout procedures.

Lockable covers (in black or clear) are also available upon
request.

Any cover can be ordered separately to retrofit any existing

switch, maintaining the same ease of use and accessibility. See
ordering information on page 28.

FT Cover selection samples (a) Black; (b) Clear; (c) Lockable
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4.6. Poles

FT-1, FT-1F and FT-1X switches are available in combinations

of 1 to a maximum of 10 individual poles or switch units. FT-14
switches are available in combinations of 1 to a maximum of 14
poles or switch units. Each pole is identified by a letter (A to J or
A to N) visible along the top of the base from left to right (front
view).

Individual pole designations are used to identify each pole ac-
cording to its type or function. In order to develop a complete
Switch Arrangement, pole designations should be listed se-
quentially from left to right to account for every pole position on
the switch. Unused poles are identified by the letter X.

Each individual pole is of a knife blade type. There are two dif-
ferent types of poles, Potential and Current.

For quick, easy, user friendly configuration of flexitest switches,
please visit www.ft1switch.com.

4.6.1. Potential poles

Potential poles (P) are configured as single, non-shorting knife
blades for use in potential, trip, or control circuits. P designates
a potential, trip, or control circuit with a black handle. Potential
poles with other color handles are available by replacing the “P”
with the appropriate designation per chart on page 10.

Figure 2. Blade assembly of 2 position pole “C-C”

Non-shorting blade

Current test jack

Each potential pole can also be described with 2 characters
(P1 to P9). P indicates Potential and the second character is a
numeric color code for the switch handle.

4.6.2. Current poles

Current poles are typically configured in sets of two (C-C), for
use with current circuits, and consist of a current test jack, a
shorting spring, a shorting blade, and a non-shorting blade (see
Figure 2) The positions of the short circuit springs are always
visible from the front of the switch.

C designates a single Current circuit, non-shorting pole, with a
current test jack and a black handle. Current poles with other
color handles are available by replacing the “C” with the appro-
priate designation per chart on page 10.

Each current pole can also be described with 2 characters (C1
to C9). C indicates Current and the second character is a nu-
meric color code for the switch handle.

Current poles typically span more than one pole position. Pole
designations C-C, C-C-C, C-C-C-C and C-C-C-C-C indicate
current shorting poles (make-before-break) with black handles.
Note that any color handle may be selected for any pole posi-
tion by using the appropriate pole designation, ex: 5-R or C-9-7
(alternately C5-C2 or C1-C9-C7).

Note: Before shorting blade disengages from
jaw, bottom cam on blade is making contact
with shorting spring

Shorting blade

Shorting spring
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Visit www.ft1switch.com to build any complete FT switch arrangement, select options, view schematic details and get style number
information.

Pole type Potential pole Handle Description & schematic symbol Schematic legend
designation color Non-shorting blade
‘P i P1 i Black o
T (P2 i Red
‘H p3 ‘Brown o (
V P4 Purple
G P5 Green Potential, non-shorting blade Shorting blade
Y P6 Yellow
Potential 7 BT CBiue ©
CWOTUPS “White ﬁ
O P9 Orange
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ &
L L1 Black i Potential, shorting blade f Current test jack
"""" ¢ ci CBlack : '
‘R ce "Red |
3 C3 Brown
P4 i C4 i Purple i Current, non-shorting, with test jack and Shorting spring
5 C5 Green blade
6 C6 Yellow
Current e i Cr : Blue ; ;
8 c8 White
i 9 1G9 : Orange : Cc-C-C
o o
D DO N/A Current test jack, no switch blade f §
....... Currént shorting (make-Bétnre-break), with e}
C-C :C1-Ct test jack and blade f \| g
Current shorting (makefnéturefbreak), with o o
C-A i C1-A1 standard blade, no current test jack f/\‘—(
Current shorting (make»néture»break), with o o
C-B C1-B1 stud only, no current jack, no switch blade fH
Current Black t*
Shorting™ ¢ : : Current shorting (make»rﬁétt;re—break), with o
C-D C1-D1 current test jack, no switch blade f
o o
C-E  CI-Ef f ﬁ_f
“Current shorting (make»bétére—break), with o
C-S :C1-$1 fixed shorting strap f\\_I
"""" Fixéa"shorting strap
S SO None
Miscella-
neous J i Jo i None H Currént jaw, no blade
N NO None Terrn’i‘nal stud in blade Io'é'éti'c‘m, no jaw
U uo None Stud and test clip in jaw"lké‘éétion, no blade
X X0 None Empty pole position

T = Current shorting poles are also available spanning up to 5 positions (ex: C-C-C-C-C or alternately C1-C1-C1-C1-C1)
= Every color handle is available by substituting appropriate pole color designation in desired location
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A

Switch handles with interlocking bar

4.7. Switch handles

Switch handles are made of a molded thermoplastic material.
They are typically black for potential and current circuits, red
for trip circuits. In addition to black and red, switch handles
are also available in various other colors (brown, purple, green,
yellow, blue, white, and orange) for simple circuit identification.
Each handle has a dovetail indentation that can hold a circuit
identification label.

Knife blade switches can be operated independently, or ganged
together with a horizontal interlocking bar to suit testing needs.
A hole runs through the middle of each switch handle to allow
insertion of interlocking bars that can mechanically tie 2, 3, 4,
5, 6, 8, 10, or 14 adjacent switch handles together. Interlock-
ing bars are ordered as a separate line item and installed by the
customer ; see “Test plug & accessories — ordering information”
on page 28.

4.8. Terminal connections

Connection terminals are located at the rear of the switch
(except on the front connected FT-1F). Most Flexitest switch
terminals are marked with a white raised 3-D numbering, which
allows easier identification of poles along the rear of the switch
(1 to 20 on FT-1 and 1 to 28 on FT-14), as shown on Figure 1,
page 8). Each pair of numbered terminals is associated with a
matching pole designated by a letter on the front of the switch.

POLE POSITIONS
" G SEEN ON
1 H & F E b c B a" FRONT VIEW

TERMINAL
< NUMBERS ON
REAR VIEW

- TYP

- - TYP -

FT1= 0450 o TERMINAL SPACING

FT14 = 0.410

FT1=0513
FTi4 = 0.472

Figure 3. FT Switch terminals, rear view (FT-1 shown)

All required terminal hardware is supplied with every Flexitest
switch (see Figure 4).

Screw terminals are provided standard with all Flexitest switch-
es. Connections are made with a hex washer head screw - #8
thread size (0.164-32), 1/4” hex head.

Stud and nut terminals are an optional feature. Connections are
made with two washers and a nut. A special (5/16”) nut driver
can be purchased from ABB to connect to stud terminals, see
“Test plug & accessories - ordering information” on page 28.

STANDARD
SCREW TERMINALS

N,
—— PANEL
— FT-18W
_Lr \
1 [3
—a L
L 9T
( 4! orf?
|'l.’ —_ J]
LY J
= L SCREW SIZE:
THD = .164-32
. HEX HD = 1/4

OPTIONAL
STUD & NUT TERMINALS

~— PANEL

L—
"

- L Nutsize
THD = .164-32
“-h HEX = 5/16

Figure 4. FT Switch terminals, rear view (FT-1 shown)

! Warning
Connections to ALL equipment should be made using stan-
dard and safe connection practices.

Recommended maximum torque values for all FT-1 and FT-14
terminals is 16 in-lbs. Exceeding this torque may result in
damage to terminal threads.

Even number terminals (bottom row) of Flexitest switches
should be connected to voltage transformers and current
transformers, while odd number terminals (top row) should
be connected to equipment that is to be isolated, such as
meters and relays.

Max Lug Size = Yellow 12-10 ga. Ring Terminal
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] I—‘.:" ' 2 ¥
- | ! "

|}

0BG o

OYZWGC-CTVH

P9 P6 P7 P8 P5 C1-C1 P2 P4 P3

Figure 5. FT Switch arrangement, front view (FT-1 shown)

4.9. Switch arrangement

Pole positions are identified from left to right on the front view
of the switch by the letters “A” through “J” or “A” through “N”.
Individual pole designations are used to identify each pole ac-
cording to its type or function. In order to develop a complete
Switch Arrangement, pole designations should be listed se-
quentially from left to right to account for every pole position on
the switch. Unused poles are identified by the letter X.

! Warning

All switch arrangements should be checked for adequate cur-
rent transformer shorting when applied to current transformer
circuits.
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5. Test plugs

Figure 6. SafePlug with open CT protection

Test plugs used in conjunction with Flexitest switches enable
easy measurement, calibration, verification and maintenance of
relays, meters and instruments.

5.1. In-Service Series Test Plug

The “In-Service” Series Test Plug with a maximum of 10 posi-
tions is designed to match the pole configurations of specific
styles of FT Flexitest devices (either FT-1, FT-1F, FT-1X switches
or FT case relays).

This test plug is typically used to connect devices measuring the
currents and voltages being applied to the switchboard relays,
meters and instruments without interrupting or short-circuiting
the circuit. Only current test switches with a current test jack
must be opened before inserting the Series test plug. Connec-
tions to the test plug must be made before inserting the test
plug into a Flexitest switch or relay.

Not every switch or relay pole configuration is suitable to accept
an In-Service Series Test Plug. For available styles, see table

1, FT-1 switch selection guide 1VAC397062-SG. You may also
refer to your ABB representative or ABB FT-1 configurator at
www.ft1switch.com.

WARNING

When using an In-Service Series Test Plug for current measure-
ments, connections from the test plug to the measuring instru-
ments must be made before inserting the test plug in place.

5.2. Individual Current Circuit Test Plug

This plug consists of two conducting strips separated by an
insulating strip. The ammeter is connected to these strips by
terminal screws and leads carried out through holes in the back
of the insulated handle. (See figures 2 and 4 on page 14).

The standard test plug inserts into the current test jack with the
red part of the handle facing up allowing the alignment nipple
and tab to guide the connector into the test jack.

5.3. SafePlug with open CT protection

The SafePlug is an individual current circuit test plug with open
current transformer (CT) protection provides a safe, simple,

fast, and reliable method to test and service installed equipment
while reducing risks due to operator error, incorrect equipment
settings, or deviation from correct test procedures.lts design
prevents shock hazards, outages, and erroneous meter read-
ings all associated with open CTs.

If a CT opens during operation, the test plug shorts the CT to
protect the operator, typically within 100 microseconds or less
(6/1000th of a cycle). At the same time a red LED provides
visual indication of the fault.

! Warning

Complete CT secondary circuit connections from the Individu-
al Current Circuit Test Plug to the measuring instrument must
be made before inserting the Test Plug in place.
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5.4. Separate Source Test Plug

The 10 Position and the 14 Position Separate Source Test Plugs
isolate the external connections from the relay or equipment un-
der test. The test plug accepts all common size banana plugs,
ring wire connectors, spade lugs and has a through hole for
meter probe or wire connections.

This test plug provides quick circuit testing by fitting into the
stationary contact jaws of any Flexitest Type FT Case or Switch.
The L-shaped test blades assure quick, accurate alignment be-
tween the Test Plug and the stationary contact jaws. The blades
connect the relay inputs and outputs to a set of binding banana
posts on the top of the Test Plug. An insulated barrier along the
bottom of the blades isolates the relay circuits from external
connections. Test circuits can then be connected to these bind-
ing posts, which are staggered for easy accessibility.

Before inserting the Separate Source Test Plug into service,

all switchblades must be placed in the full open position. In a
Flexitest Type FT Case, the plug is inserted in the bottom switch
jaw with the binding posts up and in the top test switch jaw with
the binding posts down.

! Warning

Provision is made only on current poles with shorting springs

to automatically short-circuit current transformer circuits when
the knife switches are opened prior to inserting the Test Plug.

5.5. Flexitest test kit

The ABB Flexitest test kit comes with a convenient carrying
case to hold your hand held meter, test plugs, patch cords,

test clips, and test probes in neat order. Flexitest Test Kits can
be ordered with your selected quantities of test plugs, safety
patch cords, test clips, and test probes. Patch cords are highly
durable and flexible. Contact your local ABB representative for a
quotation. For more information see “Test Plugs & Accessories -
Ordering Information” on pages 27-28.

1 In-service Series Test Plug | 2 Individual Current Circuit Test Plug | 3 Separate Source Test Plug | 4 Individual Current Circuit Test Plug inserted in Flexitest
relay case | 5 Separate Source Test Plug | 6 FT test kit
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6. FT Flexitest switches ordering information

FT-1 Configurator

ABB has a web based tool to help build any complete FT Switch
Arrangement, select options, view schematic details and get
style number information. We strongly recommend the use of
the web based tool for quick, easy, and user-friendly configura-
tion of Flexitest switches.

The following products can be easily configured:
— FT-1 (10 Pole)

— Front connected FT-1F

— Extended terminals FT-1X

— Replacement switches for FT-19R

— FT-14 (14 Pole)

— FT-19R switch panel assemblies

— FT-19RX switch panel assemblies

Please visit ABB’s FT-1 Configurator
website at www.ft1switch.com.

ABB
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Flexitest switch ordering information

FT-1
10 pole - Flexitest switch

Style numbers are assigned by the factory.

Choose from available options by adding
style prefix as shown.

Individual covers for FT-1 to be used on FT-19R application should be ordered as

a separate item. See ordering information table on page 28.

FT-1X

10 pole - extended terminals

Style numbers same as FT-1.

Choose from available options by adding
style prefix as shown.

Choose extended length as shown.

Individual covers for FT-1 to be used on FT-19R application should be ordered as a

separate item. See ordering information table on page 28.

16 FT Flexitest family | Descriptive bulletin

Example style number
129A501G01

Style prefix
None = Black cover, screw terminals.
S = Black cover, stud & nut terminals
C = Clear cover, screw terminals
CS = Clear cover, stud & nut terminals
L = Lockable black cover, screw terminals, rear connected
LS = Lockable black cover, stud & nut, rear connected
LC Lockable clear cover, screw terminals, rear connected
LCS Lockable clear cover, stud & nut, rear connected
R =  FT-19R application, screw terminals
RS =  FT-19R application, stud & nut terminals
Example style number
129 A501 GOt
Style prefix Extended length
Same as FT-1 X10 = 10.25 inches
X08 = 8.25inches



FT-1F
10 pole - front connected Example style number
129A501GO01

Style prefix
F = Black cover, screw terminals
Style numbers are assigned by the factory. SF = Black cover, stud & nut terminals
Choose from available options by adding CF = Clear cover, screw terminals
style prefix as shown. CSF = Clear cover, stud & nut terminals
LF = Lockable black cover, screw terminals, rear connected
LSF = Lockable black cover, stud & nut, rear connected
LCF = Lockable clear cover, screw terminals, rear connected
LCSF = Lockable clear cover, stud & nut, rear connected
FT-14
14 pole Flexitest switch
FT4 A 14 T 14 ¢} N 4001

Base type:
FT4 = FT14

Depth:
A = Standard depth (rear connected)

No. of poles:

01-14 = Total number of poles used

Terminals:

T = Standard screw terminals
S = Stud and nut terminals

No. of potentials:

00-14 = Total number of potential poles

Cover:

C = Clear cover
B = Black cover
L = Lockable clear cover
R = Lockable black cover

Special features:
N = None

Code no.:

4001-4999 = Unique code number assigned by the facory
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6.1. FT-1, FT-1F and FT-1X switches are available in any com-
bination of 1 to 10 poles. Each different configuration of poles is
assigned a unique part number or style number by the factory.
See ordering information chart for FT-1, FT-1X, and FT-1F on
pages 16-17.

The standard FT-1 Style Number defines a unique pole configu-
ration with black cover and screw terminals ex: 129A501G01.
Adding a prefix and/or suffix to the standard Style Number
allows the selection of options for FT-1 as well as the ability to
create complete FT-1F and FT-1X style numbers.

Customers may also place an order by providing a complete
switch arrangement definition as well as the selected options.
ex: PXP C-C C-C C-CP (P1X0P1C1-C1 C1-C1 C1-C1 P1),
clear cover, screw terminals.

6.1.1. Terminal connections

An optional FT-1 Switch with stud and nut termination can be
supplied at no additional charge. Style Number prefix “S” is
used for this option, ex: S129A501G01. For optional clear cover
with stud and nut terminals use style number prefix “CS”, ex:
CS129A501G01. See pages 16-17 for more ordering details.

6.1.2. Cover
An optional clear cover will be supplied instead of the black
cover by using style number prefix “C,” ex: C129A501G01.

6.1.3. Depth

An FT-1X extended switch with black cover will be supplied
by using suffix “X08” for 8 inches and “X10” for 10 inches, ex:
129A501G01X08 or 129A501G01X10.

An FT-1X extended switch with clear cover will be supplied by
using prefix “C” and suffix “X10”, ex: C129A501G01X10

6.1.4. Front connected

Adding a prefix “F” to the standard style number is used for a
front connected FT-1F switch, which allows the user to make
the connections on the front of the switch.
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6.2. FT-14 switch is available in any combination up to 14 poles.
Each different style number is based on a smart part number
system. See ordering information chart on page 17.

6.2.1. Terminal connections

A standard FT-14 Switch with screw termination will be supplied
when using the normal style number. An optional FT-14 switch
with stud and nut termination can be supplied at no additional
charge provided when the seventh character on the smart part
number is changed from “T” to “S.”

6.2.2. Cover

A standard FT-14 Switch with clear cover will be supplied when
using the normal style number. An optional FT-14 switch with
black cover can be supplied at no additional charge provided
the tenth character in the above styles is changed from “C” to
“B”. An optional FT-14 switch with lockable clear or black cover
can be supplied at no additional charge provided the tenth
character changed from “C” to either “L” (lockable clear) or “R”
(lockable black).



6.3 FT-19 and FT-22 test switch assembilies.

The FT-19R and FT-19RX assemblies accommodate up to two
FT-1 switches. The FT-19RS and FT-22RS assemblies accom-
modate up to two FT-1 switches, two FT-14 switches, or the
combination of one FT-1 and one FT-14 switch.

Each different style number is based on a smart part number
system. See page 20-22 for more ordering details.

6.3.1 Terminal connections

The Flexitest Switches for FT-19R, FT-19RX, FT-19RS, and
FT-22RS assemblies can be ordered with standard (# 8) screw
terminals or optional stud & nut terminals. The type of terminal
connection is represented by the second character of the style
number.

6.3.2 Panel height

The 19” as well as 22” wide mounting panel can be ordered

in different rack unit (RU) heights: 2RU, 3RU or 4RU. The 3RU
assembly is available with switch positions centered, mounted
high or mounted low. The 4RU is available with switches
mounted low or high.

6.3.3 Panel color & material

Panels are available in the following colors and materials: ANSI
61 gray - steel; ANSI 70 gray - steel; RAL7035 gray - steel;
beige - steel; black - steel; Light Sandlewood (RAL1019) - steel;
Thunder Blue (textured) - steel ; and brushed finish aluminum.

For visual representation of the panel colors, please visit
www.ft1switch.com.

6.3.4 Flexitest switch code numbers (positions A, B, and C)
Each FT-1 switch is identified by a unique three-digit code num-
ber. FT-14 switches are identified by a unique four digit code
number. These “code numbers” are required for each of the
positions in the assembly (positions A, B and C).

To obtain the FT-1 or FT-14 switch style number and the three
or four digit code number refer to the ABB FT-1 configurator
at www.ft1switch.com or FT switch selection guide (document
1VAC397062-SG). A cover plate will be provided for unused
FT-1 or FT-14 switch positions (A, B, or C) by using code num-
ber “000” or “0000” respectively.

If a particular arrangement is not listed, contact the ABB Coral
Springs factory.

6.3.5 Switch replacement

To add an FT-1 switch in an unused position or to replace a
switch in an FT-19R assembly, the required FT-1 switch style(s)
will need to be provided. These numbers differ from the indi-
vidual FT-1 style numbers by including the prefix “R” to repre-
sent screw terminals (e.g., R129A501G01) or the prefix “RS”
to represent stud type terminals (e.g., RS129A501G01). For
FT-19RX assembilies provide the required FT-1 switch style with
an “R” or “RS” prefix plus the X08 or X10 length suffix (e.g.,
R129A501G01X10).

It is not necessary to add “R” prefix to the standard style num-
ber of FT-1 or FT-14 switches to be used as replacement on
FT-19RS assembilies.

6.3.6 Cover

For FT-19R assemblies, the cover field should be left BLANK to
order the unit with the standard full length clear cover. Optional
full length black, individual clear, individual black, lockable full
length clear or lockable full length black cover can be requested
by indicating the assigned letter on the cover field on the smart
part number.

The cover field is always required on FT-19RX, FT-19RS and FT-
22RS part numbers.

6.3.7 Additional features

When ordering the “Flat panel” version, please note this is
meant for applications where flush panel or cabinet mounting is
required.
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FT-19R
Flexitest switch assembly

Terminal connections
Screw type (Standard)
Stud and nut type (optional)

Panel height

Two rack units

Three rack units (switches centered)
Three rack units (switches low)
Three rack units (switches high)
Four rack units (switches low)

Four rack units (switches high)

Color and material

Brushed finish aluminum

Beige (textured surface) steel

Gray (ANSI 61 smooth surface) steel
Gray (ANSI 70 smooth surface) steel
Gray (RAL7035 smooth surface) steel
Black (smooth surface) steel

Light Sandlewood (RAL1019) Steel
Thunder Blue (Textured) Steel

FT-1 switch code numbers
Position A
Position B
Position C

000 = No switch (cover plate
provided over switch cutout)
3-Digit FT-1 code number

Cover

Full length clear cover (standard)
Full length clear cover (use with
additional features only)’

Full length black cover
Individual clear covers

Individual black covers

Lockable full length clear cover
Lockable full length black cover

Additional features

None

Flat panel (panel and cabinet mount
only)

" The cover option “N” only applies when additional features are required.

N & < X 0w N

m o X « T O T >

Blank

D - WO >

Blank

For special configurations, please contact the factory.
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Typical catalog number

Pos A
014

Pos B
014

Pos C
014




FT-19RX
Flexitest switch assembly

Terminal connections
Screw type (Standard)
Stud and nut type (optional)

Panel height

Two rack units

Three rack units (switches centered)
Three rack units (switches low)
Three rack units (switches high)
Four rack units (switches low)

Four rack units (switches high)

Color and material

Brushed finish aluminum

Beige (textured surface) steel

Gray (ANSI 61 smooth surface) steel
Gray (ANSI 70 smooth surface) steel
Gray (RAL7035 smooth surface) steel
Black (smooth surface) steel

Light Sandlewood (RAL1019) Steel
Thunder Blue (Textured) Steel

FT-1 switch code numbers
Position A
Position B
Position C

000 = No switch (cover plate provided

over switch cutout)
3-Digit FT-1 code number

Cover

Full length clear cover

Full length black cover
Individual clear covers
Individual black covers
Lockable full length clear cover
Lockable full length black cover

Extended length switches
8.25 inches
10.25 inches

Additional features

None

Flat panel (panel and cabinet mount
only)

N &~ < X @ N

mo X « T O T >

- WO >»r Z

X08
X10

Blank
F

For special configurations, please contact the factory.

B

Typical catalog number

Pos A
014

Pos B
014

Pos C
014 N X10
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FT-19RS and FT-22RS
Flexitest switch assembly
Typical catalog number
PosA PosB PosC
S R 2 B 014 - N - 4025 B

Assembly type

19 inch mounting panel S
22 inch mounting panel V

Terminal connections:

Screw type (Standard) R

Stud and nut type (optional) S

Panel height
Two rack units
Three rack units (switches centered)

Three rack units (switches low)

Three rack units (switches high)
Four rack units (switches low)

N &~ < X 0 N

Four rack units (switches high)

Color and material

Brushed finish aluminum

Beige (textured surface) steel

Gray (ANSI 61 smooth surface) steel
Gray (ANSI 70 smooth surface) steel
Gray (RAL7035 smooth surface) steel
Black (smooth surface) steel

Light Sandlewood (RAL1019) Steel
Thunder Blue (Textured) Steel

m o X « T O T >

Positions A, B, C

001-999, A01-Z99 = 3-Digit FT-1 switch code number
4001-4999 = 4-Digit FT-14 switch code number

S01-S99 = Special equipment code (see table 1, page 24)

N = Unused panel position

000 = No switch (cover plate provided over FT-1 switch cutout)
4000 = No switch (cover plate provided over FT-14 switch cutout)

Cover

Individual clear covers

Individual black covers (standard)
Lockable individual clear cover

T - WO

Lockable individual black cover

Additional features
None Blank
8.25 inches extended terminals (FT-1 only) W

10.25 inches extended terminals (FT-1 only)

Flat panel
8.25 inches extended terminals (FT-1 only), Flat panel

> < M oX

10.25 inches extended terminals (FT-1 only), Flat panel

For special configurations, please contact the factory.
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Possible combinations of FT-1 and FT-14 switches on FT-19RS and FT-22RS assemblies, when space for special equip-

ment is not required

Fig. Pos. A Pos. B Pos. C
4 FT1 N FT14

POS. A POS. B POS. C
FT1 - N - FT1
A8 DN ER # }@ ann %
R» =) FATLI)
FIGURE 1
POS. A POS. B POS. C
FT14 — N —  FTi4
% ann # % ann #
~ivmn e ~ivn
FIGURE 2
POS. A POS. B POS. C
FT14 — N —  FT
© @{ © %
i nn A nn
A @ D
FIGURE 3
POS. A POS. B POS.C
FIT — N —  FTi4
ABRD e ABR
FIGURE 4
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Possible configuration of FT-19RS and FT-22RS assemblies, when space for special equipment is required

Fig. Pos. A Pos. B Pos. C
FT1 : FT1 : Sxx POS. A POS. B POS.C
FTL s« P r T X
D=LT] @{ B == LY== O [l
(=]
|
| 0.50 —= ‘<—
FIGURE 5 U R
POS. A POS.B POS.C
FT1 SXX FT1
T T SPECIAL
—ABS ——C] cauPmeNT (@
— L—o.so ’J
[==— 5.00 REF
FIGURE 6
POS. A POS.B POS.C
SXX FT1 FT1
coopuent [SELABS | 4 L %
| (=]
L
|
~— 050 |
FIGURE 7
475REF |
Table 1
cope| DETAIL MANUFAC TURER DESCRIPTION
DRAWING
S0l | PNL-DRL-S01 TOGGLE SWITCH
S02 | PNL-DRL-S02 | ELECTROSWITCH SERIES 24 LOCK-0OUT RELAY
S03 | PNL-DRL-S03 | GE. GE TYPE SBM CONTROL SWITCH
S24 | PNL-DRL-S24 | ELECTROSWITCH SERIES 24 CONTROL TRANSFER SWITCH

Note: Special equipment not included with assembly.

24 FT Flexitest family | Descriptive bulletin



Most popular FT switches

Table 1 - FT-1 Switch selection guide

Poles : Potential i Current:A B C D E F G H | J:Style number: Code : Options i In-Service Test Plug
i 10 { o P P P P P P P P P P 001  Black Cover, Screw Terminals ' 129A062G10
10 o T T T T T T T T T T 036 : Black Cover, Screw Terminals :  129A062G10
10 o P T T T T T T T T T 584 : Black Cover, Screw Terminals :  129A062G10
10 o P P PP PP PP T T 212 Black Cover, Screw Terminals :  129A062G10
10 o P P P P T T T P P P 452 Black Cover, Screw Terminals ©  129A062G10
10 o ‘T T P P P P P P P P 262 : Black Cover, Screw Terminals :  129A062G10
6 P P P C-C C-C C-C P 014 : Black Cover, Screw Terminals | 292B319G23
4 6 P C-C P C-C P C-C P 026 : Black Cover, Screw Terminals : NONE
4 6 C-C cC-C C-C P P P P 171 i Black Cover, Screw Terminals NONE
4 6 T T T T C-C C-C C-Ci 065 : Black Cover, Screw Terminals : NONE
4 6 P P P P C-C C-C C-Ci 119  Black Cover, Screw Terminals NONE
4 6 T T T C-C C-C C-C T 137 i Black Cover, Screw Terminals | 292B319G23
4 6 c-c c-¢c c-C T T T T 183 i Black Cover, Screw Terminals NONE
3 7 P P C C-C C-C C-C P 033 : Black Cover, Screw Terminals | 292B319G22
P 8 P C-C C-C C-C C-C P 018 : Black Cover, Screw Terminals | 292B319G22
P 8 C-C C-C C-C C-C P P 083 : Black Cover, Screw Terminals : NONE
2 8 C -¢C Cc-CcC Cc-Cc Cc-Cc T T 173 : Black Cover, Screw Terminals NONE
0 10 C .C ¢C-C C-C C-C C-Ci 073 Black Cover, Screw Terminals NONE
0 8 . c-C C-C C-C C-C . 017 : Black Cover, Screw Terminals | 292B319G22
................. 0 8 X R-R R-R R-R R-R X 266 | Black Cover, Screw Terminals |  292B319G22
0 6 C-C C-C C-C . 129A516G01 | 016 : Black Cover, Screw Terminals ;|  292B319G23
Table 2 - FT-14 Switch selection guide
Poles :Potential: Current A B C D E F G H | J K L M N Stylenumber Code Options
14 14 o P P P P P P P P P P P P P P FT4A14T14CN4001 . 4001 Clear Cover, Screw Terminals
14 14 O T T T T T T T T T T T T T T FT4A14T14CN4018 . 4018 Clear Cover, Screw Terminals
14 e 8 P P P P P P C-C C-C C-C GC-C FT4A14TOBCN4046 | 4046 Clear Cover, Screw Terminals
146 8 P P P C-C C-C C-C C-C P P P FT4A14TOBCN4044 | 4044 Clear Cover, Screw Terminals|
14 e 8 ©-C C-C C-C C-C P P P P P P FT4A14TOBCN4068 | 4068 Clear Cover, Screw Terminals,
14 6 8 ©-C C-C C-C C-C P P P P T T FT4A14TOBCN4035 i 4035 Clear Cover, Screw Terminals,
146 8 T T T T C-C C-C C-C C-C T T FT4A14TOBCN4052 i 4052 Clear Cover, Screw Terminals,
14 4 10 PP P P P C-C C-C C-C C-C C-C FT4A14S04BN4151 = 4151 ' Black Cover, Stud Terminals
- 12 iC-C C-C C-C P P C-C C-C C-C FT4A14S02BN4177 . 4177  Black Cover, Stud Terminals
0 14 C-C C-C C-C C-C C-C C-C C-C FT4A14TOOCN4063 | 4063 :Clear Cover, Screw Terminals
4 8 T P Z W . R-R C-C 7-7 . 8- 8 FT4A12T04CN4163 . 4163 Clear Cover, Screw Terminals
3 8 P P P C-C C-C C-C C-C . FT4A11S03BN4127 . 4127 ' Black Cover, Stud Terminals

The above are the most popular FT
configurations. For more styles please
visit www.ft1switch.com.
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Table 3 - FT-19R switch assemblies

Style number i Position A ;| Position B : Position C Options

FR3G001001001 oot 001 001 3RU (centered), Steel, Ansi 61 Gray, Screw Terminals
FR3G171001001 1 001 001 3RU (centered), Steel, Ansi 61 Gray, Screw Terminals
FR2G001001001 001 001 001 _2RU, Steel, Ansi 61 Gray, Screw Terminals

FR3H014001001 014 001 001 3RU (centered), Steel, Ansi 70 Gray, Screw Terminals
FR3H001001001 oot 001 001 3RU (centered), Steel, Ansi 70 Gray, Screw Terminals
FRSGOZSOO1001 ‘ 073 001 001 SRQ‘(centered), Steel, Ansi 61 Gray, Screw Terrjjﬁnals ...........
FRXG001001001 001 001 001 3RU (low), Steel, Ansi 61 Cray, Screw Terminals
FRSGOj4001001 ) 014 001 001 SRQ‘(centered), Steel, Ansi 61 Gray, Screw Termﬁnals
FR3GOQ1001262 ‘ 001 001 262 SRQ‘(centered), Steel, Ansi 61 Gray, Screw Terminals ...........
FR3G1§3001262 ) 183 001 262 SRL‘_!‘(centered), Steel, Ansi 61 Gray, Screw Terminals ...........
FR4GOQ1001001 ) 001 001 001 4RU, Steel, Ansi 61 Gray, Sgrew Terminalsw ...........
FR3G073212036 ‘ 073 212 036 SRQ‘(Centered), Steel, Ansi 61 Gljay, Screw Terrpinals ...........
FR3G1§SOO1001 ) 183 001 001 SRL‘_!‘(centered), Steel, Ansi 61 Gljay, Screw Terminals ...........
FR4G171001001 ) 171 001 001 4RU, Steel, Ansi 61 Gray, Sgrew Terminalsw ...........
FRSGO§SOO1001 ‘ 083 001 001 SRQ‘(centered), Steel, Ansi 61 Gljay, Screw Terminals ...........
FRSGO§3452000 ) 083 452 000 SRQ‘(Centered), Steel, Ansi 61 Gray, Screw Terminals ...........
FR2GO]4001001 ) 014 001 001 2RU, Steel, Ansi 61 Gray, Sgrew Terminals',m ...........
FR3G036036036 036 036 036 3RU (centered), Steel, Ansi 61 Gray, Screw Terminals
FRZGO?6001001 ) 026 001 001 2RU, Steel, Ansi 61 Gray, Sgrew Terminals',m ...........
FR3G026001026 026 001 026 3RU (centered), Steel, Ansi 61 Gray, Screw Terminals
FR3G171171001 T 171 001 3RU (centered), Steel, Ansi 61 Gray, Screw Terminals
FRZGOQ1001000 ) 001 001 000 2RU, Steel, Ansi 61 Gray, Sgrew Terminalsw ...........
FRQGOQ1000OOO ) 001 000 000 2RU, Steel, Ansi 61 Gray, Sgrew Terminals',m ...........
FR3H014014014 ‘ 014 014 014 SRQ‘ (centered), Steel, Ansi 70 G(ay, Screw Terrp‘inals ...........
FR3G026001001 026 001 001 3RU (centered), Steel, Ansi 61 Gray, Screw Terminals

The above are the most popular FT
configurations. For more styles please
visit www.ft1switch.com.
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7. Test plugs & accessories - ordering information

Test Plugs

- In-Service Series Test Plug
¢ (Order to match Flexitest FT-1 switch arrangement or FT

i relay case)

Standard Individual Current Circuit Test Plug - leads not
included

“Standard individual Current Circuit Test Piug - leads

included

“SafePlug - Individual Current Circuit Test Plug with open

CT protection - leads not included

SafePlug - Individual Current Circuit Test Plug with open
CT protection - leads included

Separate Source Test Plug
i (10 position)

{ Separate Source Test Plug (14 position)

Style Number

See FT switch selection guide (document
: 1VAC397062-SG) page 4

7B4618G04

1VAC391001P00T

- 1VAC391001P002

- 1164046

| 1355D32G04

Complete FT test kit (Includes ABB bag)

9688A68G18

| Items in test kit 9688A68G18

plug on both ends

banana plug on both ends

1 Red 10’ UTP cable with RJ-45 male connector on both

1 Black safety plug-on test probe
: 1 Red safety plug-on alligator test clip

‘1 Black safety plug-on alligator test clip

1 Red 6' safety patch cord with retractable sleeve banana |

1 Black 6 safety patch cord with retractable sleeve

. Rated | Rated
: voltage : current
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Complete FT test kit (includes ABB Bag) 9688A68G24
i ltems in test kit 9688A68G24 ¢ Rated
: Voltage

red 6’ safety patch cord with retractable sleeve banana 600 VDC

lug on both ends

black 6’ safety patch cord with retractable sleeve ba-

ana plug on both ends
1 red 10" UTP cable with RJ-45 male connector on both

T individual current circuit test plug with open CT
¢ protection - 1VAC391001P001 i :

Cover {FT-1 | FT-14 { FT-19R

: Standard individual cover w/ thumb nuts - BLACK 128A973G01 | 128A973G03 | 9683A78G03

tandard individual cover w/ thumb nuts - CLEAR ~ 9676A32G01  9676A32G02 9683A78GO1

ull length cover w/ thumb nuts - BLACK ‘ Not applicable Not applicable 9676A28G02

9676A28G01

Not Applicable

Not applicable

ockable cover w/ thumb nuts & bracket- BLACK 9669A49G01

Not applicable

PP
ckabis il snaih cover wiihmb s & bracket T ot aprieabie
: CLEAR :
Interlocking bars CFT-1 {FT-14

: 2 Positions £ 1270547 : 9669A19G02

i Not applicable i 9669A52G01

r o e | saaGo
02C9834G06
Not Applicable

Positions £ 02C9834G07

0 Positions 1 02C9834G05

4 Positions : Not Applicable

. 6 Positions _
Positions

9669A19G14

Miscellaneous ¢ Style number

T-1 & FT-14 nut driver 877A821G02
For stud & nut terminals :

nistrut adapter plate for railmount of FT-1F 9666A15H01

leeve (gloss polycarbonate) for FT-1 SW

| 1506B81HO1

To create and print custom labels, please use the template found
i on our website www.abb.com/substationautomation under
Distribution Automation subheading Test Equipment
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8. Warranty

All ABB Flexitest switches and assemblies are backed by a
12-YEAR warranty. The quality of ABB products comes from
years of experience and rigorous quality testing programs.
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Figure 7 - FT-1 and FT-1X switch outline and drilling plan
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Figure 8 - FT-1F switch outline and drilling plan
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Figure 9 - FT-14 switch outline and drilling plan
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Figure 10 - FT-19R dimensions and layout for rack mounting
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Figure 11 - Outline and drilling plan for FT-19R with flat panels (no rolled edges), rack or flush mounting for panels or
cabinets

0250 [6.35) TIA
18.468 [469.09] { 4 PLACES

)
0.484 [12.29) —l |— 17500 [444.50 —-‘ | r 0234 (534
4. _

1_________-0 - T T
3.000 [76.20) : : B 3469 (8811)
1 2.750 (69851 I 3.000 (76201 \
|
_l_e e e e ——————— P — [ _L
cutout 2RU FT-19R

0250 [6.33] DIA

4 PLACES
| 18.468 [469.09] | I— 1484 [3769]
0.484 [12.29]‘< I-— 17.500 [444.50) —-—I ‘

—U-‘— T G =
T | ]
2250 (57157 | | 5219 (1325561
2.750 [69.85) | | | 2250 [57.15)
| I
| L =
0375 952 cuTOUT 3RU FT-19R
| 18468 [469.09) | 0.250 [6.35] DIA
4 PLACES
0.484 [12.29) — 17.500 [44450) ————————————— ‘ /_ r 0.234 [5.94]
=] —
S219 [132,56)

4730 [120.63]

arso wevesy | [T TTTTTTTTTTTTTTTTTTT

2750 (69851 |

1 |

B

cuTouT 3RU DFF-CENTER FT-19R

0.250 [6.351 DIA
4 PLACES

18.468 [469.09]

1
0.484 [12.29] 17.500 [444.50]
-—0

P
I 4.000 rio1601 !

f

1484 [37.69]

| 6.968 (176.99]

4000 C101.60)
2750 [69.85) |
J# e e A
0230 [6.35]
Ut 4RU FT-19R
REF:

DIMENSIONS: INCHES Crml
ALL FIGURES SHOW FRONT VIEW FTISR PANELS AND CUTOUTS,

34 FT Flexitest family | Descriptive bulletin



Figure 12 - FT-22RS dimensions and layout for rack mountng
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Figure 13 - Outline and drilling plan for FT-22RS with flat panels (no rolled edges), rack or flush mounting for panels or
cabinets
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Figure 14- FT-1 switch connection schematic
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Contact us

ABB Inc.

Distibution Automation
4300 Coral Ridge Drive

Coral Springs, Florida 33065
Telephone: +1 954-752-6700
Fax: +1 954-345-5329

www.abb.com/substationautomation

All sales are subject to ABB Inc.
General Terms and Conditions of Sale.

While every effort has been made to assure accuracy, the
information in this document is subject to change without

notice.

© Copyright 2011, 2012 ABB Inc. All rights reserved.
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Product datasheet M7650A0C0B6F1AOQOA

Characteristics ION7650, wDispl, 5SMB 512s, 5A
240VAC/300VDC 60Hz - RS+T2+E - 81+3R+40

Main

Range PowerLogic

Device short name ION7650

Product or component type Energy and power quality meter

Complementary

Power quality analysis harmonic distortion
voltage sag and swell detection
waveform capture
compliance monitoring
dip and swell, transient
disturbance direction detection
programmablity (logic and math functions)
setpoint learning
up to the 63rd harmonic

Device application Demand and power factor control
Co-generation and IPP monitoring
Load curtailment
Energy pulsing and totalisation
Tariff metering
Equipment monitoring and control
Instrument transformer correction

Type of measurement Current
Voltage
Frequency
Apparent power total
Power factor total
Apparent power per phase
Power factor per phase
Active power total
Active power per phase
Reactive power total
Reactive power per phase

Disclaimer: This documentation is not intended as a substitute for and is not to be used for determining suitability or reliability of these products for specific user applications

Supply voltage 110...300 V DC

85...240 V AC 47...63 Hz
Network frequency 60 Hz
Mar 24, 2020



[In] rated current 5A
Type of network 3P
1P +N
3P+N
Power consumption in VA 20 VA
Maximum power consumption in VA 45 VA
Display resolution 320 x 240 pixels QVGA
Display type Backlit LCD
Sampling rate 512 samples/cycle
Measurement current 0..5A

Input type

Current 0.005...20 A (impedance 0.002 Ohm)

Measurement voltage

Frequency measurement range

100...600 V AC phase to phase
57...347 V AC phase to neutral

42...69 Hz

Number of inputs

8 digital 120 V DC

Measurement accuracy

Current 0.1 % 1..5A
Voltage 0.1 % 57...288 V
Energy 0.2 %

Accuracy class

Class 0.2S energy conforming to IEC 62053-22

Number of outputs 3 relay
4 solid state
Communication port protocol Telnet

DNP3 at <= 115.2 kbits/s
ION at <= 115.2 kbits/s
Modbus at <= 115.2 kbits/s
IEC 61850

TCP/IP at 10/100 Mbit/s

Communication port support

Data recording

RS485

Infrared

SUB-D 9: RS232
SC: fiber optic

GPS synchronisation

Event logs

Min/max of instantaneous values
Sequence of event recording
Time stamping

Data logs

Trending/forecasting

Transmission rate

<= 115.2 kbits/s
10/100 Mbit/s

Memory capacity

5MB

Web services

Web server

Tamperproof of settings

Protected by access code

Compatibility code

ION7650

Environment

Electromagnetic compatibility Electrical fast transient/burst immunity test conforming to IEC 61000-4-4
Electrostatic discharge conforming to IEC 61000-4-2

Susceptibility to electromagnetic fields conforming to IEC 61000-4-3
1.2/50 ps shock waves immunity test conforming to IEC 61000-4-5

Conducted and radiated emissions B conforming to CISPR 22

Mounting mode Flush-mounted

Mounting support Enclosure door

Type of installation Indoor installation

Overvoltage category 1]

IP degree of protection IP30 back: conforming to IEC 60529

IP50 front face: conforming to IEC 60529

Relative humidity 5...95%
Pollution degree 2
Ambient air temperature for operation -20...70 °C
2 Schneider



Ambient air temperature for storage -40...85°C
Operating altitude 0...2000 m
Standards IEC 610101
Width 192 mm
Depth 174 mm
Height 192 mm
Net weight 1.9 kg

Offer Sustainability

Sustainable offer status

Green Premium product

REACHh free of SVHC

Yes

EU RoHS Directive

China RoHS Regulation

Compliant

Environmental Disclosure

Circularity Profile
WEEE

The product must be disposed on European Union markets following specific waste collection and
never end up in rubbish bins



http://www.reach.schneider-electric.com/DistantRequestDispatcher.aspx?action=export&pid=150196102&lang=en-us
http://www.reach.schneider-electric.com/DistantRequestDispatcher.aspx?action=exportPdfRoHsChina&pid=150196102&lang=en-us
https://download.schneider-electric.com/files?p_Doc_Ref=ENVPEP111007EN
https://download.schneider-electric.com/files?p_Doc_Ref=ENVEOLI111006EN

ZKEMCO INndustries, LLC

Metal Fabrication and Relay Panels
70 Keyes Court = Sanford, FL 32773

(407) 322-1230 Fax: (407) 322-0032

March 23, 2020

Bill of Materials

Quote No.: 37048

Haugland Energy Group, LLC

Cabinet 5, East End Substation

Item

Quantity Part Number

Description

3.00 EA M7650A0COB6F1AO0A

Schneider ION 7650,
7650-1/10M/1024-EMDM-20MAF PM
Mfr.: Schneider Electric USA, Inc.

2.00 EA 129A528G01

Test Switch, FT-1, Arranged As (P C-CP C-CP
C-C P), Black Cover, Screw Terminals
Mfr.: ABB, Inc.

7.00 EA MMLGO1

Test Block, Type MMLG, Rack Mount
Mfr.: GE Grid Solutions, LLC

3.00 EA 24PD58D

Control Switch, Engraving Code 124C-3B33 (Title
"BREAKER CONTROL", "TRIP", "CLOSE")
Mifr..: Electroswitch

3.00 EA 78PB04D

Lockout Relay, Series 24, Manual Reset Lockout
Relay with Lighted Faceplate (LOR Relay Reset =
Green, LOR Tripped = Red) 4 Deck

Mfr..: Electroswitch

3.00 EA 04515625XCOX4H224XX2X

Relay, SEL-451-5, Standard (Replaces SEL-451-2
and SEL-451-4) Firmware, Connectorized®
Relay* Connector type, 125-250 Vdc or 110-240
Vac, Horizontal Rack Mount, Keycode 5898
Mfr.: Schweitzer Engineering Laboratories

3.00 EA WAO04510BC2A

SEL-WAO0451 , Wiring Harness for SEL-451 Relay,
14 AWG Currents, 16 AWG Voltages, 12 foot
lengths, Key Code 3837

Mfr.: Schweitzer Engineering Laboratories

1.00 EA CR15I

Receptacle, Duplex, 120 VAC, 15A, Ivory.
Mifr.: Hubbell

1.00 EA 58C7

Cover Plate, for Single Duplex Receptacle,
Galvanized, Fits on 2" x 4" Handy Box
Mfr.: Thomas & Betts

10

2.00 EA 58361 1/2

Handy Box, 2" x 4", 1-7/8" Depth, 1/2"
Knockouts
Mfr.: Thomas & Betts

11

1.00 EA NUD8818/30W

LED Light Fixture, 18", 120V, 11W
Mfr.: Nora Lighting

12

1.00 EA CS1151

KEMCO . COM
FLORIDAWATERJET.COM
1SO 9001 Certified

Switch, Single Pole, 15A, 120/277 Volts
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ZKEMCO INndustries, LLC

Metal Fabrication and Relay Panels
70 Keyes Court = Sanford, FL 32773

(407) 322-1230 Fax: (407) 322-0032

March 23, 2020

Bill of Materials
Quote No.: 37048

Haugland Energy Group, LLC

Cabinet 5, East End Substation

Item Quantity Part Number Description

Mir.: Hubbell

13 1.00 EA 58 C 30 Cover Plate, for Single Toggle Switch, Fits on 2"
x 4" Handy Box
Mfr.: Hubbell

14 2.00 EA BTC3104 Mechanical grounding lug #4-3/0 awg.
Mfr.: Newark Electronics

15 6.00 EA F30A2S Fuse Block, Class H, 2 Pole, 250V, 30A
Mfr.: Marathon Special Products

16 12.00 EA NON-10 Fuse, Type NON, Class K5 & H, 125VDC, 10A
Mfr.: Bussmann by Eaton

17 16.00 EA EB25B12 Terminal Block, GE EB-25, 12 Pole, 600V, 30A,
Standard Connectors.
Mfr.: GE Grid Solutions, LLC

18 1.00 EA F30A1S Fuse Block, Class H, 1 Pole, 250V, 30A
Mfr.: Marathon Special Products

19 1.00 EA NON-10 Fuse, Type NON, Class K5 & H, 125VDC, 10A
Mfr.: Bussmann by Eaton

20 6.00 EA CHM3DIU Fuse Holder, 3 Pole, Midget UltraSafe, 800VAC,
1000VDC, 30A, With Indicator
Mfr.: Bussmann by Eaton

21 18.00 EA NON-5 Fuse, Type NON, Class K5 & H, 125VDC, 5A
Mfr.: Bussmann by Eaton

22 1.00 EA DRS-1215 Rackmount Surge Suppressor, 15 ft. Cord 14

Outlets 3000 Joules
Mfr.: Tripp Lite

KEMCO .COM

FLORIDAWATERJET.COM
1SO 9001 Certified

Page 2 of 5



ZKEMCO INndustries, LLC

Metal Fabrication and Relay Panels
70 Keyes Court = Sanford, FL 32773

(407) 322-1230 Fax: (407) 322-0032

March 23, 2020

Bill of Materials

Quote No.: 37048

Haugland Energy Group, LLC

Cabinet 6, East End Substation

Item

Quantity

Part Number

Description

1

2.00 EA

M7650A0COB6F1A0A

Schneider ION 7650,
7650-1/10M/1024-EMDM-20MAF PM
Mfr.: Schneider Electric USA, Inc.

1.00 EA

129A528G01

Test Switch, FT-1, Arranged As (P C-CP C-CP
C-C P), Black Cover, Screw Terminals
Mfr.: ABB, Inc.

6.00 EA

MMLGO1

Test Block, Type MMLG, Rack Mount
Mfr.: GE Grid Solutions, LLC

2.00 EA

24PD58D

Control Switch, Engraving Code 124C-3B33 (Title
"BREAKER CONTROL", "TRIP", "CLOSE")
Mfr..: Electroswitch

3.00 EA

78PB04D

Lockout Relay, Series 24, Manual Reset Lockout
Relay with Lighted Faceplate (LOR Relay Reset =
Green, LOR Tripped = Red) 4 Deck

Mfr..: Electroswitch

2.00 EA

04515625XCOX4H224XX2X

Relay, SEL-451-5, Standard (Replaces SEL-451-2
and SEL-451-4) Firmware, Connectorized®
Relay* Connector type, 125-250 Vdc or 110-240
Vac, Horizontal Rack Mount, Keycode 5898
Mfr.: Schweitzer Engineering Laboratories

3.00 EA

WAO04510BC2A

SEL-WAO0451 , Wiring Harness for SEL-451 Relay,
14 AWG Currents, 16 AWG Voltages, 12 foot
lengths, Key Code 3837

Mfr.: Schweitzer Engineering Laboratories

1.00 EA

0587Z0X625H22XX

Relay, SEL-587Z, Standard Firmware, 125/250
Vdc or Vac; 250 Vdc power supply, 5 Amp phase,
horizontal rack mount, key code 7890

Mfr.: Schweitzer Engineering Laboratories

1.00 EA

24402H12A1A11631

Discrete Programmable Automation Controller
(DPAC), SEL-2440, Dual Copper 10/100BASE-T,
Standard Connectors, 48 Digital Input, 125
Vdc/Vac Digital Input, Horizontal Rack Mount,
Key code 7231

Mfr.: Schweitzer Engineering Laboratories

10

1.00 EA

KEMCO .COM

CR15I

FLORIDAWATERJET.COM
1SO 9001 Certified

Receptacle, Duplex, 120 VAC, 15A, Ivory.
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ZKEMCO INndustries, LLC

Metal Fabrication and Relay Panels
70 Keyes Court = Sanford, FL 32773

(407) 322-1230 Fax: (407) 322-0032

March 23, 2020

Bill of Materials
Quote No.: 37048

Haugland Energy Group, LLC

Cabinet 6, East End Substation

Item

Quantity

Part Number

Description

Mfr.: Hubbell

11

1.00 EA

58C7

Cover Plate, for Single Duplex Receptacle,
Galvanized, Fits on 2" x 4" Handy Box
Mfr.: Thomas & Betts

12

2.00 EA

58361 1/2

Handy Box, 2" x 4", 1-7/8" Depth, 1/2"
Knockouts
Mfr.: Thomas & Betts

13

1.00 EA

NUD8818/30W

LED Light Fixture, 18", 120V, 11W
Mfr.: Nora Lighting

14

1.00 EA

CS1151

Switch, Single Pole, 15A, 120/277 Volts
Mfr.: Hubbell

15

1.00 EA

58 C 30

Cover Plate, for Single Toggle Switch, Fits on 2"
x 4" Handy Box
Mfr.: Hubbell

16

2.00 EA

BTC3104

Mechanical grounding lug #4-3/0 awg.
Mfr.: Newark Electronics

17

6.00 EA

F30A2S

Fuse Block, Class H, 2 Pole, 250V, 30A
Mfr.: Marathon Special Products

18

12.00 EA

NON-10

Fuse, Type NON, Class K5 & H, 125VDC, 10A
Mfr.: Bussmann by Eaton

19

16.00 EA

EB25B12

Terminal Block, GE EB-25, 12 Pole, 600V, 30A,
Standard Connectors.
Mfr.: GE Grid Solutions, LLC

20

1.00 EA

F30A1S

Fuse Block, Class H, 1 Pole, 250V, 30A
Mfr.: Marathon Special Products

21

1.00 EA

NON-10

Fuse, Type NON, Class K5 & H, 125VDC, 10A
Mfr.: Bussmann by Eaton

22

6.00 EA

CHM3DIU

Fuse Holder, 3 Pole, Midget UltraSafe, 800VAC,
1000VDC, 30A, With Indicator
Mfr.: Bussmann by Eaton

23

18.00 EA

NON-5

Fuse, Type NON, Class K5 & H, 125VDC, 5A
Mfr.: Bussmann by Eaton

KEMCO .COM

FLORIDAWATERJET.COM
1SO 9001 Certified

Page 4 of 5



ZKEMCO INndustries, LLC

Metal Fabrication and Relay Panels
70 Keyes Court = Sanford, FL 32773

(407) 322-1230 Fax: (407) 322-0032

March 23, 2020

Bill of Materials
Quote No.: 37048

Haugland Energy Group, LLC

Cabinet 6, East End Substation

Item Quantity Part Number Description

24 1.00 EA DRS-1215 Rackmount Surge Suppressor, 15 ft. Cord 14
Outlets 3000 Joules
Mfr.: Tripp Lite

KEMCO . COM
FLORIDAWATERJET.COM
1SO 9001 Certified

Page 5 of 5
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Prepared By:

Jim Keith

Schneider Electric USA, Inc
Executive, Sales

2204 Lakeshore Drive, Suite 415
Birmingham,AL 35209
jim.keith@se.com

D:(205) 408-7115

M:(205) 307-9877

Proposal Name: East End Substation Restoration & Expansion Project, Phase 2
Quote Name: East End Substation Restoration & Expansion Project, Phase 2

Proposal Number: P-200310-1481378
Quote Number: Q-1595855

Quote Date: April 13, 2020

Through Addenda Number: 0

Sales Representative: Jim Keith

Conditions of Sale

This Quotation is subject to Coordinated Project Terms. See https://www.schneider-electric.us/en/download/document/0100PL0043
Quote is valid for 30 days. Quoted lead times are approximate and subject to change.

Schneider Electric reserves the right to amend, withdraw or otherwise alter this submission without penalty or charge as a
result of any event beyond its control arising from or due to the current Covid-19 epidemic or events subsequent to this
epidemic / pandemic including changes in laws, regulations, by laws or direction from a competent authority.

Clarifications and Exceptions

SECTION 261323 - 15KV GAS INSULATED SWITCHGEAR (GIS) Spec Review

- 1.8 v: The following spare parts have been included in our bid:
1)spring charging motor
1)motor for disconnector switch
1)motor for ground switch
1)trip coll
1)close caoll
1)blocking coil disconnector switch
1)blocking coil ground switch
1)blocking cail circuit breaker TRIP
1)diode block
1)MCB motor
1)MCB controlling
1)MCB VT
1)filter, 3-phase for VT main winding

PRINTED : 4/13/2020 3:13 PM
Page 1 of 6



Life Is ¢ 5“53"5'5!?5

- 2.3.A. Quoted as CBGS-0 switchgear, not metal clad; therefore, the PT/CT are not same rating as MV metal clad switch
gear. PT and CT is special design for CBGS-0 gear only.

- 2.5.A. Current CBGS-0 of SE only offer under RAL 9002, White color only. Take exception for ANSI 70.

- 2.12. There is standard mimic bus symbol on each switch.

- 2.18. Control selector switch is quoted as remote panel for relay and communication by another group. Switchgear is
guoted switchgear only and operating components are included in the corresponding relay/protection panels. All wires are

wire out to customer terminal block for other group to use to connect to their remote-control panel.

- 2.20.A. cable /kit/LA is only quoted as provision by others / contractor/distributor to provide this (it is not available to
guote).

- 2.21. Take excepting for customer require on rating/ type/ class of CT and PT. Multi ratio CT’s are not available in this
switchgear. PT is quoted as sensor PT only. See user manual of CBGS-0 product for more detail.

- 2.22.A. Protective Relays shall be included in the pricing for the remote-control/relay panel (quoted by Schneider Electric
Energy Automation Division).

- 2.23.A. Metering shall be included in the pricing for the remote-control/relay panel . (quoted by Schneider Electric Energy
Automation Division

- 2.25.C. Local Control panel is quoted as a separate device and is not part of the switchgear . (quoted by Schneider
Electric Energy Automation Division

- 2.29 FACTORY TESTS is included in our quote. Travel and lodging expenses will be the responsibility of each
attendeee.

- 3.1.1. Factory trained and certified service personnel to oversee the installation is not included but can be added at a
daily rate $2055/day excluding taxes. Rate is based on Monday through Friday during normal business hours.

Phase 2 Addendum 3 STD-18257-E-600: Rev. 1 date 03.31.2020: drawings review NOTES:

o Standard SBGS-0 only offers one (1) set of LLI which mounts at switch panel location — See
Instruction Bulletin document above for more detail. Take exception to the Second set of LLI

0 Arrestor: SBGS-0 offers a provision for mounting distribution class arrestors only. Provision only
is quoted. Arrestors are not included in our quote.

0 Cable lugs termination: Schneider Electric does not offer factory supplied lugs. The cable lug
termination must be provided by others in accordance with the requirements of CBGS-0 type
switchgear.

o Fuse Switch which connect the outgoing cable is not part of this quote. It said provided by
GGWAPA”

PRINTED : 4/13/2020 3:13 PM
Page 2 of 6
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PR5 and PR6 remote control/relay panels are included in our quotation as per the below:

1) Configuration and testing of 1 x SEL451 for transformer feeder, 4 x SEL 451 for
feeder protection and 1 x SEL-0587Z bus bar differential relay - 2 X day Factory
acceptance Test (FAT) in Houston plant. FAT is considered to be executed in one
single trip by protection engineer - 3.5 X day Site Acceptance Test (SAT) in St
Thomas, USVI. SAT is considered to be executed in one single trip by protection
engineer.

2) Itis expected that there is a site SCADA provider who integrates PR5 and PR6 into
the overall system and programs/commissions the SEL2440 device and other
components to function as intended in the system since there was no sequence of
operation or intended functionality included in the contract documents. This is NOT
included in our quotation.

PRINTED : 4/13/2020 3:13 PM
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Seq #
1

Qty
1

Schneider

Proposal Name: East End Substation

Restoration & Expansion Project, Phase 2

é'? otric Quote Name: East End Substation
Restoration & Expansion Project, Phase 2

Product Description
Designation : CBGS-0 13.8KV 2000A 31.5K
Product Details:

Quote Number: Q-1595855

Quote Date: 04/13/2020

1 - CBGS-0 TYPE GAS INSULATED SWITCHG+-CBGS-0 TYPE GAS INSULATED SWITCHG+

CBGS-0 Switchgear Assembly
Consisting of the following:

5 Section Line-up

Lineup Depth : 55.1 in Inches
Lineup Width : 139.00 Inches
Lineup Height : 92.5 Inches
Lineup Weight : 4630.00 LBS
Gear Shipped by

PHASE TO PHASE VOLTAGE: 13200V
SYSTEM: 3 Wire

SYSTEM SOURCE GROUND: Ungrounded

MAX AVAILABLE FAULT CURRENT: 31.5KA - 2s
FREQUENCY: 60Hz

PRIMARY BIL: 150 kV

DESIGN STANDARD: Not Required

NO SEISMIC QUALIFICATION

ENCLOSURE TYPE: NEMA 1

FRONT ONLY ACCESS AVAILABLE

EXTERIOR PAINT COLOR: RAL9002, White
SYSTEM AMPACITY: 2000A

SOLIDLY INSULATED COPPER BUS BAR
ORIGIN OF CONTROL POWER SOURCE:By Customer
SPRING CHARGING MOTOR: 250Vdc

DC CONTROL POWER: By Customer

AMBIENT AIR: BETWEEN -5 AND 40 DEG C
ALTITUDE ABOVE SEA LEVEL: 0-3299ft/0 -
1005 m

GAS EXHAUST: Upwards

LATERAL END SHEETS

PILOT LIGHT TYPE: LED

WIRE MARKERS: Plastic Sleeve

TYPE OF CONTROL WIRE: #14 AWG SIS
TYPE OF VOLTAGE CIRCUIT WIRE: #14 AWG SIS
TYPE OF SECTION INTERCONNECT WIRE: #14 AWG
SIS

TYPE OF CURRENT WIRE: #12 AWG SIS

This product uses shielded insulated elbow

style cable connectors of type C

specified by CENELEC EN50180 and EN50181
and in IEC 60137.

These connectors and surge arrestors are

not included and should be provided by

the customer

EQUIPMENT NAMEPLATE: Black Surface/White
Letters

DEVICE NAMEPLATES: Black Surface / White
Letters

Designation: D-110

CBGS-0 VACUUM CIRCUIT BREAKER - MAIN
DEVICE AMPACITY: 2000A

INTERRUPTING RATING: 25kA

DISCONNECT SWITCH OPRATION TYPE: Motorized
GROUND SWITCH OPRATION TYPE: Manual
CLOSING COIL: Yes

TRIP COIL #1: Yes

DISCONNECT AND GROUND SWITCH: Visible
indication w camera and USB port

SURGE ARRESTER: Distribution Class (1 set)
CABLE CROSS SECTION: 750 kcmil

LUG TYPE: Through the Bottom

CABLES PER PHASE: 3

CURRENT TRANSFORMER TYPE: 3-Phase Single
Ratio CT

Page 4 of 6



Proposal Name: East End Substation Restoration & Quote Number: Q-1595855
Expansion Project, Phase 2
Lifels™Mn | Schneider Quote Name: East End Substation Restoration & Addendum: 0

LPElectric Expansion Project, Phase 2
Date: 04/13/2020

CT LOCATION: LineSide

CT RATIO: 2000/5 C50-C50-C100

RELAY MANUFACTURER: Schweitzer (SEL)
LOCKOUT RELAY(s) FOR: Bus Differential
(Diff) Relay

VOLTAGE TRANSFORMER:: Cable Side VT

Designation: D-101

CBGS-0 VACUUM CIRCUIT BREAKER - FEEDER
DEVICE AMPACITY: 1200A

INTERRUPTING RATING: 25kA

DISCONNECT SWITCH OPRATION TYPE: Motorized
GROUND SWITCH OPRATION TYPE: Manual
CLOSING COIL: Yes

TRIP COIL #1: Yes

DISCONNECT AND GROUND SWITCH: Visible
indication w camera and USB port

SURGE ARRESTER: Distribution Class (1 set)
CABLE CROSS SECTION: 750 kcmil

LUG TYPE: Through the Bottom

CABLES PER PHASE: 1

CURRENT TRANSFORMER TYPE: 3-Phase Single
Ratio CT

CT LOCATION: LineSide

CT RATIO: 1200/5 C50-C100-C100

RELAY MANUFACTURER: Schweitzer (SEL)
LOCKOUT RELAY(s) FOR: Bus Differential

(Diff) Relay

VOLTAGE TRANSFORMER:: Not Required

LOW VOLTAGE PANEL WITH:

POWER METER

Designation: D-103

CBGS-0 VACUUM CIRCUIT BREAKER - FEEDER
DEVICE AMPACITY: 1200A

INTERRUPTING RATING: 25kA

DISCONNECT SWITCH OPRATION TYPE: Motorized
GROUND SWITCH OPRATION TYPE: Manual
CLOSING COIL: Yes

TRIP COIL #1: Yes

DISCONNECT AND GROUND SWITCH: Visible
indication w camera and USB port

SURGE ARRESTER: Distribution Class (1 set)
CABLE CROSS SECTION: 750 kcmil

LUG TYPE: Through the Bottom

CABLES PER PHASE: 1

CURRENT TRANSFORMER TYPE: 3-Phase Single
Ratio CT

CT LOCATION: LineSide

CT RATIO: 1200/5 C50-C100-C100

RELAY MANUFACTURER: Schweitzer (SEL)
LOCKOUT RELAY(s) FOR: Bus Differential

(Diff) Relay

VOLTAGE TRANSFORMER:: Not Required

LOW VOLTAGE PANEL WITH:

POWER METER

Designation: D-105

CBGS-0 VACUUM CIRCUIT BREAKER - FEEDER
DEVICE AMPACITY: 1200A

INTERRUPTING RATING: 25kA

DISCONNECT SWITCH OPRATION TYPE: Motorized
GROUND SWITCH OPRATION TYPE: Manual
CLOSING COIL: Yes

TRIP COIL #1: Yes

DISCONNECT AND GROUND SWITCH: Visible
indication w camera and USB port

PRINTED : 4/13/2020 3:13 PM

Page 5 of 6



Life Is (Ony

Seq# Qty
2 1

Proposal Name: East End Substation Restoration &
Expansion Project, Phase 2

Schneider Quote Name: East End Substation Restoration &

LPElectric Expansion Project, Phase 2

SURGE ARRESTER: Distribution Class (1 set)
CABLE CROSS SECTION: 750 kcmil

LUG TYPE: Through the Bottom

CABLES PER PHASE: 1

CURRENT TRANSFORMER TYPE: 3-Phase Single
Ratio CT

CT LOCATION: LineSide

CT RATIO: 1200/5 C50-C100-C100

RELAY MANUFACTURER: Schweitzer (SEL)
LOCKOUT RELAY(s) FOR: Bus Differential
(Diff) Relay

VOLTAGE TRANSFORMER:: Not Required
LOW VOLTAGE PANEL WITH:

POWER METER

Designation: D-107

CBGS-0 VACUUM CIRCUIT BREAKER - FEEDER
DEVICE AMPACITY: 1200A

INTERRUPTING RATING: 25kA

DISCONNECT SWITCH OPRATION TYPE: Motorized
GROUND SWITCH OPRATION TYPE: Manual
CLOSING COIL: Yes

TRIP COIL #1: Yes

DISCONNECT AND GROUND SWITCH: Visible
indication w camera and USB port

SURGE ARRESTER: Distribution Class (1 set)
CABLE CROSS SECTION: 750 kemil

LUG TYPE: Through the Bottom

CABLES PER PHASE: 1

CURRENT TRANSFORMER TYPE: 3-Phase Single
Ratio CT

CT LOCATION: LineSide

CT RATIO: 1200/5 C50-C100-C100

RELAY MANUFACTURER: Schweitzer (SEL)
LOCKOUT RELAY(s) FOR: Bus Differential

(Diff) Relay

VOLTAGE TRANSFORMER:: Not Required

LOW VOLTAGE PANEL WITH:

POWER METER

Product Description
Designation : PR5&PR®6 relay panels
Product Details: EA scope includes:

Quote Number: Q-1595855

Addendum:

Date:

Manufacturing 2 x 13.2kV relay panel (PR5 and PR6) as provided in the drawing document page6,
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