
IMPULSE TEST REPORT

Manufacturer R.E.upr.prattM(g.Ca. Spea 10340
Purchased by Crmlme EMeyfe $UP* Comm
Cooling Class xNAN Phase 3 Hartz e0

Serial No. 9A13 Test Na. 1G340

H.V. BOOM DELTA LV. 2eGG
H.V. KV B.LL. 350 LV.1N BJ.L

H.V. CW KV CREST LV. CW KV CREST
H.V. NOV. CHOP T1MEpS LV. NpN.CNOP TNMEpS

H.Y. RFW CREST TIME p5 1.3 LV. RFNf CREST TIMEpS

Order Number G•2932

Order Nw*w = 1852043

Insulating fluid F03

T.Y.
T.V. i(Y B.f.L

T.V. CW KY CREST
T.V. AN1t.CNOP TIME pS

T.Y. REIN CREST THIAE pS

Each voltage wave will have an accompanying current wave.

iIFI1. REOUCEi! FULL WAVE CW - CROP WAVE
AGO - RFDUCEU "UUMO CURRENT FIN - FULL WAVE GC . CROUYU CURRENT

I HEREBY CERTIFY THAT THIS IS A TRUE REPORT BASED ON FACTORY TESTS PERFORMED IN ACCORDANCE WITH AMERICAN

STANDARD TfST C WUTNIN, POWER 6 REGULATING TRANSFORMERS C57.12.

0a» 8125/2013

48 49

TERM WAVE CREST '/: CREST TIME TO
TESTED TYPE RY AiNEWA CHOPWn!



R. E. UPTEGRAFF MFG. COMPANY
P.O. Box 182
Scott dale, PA 15683

Customer:
Cust. P.O.:

Crawford Electric KVA (base): 2500
S001852043 Voltage: HV:

LV:
Spec. :

69000
2400
10340Order No.: G-2632R1

S/N: 5A13

R.i.V. TEST REPORT

TIME % RATED H1 H2 H3
VOLTAGE liv Pv IN

(rise) (rise) (rise)
AMB. {iv 0 0.5 0.6 0.5

0 min, 150 150 250 170

5 min. 150 50 250 120

10 (min.) 150 60 120 120
15 min. 150 60 100 100

20 min. 150 35 100 80

25 min. 150 35 80 70

30 rnin. 150 35 70 70

35 min. 150 30 75 70
40 min. 150 35 80 70

45 min. 150 35 85 70

50 min.) 150 40 90 70

55 min. 150 40 90 70

60 min. i50 35 90 60

65 (min.) 150 35 90 60

9/19/2013 Approved by:
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Cargill TM
CERTIFICATE OF ANALYSIS

From CHICAGO WAREHOUSE ShipTo R E UPTEGRAFF M,qNUFACTURrNG CO12201 SOUTH TORRENCE AVE 120 UPTEGRAFF DRCHICAGO, IL 60617
SCOTTDALE, PA 15683

IOLCustomerService®Cargill.com

Product Description: ENVIROTEMP FR3 FLUID TOTE 330 GALLON

Lot Number 13E20 Load Number: 43661 Customer PO No: 8378

Test Deserint3on Results ASTM D6871
Dissipation Factor, 100 °C [%J 23 _ ^"

4.0Dissipation Factor, 25 °C [%]
0.06

Water Content [mg/kg (ppm)] 32
' 0.20

Acid Number (mg KOF-UgJ ^ 200
0.05 'c 0.06Viscosity, 100 °C (nIm=/sJ

8Viscosity, 40 °C [m.n2/sj
32

-'4 15
3_

:E 50Appearance
Bright and Clear

PCB Content Bright and Clear
[mg/kg (ppm]) Not Detectable Not DetectableColor (ASTM units)

1.0 .5
Corrosive Sulfur ^ 1.0

Not Corrosive
Not CorrosiveDielectric Breakdown, 2 mm gap [kVJ 66

Fire Point (°Cj ^ 35
360

? 300Flash Point [°C]
348

Pour Point [°CJ ? 275
-I8

^ •10

<::R>APPROVED Page 1 of 1

50 51
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UOL

AS TO FIRE HAZARD ONLY
EnvirolarwS FR3. Classiod 4 to Sloss hazardous than paraffin cit in •r:spoct to fire hararo.

AS TO SECTION 456-29 OF Tt1E NATIONAL ELECTRICAL CODEO
Also Classified as a 1aas48artwnsbta Fquitf in cornpfisnca with the National Elpchic Codas, when used in
3 phase tranyformors. 45 throuo 10.000 kVA with the IoOowing Wail 'use rasttictfons":

A For use only in 3-46aso transformers having tanks capable of withstanding an
internal pressure of 12 ps(g without rupturw, and

8 Roquirod use of prpsaurp relief devices on transformer tank in acc:ordarrm, with Ma
(oNowutp tabufstton to limit Internal pressure buildup and prevent tank rupture duo
to gas generation under low current arcing (6tltb, and

Cl Required use of current Urttking fusing in the tmnatormar primary having 121
characteristics not exceeding the values In the following taLtiuladon. tlndot tluld
pxptNsion fuses may be used In series with the current-^fimhing tusos, In accordance
with the manufaclurots protection scheme,

OR

C2. tAaqukwd use of ovorcwront protection in the nansAora+or primary having 121
charao(aistka not v>ctaBadN►q the values in the following tabutatiorf. lithe fuso Is
designed to vent during operation (euch as an expulsion fuse). it shall be located
external to the tnanstortnx tank.

TRASSFO.LNIER REQUIRED PROTECTION REQUIRED PRC
3- Pnase AeQuireri Current OR tlt4wrcd (;vercurre-+1 Mwmum qaqaued Pressure

Tr,tnefotrner Limiting Fusing (+t Frota:ta•m t•t Relief Capxay. (^.)
fiaunp WA Maximum 1't. tA'c! ►Ai+^inum I't rbrs. SCfM of 15 psi

45 500,000 700,000 25
75 500.000 800.000 35

112.5 550.000 000.000 35
15D 600.000 1.000.000 5o
225 650.000 1.200.000 100
300 750,000 1,400.000 100

^ 0W.
^

3W
750 1. 100.000 0U;0 02.2 350

%,00t3 1.250.000 3.400.000 350
1.500 1.500.000 4.500A00 700
2,000 1,750.000 6.000.000 700
2.500 2.000,000 7,500.1700 5.000
3,000 2,250.000 4.()04.000 5,000
3,750 2.500,000 t 1,000.0010 5,000
5,000 1000.000 14.000.000 5.000
7,500 3,000,000 14.000.0w 5.000

10.000 3.000.000 14.000.000 5.004

(+) _ Ttwa f6 an aQditional requirement to the cvarcurront protection roQuirad in
nccotaancs with Section 454•23 or ttw cu,rsnt date of the National Electrical Cooa&

(^+) - Opening pressure. 10 pesrg maximum

/0"Ift 35H9 . Cargill. Inc

Cargill
Hopkins tAN 55343 US A-
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http://www.sunbelnrj&com/tesLreport/print.php?id=12757

Sunbelt Transformer Detailed Test Reuort
Company : Enchanted Rock Electric LLC order No : A32589
Person . sersaf No : ST0713A32589-1-1
Address i: 1907 Lawrence Road, Suite 400 Type : PAD/ONAN/ONAF
Address 2 : Date Tested : 07/30/2013
city, sate, zip: Kemah, TX, 77565 Manufacturer : HANG CHANG

E-mail: Fax *: Stock No : NHC24096-2

P. o. No.: Kevin Presto Hz: 60 Phases: 3 Temp Rim: 65 :

High Voltage : 2400 . . mr ow: Delta Hv Conductor Al

Low Voltage: 480 : Y 277 LV ow: Wye LV Conductor Al

MEGGER TESTS

2.5 Kv High - Low: 2320 Megohins

I Kv Low - Ground: 2160 Megohms

2.5 Kv High -Ground: 3020 Megohms

KV Core - Ground: Megohms

150C/AA: 1SOC/FA:

Conductor Temperature During Testing: 20.0

RATIO TESTS

KVA for testing/reporting: 2,550.0
KVAs:

SSC/OA: SSC/FA: SSC/FFA:

68C/OA: 2550 6SC/FA: 2$56 6SC/FFA:

80C/AA: 80C/FA:

11SC/AA:

130C/AA:

Phase A

Tap Caladated : H3 : H1
Tap Volts [tatb To: X0 : X1

1 : 2520 : 9.097 : 9.0903

2 2460 : 8.681 : 8.8881

:'3 : 2400 8.664 . 8.6895 uw _
4. :2323 :8.386 :8.3884

S : 2268 : 8.188 8.1868

: 0.000

0.000

Remarks:

Phase B Phase C

:H1:H2 :H2:H3
so: X(! : X2 To: X0 : X3

:9.0898 : 9.0890
8.8888 : 8.8893

_, .... ._m..,_^
8.6891

_,.m....
: 8.6895

8.3892 : 8.3885

:8.1874 : 8.1871

RESISTANCE MEASUREMENTS
High Voltage Winding Resistance, Values in ohms.

Phase A Phase B

Tap : H3 To: H1 : HI To: H2
:.01431 :.01430

:.01402 .01400

3 :.01370 :.01368

Phase C

H2 To: H3

.01438
.:.02411

.01377

56
10(3 55 $22/2013 8:34 AM



http://www.sunbelam.congtest^reporttprint.php?id-12751

4 :.01326 :.01325 : .01333

1-5 :.01294 .01298 :.01301
^ _ , _ _._ ^ . . _. . .__..-.. .

Low Voltage Winding Resistances, Values in ohms.

Phase A Phase B Phase C i

: XO To: Xl : XO To: X2 XO To: X3
: 0.0003419 : 0.0003250 : 0.0003245

No-Load Loss Measurements (Average of three phase values)
ims voits: 2400 AvE volts: 2400 szatMv Amps: 2.12 Watts Loss: 3520

Full-Load Loss Measurements (Average of three phase values)
LV fu!! Load (Line) Amps: 3,067.2 NV Full Load (Line) Amps: 613.4

Measured Amps: 613.3 impedance vans: 142.5 Watts Loss: 22740

Inspbting Fudd: FR3 Tested 8y: JEM

0877 Dlelestrk Test on Insulating FWid: 25

Calculated Results

Reference Temperature for Calculated Results 85 cc

Load Loss 26,079

No-Load Loss 3,371

Total Loss 29,451

Percent Exciting Current 0 100% Voltage 0.35

Percent Impedance 5.96

Percent Resistance 1.02

Percent Reactance 5.87

Percent Regulation @ 1.0 PF 1.20

Percent Regulation 0 0.8 PF 4.42

Percent Efficiency 01.0 PF & 1.0 PU Load 98.86

Total HV Winding Resistance 0.078

Total LV Winding Resistance 0.00125

Miscellaneous Constants
RHm: 0.062 RXm: 0.00099 HV Winding Amps: 354.2 LV Winding Amps: 3,067.2

57
2 of 3 56 8/2212013 834 AM



http://www.sunbeltusa.com/test-report/print.php?id=1275

Nominal HV ohms : 0.014 : 0.014: 0.014
HV Winding Style: D LV Winding Style: Y

K(H) Ai/Cu: 225.0 K(X) Al/Cu: 225.0 K(S) A!/Cu: 225.0

57 58
3 of3 8/22/2013 8:34 AM



V POW ELL 01.4TS.045

MVA Interrupting Rating of Circuit Breakers Used in
Metal-Clad Switchgear
September 22, 1993

Modern medium voltage circuit breakers used in metal-clad switchgear have no MVA interrupting rating.
Undoubtedly, this statement will come as a surprise to some readers of this PTB. Although it is quite
common for all of us to talk about 500 MVA circuit breakers or 1000 MVA circuit breakers, this rating
does not appear anywhere in the ANSI standards applying to these breakers, nor does it appear
anywhere on the nameplate of the breakers.

A little history is in order. The first ANSI standards covering circuit breakers, including those for use in
metal-clad switchgear, were developed about 50 years ago. Under these standards, interrupting ratings
were based on the total current interrupted, including the dc component. These "total current" standards
included ANSI C37.4 through C37.9 and C37.12. In the rating structure used in these standards, MVA
was included, and those of us who date back to that era got used to referring to breakers by their MVA
rating.

In 1964, a new series of ANSI standards were first published. These standards used symmetrical, rather
than total, current as the basis for interrupting rating. These new standards no longer referred to MVA in
their rating structure. The interrupting rating in these standards is expressed kiloamperes. After a couple
of decades of development, these standards now include six documents:

• ANSI/IEEE C37.04-1979 Rating Structure
• ANSI C37.06-1987 Preferred Ratings
• ANSUIEEE C37.09-1979 Test Procedure
• ANSI/IEEE C37.010-1979 Application Guide - General
• ANSI/IEEE C37.011-1979 Application Guide - Transient Recovery Voltage
• ANSUIEEE C37.012-1979 Application Guide - Capacitance Current Switching

However, so that manufacturers would not have to retest all their breakers, certain equivalences were
established, and for a few years the preferred rating tables carried "nominal" MVA ratings for
"identitication". This last appeared in the 1971 edition of ANSI C37.06, but was missing from the 1979
edition. Unfortunately, we have continued to use these identifications informally, and sometimes we get
wrapped around the axle about just what they mean, particularly when applied to circuit breakers used at
a voltage considerably less than their rated maximum voltage, such as 4760 V breakers used at 2400 V.
The chart below compares the nominal MVA ratings to the actual MVA ratings calculated using the rated
interrupting currents established in the current standards.

Pmv!t fndusatn, Inc. .947.4453PO box 12819 Powered by Safety Tel! 713 944 6900 • Fax: 713
www.powettind.cam

Hm"m0" Tx - m 17 CM P^a indown, nK , All nqu ew«wd infot9powetUnd.com 59
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Q POWELL 01.4T8.045

MVA Interrupting Rating of Circuit Breakers Used in
Metal-Clad Switchgear

page 2

Rated
Maximum
Voltage

kV, rms

4.76

4.76

8.25

15.0

15,0

1&0

Rated Short System
Interrupting Current Actual MVA @

Circuit Nominal Operating @ Operating Voltage Operating
('Current Voltage Voitage

MVA
kAkA, rms kV, rms MVA

4.76 29 239

29 250 4.16 33 238

2.4 36 150

4.76 41 338

41 350 4.16 47 338

2.4 49 204

8.25 33 472

33 500 7.2 38 472

6.6 41 469

15.0 18 468

18 500 13.8 20 478

11.5 23 458

15.0 28 727

28 750 13.8 30 717

11.5 36 717

15.0 37 961

37 1000 13.8 40 956

11.5 48 956

(1) Slight variations in MVA may be due to rounding of +nteRupting current values

If you are interested in the development of these standards, a good history of these standards appears in
the forewords of the various documents.

Baldwin Bridger, P.E.
Technical Director

Po"'" kmMtr'n' "" Powered by Safety Tel: 713.944 6906 - Fax, 713,947.44S3
PO Box 12818 www.powetti{ed.com
ttoustan. Tx • 77217 ^100 1 bld=*, IM . Alt „YM^.d infoopoweUind.tom 60
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INSTRUCTIONS

Series P-60000 POWL-^VAC"
VACUUM CIRCUIT BREAKERS

VModels 05PV0250-3 and 15PV0500-3

INSTALLATION

OPERATION

MAINTENANCE

1 POWELL ^
INDUSTRIES, INC. .

POWELt ELECTRCAI. MANUFACTURING COMPANY
8550 MOSLEY DANE • HOUSTON, TEXAS 77075 USA

PHONE (713) 944-6900 • FAX (713) 947-4453

60

tB-6o000
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P-60000 POWL-VAC® Vacuum Circuit Breakers IB-60000

CONTENTS

1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

ll. SAFETY ....................................................... 1
A.X-RAYS ......................................................
B. SAFETY LABELS ............................................... 1

III. DESCRIPTION .............. .................................. 2
A.GENERAL . .................................................. 2
B. THE STORED ENERGY MECHANISM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
C. LEVERING-IN DEVICE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
D. INTERLOCKING ............................................... 7
E.SHUTTERS .................................................. 7
F. BREAKER POSITION INDICATORS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
G. VACUUM INTERRUPTER CONNECTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
H. OPERATING SOLENOIDS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
J. THE ANTI-PUMP RELAY ...... ................................... 8
K. MOTOR CUTOFF SWITCH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8(
L VACUUM INTERRUPTERS ...... ................................. 8
M. SECONDARY DISCONNECT PLUG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

IV. INSTALLATION . . ... . .. ..... .. .... .. ... ... .. . ... .... . . . .. . .. .. 9
AL RECEIVING ............. ..................................... 9
B. HANDLING .. ................................................ 9
C.STORAGE ................................................... 9
D. PUTTING INTO SERVICE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

(1) High Voltage Insulation Integrity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
(2) Vacuum Integrity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
(3) Control Voltage Insulation integrity . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
(4) Mechanical Operation Check . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
(5) Electrical Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
(6) Levering-in Device . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

E. INSERTING BREAKER INTO SWITCHGEAR EQUIPMENT . . . . . . . . . . . . . . . . 12
F. POWER RACKING DEVICE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

V. MAINTENANCE .............................................. 14

A.GENERAL .................................................. 14
(1) introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
(2) inspection and Cleaning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15{

POWELL ELECTRICAL MANUFACTURING COMPANY, HOUSTON, TEXAS, USA
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P-60000 POWL-VAC® Vacuum Circuit Breakers IB-60000

B. MECHANISM AREA ........................................... 15
(1) Mechanical Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15.
2 L b i ti)( u r ca on . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . 15

(3) Closing Spring Removal and Slow Closing of Mechanism . . . . . . . . , . 15
(4) Mechanism Adjustments . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17. . . . . . .

A. Adjustment of Ratchet Wheel Holding Pawl . . . . . . . . . . . . . . . . 17
B. Adjustment of Primary and Secondary Trip Latches and Latch Check

Switch 17.........................................
C. Adjustment of Close Latch . . . . . . . . . . . . . . . . . . . . . 17. . . . . . . . .

(5) Electrical Operation 17. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
C. INTERRUPTER AND CONTACT AREA 17. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .

(1) Vacuum interrupter Contact Erosion . . . . . . . . . . . . . . . . . . . . . . . . . . 17
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1. INTRODUCTION
Before uncrating the breakers, study this manual. Follow

the recommended procedure for putting into service.

This manual cortains:
1. Safety Rules.
2. A general description of the operation of the

circuit breakers.
3. Instructions for putting Into service.
4. Instructions for maintenance and replacement ot

parts with critical adjustmentL
5. List of renewal parts.

lt. SAFETY

The circuit breakers described In this manual are operated
by high energy, high speed mechanlsms interlocked to provide
safe operating sequences. To Insure the safety of personnel
associated with Installation, operation and maintenance of these
breakers, the following rules should be observed:

1. Only qualified personnel trained In the Installation,
operation and maintenance of power circuit breakers
should be allowed to work on 'these breakers.

2. Do not work on an energized breaker.

3. Do not work on a breaker with the secondary test
coupler connected (See Figure 17).

4. Do not work on a closed breaker.

5. Do not work on a breaker with cloeing springs
charged.
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6. Do not attempt to close the breaker by hand on a live
circuit

7. Do not use an open circuit breaker by itself as the
sole means of Isolating a high voltage circuit. For
complete Isolation, the circuit breaker should be In the
disconnected position, or should be withdrawn
completely.

6. For the safety of personnel performing maintenance
operations on the breaker or connected equipment, all
components should be disconnected by means of a
visible break and securely grounded.

A. X-RAYS

When voltage Is applied across the contacts of a vacuum
Interrupter, there Is the possibility of generation of X-rays. The
Intensity of this radiation is dependent on the peak voltage and
the contact gap. At the norrrW operating voltage of this class
of equipment, the radiation levels are negiigible. At the
voltages specified for teslirig, it Is recommended that the test
operator be not less than one meter In front of the circuit
breaker and separated from the vacuum interrupters under test
by the two thicknesses of steel used In the construction of the
circuit breaker frame. The. circuit breaker must be either fully
open or fully closed when making high potential tests. Do not
test with contacts partially open.

B. SAFETY LABELS

The circuit breaker has these warning and caution labels
attached at the Indicated locations. Whenever the circuit
breaker Is handled or maintained, these warnings and cautions
must be observed.
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111. DESCRIPTION

A. GENERAL (Figure 1)

Attached to outside
lace of mechanism

top cover plate.

Attached to front coy-
of to lelr of secondary
disconnect aperture.

Attached to front
cover at top fight
hand comer and also
In mechanism com-
pamnent on dashpol
bracket.

Attached to front
cover to left of
manual charging
handle socket

The Powl-Vac Circuit Breaker uses sealed vacuum
Interrupters to control the primary circuit. Primary connections
to the associated metal clad swkchgear are made by parallel
copper busbare terminating in multiple contact fingers which
are part of the busbars. Insulators provide support for the
primary bars and the vacuum Interrupter assemblies.

All the current carrying components are located behind a
metai barrier which supports the insulators. In front of this
barrier In an accessible position Is the operating mechanism
assembly which provides motion to each of the vacuum
Interrupter moving contacts through cast cycioaiiphatlc epoxy
operating rods. In the same metal enclosed compartment as
the operating mechanism is the levering-in mechanism which
controls the movement of the breaker from the disconnected
to the connected position. The levering-In mechanism engag-
es with the switchgear and exerts a force on the breaker In a
plane mid-way between the primary disconnect fingers. thus

ensuring equal wipe on all primary disconnects and avoiding
any tendency of the breaker to tilt under short circuit
conditions. The levering-In mechanism also operates the
Primary disconnect shutters.

a. Upper Horizontal Primary Disconnect Bars
b. Yerilcai Connector Bars
c. Vacuum Intanupter
d. Lower Horizontal Primary Disconnect Ban;
o. Ground Shoe
l. Main Insulating Supports
p. insulating Pole Support
h. Main insulating Operating Rod (Push Rod)
/. Mechanism Housing
k. Laimfing-In Crank Arm
I. Crank Arm Rollers
in. Levering-In shaft
n. Worm Meal

B. THE STORED ENERGY MECHANISM

The front cover (Figure 2) has cutouts and apertures giving
access to various operating and levering-in mechanism
Indicating and operating functions and access to the secon-
dary disconnect terminal block.

Removal of nine (9) holding screws enables the front
cover to be removed giving access to the stored energy
mechanism and its Interlocks, auxiliary switches, levering-in
operators and Interlocks, operating motor and motor cutoff
switch (Figure 3).
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a. Cover Attachment Bob
b. Breaker Poewon indicator
c. liand!e
d. Openobas Counter
e. Manual Charging Crank
L Nameplate
g. Spring Charge indicator
h. Manual Close Paddle
J. Breaker Open/Closed Indicator
k. Manuel Thp, Paddle
I. Secoedery Disconnect Guide
m. Secondary Discomect Receptacle
n. Padlock Provision - Movable Arm
p. Padlock Provision - Stedonaty clip
q. LeverJngln Shalt Shutter

The mechanism Is of the stored energy type In which a
gear motor is used to compress a dosing spring. During a
closing operation, the energy stored in the ckasing spring is
used to close the vacuum Interrupter contacts, compress the
overtravel springs, charge the opening springs and overcome
friction forces. When the breaker is tripped, the energy stored
In the opening and overtravet springs will open the contacts at
the correct speed. The motor, located on the breaker floor pan
bottom right Is supported by a bracket bolted to the floor pan
(Figure 4). Its output shaft Is screwed to a coupler which
Inserts Into the eccentric drive shait. This shaft is supported
In needle bearings In the mechanism frame side sheets and
transmits the motor torque from the right to the left side of the
mechanism

When the motor is energized, the eccentric shaft rotates

and causes the driving arm links to pivot about the cam shaft
(Figure 5). The drive pawl located on the links engages with
the ratchet wheel and rotates it, one tooth at a time. The
ratchet wheel Is prevented from rotating backward by a holding
pawl, which Is supported on links which project upward from
the cam shaft.

a. An&Pump Relay
b. Opening Spring
c. Shock Absorber
d MOC Operating Mn
e. Awffllwy Switch
f. Shunt rdp con
g. closing Call
h. Charging Motor
I. Main Closing Spft
k, Cmmwft Rods

To Insure correct synchronization of the drive and hoed
pawls, the hold pawl links are located by an adjustable
eccentric stop located at the left front of the mechanism.
When the mechanism is operated manually, the top pawl
becomes the driving pawl and the bottom pawl becomes the
holding paw{.

As the ratchet wheel is rotated, projections from its side
faces Will engage drive plates attached to the cam shaft and
the cam shaft will rotate. Attached to the ends of the cam
shaft are crank arms and pointing outward from these are
crank pins, These engage with the bottom ends of the
connecting rods (Figure 5), the top ends of which engage pins
projecting from the spring compression plate which straddles
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Flgurr 2
Front View of POWL-VAC Circuit Breaker with Cover In Place

Figure 3.
Front View of POWL-VAC Circuit Breaker with Cover Removed
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the main closing spring. As the cam shaft rotates, the
connecting rods pull the spring compression plate downward,
compressing the closing spring.

a. Motor Cutoff Switch Assembly
b. Charging Motor

a. Drive PawJ
b. Ratchet Wheel
c. Holding Pawi
d. Holding Pawt Adjusting Eccentric
e. Drive Plate
1. Crank Mn
g. Craak Pin
h. Secondary Trip Latch Adjusting Screw

I. Latch Check Switch
k. Connecting Rod

a. Mechanism Reset Spring
b. Close Bar AdMdng Screw
c. Motor Cutoff cam
d. Motor C" Switch Opomfing Arm

a. Close Latch Arm
b. Close Latch Shaft

The ratchet wheel will drive the cam shaft so that the
connecting rods go down to their lowest position and then start
to move upward. At a certain point, the spring force will
overcome friction and resistance and start to rotate the cam
shaft. At the same time, the pawls are uncoupled from the
ratchet wheel and the motor cutoff switch is operated. The
motor cutoff switch located on the right of the mechanism is
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figure e. Main Operating Mechanism - Right Oblique View

FIgure 4. Charging Motor and Motor Cutoff Switch

Figure 5. Main QperaBng Mechanism - Left Oblique View

Figure 7. Cfose Latch Arm Engaging Close Latch Shaft
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0
211*
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a

c. Breaker Open - Spring Discharged

Figure 8. Cam and Fundemsnh! lbrlaage Positions

operated by the spring charge flag failing Into the spring
charge cam (Figure 6). The sprkjg charge flag will now show
that the mechanism is charged. The cam shaft would continue
to rotate, except that it is restrained by the close latch arm
engaging against the close latch shaft (Figure 7). The main
operating cam located between the mechanism side sheets is
now in a position where the main drive linkage can move to
the reset position (Figure tia).

When the close latch is released, either under the action
of the closing solenoid or the manual close plate, the closing
spring pub the cam shaft around, and the main closing cam
moves the main linkage into the closed position, The main
linkage rotates the center lover of the drive lack shaft. The lack
shaft has 3 downward-pointing paks of levers to which are
attached the operating rods. The operating rods,which are
apprcodmately horizontal, are moved towards the vacuum
interrupter by the rotation of the jack shaft (Figure 1, Page 2).

At the and of the operating rods remote from the Jack shaft
levers is a recess which encloses the contact loading springs.
At the end of these sprirtgs, remote from the operating rod, is
located the spring yoke which connects with the bell crank
levers (Figtu'e 9). The spring yoke is restrained by a lock nut

on a stud which, passing through the contact loading spring,
is attached to the operating rod. The contact loading spring
has initial compression such that as soon as the vacuum
Interrupter contacts touch, they are loaded by a force sufficient
to resist their separation under the highest electromagnetic
forces exerted by the rated short circuit current.

Further movement of the operating rods compresses the
contact loading spring even more and produces a gap
between the face of the spring yoke and the lock nut. This
gap will reduce as the vacuum interrupter contacts erode,

The bell crank levers, which are located on the outside of
the bottom primary disconnect bars, are supported on a hinge
pin bridging the bars and are connected to a drive pin which,
passing through a slot In the disconnect bars, bridges the bell
cranks and engages an extension to the vacuum interrupter
moving stem. The bell cranks give an approximate 3 to 1
multiplication of the contact loading spring force which permits
reduced spring force and enables a low rate spring to be used.
They also multiply the contact movement of approximately
0.625 Inch by a factor of 3 so that the mechanism linkages
have relatively large movements and are less critical.
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In the linkage positions shown in Figures 8b and ad, the
contact loading springs and the main opening springs are both
acting to compress the three (3) main mechanism links (Figure
10).

a Interrupter
b. Upper Main Horizontal Primary Disconnect 8"
c. Lower Main tlorfzonta,rPrimary Disconnect Sara
d. Operating Pin
a. Sliding contact Finger Assembly
1. Finger Holding Screws
g. finger Assembly Mounting Clip
h. Beg Crank
1. Operating Rod
k. Upper Contact Block Soft
I. Vertical Connector Bar Attachment Boks

The linkage is restrained from movement by the secondary
trip prop acting on the primary trip prop roller. The component
of force tends to make the primary trip prop move upward,
but It Is restrained by the secondary trip prop face acting on
the primary trip prop roller. The clearance between the primary
trip prop roller and the secondary trip prop is controlled by the
primary trip prop adjusting screw. When the trip shaft Is
rotated by the action of the manual trip plate or the electric trip
solenoid, the secondary trip prop moves down and permits the
primary trip prop to move upward, thus permitting the main
linkage to move upward and the jack shaft to rotate, opening
the breaker. The jack shaft extends from the left to the right
side of the breaker frame and is supported at the main breaker
frame side sheets and by the mechanism side sheets where it
is clamped by hook piates. The two outer operating rod levers

on the jack shaft have connections to the breaker opening
springs (Figure 3). A projection of the left lever engages a
shock absorber which controls the rebound of the interrupter
contacts on opening operatkxtis. An extension of the jack shaft
projects through the left breaker side sheet and operates the
MOC switch drive.

With the standard electrical control scheme, as soon as
the closing springs are discharged on a closing operation, the
motor Is switched on to recharge the springs. This leaves the
main closing cam in a position where the tripped linkage can
reset under the action of the reset spring (Figure 8d), and the
primary and secondary trip props can fall Into the reset
position. The reset spring stretches between an extension of
the main cam roller pin and a spring support pin kmated on
the left mechanism side sheet. The trip- latch check switch
operated by a lever on the trip shaft will now close (Figure 5).

a. Secondary Trip Prop Adjusting Screw
b. Trip Bar
c. Secondary Trip Latch
d. Secondary Linkage Roller
e. Main Cam Roller
1. Reset spring
g. Card Shaff
h. Maki Drive Cam
J. Center Phase Operadag Lever
k. Maki Jack Shaft
I. Primary Trip Prop Roller
m. Primary Trip Prop Adjusting Screw
n. Primary Trip Prop
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Flgure 9. Intenupter and Operating Rod Mechanism

Figure 10. Mechanism and Trip Llnkages
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C. LEVERING-IN DEVICE the circuit breaker is completed.

The breaker Is moved between the disconnected and
connected positions by the levering-In device. This consists of
a shaft which Is supported by the breaker frame aide sheets,
and which has a crank arm at each end (Figure 1), Rollers
attached to the crank arms engage vertical slots In plates
attached to the cell and rotation of the shaft causes the breaker
to move in and out of the breaker housing. The ievering-in
shaft supports a worm wheal at its right and just Inside the
right breaker skis sheet (Figure 11). The worm wheel is
rotated by a worm gear on a shaft which is terminated in a
hexagon drive nut attached by a shear pkt. The shaft points
In a direction from the front to the back of the breaker. This
hexagon shaft has a threaded portion carrying a threaded
plate. As the shaft is rotated, the threaded plate moves along
the worm shaft until it encounters either a front or a back
sleeve attached to the shaft and further rotation of the worm
shaft Is prevented. At this time, the position Indicator on the
front of the breaker will indicate that the breaker Is either in the
connected or disconnected position. A socket-head bolt
mounted on the left side sheet serves as a backup to the
threaded plate, provkfing a positive stop to left crank arm.

The second purpose is to Insure that the control circuits
cannot be broken when the breaker Is In the connected
Position and the breaker cannot be moved from the connected
position unless its main contacts are first opened.

This Interlocking is achieved by means of a shutter over
the levering-In worm shaft and an Interlock bar attached to the
secondary disconnect piug.

Access to the hexagon drive nut on the levering-in device
is restricted by a shutter on the front panel of the breaker
(Figure 11), This shutter is pivoted on the breaker frame and
has a projecting pin which engages a slot on a cam on the
levering-In shaft. This particular cam has two (2) slots
arranged so that the shutter can only be in its upward position
when the tevering In cranks are in the connected, test or
disconnected position. The shutter cannot be moved
downward until the trip plate is pushed inward and the
secondary disconnect plug is inserted. Pushing the trip plate
Inward moves one prop out of the way of the shutter. Insertion
of the secondary plug pushes the blocking plate backward
and rotates a second prop out of the way of the shutter. Then,
downward movement of the shutter causes a lover operating
In parallel with the shutter to move downward, and a projecting
pin on this lover disengages a second cam located next to the
shutter cam. Downward movement of the lover moves a boll
which locks the secondary disconnect plug In its connected
position. The second cam has only one slot and the lover can
only move upward when the levering-In shaft Is in the
disconnected position. To summarize the action of the
levering-In Warlocks; the worm gear shaft shutter cannot be
depressed until the breaker Is tripped by pushing on the trip
plate and the secondary disconnect plug is inserted,
Downward movement of the shutter causes its interlock pin to
move out of its cam plate. It also pushes a locking bolt down-
ward to lock the secondary disconnect plug in position. The
bolt cannot return upward in any other position than disconnect
because it Is restrained by a cam having only one slot.

F7guie 11. Levering-in Mechanism and Intedwks
a. Leverlrrg-!n Shaft (not shown)
b. won" Wleet
c. lntedock Cam
d. Worm Gear
a. tntodw* Plates
L TrareNirrg Nut P/are
g. PosiBon Indicating Rod for ElecGrics! Levering-In Device
h. Access Shutter for Le►rerfngrn Ddve Shaft

D. INTERLOCKING

The first purpose of the irrterkacks Is to Insure that a
breaker cannot be moved from the disconnected to the

} connected position unless the main breaker contacts are open
and the secondary control circuitry from the compartment to

E. SHUTTERS

In addition to moving the breaker in and out of the breaker
connected position, the crank arm rollers sliding in the slots In
the plates on the breaker housing operate the shutters over the
prlmary disconnects In the switchgear cell. Downward
movement of the rollers in the slots move the shutters before
there is any movement of the breaker toward the connected
position.

F. BREAKER POSITION INDICATORS

The breaker position indicator is visible through an
opening In the front cover. The flags Indicate whether the
breaker is In the connected or the disconnected position.

^^.^. .....^-^^^. - ^ ^ ... ^... ^ . .^^^^ .^ .^^.^.^.. .
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When the 't3REAKER CONNECTED' Indicating arrow is
opposite the center mark, the circuit breaker is in the fully
connected position. Do not attempt to turn the levering-in
crank further clockwise once this point Is reached. Excessive
force applied to the levering-In mechanism may result In
damage to the equipment or injury to the operator. When the
"BREAKER TES'T(DISGONNEt :TEO' Indicating arrow is opposite
the center mark, the circuit breaker Is In the fully disconnected
position, which Is also the test position. Do not attempt to turn
the levering-In crank further counter-clockwise once this point
Is reached. In positions other than the fully connected or
disconnected, the position indicator does not give a reading
(Figure 2).

G. VACUUM INTERRUPTER CONNECTIONS

Connection to the vacuum Interrupter stems Is made by
means of hard copper blocks. The top stem of the interrupter
is threaded, and a copper block Is screwed onto this stem.
This block Is bolted to riser plates, which are In turn bolted to
the upper primary disconnect arms of the circuit breaker.
Another hard copper block is clamped to the bottom or
moving stem of the vacuum Interrupter. Bridge contacts make
contact with this block and the lower primary disconnect arms.
The multiple parallel paths of the bridge contacts keep the
current density low.

H. OPERATING SOLENOIDS

The closing solenoid located under the middle of the
mechanism is attached to the breaker floor pan by two screws
accessible from underneath the breaker (Figure 3).

The shunt trip solenoid Is to the left of the mechanism and
Is supported from the bottom frame channel (Figure 3).

Either a second shunt trip solenoid or an undenrdtage trip
device may be furnished as an option. When furnished, either
of these devices is to the right of the mechanism and is
supported from the bottom frame channel (Figure 12). Only
one of these two auxiliary trip devices may be furnished on any
one circuit breaker, as both types are located in the same
space.

J. THE ANTI-PUMP RELAY

The antl-pump relay Is located on the breaker frame to the
left of the left connecting rod and is held by two screws
(Figure 3).

1G MOTOR CUTOFF SWITCH

The motor cutoff switch, which Is located at the right of the
mechanism, Is attached to a bracket which is bolted to the
breaker floor pan (Figure 4).

L. VACUUM INTERRUPTERS

All vacuum interrupters used In the circuit breakers
covered by this Instruction book are the same size and
appearance, but different ratings differ In their Internal
construction. Each vacuum Interrupter bears a label to indicate
its part number. Vacuum Interrupters must be replaced only
with new Interrupters of the same part number.

M. SECONDARY DISCONNECT PLUG

Control power is transferred from the switchgear to the
circuit breaker by means of the secondary disconnect plug and
umbilical cord attached to the switchgear. This arrangement
makes the secondary connection visible In all positions of the
circuk breaker.
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IV. INSTALLATION

A. RECEIVING

Figure 13 shows the breaker enclosed In the carton used
for shipment. Check for signs of damage. If damage Is found
or suspected, file claims as soon as possible with the
transportation company, and notify the nearest representative
of Powell Electrical Manufacturing Co.

The carton Is attached to the shipping skid by two metal
bands. Remove these bands and lift the carton off the circuit
breaker. The breaker Is attached to the skid by two more
metal bands. When these are removed, the breaker may be
removed from the shipping skid.

In some swltchgear equipment, circuit breakers located In
lower calls may be shipped in the swkchgear, unpacked. The
breaker will be In the disconnected position. it will be bolted
to the cell fkxx by use of a shipping angle. The horizontal log
of this angle is bolted to the cell floor, using two cell tie-down
bolts, and the vertical leg Is bolted to the front of the circuit
breaker using the two lower cover mounting bolts (Figure 14).
Remove these four bolts, discard the shipping angle, and
replace the four bolls.

B. HANDLING

The breaker can be handled by a fork lift truck If care Is
^ taken to avoid components located under the breaker floor

pan. Those components are the breaker coding plate and the

ground contact The forks on the truck should be set for a
dimension over the forks of 28 Inches. The forks should then
ride under the wheel Was (Figure 15). The breaker can be
Ned by an overhead crane using holes which have been
provided for hooks at the top of the breaker frame side sheets
(Figure 16).

C. STORAGE

It Is recommended that the breaker be put Into service
Immediately in its permanent location. If this Is not possible,
the following precautions must be taken to assure the proper
storage of the breaker

(1) The breaker should be carefully protected against
condensation, preferably by storing it In a warm dry
room of moderate temperature, such as 40°-1000F,
since dampness has an adverse effect on the
Insulating parts. Circuit breakers for outdoor metal-
clad swRchgear should be stored In the equipment
only when power is available and the heaters are In
operation to prevent condensation.

(2) The breaker should be stored In a clean location, free from
corrosive gases or fumes. Particular care should be taken
to protect the equipment from moisture and cement dust,
as this combination has a very corrosive effect on many
parts.

(3) tJnpiated surfaces of rollers, latches, etc., of the
operating mechanism should be coated with grease
to prevent rusting.
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If the breaker is stored for any length of time, it should be
Inspected periodically to see that rusting has not started and
to insure good mechanical condition. Should the breaker be
stored under unfavorable atmospheric conditions, It should be
cleaned and dried out before being placed in service.

D. PUTTING INTO SERVICE

Before shipment from our factory, all breaker functions will
have been thoroughly checked. It the user wishes to recheck
the operation, we recommend that the check be performed In
the sequence listed below:

(1) High voltage Insulation Integrity.
(2) Vacuum Integrity in the Interrupters.
(3) Control voltage insulation Integrity.
(4) Mechanical operation of the mechanism.
(5) Electrical operation of the mechartism.
(6) Levering-In device

(1) High Voltage Insulation Integrity

To check insulation Integrity, the AC high potential test (
described below Is strongly recommended. DC high potential
testing is not recommended except for the Vacuum interrupter
Integrity Test.

Caution: If DC high potential testing Is required, the DC high
potential test machine must not produce peak voltages
exceeding 58kV.

The circuit breaker insulation should be tested with the
circuit breaker in the -CLOSED- position. Test each pole of the
breaker separately, with the other 2 poles grounded. Perform
the one minute low frequency withstand test described in ANSI
Standard C37.20.2-1987, 5.21 and 5.21.1, at the voltage level
appropriate for the equipment, 14kV for circuit breakers rated
4.16kV or 27kV for circuit breakers rated 13.8kV.

This test will have checked all of the support insulators,
and also the primary phase-to-phase insulation.

Caution: Remove all grounding conductors applied for this test
before placing the breaker back into service.

(2) Vacuum Integrity

Vacuum Interrupters used In Powl-Vac circuit breakers are
highly reliable interrupting elements. Satisfactory performance
of these devices Is primarily dependent upon the integrity of
the vacuum in the chamber and Internal dielectric strength. ^
Both these parameters can be readily checked by a high
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potentiai teat.

The test of the vacuum Interrupter will determine its Internal
dielectric condition and vacuum integrity. With the breaker
open and removed from the cell, apply the high potential
across each intenupter separately. It is recommended that the
herphase barriers be in place during this test to prevent
phase-to-phase breakdown. Connect the 'hot' lead of the test
source to the upper stud of the pole under test and the ground
kW to the lower stud. If the test supply Is center-point
grounded, the connections may be made either way. Apply
36kV rms 60 Hz or 50kV do and hold for a minimum of five (5)
seconds. If no breakdown occurs the Interrupter Is in
acceptable condition. If a breakdown occurs the Interrupter
should be replaced.

No attempt should be made to try to compare the
condition of one vacuum Interrupter with another nor to
correlate the condition of any Interrupter with low values of dc
leakage current. There Is no significant correlation.

After the test potential Is removed, discharge any electrical
charge that may be retained.

(3) Control Voltage Insulation integrity

If the user wishes to check the Insulation Integrity of the
control circuit, it may be done with a 500 volt or 1000 volt
Insulation tester or with an ac high potential tester. The ac
high potential test should be made at 1125 volts, 60 Hz, for
one mtnute. The charging motor must be disconnected at Its
connection plug prior to testing the control circuit. The motor
Itself may be simllarly tested at a voltage not to exceed 675
volts, 60' Hz. Be sure to remove any test jumpers and
reconnect the charging motor when the tests are complete.

(4) Mechanical Operation Check

in normal operation, the contacts of the vacuum
Interrupters cannot be closed unless the secondary disconnect
plug Is In position. To check the breaker outside of the
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compartment, it is necessary to simulate the connection of
secondaries by Inserting the secondary test connector in the
slot below the fixed secondary contacts (Figure 17). This
device must be removed after testing and before the breaker
is Inserted Into the cell. An Interference plate will deter
Insertion of the circuit breaker Into the can with the test
connector In place. The manual charge lever should now be
Inserted Into the manual charge crank and pushed down until
a metallic click Is heard. This indicates that the holding pawl
has dropped Into place on the ratchet wheel. Lift the lever until
It Is horizontal and than depress. The procedure is repeated
until the spring charge flag indicates that the close spring is
now charged. This requires about 60 operations of the handle.
Remove the handle. Push the round blue 'PUSH TO Ct,t?SE'
plate and the breaker will close. The flag located above the
'PUSH TO CLOSE' plate will now read "CLOSED•. Push the
round red trip plate located at the top of the escutcheon and
the breaker will open as Indicated by the breaker condition flag.

resistance that further force should not be exerted. In this
position, it Is possible to remove the socket from the shutter
aperture and the shutter will spring bark to the closed position.
It will not be possible to remove the secondary test connector.

Once again, push the trip plate, depress the levering-in
shutter, Insert the crank or socket and rotate In a counts(.
clockwise direction until the levering-In cranks are once more
In the fully withdrawn position and the indicator Indicates
'DISCONNECTED'. With the crank arms in this position, it will
be possible to remove the secondary test connector.

The above procedure will have checked out the levering.
In device and its associated Interlocks.

E. INSERTING BREAKER INTO
SWITCHGEAR EQUIPMENT

(5) Electrical Operation

To check the electrical operation of the breaker, a jumper
cable must be used. First, remove the control fuses in the
compartment. Connect the jumper cable to the umbilical cord
in the compartment and to the breaker. Insert the fuses. The
motor mechanism will automatically charge the stored energy
closing springs. Operation of the closing switch on the front
door of the compartment will cause the breaker to close. The
circuitry Is arranged to cause the motor to operate again and
charge the closing spring. Operating the electrical trip switch
on the front door will cause the breaker to open. Alternately,
the breaker may be connected to a test cabinet to perform
these functions.

(6) Levering-In Device

'With the breaker removed from the cell and the secondary
test connector In place, the operation of the levertng-irt device
Is checked by first pushing the trip plate and moving the
levering-In shutter downward to give access to the 0.75'
hexagon worm shaft. It should be noted that this shutter
cannot be moved downward unless the trip plate Is pressed
to insure an open breaker and the secondary connector or
secondary test connector Is Inserted. Insert the levering-In
crank provided or a standard 3/4 Inch socket onto the hex
shaft. The levering-In crank arms at the side of the breaker
should point In the direction of the main disconnects and the
position indicators on the front cover should Indicate
'DISCONNECTED'. Rotate the hex worm shaft In a clockwise
direction. The crank arms will move downward and rotate until
the position Indicator reads 'CONNECTED'. Further rotation of
the hex shaft is prevented by a threaded plate moving on a
threaded portion of the hex shafL Once the Indicator reads
'CONNECTED' and Indicating arrow Is opposite to the central
indication mark, the levering-In mechanism will have reached
the end of its travel and it will be obvious by the amount of

Refer to the metal-dad swltchgear Instruction book for
general Information and cautions before attempting to Insert a
circuit breaker into the switchgear equipment. Be sure that the
levering-In crank arms at the skies of the breaker point in the
direction of the main disconnects and the position indicator
reads 'DISCONNECTED'.

Each circuit breaker and each coil is provided with a
coding plate designed to ensure that no breaker with less than
the required voltage, continuous current or Interrupting current
rating is placed In any cell. If you attompt to insert an
Improperly rated breaker into aceil, these coding plates will
interfere with each other and deter the Insertion. The
interference will occur before the breaker reaches the
disconnect position. DO NOT attempt to force the breaker
past this interference or remove the coding plate from either
the cell or the, breaker. Remove the Incorrectly rated breaker
and Insert the proper breaker.

To insert a breaker Into a lower compartment, first align the
wheats with the housing floor pan channels. Then roll the
breaker Into the housing until the levering-In arms contact the
levering-in cam plates in the cell. At this point, the rollout latch
on the lower right side of the breaker will have engaged the
stop In the cell, deterring removal of the breaker from the celt.

To insert a breaker into an upper call, a lift truck is
required. A detailed procedure for this operation Is described
In the Instruction book for the metal-clad switchgear equipment,
IB-51000.

To move the circuit breaker to the 'CONNECTED' position,
first plug In the secondary disconnect device Into the circuit
breaker. Then push in the trip plate and move the levering-In
shutter down. Insert the levering-In crank onto the hex shaft
and rotate the crank clockwise. When the breaker Is being
inserted Into the compartment, the force needed to rotate the
crank will be low at the beginning of motion when movement
of the crank arms Is only opening the shutters; however, as the

^^^^YI M 1 I ^^Y^II^^1 II ^ I I I YIY^
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breaker moves into the compartment, the breaker main
disconnect contacts will engage the fixed stabs located in the
spouts and the force required to rotate the crank will Increase
appreciably. This Is normal and as soon as the contacts are
fully engaged, this force will decrease. Further rotation of the
crank will cause the breaker to move further into the
compartment ensuring wipe or overlap of the main disconnect
contact and rotation of the crank clockwise can continue until
the indicator flag reads 'CONNECTED'. At this point, DO NOT
attempt to rotate the crank clockwise further or damage to the
mechanism could occur. Once the breaker has reached the
"CONNECTED- position, remove the levering-in crank and allow
the levering-in shutter to return to its normal closed position.
The circuit breaker Is now ready for service.

The maximum force required on the levering-In crank for
normal Insertion of a circuit breaker will not exceed 65 lbg.
Excessive force may damage the circuit breaker or the
swltchgear equipment.

To move acircuit breaker from the 'CONNECTED" position
to the •DlSCONNECTED' position, first trip the circuit breaker.
Then push In the trip plate, move the levering-In shutter down,
and Insert the levering-In crank. Rotate the crank counter-
clockwise untli the indicator flag reads "TEST/DISCONNECTED".
At this point, DO NOT attempt to rotate the crank further
counter-clockwise or damage to the mechanism could occur.
The circuit breaker Is now In the 'TEST• position and may be
operated electrically to test the operation of the breaker and/or
its control circuits without completing the primary circuit.

To remove a circuit breaker from its cell, pull out the
secondary disconnect plug and stow it on the clip provided in
the cell. Removing this plug will cause the closing springs to
discharge. If the breaker Is in a lower cep, depress the rollout
latch handle at the lower right side of the breaker so that the
latch clears the stop on the housing floor plan channel. Then
roll the breaker out onto the floor. If the breaker is In an upper
coil, rotor to instruction book IB-51000 for the metai-clad
swkchgear equipment for a detailed procedure for removing it

F. POWER RACKING DEVICE

A motor-driven racking device is available as an optional
accessory (Figure 18). When furnished, it is used as follows:

To connect the breaker
insure that breaker Is fully inserted into cell and that

levering-in crank arms are in correct position relative to hook
plates. Remove 1/420 cover bolt from right side of front cover
(Figure 2). Open levering-In access shutter by first pushing
breaker trip plate and then moving shutter downward. Insert
power racking adaptor stem (Figure 19) onto hexagonal
racking shaft. Grasp the power racking device by the top
lifting rod and place over the right portion of the front cover
top flange (Figure 2D) so that the hook portion of the racking
device matches the cutout at the back of the flange. The

racking device can now swing downward and the locking
screw can be inserted into the hole from which the front cover
holding screw was previously removed. Finger tighten the
screw so that the racking device is flush with the breaker front
cover (Figure 21). The extension cable of the racking device
can now be extended so that the control box Is In the required
operating location. A 25 ft. length of cable is supplied as
standard. The control box needs a 120 V ac supply to operate
the racking device. To inset the breaker, switch the two
position control switch to the 'in' position and push the switch
downward. The breaker will commence its movement into the
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breaker connected position and the movement will
automatically cease when the breaker is fully connected To
remove the power racking device, first remove the power
supply to the control box and then unscrew the locking screw
on the front of the power racking device. The device can then
be Mod off the breaker front cover by swinging the bottom end
away from the cover and lifting the device over the flange of
the breaker cover.

To operate the breaker, the power racking adaptor sleeve
must be removed to permit the shutter to move upward thus
removing the trip safety feature from the mechanism. Replace
the adaptor sleeve In Its mounting clip on the side of the

power racking device and replace the cover screw. The
breaker Is row ready for normal operation.

To remove the breaker
Use the same procedure as for connecting the breaker,

except the power racking remote control switch should be
switched to the -our position before pushing the switch
dowrnKard. The motor will automatically stop when the breaker
Is fully withdrawn.

Caution: If the control switch is not held down until the breaker
is either fully connected or fully withdrawn and the power rack-
Ing device is removed, operation of the breaker will not be
possibfe because the levering-In shutter will not return to its
'up' position releasing the trip safety Interlock.

V. MAINTENANCE

A. GENERAL

(1) Introduction

A regular maintenancw schedule should be established to
obtain the best service and reliability from the circuit breaker.
i'owl-Vac circuit breakers are designed to comply with Industry
standards requiring maintenance every 2000 operations or once
a year, whichever comes first.

Actual Inspection and maintenance will depend upon
Individual application conditions such as number of openallons,
magnitude of currents switched, desired overap sysiem
reliability and operating environment. Any time the breaker Is
known to have lnterrupted a fault current at or near its rating it
Is recommended that the breaker be Inspected and necessary
maintenance be performed as soon as Is practical. Some
atnospheric conditions such as extremes of dust and moisture
or corrosive gases might indicate inspection and maintenance
at more frequent Intervals than 2000 operations. Very dean
and dry conditions combined with low switching duty will Justify
longer times between inspection and maintenance operations.
With expylence, each user can set an Inspection and
maintenance schedule which Is best suited for the particular
use.

A permanent record of all maintenance work should be
kept, the degree of detail depending on the operating
conditions. In any event, it will be a valuable reference for
subsequent maintenance work and tor station operation. It Is
recommended that the record Include reports of teat, made,
the condition of breakers and repairs and adjustments that

nu^.^.rnr^^ri^^..n^^rrr.r.

14 POWELL ELECTRICAL MANUFACTURING COMPANY, HOUSTON, TEXAS, USA
78

77

t7gwe 20. PlecMg Power ftcft Device on Circuit Breaker

Flgurs 21. Power AacJdhg Device In Place on Circuit Breaker



C
were made. This record should begin with any checks done
at the time of installation and energizatfon.

Because of extensive quality control checks made at the
factory, the operations counter on a now circuit breaker MR
normally register over a hundred operations. The actual
reading of the operations counter should be recorded when the
circuit breaker Is put Into service and whenever any
maintenance Is performed.

Before attempting any maintermm work, take note of
safety practices outlined In Section II of this boat.

MAKE CERTAIN THAT THE CONTROL CIRCUITS ARE DE-
ENERGIZED AND THE BREAKER IS RESTING SECURELY
OUTSIDE THE SWITCHOEAR HOUSINII DO NOT WORK 014
A CLOSED BREAKER OR A BREAKER WITH THE CLOSING
SPRINGS CHARGED.

(2) Inspection and Cleaning

Give the broker a visual check for loose or damaged
parts. Tighten or replace loose or mining hardware. Any part
damaged so as to Interfere with normal operation of the circuit
breaker should be replaced. This Inspection will be much
easier if the front cover and Irderphase baffler assembly are
removed

Chen the breaker, removing loose dust and dkt. Do not
use an air hose to blow the breaker out; this may result In
loose dirt or grit being blown Ihto bearings or other critical
parts and causing excessive wear. Either use a vacuum
cleaner or wipe with a dry lintdree cloth or an industrial-type
Wiper

Primary kmufatiart, Including the Intern»pter supports and
the operating rode, should be cleaned also. Wipe clean with
a dry flnt-free cloth or an kdustrtel type wiper. If dirt adheres
and will not come- off by wiping, remove it with distilled water
or a mild solvent such as denatured alcohol. Be sure that the
broker Is dry before returning it to service. Do not use any
type of detergent to wash the surface of the Insulatora, as
detergent may love an electrical cmkftV residue an the
surface as it drls.

B. MECHANISM AREA

(1) Mechanical Operation

Remove the circuit breaker front cover, exposing the
mecfienism. Make a careful visual Inspection of the mech-
anism for kaoac, damaged or excessively worn parts. Operate
the breeker'severat times manually.

Operate the lavering-In mechanism through one or two
comp(ete cycles and check for smoothness of operation. it will

- ---rrnn^^nr^wrr_nnn w
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be necessary to Insert the secondary test conned" Into the
secondary disconrkect receptacle to perfomt this operation.

See the sections headed 'Mechanical operation Checks'
and 'Levering-in Device' under 'the heading PUTTING INTO
SERVICE for further InformatiorL

(2) Lubrication

Lubricate the mechanism and other specified parts In
accordance with the lubrication chad, Table I, Page 16.

The chart shows the location of all surfaces which should
be lubricated together with the type of lubricant and method of
application. The guiding rule In lubrication should be to
lubricate regularly, use lubricant sparingly and remove all
excess lubrk•.ant.

Anderol 757 Grease should be lightly applied to those
bearing surfaces which are accessible and a light synthetic
machine all such as Mobil 1 should be used to penetrate
through to surfaces which are inaccessible. The mechanism
should be In the open, spring dWuqpd position for
tubricalion. Thee Is no necessity to disassemble the
mechanism for lubrication. lifting the breaker will facilitate the
entry of the lubricant to the bearing surfaces.

(3) Closing Spring Removal and
Slow Closing of Mechanism

Disassembly of the mechanism Is not required for routine
iutirication; however, for major overhaul, removal of the closing
spring Is necessary. Removal of the spring permits slow
closing of the vacuum Interrupter contacts. The procedure for
spring removal Is as follow&*

With closing spring discharged and breaker contacts open,
remove the screw at the top of the spring rod together with the
flat washer and lock washer. Remove the right-angle bracket
by unfastening the two attachment screws. Remove the spacer
from below the bracket Turn the bracket 90° and replace it
on top of the spring yoke. Place the spacer on top of the
bracket with the flat washer above It. Insert screw and screw
down until tension Is taken off the connecting rods (Figure
22). The connecting rods can now be unhooked from the
spring yoke pins and the sprft assembly removed. Care
should be taken on reassembly to insure correct location of the
flat washer, lock washer and spacer. See Figure 23.

With the main spring assembly removed, rotate the cam
shaft so that the crank am are pointing downward. The main
linkage will now move Into the reset position. Push the 'PUSH
TO CLOSE' plate and hold in while operating the hand charge
lever to rotate the cam shalt Once the close release latch arm
Is past the ckoee shalt latch plate, the "PUSH TO CLOSE' plate
may be released. As the main cam engages the main linkage
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Table I. Circuit Breaker Lubrication
L.occRon Lubricant Method

LYcttkal Parh

Yai^ Primary lbbiigreaee 28 lfrpe dean Apply hibricont
Oitcannect FinQen to octuat contaat aarfaa.
^ Contact {IO^Ivyaaa 28 With CIea) and

^amod
f ^

AM ^^M̂apt fnyera.contact
medlanw Pork

Jakft-In h.dn
Worm and Wheel ArwMrol 757 Crwaa Feed rem bdwm worm

and wlleel rlrla retafinq warm
Shaft between 63r:ow4m
aid connected poskbm

Worm ShoR Beai a YoOi 1 Uaehine 01
-In SAoft MW I Yadune 9

5u
lereriV-dn C=k Mali I Yocbine Oi Tii deminy broaYef sideway
Mn Rollers and roteftr roler slip Wk aft

Btlt! Habil I Machine pi ^ e^0 er^a^
IuMS^

Camnlafi Meeda Mali I Machine al
aminp
Cta* Find W W 1 iroddee OR
Sprirg Yake Pina Ma6Y 1 Od1
Rachd Wheel mom I Machine Oi
Pouts

-
Mob1 I AbeAim Qi

Gvww
Qat" mm at

MdA I uoa,he ca
.beblwR lever Pins Mobil I Wabne 08 Arold IubdeaM on pair rode.
=t9 Tlaough NO

roller, the ]ackshatt will convnence to rotate. Continue to
operate the hand charge lever until the crank arms point
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gap between the contact overtravel nuts and the contact spring
yokes. See Figure 25.
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(4) Mechanism Adjustments

Several factory adjustments in the mechanism are
described below. No adjustment of these settings Is required
for routine maintenance, but they may need to be adjusted
after major overhaul or removal of the mechanism. DO NOT
ADJUST THESE SETTINGS UNNECESSARILY.

A. Adjustment of Ratchet Wheal Holding Pawl

The ratchet wheal holding pawl (c, Figure 5, Page 4)
is adjusted by an eccentric cam (d, Figure 5, Page 4). If
the pawl is not properly adjusted, there will be a'knocking'
noise when the ralcheting mechanism Is operating, or the
mechanism will not ratchet at all. To adjust the pawl,
remove the escutcheon to gain access to the head of the
boll holding the eccentric cam. Loosen the bolt slightly.
While charging the spring using the charging motor to
drive the mechanism, grip the eccentric cam with a pair of
slip-Joint pliers or a skier tool and rotate the cam slightly
until the ratcheting operation Is smooth. This may require
several charging cycles, as each charging cycle lasts only
a few seconds. When the eccentric cam is properly set,
re-tighten the mounting boft and replace the escutcheon.
Be sure that the escutcheon is reinstalled on the proper
circuit breaker, since the escutcheon contains the
nameplate with all the breaker's rating and serial number
informatkxt.

B. Adjustment of Primary and Secondary
Trip Latches and. Latch Check Switch

Adjust the secondary trip latch adjusting screw (h,
Figure 5, Page 4) so that the overlap of the secondary trip
prop on the primary trip prop roller Is appnoximately .125
Inch (Figure 10, Page 6). Adjust the primary trip latch
adjusting screw (Figure 10) so that with the main linkage
In the reset position the clearance between the primary trip
latch roller and the secondary trip prop Is 0.030 inch. The
primary trip latch adjusting screw Is accessible from the
rear of the inechanisrn, between the legs of the lower
center phase support Insulator fture 24). With an 0.030
Inch wire gauge between the trip bar lever and the
secondary trip latch adjusting screw, the latch check
switch should be open. With no.gap between the lever
and the screw, the latch check switch should be dosed

C. Adjustment of Close Latch

The close shaft passes through the side sheets of the
mechanism frame at the front of and below the cam shaft.
The left and of the shaft is shaped to make a latch face
and Interferes; with the latch arm which is fixed to the cam
shaft (Figure 7, Page 5). The other end of the close shaft
is on the right skie of the mechanism and a email lever
attached to it Is positioned by an adjusting screw (b,
Figure B, Page 4). With the main dosing spring charged,

P-60000 PtUWL-VAC® Vacuum Circuit Breakers I B-60000

turn the latch adjusting screw inward toward the rear of
the breaker until the latch Is released and the breaker
closes. Unscrew the adjustment screw 2% turns and lock
In position with the locking nut.

(5) Electrical Operation

After any necessary mechanical maintenance and
lubrication are done, operate the circuit breaker electrically
several times to ensure that the ekictrical control system works
properly. See section headed 'Electrical Operetion' under the
'Putting Into Service' heading in this Instruction book.

C. INTERRUPTER AND CONTACT AREA

(1) Vacuum Interrupter Contact Erosion

At each inspecxion, the vacuum Interrupters should be
checked for contact erosion. The breaker must be closed for
this check. Each new vacuum interrupter is set with a gap of
0.250 Inch between the lower contact block and the guide
sleeve. As the contacts erode with use, this gap will decnrase.
When the gap reaches 0.125 inch the Interrupter should be
replaced. See Figure 25.

(2) Sliding Contact Finger Wear

Remove the four socket-head screws holding the sliding
contact assemblies and pivot the assemblies down. Wipe the
lubricant from the surfaces of the lower contact block, the
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fingers and the lower main horizontal primary disconnect bars
and examine these surfaces. The finger locations should
present a burnished sliver contact without copper appearance
at more than one location. If copper is visible at more than
one location per pole, or the silver is torn on the lower contact
block, the Interrupter should be replaced.

The silding contact finger assernblies on the Pawl-Vac
circuit breaker are reversible. Since only the upper ands of the
fingers experience any wipinp action, the wear is normally
confined to that and. If the upper ends of the fingers show
noticeable wear, the finger assemblies should be reversed.
Loosen the bolt holding the rear mounting clip and remove the
finger assembly. Invert the assembly and replace it in the
mounting clips, using the other tie rod to support the
assembly. Tighten the bolt holding the near mounting clip. If
copper is visible at more than one qmlact location on a finger
assembly, that assembly should be replaced

Apply a(fghht cost of Mobilgrease 28 contact lubricant to
both sides of the contact blocks and to the contact areas of
the lower main horizontal primary disconnect bars, then
reassemble the sliding contact fingers.

(3) Mechanical Adjustment of Interrupters

There are several factory adjustments In the Interrupter
area which are described below. No adjustment of these
settings is required for routine maintenance. The dimensions
given below are for new internipters, and all of them will
change during the life of the Interrupter. Adjustment of these
settings will be required after interrupter replacement or ary
major overhaul of the breaker which Involves interrupter or

18 POWELL ELECTRICAL MANUFACTURING COMPANY, HOUSTON, TEXAS, USA
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mechanism removal. DO NOT ADJUST THESE SE7T1NQe.S
UNNECESSARtLY.

a With closed contacts on a new vacuum interrupter,
the bottom of the moving contact block should be
1.25(r±0.042' above the top of the lower main primary
disconnect bara See Figure 25.

b. With closed contacts on a new vacuum interrupter,
the bottom of the pin which co . e bell crsnfcs
to the operating yoke should I
the bottom of the lower main prkn li9^rs.
See Figure 26.

c. With the breaker open, the dimension descrtbed in (b)
should be 0.8751t0.013'.

d. As exptained in the description of the mechanism
operation, when the breaker Is closed a gap Will oft
between the contact koding spring yoke and the nut
on the push rod stud, Figure 26. With a new vacuum
Interrupter, this gap will be between '/z Inch and °/8
Inch. As the contacts erode, the gap will reduce to
about '/s inch.

If it is necessary to adjust any of these dlmansbns, refer
to the procedures for replacing a vacuum Interrupter In the
REPAIR PROCEDURES section of this Instruction book.

(4) Vacuum Integrity

Refer to Page 10 for Information on vacuum Integrity and
testing of Interrupters.

81
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D. OPTIONAL MAINTENANCE
PROCEDURES

(1) High Potential Tests

These tests are not ordinarily required for routine
maintenance, but should be perfotmed after a heavy fault
Irterruption or after the breaker has been in storage for an
extended time, especially In a damp location or other adverse
environment. Both the High Voltage Insulation Integrity and
Control Voltage Insulation Integrity tests should be pertarmed.
See the section Of this Instruction bulletin headed -PUTTING
INTO SERVICE" for detaills of these procedures.

(2) Always specify complete nameplate intormation, including:

a Type
b. Sedal Number
C. Rated Voltage
d. Rated Amps
e. Impulse Withstand
f. Control Voltage (for control devices and coils)

(3) Specify the quantity and description of the part, and IB-
60000. If the part is In the tables of recommended renewal
parts, give its catalog number. It the part Is not in the
tabies, the description should be accompanied by a
marked illustration from this bulletin, a photo or a sketch
showklg the part needed.

(2) Primary Resistance Check

This check Is not required for routine maintenance, but it
Is suggested after any major maintenance that requires
disassembly of any part. d the primary circut except fa the
sliding contacts. This check should be done after Interrupter
replacement.

To check the resistance, pass a minimum of 100A t)C
through the circuit breaker pole with the breaker dosed.
Measure the voltage drop across do primary contacts and
calculate the resistance. This resistance should not exceed 55
micro-ohm for 1200A and 2000A breakers rated 15kV. 500
MVA Class, and t should not exceed 40 micro-ohms for any
other circuit breaker.

When making this test, be sure that the test current passes
through both main horizontal disconnect bas of each pair, or
the resistance measurement Will be affectel. This may be
dons by connecting the current source Weds to two blocks of
full round edge copper 1 Inch thick by S or 4 Inches wide by
4 Inches long, and pressing these blocks Into the upper and
lower disconnects of the circuit breaker. The blocks should be
sliver-or tin-plated to simulate the switchgear cell disconnects.
The voltage drop measurement may be made between these
two blocks.

VI. RECOMMENDED RENEWAL
PARTS AND REPAIR

PROCEDURES

A. ORDERING INSTRUCTIONS

(1) Order Renewal Parts from Powell Apparatus Service
Division (PASD).

(4) Standard hardware, such as screws, bolts, nuts, washers,
etc., should be purchased locally. Hardware used In
bolted Joints of conductors must be SAE Grade 5 or better
In order to Insure proper clamping torque and prevent
overheating of the joints. Hardware should be plated to
deter corrosion.

B. RECOMMENDED RENEWAL PARTS

It Is recommended that sufficient renewal parts be carded
In stock to enable the prompt replacement of any worn, broken
or damttged part. A stock of such parts minimizes service
Interruptions . caused by breakdowns and saves time and
expense. When continuous operation Is a primary
conskieratton, more renewal parts should be carried, the
amount depending on the severity of the service and the time
required to some replacements.

Spare or replacement parts which are furnished may not
be Identical to the original parts, since Improvements are made
from time to time. The parts which are furnished, however, will
be interchangeable. Tables 11, NI and IV list the recommended
spare parts to be carried in stock by the user. The
recommended quantity is not specified This must be
determined by the user based on the application. As a
minimum, It Is recommended that one set of parts be stocked
per ten breakers or fraction thenrot

Table 11. Interrupter and
Sliding Contact Finger Assemblies

:
Rated Rated

^
^^ contact

9trotur Rated ConHn owu Ibmmfary Au
^

AssarNy
^T >tY lumnt kA ^r(3 8 9rsota

5PW250-3 4.76 1200A 58 60149-01 50952-C1
5PM0450-3 4.76 200W 513 60149-C1 50952-01
15PV0500-3 13A 12005. 37 60149-C2 50951-C1
17PV0500-3 15.0 2000A 37 66149-G2 50952-Ci
15PM05011-3 15.0 1200A 58 6014912 50932-G1
15P405014-3 15.4 20005. 58 60149-02 50952-GI

POWELL ELECTRICAL MANUFACTURING COMPANY, HOUSTON, TEXAS, USA 19

82
83



P-60000 POWL-VAC 'a Vacuum Circuit Breakers IB-60000

Table III. Control Devices (1)

v.loke.
CV

snunr snu.t

t;rlz) a1A3)

ur.d.r-

0=i)
C= AM-Pum

, P
24YDC N/A 50041 50042-66 W= 0.4 N/A N/A
4aVDC 50028-Ci 50041-01 50042-01 50026-03 50960-G5 PVKUP1i055-46
12SWC 5002E-C3 50041-C2 30042-03 5002lF-GI 509ti0-C4 PYK1P11053-110
23011DC 50026rC4 50041-03 50042-G4 50028-02 50960-05 PlAtlipi tt155-i t0(5)
120YAC 50025-C1 S0041-C1 50042-C1 N/A 50ABO-G4 PVNIPIIASS-12Q
240101C 50026-C2 50041-CS 50042-C2 N W960-0W960-0 FYKI^i1A5S-24o

^ N/A 50041-C4 5M2-C5 N/A N/A N/A

NOTES FOR TABLE Ill
1. One each required per breaker N breaker was originally

equipped with this ltera. AU breaker* have closing coil, left
shunt tdp. charging motor, and anti-pump relay. Right shunt
trip and undenroka9e device are optional. See notes 2, 3
and 4.

a Standard shunt trip.
3. Secondary shunt trip, where furnished. Cannot be present

with undervoltage devlce.
4. Where furnished. Cannot be present with right-hand shunt

trip.
5. For 25OVDC applications, a dropping testator, 50747-132, Is

required In series with this relays coo.
8. For use with capacitor trip units with 24tWAC Input Consult

factory for other ratings.

Table IV. Miscellaneous Parts
Oly/Bkr Graiption Co" No.

tti Primoq CoMaet Sp^iny Asternbly 50740-CI

^1 Mawr Cutoff SAM An=* 5075G-Ct
Gwnd Shot Fnqer A=wA

2 5P110250-3. 12001 & 2 50952-0
2 15PU0500-3, 12004 & 2000i1 50951-02
2 15AVO5011-3, 120011 & 20004 50952-03
I AudYmry Switch Assembly 10210"

C. REPLACEMENT PROCEDURES

This section includes Instructions for replacing all the parts
recommended as renewal pans. Bafore attempting any repair
work, take note of safety practices outlined in Section q of this
book.

MAKE CERTAIN THAT THE CONTROL CIRCUITS ARE
DE-ENERGIZED AND THE BREAKER IS RESTING SECURELY
OUTSIDE THE SWITCHGEAR HOUSING. DO NOT WORK ON
A CLOSED BREAKER OR A BREAKER WITH THE CLOSING
SPRINGS CHARGED.

(1) Vacuum Interrupter

a Open circuit breaker and discharge dosing spring.
b. Remove knarphase barrier assembly.
c. Remove X washer from one end of the vacuum

Interrupter operating pin, push down on the upper
surface of the moving contact block to relieve any

pressure on the pin, and pull the pin (d, Figure 9,
Page 6). The X-washer can be opened by squeezing
the two projecting tabs with pliers.

d. Remove the four socket-head screws, two on each
We (i, Figure 9, Page 6), holding the sNding contact
asaemblies, and plvot the sliding contact assemblies
down.

e. Unscrew and remove the operating yoke at the lower
end of the vacuum Interrupter (Fi$ure 26).

f. Loosen, but do not remove, the two bolts through the
upper contact block (k, Figure 9, page 6).

Q. Loosen, but do not remove, the four bolts connecting
the vertical bars above the vacuum interrupter to the
upper main horizontal primary disconnect bars.

h. While supporting the vacuum interrupter, remove the
two bob connecting the upper contact block to the
vertical bam

J. Remove the vacuum interrupter.
It. Unscrew the upper contact block from the vacuum

interrupter.
L Check the contents of the replacement vacuum

Interrupter kit. it should contain the following:
1. A vacuum Interrupter of the proper rating, with the

iower COMM block attached. Do not disturb the
attachment of the contact block to the Interrupter.
This critical assembly has been made at the factory.
Attempting to modify it may result In damage to the
vacuum Interrupter stem, making the Interrupter
unusable.

2. Two X washets.
3. Two containers of lubricant, one tacky high pressure

grease Anderol 757, and one contact grease
Mobligrease 2a .

M. Screw the upper contact black onto the upper stem
of the vacuum Interrupter so that 3 to 5 threads of the
interrupter stem Protrude from the top of th$ contact
block This adjustment is not critical at this poK as
it will be gauged later.

n. Install the new interrupter In the breaker by reversing
steps I through e above.

p. Set the height of the interrupter in the breaker by
rotating the.-Ioteropter. Be carom to turn the
Interrupter by its ceramic body. Do not attempt to
turn it by the lower contact block or ft movable
stem, as this might result In damage to the
interrupter's bellows and loss of vacuum. Rotate the
Int"or until the lower Surface of the lower contact
block is 9.25W above the upper edge of the lower
Primaries. See Flgure 25. Then rotate the interrupter
as necessary to position the long edges of the block
Parallel to the lower primaries and the alot In the lower
cortact block at the rear of the breaker. Recheck the
dimension between the lower surface of the contact
bkxk and the upper surface of the lower primaries.
This dimension should be 1.25W:t:0.t)42'.

4 Remove the nut from the bell crank mounting boq and
remove one bell crank.

r. Insert the pin through the operating yoke but not

n^wlw^wi^^rni^w^n ^,^rr^^^wwwn^wwwnrwlww^www^w.w^Awr^wrrww^
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through the bell cranka
a. Set the height of the operating yoke so that the

bottom of the pin Is 1.500ft0.015" above the bottom
edge of the lower primaries. See Figure 25.

t. Remove the pin and reassemble the bell crank.
u. Lubricate the pln with alibera[ coat of the tacky high

pressure grease, Anderot 757, Insert the pin through
both bell cranks and the operating yoke, and place a
new X-washer in the groove of the pIn. Press down
on the upper surface of the contact block to aid In
aligning the pin with the other parts. Tighten the X-
washer by squeezing the two open ends together with
pllen3.

v. Tighten all bolts in the upper contact structure to 45
Ib-feet.

w. Apply a light coat of Mobligrease 28 contact lubricant:
to the left and right sides of the lower contact block
and reassemble the ddng contact fingers.

x. With the circuit breaker open, check the dimension
from the lower edge of the operating pin to the lower
edge of the lower primaries. This dimension should
be 0.875"t0.0159. If this dimension is not correct,
readjust the operating yoke until both the 1.500 Inch
and the 0.875 Inch dimensiona are within tolerance.

y. Close and open the circuit breaker about 50 times to
properly seat the vacuum Interrupter contact surface.
Recheck all dNmenslons, and readjust as necessary.

L Replace interphase barrier assembly.

(4) Shunt Trip Coil Assembly, Left

This assembly is located in the center part of the
mechanism area, just to the left of the main closing spring.
See Figure 3, Page 3. To replace It:

a Remove front cover of breaker.
b. Unplug the trip cod from the wiring hamess.
c. Remove the two bolts holding the trip coil assembly

to the breaker frame and remove the assembly.
d. Bolt new assembly in place and plug it Into the wiring

harness.
a. With the breaker mechanism In the reset position,

check the gap between the trip cop armature and the
trip lever extending from the trip shaft. This gap
should be between 1/4 Inch and 5/16 inch. If
necessary, bend the trip lover slightly to achieve this
setting. See Figure 27.

f. Trip the breaker electrically several times to Insure that
MR Is functioning properly.

g. Replace front cover.

(2) Sliding Contact Finger Assembly

Instructions are given in the maintenance section of this
manual for removing and inverting the sliding contact finger
assembly. Follow these Instructions, but Install the new finger
assembly Instead of re-installing the old one.

(3) Closing Coil Assembly

The closing coil Is located in the lower front center of the
circuit breaker. See Figure 3, Page-3. To replace 111:

a Remove front cover of the breaker.
(5) Shunt Trip Coil Assembly, Right

b. Elevate the breaker so that there 1B at least 6 Inches
This assembly is located in the center part of theof ckrar apace below the bottom pan of the breaker.

mechanism area, Just to the right of the main dosing spring.c. Unplug the cbsing coil from the wire harness.
See Figure 12, Page e. To replace (t: gd. Remove two boli$ holding dosing coil assembly to

base pan and drop the closing coil out of the bottom a Remove front cover of breaker.of the breaker. b. Unplug the trip coil from the wiring harness.S. Insert new dosing coil assembly into the breaker from c. Remove the two bolls holding the trip colt assemblybelow, boil it In place and plug it Into the wiring to the breaker frame and remove the assembly.hamesa. No adjustment Is required.
N TE: It will be easier to remove the trip coil assembly if thef. Close breaker several times electrlcaily to Insure that right hand main operating spring connecting rod iscoil Is functioning property.

removed See section headed 'Closing Springg. Rqplacs front cover.
Removal and Slow Closing of Mechanism' under
Maintenance in this Instruction book for procedures
for removing this connecting rod

....,....^.^. .^ ^ ^.^.^^^.^^ ^..^._
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d Solt now assembly in piece and plug it Into the wiring
harness. No adjustment Is required.

e. Re-assemble spring connecting rod and main spring,
if previously removed.

L Trip the breaker electrically several times to k"ure
that the coil Is functioning propariy.

g. Replace front cover.

(6) Undervoltage Device Assembly

This assembly Is located In the center part of the
mechanism area, just to the right of the main closing spring.
See Figure 28. To replace It

a. Remove front cover of breaker.
b. Remove right hand main operating spring connecting

rod. See section headed 'Closing Spring Removal
and Slow Closing of Mechanism" under Maintenance
In this Instruction book for procedures for removing
this rod.

c. Unplug the undervoltage device from the wiring
harness.
Remove the two bolts holding the undervoNage device
assembly to the breaker frame and remove the
assembly.

e. Bolt now assembly In place.
f. Re-assemble the main operating spring connecting

rod
g. While the undervoltsge device has been tested at the

factory, it is necessary to check and possibly adjust
Its settings once it has been assembled to the circuit
breaker. This will require a variable voltage DC source
capable of output of from 40% to 100% of the DO
rating of the undervokage device. Connect this
source to the terminals of the undenroliage device
coN.
Apply a DC voltage of 80% of the undervoltage coil

h.

rating. The undervottage device should pick up and
allow the breaker to close. Close and trip the breaker
several times, using manual or shunt trip, to be sure
that the vibration of breaker operation does not cause
the undervokage device to drop out Improperly. If the
device does drop out during this test, rotate the knob
at the bottom of the device to the right In 118 turn
steps until the proper operation Is obtakted. This
adjustment may be fine turned by bending the tab at
the base of the beam spring up In 1/16 Inch steps.
See Figure 29.
Check dropout of
undenroltage device by
reducing test voltage to
52-56%. The
undervoltage device
should drop out and
cause the breaker to trip
in this voltage range. If 11 11
dropout voMage Is too
koK bend the tab at the
base of the beam spring
down slightly to raise the L
voltage.

DeviceDisconnect the test
^ Beam Sping Tab

source and plug the
undervoltage device into the wiring -harness.
Replace front cover.

(7) Charging Motor Assembly

The charging motor assembly is located at the lower right-
hand side of the mechanism (See Figure 4, Page 3). To
replace 1:

a. Remove front cover of the breaker.
b. Unplug the motor from the wiring harness.
c. Remove the two bolts holding the motor mounting

bracket to the base pan and slide the motor to the
right, disconnecting the motor shaft from the
mechanism, and OR the motor out.

d. Lubricate the end of the shaft of the new motor
liberally with Mderol 757 gnoase.

a. Position the now motor assembly In the circull
breaker. being sure that the pin on the and of the
drive shaft engages the slot In the mechanism shaft.

L Bob the motor to the base pan and plug it Into the
wiring harness.

g. Operate the circuit breaker several times to insure that
the motor operates smoothly.

h. Replace front cover.

(8) Anti-Pump Relay

This relay Is located now the top of the mechanism, to the
left of the main operating springs. See Figure 30. To replace
it:
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a Remove from. cover of breaker.
b. Disconnect leads from anti-pUmp relay, being careful

to note which wkea go to which terminal.
C. t.oosen lower mounting screw of relay.
d. Remove upper mounting screw and lift relay off lower

screw.
e. Place new retay over lower screw, reinstall upper

screw, and tighten both screws.
L Reconnect all wires to the proper terminals of the

relay.
g. Relays In 25OVDC dosing circuits are provided with

dropping resistors to apply the proper voltage to the
relay coq. The resistor is mounted adjacent to the
relay. R may be replaced by unplugging it from the
reiay and unscrewing the mounting feet from the
breaker frame, replacing the reftor and reassembling.

h. Operate the breaker several times to insure that the
relay functions properly.

I. Replace front cover.

^ Suppwtuppnrt
a cap
d. Keeper

(9) Primary Contact Spring Assembly

Them sprkgs, are located at the outer end of the primary
contact bars. See Figure 31. To replace them:

a. Depress spring support sufficiently to allow keeper to
be removed.

b. Remove cap, spring support and spring.
c. Slide new spring onto spring support and place spring

support In slot between fingers.
d. Depress head of spring support and Install keeper in

slot in and of spring support.
e. Release spring slowy, allowing keeper to seat

properly.
NOTE: Springs are to be Installed in every other slot in

fingers; top, center and bottom. The second and
fourth slow are empty.

(10) Latch Check Switch

The latch check switch is located on the left-hand side of
the main mechanism frame, near the bottom of the main
dosing spring. See Figure 5, Page 4. To replace IL

a Remove the from cover of bnraket
b. Remove two screws holding switch to mechanisrn.

Do not lose nut plate Into which these screws are
threaded

c. Disconnect wires from switch.
d. Connect who to new switch and fasten switch In

place with screws and nut plate previously removed.
e. Adjust switch per Instructions in section headed

'Adjustment of Primary and Secondary Trip Latches
and Latch Check Switch' under MAINTENANCE in this
Instruction book

f. Operate breaker electrically several times to insure
that it is working.

g. Replace front cover.

(11) Motor Cutoff Switch Assembly

The motor cutoff switch assembly Is located on the floor
pan of the mechanism area, just to the right of the main
rrsechaniam. See Figure 4, Page 3. To replace it:

a Remove the front cover of breaker.
b. Disconnect wires from swkch, being careful to Identify

each wire by the terminal number from which it was
removed.

a Remove the two bob holding the assembly to the
breaker floor pan and remove the assembly.

d. Install new cutoff switch assembly, bolt it to the fbar
pen. Reconnect the wiring. No adJustment is needed.

e. Operate breaker electric* several times to Insure
that it is working.

f. Replace front cover.

.^...^
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1 ^ P-60000 POWL-VAC® Vacuum Circuit Breakers !B-60000

(12) Ground Shoe Finger Assembly (13) Auxillary Switch

The ground shoe assembly Is located at the rear edge of
the breaker floor pan between the center and right poles of the
breaker. See Figure 32 To replace It-

a Elevate the breaker so that two Is at least 6 Inches
of clear space below the bottom pan of the breaker.

b. Remove bolts holding two ground shoe mounting
brackets to ground bar, and remove the two brackets.

c. Press down on finger assembly and remove it from
bottom of breaker.

d. Remove from socket-head screws holding two side
finger assemblies to two red spacer tubes.

e. Assemble new side finger assemblies to red spacer
tubes.

f. Wipe old lubricant off ground bars on breaker and
apply a thin coat of contact lubricant Mobtigrease 28
to ground bars.

g. Insert now finger assembly from ,below the breaker
floor pan and press up until the upper lobe of the
fingers snaps Into place on the ground bus.

h. Reinstali the two mourrttng braakets.

& Mowntlng Brackets
b. Holding Bob

The auxiliary switch Is located In the lower left front of the
mechanism area See Figure 33. To replace an auxiliary
switch:

a Remove the front cover of breaker.
b. Disconnect wires from switch, being careful to identify

each wire by the terminal number from which it was
removed.

c. Remove the IF ring securing the switch operating arm
to the operations counter 8hkage.

d. Remove the two screws holding the auxiliary switch to
its mounting brackei, and remove the switch.

a. Insert the new switch and attach it to the mounting
bracket with the two screws removed In step d.

I. Insert the operatktg arm of the switch Into the hole In
the end of the operations counter linkage and secure
with the TO ring removed in step c.

g. Reconnect the wiring. Be sure wires are connected
to the same terminals from which they were removed.

h. Operate breaker electrically several times to Insure
that it Is working.

I. Replace front cover.

.^-.,"`
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