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Design Tests for the M-Force Sidebreak Switch
Per the following IEEE Standards
IEEE Std C37.34™-1994, and
IEEE Std 1247™-2005 standards

M-Force Sidebreak Switch

Part No: M3R11TR3 — 38 kV M-Force, Polymer insulator
Part No: M3R0O0SC3 — 38 kV M-Force, Epoxy insulator
Part No: M2R11TR2 - 27 kV M-Force, Polymer insulator
Part No: M2H03SC2 — 27 kV M-Force, Epoxy insulator
Part No: M1R11TR2 - 15.5 kV M-Force, Polymer insulator
Part No: M1H03SC2 — 15.5 kV M-Force, Epoxy insulator

M-Force Sidebreak Single Phase Switch

Part No.: 7A1342-1P2RAC - 15.5 V M-Force Single Phase Switch
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CERTIFICATION

Statements made and data shown are, to the best of our knowledge and belief,
correct and within the usual limits of commercial testing practice.
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Lead Engineer Chief Principal Engineer
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Senior Engineering Manager Engineering Director

Eaton’'s Cooper Power Systems Division Eaton’s Cooper Power Systems Division
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Introduction

Eaton’s Cooper Power series M-Force™ Sidebreak switch with silicone insulators has been
developed for 15.5kV through 38kV applications.

The test details and data to verify performance in meeting the applicable |IEEE® standards are
available upon request.

Contents
Lorad SWILCHIRNG TOBE sessumimssmmsmss oo sinmismmss coasstasssss srmsrnmsrssmsnsananssassnsss s bmsns oA tmR AL SRS TARE S £ S 5
Voltage WIhstand TesSt.... ..o 6
Short-Time Withstand Current Test q.ums s s i isaimmsssimmsn i s o ssms sassssses 9
FAUIE ClOSE TESE ... e e e e e et e e e et e e e et e e e e e e e e 9
CORTIATBUS CUTFEAT TBEY oo v soummom oo s s s 5 e v s O TR s i A s 10




CTO08001EN Page: 5 of 15

Load Switching Test

27 kV and 38kV M-Force Sidebreak switches were tested per IEEE Std 1247 ™-2005, Clause 8.
Table 1 shows 27kV M-Force test and Table 2 shows 38kV M-Force test.

Table 1. 27kV M-Force Switch test.

Test Voltage Test current No. of
kV (rms) A (rms) Operations
Line Load Switching 27 600 50
Line Load Switching 27 900 10
Loop Switching 54 900 10
No Load Tra_nsformer 27 315 20
Switching
Line Charging 27 10 20
Cable Charging 25 20 20

Table 2. 38kV M-Force Switch test.

Test Voltage Maximum current No. of
kV (rms) A (rms) Operations

Line Load Switching 38 900 15

Loop Switching 7.6 900 10
No Load Transformer

Switching 38 31.5 &

Line Charging 27 10 20

Cable Charging o7 20 20

All switches successfully passed number of operations at the above conditions.
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Voltage Withstand Test

15.5kV M-Force Sidebreak Switch

Power frequency and lightening-impulse dry withstand testing was performed on a 15.5 kV M-
Force Sidebreak switch. Test was in accordance with IEEE Std 1247™-2005, clause 8.1.

Table 3. Points of application to 15.5 kV Switch for power frequency withstand test

Test Phase A | Phase A | Phase B | Phase B | Phase C | Phase C
Condition Source Load Source Load Source Load
Ternimal | Terminal | Terminal | Terminal | Terminal | Terminal
Switch . . . . : .
Closed Energized | Energized | Energized | Energized | Energized | Energized
Switch G d .
Open rounded | Grounded | Grounded | Energized | Grounded | Grounded
Switch .
Open Grounded | Grounded | Energized | Grounded | Grounded | Grounded
Switch . .
Closed Grounded | Grounded | Energized | Energized | Grounded | Grounded
Note: Frame grounded for all tests.

At least 50 kV rms, corrected for atmospheric conditions, was applied to the test specimen for
each condition in Table 3 without incurring a dielectric breakdown or puncture. The test specimen
successfully met the requirements of the power frequency dry withstand test.

Table 4. Points of application to 15.5 kV Switch for impulse withstand test

Test Phase A | Phase A | Phase B | PhaseB | Phase C | Phase C
B Source Load Source Load Source Load
Ternimal | Terminal | Terminal | Terminal | Terminal | Terminal
g;‘;gg& Energized | Energized | Energized | Energized | Energized | Energized
SO“;;C;] Grounded | Grounded | Grounded | Energized | Grounded | Grounded
%’:;écr? Grounded | Grounded | Energized | Grounded | Grounded | Grounded
Note: Frame grounded for all tests.
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IEEE Std C37.34™-1994, clause 4.2.7 specifies that the switch shall be considered to have
passed the test if it withstands three consecutive impulses for each test condition at the defined
test voltage. The test specimen was subjected to three positive and three negative impulses of at
least 110 kV for all conditions defined in Table 4 without incurring a dielectric breakdown or
puncture. The test specimen successfully met the requirements of the lightning-impulse dry
withstand test.

27 kV M-Force Sidebreak Switch

Power frequency and lightening-impulse dry withstand testing was performed on a 27 kV M-Force
Sidebreak switch. Test was in accordance with IEEE Std 1247™-2005, clause 8.1.

Table 5. Points of application to 27 kV Switch for power frequency withstand test

Test Phase A | Phase A | PhaseB | PhaseB | Phase C | Phase C
Condition Source Load Source Load Source Load
Ternimal | Terminal | Terminal | Terminal | Terminal | Terminal
Switch . . . . . .
Closed Energized | Energized | Energized | Energized | Energized | Energized
Switch .
Open Grounded | Grounded | Grounded | Energized | Grounded | Grounded
Switch i
Open Grounded | Grounded | Energized | Grounded | Grounded | Grounded
Switch . .
Closed Grounded | Grounded | Energized | Energized | Grounded | Grounded
Note: Frame grounded for all tests.

At least 70 kV rms, corrected for atmospheric conditions, was applied to the test specimen for
each condition in Table 5 without incurring a dielectric breakdown or puncture. The test specimen
successfully met the requirements of the power frequency dry withstand test.

Table 6. Points of application to 27 kV voltage for impulse withstand test

Test Phase A | Phase A | Phase B | Phase B | Phase C | Phase C
Coriditisii Source Load Source Load Source Load
Ternimal | Terminal | Terminal | Terminal | Terminal | Terminal
gggg{; Energized | Energized | Energized | Energized | Energized | Energized
Somgtecnh Grounded | Grounded | Grounded | Energized | Grounded | Grounded
Sovxgtecnh Grounded | Grounded | Energized | Grounded | Grounded | Grounded
Note: Frame grounded for all tests.
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IEEE Std C37.34™-1994, clause 4.2.7 specifies that the switch shall be considered to pass the
test if it withstands three consecutive impulses for each test condition at the defined test voltage.
The test specimen was subjected to three positive and three negative impulses of at least 150 kV
for all conditions defined in Table 6 without incurring a dielectric breakdown or puncture. The test
specimen successfully met the requirements of the lightning-impulse dry withstand test.

38 kV M-Force Sidebreak Switch

Power frequency and lightening-impulse dry withstand testing was performed on a 38 kV M-Force
Sidebreak switch. Test was in accordance with |IEEE Std 1247 ™-2005 standard, clause 8.1.

Table 7. Points of application to 38 kV Switch for power frequency withstand test

Test Phase A | Phase A | PhaseB | Phase B | Phase C | Phase C
Condition Source Load Source Load Source Load
Ternimal | Terminal | Terminal | Terminal | Terminal | Terminal
Switch . , . . . E .
Closed Energized | Energized | Energized | Energized | Energized | Energized
Switch .
Open Grounded | Grounded | Grounded | Energized | Grounded | Grounded
Switch :
Open Grounded | Grounded | Energized | Grounded | Grounded | Grounded
Switch , , ded
Gl Grounded | Grounded | Energized | Energized | Grounded | Grounded
Note: Frame grounded for all tests.

At least 95 kV rms, corrected for atmospheric conditions, was applied to the test specimen for
each condition in Table 7 without incurring a dielectric breakdown or puncture. The test specimen
successfully met the requirements of the power frequency dry withstand test.

Table 8. Points of application of rated 38 kV voltage for impulse withstand test

Test Phase A | Phase A | Phase B | Phase B | Phase C | Phase C
Gonditisn Source Load Source Load Source Load
Ternimal | Terminal | Terminal | Terminal | Terminal | Terminal
(S:]\gggz Energized | Energized | Energized | Energized | Energized | Energized
Sov\g’;cnh Grounded | Grounded | Grounded | Energized | Grounded | Grounded
%Vgécnh Grounded | Grounded | Energized | Grounded | Grounded | Grounded
Note: Frame grounded for all tests.
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|IEEE Std C37.34™-1994, clause 4.2.7 specifies that the switch shall be considered to pass the
test if it withstands three consecutive impulses for each test condition at the defined test voltage.
The test specimen was subjected to three positive and three negative impulses of at least 200 kV
for all conditions defined in Table 8 without incurreing a dielectric breakdown or puncture. The test
specimen successfully met the requirements of the lightning-impulse dry withstand test.

Table 9. Voltage withstand test summary
60 Hz Power Frequency

Test unit Test Full wave Lightning Impulse Test
M-Force Sidebreak, 15.5 kV 50 kV, 1 minute duration 110 kV BIL
M-Force Sidebreak, 27 kV 70 kV, 1 minute duration 150 kV BIL
M-Force Sidebreak, 38 kV 95 kV, 1 minute duration 200 kV BIL

Short-Time Withstand Current Test

M-Force Sidebreak switches were tested for short-time current withstand per |IEEE Std C37.34 ™.
1994 and IEEE Std 1247™-1998, Clause 8.4.

Table 10. Short-Time Withstand Current Test
Raifad . Test Current O_btained .
Voltage, kV Test Asymmetric Symmetric Duration
d (KA rms) (kA rms) (Seconds)
15.5/27 10 cycles 40.68 26.5 0.179
15.5/27 3 Second ' 26.1 3.1
38 10 cycles 415 26.3 0.174
38 3 Second ' 27.2 3.1

The test specimen successfully met the requirements of the Short-Time Withstand Current test at
the above conditions.

Fault Close Test

M-Force Sidebreak switches were tested for Fault Close Test per IEEE Std C37.34™-1994
standard and IEEE Std 1247™-1998 standard, Clause 8.5.

Table 11. Fault Close Test

Rated Voltage, kV RespEKt|\gzaCkurrent Duration, millisecond | Number of Operations
15.5 >29 kA peak >180 2
27 >25 kA peak >180 3

The test specimen successfully met the requirements of the Fault Close test at the above
conditions.
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Continuous Current Test

Continuous current testing was performed on Eaton’s Cooper Power series 15.5/27/38kV, 900A
M-Force single-phase switch.

Testing of the device was in accordance with IEEE Std 1247 ™-2005, clause 8.2.

Figure 1: Continuous current test unit Metering thermocouple locations
are shown.
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Table 12. Temperature rise values at each thermocouple location

Position Thermocouple Temperature Standard
No. Location Rise, °C Allowance, °C
TC1 Amb Can Above -

TC2 Amb Can Mid -

TC3 Amb Can Below -

TC4 Cable in (Left) 47.1

TC5 Cable joint(Left) 45.1 65
TC6 Terminal pad (Left) 46.1 50
TC7 Terminal pad (Left) 44.1 50
TC8 Blade 44.0 65
TC9 Blade 42.1 65
TC10 Contact Joint 43.2 65
TC11 Contact Joint 40.8 65
TC12 Contact Joint 39.3 65
TC13 Terminal pad(Right) 43.5 50
TC14 Cable joint (Right) 41.4 65
TC15 Cable out (Right) 49.4 -

Ambient temperature was 23.6°C.

The test specimen successfully met the requirements of the Continuous Current test at the above

conditions.

Mechanical Test

Mechanical Endurance Test was performed on Eaton’s Cooper Power series 38 kV, 900 A
M-Force three-phase switch, assembly No. M3R0O0SC3-X161.

The test unit completed 3,000 operations. Afterward, all fasteners were tight. Minimal mechanical
abrasion was observed on moving parts. There was practically no change in contact resistance.

Table 13. Test Unit Resistance Values

Phase Phase A Phase B Phase C
Terminal to Terminal before testing 47.3 uQ 46.8 uQ 40.8 uQ
Terminal to Terminal after testing 46.2 uQ 48.9 uQ 45.5 puQ
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NOTES.

1. ALL TERMINALS MEET WEMA 2 HOLE 3.50 — 28.00

INSTALLATION INSTRUCTIONS

SPECIFICATIONS. SEE TERMINAL PAD DETAIL

WHEN
HERE FOR ADDITICNAL
LOAD SALANCING

DC NOT REMOVE FACTORY INSTALLED CONTACT
TIE WIRES UNTIL SWITCH IS FULLY ERECTED.
1. DO NOT HOIST BY OR ALLOW LFTING SUNGS TO CONTACT SWITCH "HOT PARTS".
H 7. USING APPROPRIATE EQUALIZING /SPREADING DEVICE. UFT SWTCH USING
ATTACHED LIFTING STRAPS, DO NOT EXCEED VERTICAL ANGLES, SEE LIFTING STRaP
g DETAIL _ADDITIONAL BALANCING CAN BE ACHIEVED BY ANCHORING FROM CENTER PHASE
UNIT BASE. LOAD SIDE TO THE LIFTING FIXTURE. TAKE PRECATIONS TO AVCID DAMAGE

UFTING, ANCHOR

4
L
8

HOOKSTICK BELLCRANK DETAIL

PACLOCK HERE
FoR CLOSED
FULL DOWN OSMon
TO oFEN PACLOCK HERE
FOR OPEN
POSITION

PULL DCwN
TO CLOSE

UFTING STRAP DETAL |

UFTING FORCE-,

L MaIMUM
VERTICAL {
DEVANCE |

TO THE INSULATOR AND UVE PARTS OF SWITCH. MOUNT UNITIZED SWTCH TO POLE
WITH %" BOLTS AT THE CESIRED LOCATICN. REMOVE LIFTING STRAPS.
3. OPERATE SWITCH WHILE INSPECTING FOR OPERATIONAL DIFFICULTIES. CHECK
ALL PHASES FOR FULL CLOSURE OF ALL MAIN COMTACTS.
4. ADJUSTMENT:
a. IF ALL PHASES NEED EQUAL ADJUSTMENT, LOOSEN CLAME ON HOOKSTICK
BELLCRANK EXTENSION. ADJUST UP OR DOWN THE INTERPHASE ROD AS NEEDED.
b. TO ADJUST INDIVIDUAL PHASES, CLOSE THE SWITCH USING A VIGOROUS
STROKE AND LOOSEN THE INDIMIDUAL CLAMP ON THE ROTATING INSULATOR. FULLY
CLOSE THE SUBJECT PHASE AND TIGHTEN THE CLAMP TO THE INTERPHASE ROD.
5. REPEAT STEPS 3 AND 4 UNTIL THE FCLLOWING CONDITIONS EXIST:
0. WHEN THE SWITCH IS CLOSED AND THE HCOKSTICK OPERATOR IS IN THE
LOCKED POSITION, ALL CONTACTS ARE FULLY CLOSED.
b. WHEN THE SWITCH IS CPENED AND THE HOOKSTICK CPERATOR IS IN THE
LOCKED POSITION, ALL SWITCH CONTACTS ARE FARALLEL WITH THE CROSSARM.

PART NUMBER BREAKDOWN

REVISIONS
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/ NEMA TWO HOLE PADS
7 15

CROSSARM CENTER

Figure 3: Example- M-Force 15.5 kV single-phase switch
Dimensions A through F are different depending on rated voltage and
mounting configuration.
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Revisions
Revision No. Date What was added/changed:
00 6/11/15 Initial test report
01 T21A5 Added 27kV, 900A line load switching in table 1
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Reference: Test Number / Test Report

1. Test Report No. PTL15-029 for 38kV M-Force Line Load Test
2. Test Report No. PTL14-308 for 38kV M-Force Loop Switching, No Load Transformer Switching, and Line
and Cable Charging Switching Tests
3. Test Report No. PTL15-007 for 27kV M-Force Line Load Switching, Loop Switching, No Load Transformer
Switching, and Line and Cable Charging Switching Tests.
4. Test Report No. PTL14-258-A for 15.5kV M-Force Dielectric Test
5. Test Report No. PTL14-258-B for 27kV M-Force Dielectric Test
6. Test Report No. PTL14-258-C for 38kV M-Force Dielectric Test
7. Test Report No. KCP-0001 Rev.4 for M-Force Short Time and Peak Current Withstand Test
8. Test Report No. 15713-26 for M-Force Fault Closing Test
9. Test Report No. PTL14-75 Ver.1 for M-Force Continuous Current Test
10. Test Report No. AEA14 001 4D for M-Force Mechanical Test

11. Test Report No. PTL15-133 for 27kV M-Force Additional Line Load Switching Test
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