IMPULSE TEST REPORT

Manufacturer 8.6 Uptegrall Mig. Ca. Spec. 10340 Osder Number 5.2832
Purchased by  Crawlord Elecaric Supply Campany Order Number 001852043
Cooling Class XNAN Phass 3 Hortx 60 tnsulating Fluid Fa2
Serial No. 5A13 TestNo. 10340
HV. 80000 DELTA Ly 2401 TV,
HY.XVBLL 3% LV.KVBIL TV XVRIL
H.V.CW KV CREST LV. CW KV CREST T.V. CW KV CREST
H.V. MIN. CHOP TIME 38 LY. MIN.CHOP TIME uS T.V. MIK.CHDP TIME S

HV.RFW CRESTTIMELS 13 LV. RFW CREST TIME S T.V. RFW CREST TIME 1S

TEAM WAVE CAEST YACREST  TIMETD

TESTED TYPE v TIMEyrs]  CHOPls)

REW 1982 (3 -

i FW1__ 3854 T -

T W2 08350 -

2 RFW 1827 ui y

2 idl N8.3 D z
I 2 314 30 -
H3 BFW 2302 %0 -

0 W 3808 110 -

[ FW 356.0 360 -

Each voltage wave will have an accompanying current wave,

AFW = REDUCED FULL WAVE CW = CHOP WAVE
AGC - REBUCED GROUND CURRENT FW « FULL WAVE GC = SROUND CURRERT

FHEREBY CERTIFY THAT THIS 15 A TRUE REPORT BASED ON FACTORY TESTS PERFORMED IN ACCOADANCE WITH AMERICAN
STANDARD TEST G UTION, POWER & REGULATING TRANSFORMERS C57.12.

Dae__8/23/2013
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R. E. UPTEGRAFF MFG. COMPANY
P.O. Box 182
Scottdale, PA 15683

Customer: Crawford Electric KVA (base): 2500
Cust. P.O.: $001852043 Voltage: HvV: 69000
LV: 2400
Order No.: (G-2632R1 Spec. : 10340
SIN: 5A13
R.LV. TEST REPORT
TIME % RATED H1 H2 H3
VOLTAGE yv Hv BV
{rise) {rise) {rise)
AMB. pv 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 (min.) 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 a0 70
55 (min.) 150 40 90 70
60 (min.) 150 35 g0 60
65 (min.) 150 35 90 60

8/19/2013  Approved by
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CERTIFICATE OF ANALYSIS

R E UPTEGRAFF MANUFAC'IURING co
120 UPTEGRAFF DR
SCOTTDALE, PA 15683

fiom  CHICAGO WAREHOUSE ShipTo
12201 SOUTH TORRENCE AVE
CHICAGO, IL 60617
IOLCustomerService@Cargill.com

Product Description: ENVIROTEMP FR3 FLUID TOTE 330 GALLON

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

Test Description Results ASTM D6871
Dissipation Factor, 100 °C [%] 23 240

Dissipation Factor, 25 °C [%] 0.06 2020

Water Content [mg/kg (ppm)] 12 = 200

Acid Number (mg KOH/g] 0.05 = 0.06

Viscosity, 100 °C [mm¥s) 8 215

Viscosity, 40 °C {m.n¥s) 32 <50

Appearance Bright and Ciear Bright and Clear
PCB Content (mg/kg {(ppmj}} Not Detectable Not Detectable
Color [ASTM units) L0.5 210

Corrosive Sulfur Not Corrosive Not Corrosive
Dielectric Breakdown, 2 mm gap [kV] 66 2 35

Fire Point [°C] 360 2 300

Flash Poiat [°C) 348 2 275

Pour Point [°C] -18 2.0

Page | of |

APPROVED
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Envirotemp " FR3 " Fluid
(}}SSIF/{.O

AS TO FIRE HAZARD ONLY
Envicolomp® FRJ. Classed 4 10 § loss hazersous than panitn of i respect to fire hazata,

AS TO SECTION 450-23 OF THE NATIONAL ELECTRICAL CODE®
Also Cassified a3 2 Wh bla Rguid™ in compliance with the Natonal Electric Coda®, when used in
3 phase tonsiommoers. 45 ihrough 10,000 kVA with the lollowing tiwee “use estiictions™;

A Foruse only in 3—phaso transformors mwmg {onka capable of withstanding an
intarnal pressure of 12 psig without rupiura, and
8 Requirad use ol prassure ralle! devices on transformar tank in accarsance, with iha
foliowrng tabutation to limit internal pressure buikiup and prevent tank rupture due
to pas genamtion undor low current arcing (sults, snd
C1 Required use of cyrrant kmiting fusing in the wansformer primary ha 12y
characienis o o +4 ':"?«-mu

tics not axceeding the values in the foliowing tabulation.
be used in saries with the current-fimiting tuses, in accordence

oxpuision lusas may
with tho manulacturess protectron scheme
OR

. Required use of Mmunonl peotection in the ransformet primary having 12t
characloristica not exoeeding he valucs in the following 1abulation. If lha fusolg
daslgnad to vent during oparation (auch as an gxpulsion fusa). it shall be locatad
oxternal to the transtortnor sank.

TRANSFO.MER REQUIRED PROTECTION REQUIRED PRC

3 - Phase Requirad Cutrem OR Aeguired Overcurieny Minwmum Raquired Pressure
Trancformer Limiting Fuging (+t Frofection (-} Reliel Capacnty, |54}
Ratng VA Maximum 1°L {Ac! phanmum 1t 1A' SCFM ol 15 pst

;g 500,000 700.000
:!2.5
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b

{+#) = Treais an agcuonal raquiromant 10 the cvarcuiiont protection raQuired in
sccorgance with Soction 450.23 of the cuirent date ol the Nationnf Electrcat Coae®

(++) - Opeaing prassure, 10 psig maximum

IsHY Cargll, Inc

ca'-g”l Hopkins MM 85343 U S A
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htp://www.sunbeltusa.com/test_report/print.php?id=12757

Sunbelt Transformer Detailed Test Report

company : Enchanted Rock Electric LLC  OrderNo : A32589

" Parson : Seriaf No : ST0713A32589-1-1
Address1 : 1907 Lawrence Road, Suite 400 Type : PAD/ONAN/ONAF
Address 2 Date Tested : 07/30/2013
Clity, Sate, Zip: Kemah, TX, 77565 Manufacturor : HANG CHANG
E-maB: Fax #: Stock No : NHC24096-2
P.0.No.: Kevin Presto  uz: 60 Phases: 3 Temp Rise: 65 :
High Voltage: 2400 : : swvow: Delta HV conductor: Al
Low Voitage: 480 : Y : 277 vDow: Wye LV Conductor: Al
KVA for testing/reporting: 2,550.0 MEGGER TESTS
KVAS: . - o
SSC/OA: 5SC/FA: SSC/FFA: 25k High - Low: 2320 Megobms
65C/OA: 2550 6SC/FA: 2856 6sC/FFA: 1 KV tow-Ground: 2160 Megohms
80C/AA: 80C/FA: :2.5kv High-Ground: 3020 Megohms
115C/AA: LKV Core - Ground: Megohms
130C/AA:
150C/AA: 150C/FA:

Conductor Temperature During Testing: 20.0

RATIO TESTS
Phase A Phase B Phase C
a Tap Calculated s H3: H1 tH1: H2 tH2 : H3
P Volts Ratlo To: X0 : X1 To: X0 : X2 To: X0 : X3
: 1 : 2520 : 9.097 : 9.0903 :9.0898 : 9.0890
12 12460 18881 188881 :8.8888 188893 M
13 12400 :B664 8685 86891 86895
1 4 : 2323 : 8.386 : 8.3884 : 8.3892 : 8.3885
: S : 2268 : 8,188 : 8.1868 : 8.1874 :8.1871
: : 0.000 : : :
: P :9.000
Remarks:

- o ~ RESISTANCE D_@’EA?UREMENTS
High Voltage Winding Resistance, Values in ohms.

Phase A Phase B Phase C
Tap : H3 7o: H1 : H1 1ot H2 : H2 To: H3
HE :”.91‘!:31 ) : 01430 : .01438b o
12 : 01402 : 01400 : 01411
13 :.01370 : .01368 :.01377
56
55 8/22/2013 8:34 AM




http://www.sunbeltusa.com/test_report/print.php?id=12751

L 4 01326 1.,01325 : 01333

F—ﬁ : 01294 :.01298 ) o rd1m

i.
i3

Low Voltage Winding Resistances, Values jn ohms.

‘Phase A Phase B Phase C i
: X0 10: X1 : X0 To: X2 : XO T1o0: X3 '
H 0:0003419 : 0.0003250 ' : 0.0003245

No-Load Loss Measurements (Average of three phase values)
RMS Voits: 2400 AVE Voits: 2400 Exciting Amps: 2.12 Watts Loss: 3520

Fuli-Load Loss Measurements (Average of three phase values)

LV Full Load (Line) Amps: 3,067.2 HV full Load (Line) Amps: 613.4
Measured Amps: 613.3 Impedance Voits: 142.5 Watts Loss: 22740
Insulating Fluid: FR3 Tested by: JEM

D877 Diclectric Test on Insulating Fluld: 25

Calculated Results

Reference Temperature for Calculated Results 85°C
Load Loss 26,079
No-Load Loss 3371
Total Loss 29,451
Percent Exciting Current @ 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 @ 0.8 PF 4.42
Percent Efficiency @1.0 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

20f3 56
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hitp://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) Al/Cu: 225.0 K(X) Al/Cu: 225.0 K(S) Al/Cu: 225.0

58
30f3 >7 812212013 8:34 AM




W POWELL

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 ali 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 namepiate of the breakers.

A little history is in order. The first ANSI standards covering circuit breakers, inciuding 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 ANS| 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:

ANSV/IEEE C37.04-1979 Rating Structure

ANSI| C37.06-1987 Preferred Ratings

ANSV/IEEE C37.09-1979 Test Procedure

ANSIV/IEEE C37.010-1979 Application Guide - General

ANSVIIEEE C37.011-1979 Application Guide - Transient Recovery Voltage
ANSVIEEE 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
"identification”. 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.

S —————— e —— R ———
Powsll tndustries, tnc. Tel: 713 944 6900 « Fax: 713.947.4453

PO Box 12818 Powered by Safe ty www.powellind.com
Houston, TX - 77217 2008 Porwntl Indatrien, Inc. + AL rghts reserved info@powetlind.com 59
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7 POWELL

01.478.045
MVA Interrupting Rating of Circuit Breakers Used in
Metal-Clad Switchgear
page 2
Mg:::sm Ra:;gcfl?ton Nominal Oigtai;:g interrupting Current Ac(t)l:aaelrmA e
Voltage Current Voltage @ Operating Voltage Voltage"
MVA KA
kV, rms kA, rms kV, s MVA
4.76 29 239
476 29 250 4.16 33 238
2.4 36 150
4.76 41 338
4.76 41 350 416 47 338
2.4 49 204
8.25 33 472
8.25 a3 500 7.2 38 472
6.6 41 469
15.0 18 468
15.0 18 500 13.8 20 478
1156 23 458
16.0 28 727
15.0 28 780 13.8 30 717
11.5 36 717
15.0 37 961
15.0 37 1000 13.8 40 956
11.5 48 956

(1) Slight vanations in MVA may be due to rounding of nterrupting 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

Powell Industries, inc
PO Box 12818
Houston, TX « 77217

Powered by Safety

£2005 Powell Inchastries In » All rights reserved
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INSTRUCTIONS 1B-60000
)

Series P-60000 POWL-VAC’
VACUUM CIRCUIT BREAKERS

Models 05PV0250-3 and 15PV0500-3

v

INSTALLATION

OPERATION

MAINTENANCE

m

) POWELL (q1
INDUSTRIES, INC.| .

POWELL ELECTRICAL MANUFACTURING COMPANY
8550 MOSLEY DRIVE « HOUSTON, TEXAS 77075 USA
PHONE (713) 944-6900 * FAX (713} 547-4453
61
60




WI P-60000 POWL-VAC® Vacuum Circuit Breakers 1B-60000

(
CONTENTS
L INTRODUCTION . ... . . e 1
e SARETY . . i e et e e e e 1
A X RAYS . ... e s e et et e e 1
B. SAFETY LABELS ...... I et e e s et et e e 1
Hl. DESCRIPTION ... .. i et e, 2
A . GENERAL .. ...... ... ..ttt ittiitteraseeneneeeononsonsaenn 2
B. THE STORED ENERGY MECHANISM . .............. . it 2
C.LEVERING-IN DEVICE ..........ii ittt iniinnenineannnonennne. 7
D.INTERLOCKING .. ........ .00 iiter it et aeennoanasecnnnens 7
E.SHUTTERS ..... ...t itiitititneneeratnneneeoaennnnneeens 7
F. BREAKER POSITION INDICATORS ... ...... .ttt enannnnrnnas 7
G. VACUUM INTERRUPTER CONNECTIONS ................ ... .0t 8
H.OPERATING SOLENOIDS . ... ..... i ittt rannnenns 8
JTHE ANTI-PUMP RELAY . ... ... ... .. ittt tittrannneeeannerononns 8
K. MOTOR CUTOFF SWITCH ... .. ... . . . ittt inieerannnns 8l
LLVACUUMINTERRUPTERS ...........00tt ittt iiinneenannsnas 8
M. SECONDARY DISCONNECT PLUG . ... .. ... it iiiintinreetnonninas 8
V. INSTALLATION .. ... i i 9
A RECEIVING ........ .. ittt it tnartansnssonenneaens 9
B.HANDLING ............ ...t bt apenevnenssaananansas 9
C.STORAGE ... ... .ttt ittt iaeeeeneestnneoeeasananeansnens 9
D.PUTTING INTO SERVICE . ... ..... .. ittt ittt 10
(1) High Voltage insulation Integrity . ... ................... .. .... 10
(2 Vacuum iIntegrity .. ........ ... i i i e i i 10
(3) Control Voltage Insulation Integrity ... ................ ... .. ..., 11
(4) Mechanical Operation Check .................. ... ... .. ... 11
(5) Electrical Operation .............. ..ot iieennn. 12
(6) Levering-InDevice . ............ ..t 12
E. INSERTING BREAKER INTO SWITCHGEAR EQUIPMENT ................ 12
F.POWER RACKING DEVICE ... .. ... ... ittt ittt 13
V. MAINTENANCE ... ... . .. e e 14
A.GENERAL . ... ... . ittt itinteneaneneninensanenonannss 14
(ODintroduction . .. ... ... .. . i i i e e 14 (
(2) Inspectionand Cleaning ................ . ... 15
i POWELL ELECTRICAL MANUFACTURING COMPANY, HOUSTON, TEXAS, USA
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E P-60000 POWL-VAC® Vacuum Circuit Breakers IB-60000

B. MECHANISM AREA . ... ... it ittt ittt e, 15
(1) Mechanlcal Operation .............. ... ... .0 iiiiiinns. 15

@ Lubrication . ....... ... .. ... e e 15

(3) Closing Spring Removal and Slow Closing of Mechanism .......... 15

(4) Mechanism Adjustments . . . . ...............c.iiiiiinnnnnn. 17

A. Adjustment of Ratchet Wheel Holding Paw! . . ................. 17

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

Switch ... . e 17

C.Adjustmentof Close Latch . ........... ..., 17

(5) Electrical Operation ..................c.ci i, 17

C. INTERRUPTER AND CONTACT AREA . .. ... ....... ... ittt 17
(1) Vacuum Interrupter Contact Eroslon . ......................... 17

(2) Sliding Contact Finger Wear . . .. ..............c0niinrnunnr.. 17

(3) Mechanlcal Adjustment of Interrupters . ....................... 18

(4) Vacuum iIntegrity .................... e e 18

D. OPTIONAL MAINTENANCE PROCEDURES ...... e e e 19
(1) High Potential Tests . ..................cc0ivivrinenee... 19

(2) Primary Resistance Check ..................... C e 19

VI RECOMMENDED RENEWAL PARTS AND REPAIR

PROCEDURES ................ ..., 19
A. ORDERING INSTRUCTIONS . . ........ciiiiiiinit e ieeeennnnn. 19
B. RECOMMENDED RENEWAL PARTS ... .........c0iiiiiiirtnnnnnnn. 19
C. REPLACEMENT PROCEDURES ...............coiiiiiinnnnnnnnn, 20
(1) Vacuum Interrupter . ............. ... it 20

(2) Sliding Contact Finger Assembly ................cc0vvvivunn. 21
(3)Closing Coll Assembly . ...............0iiiitiinninnnnnns. 21

(4) Shunt Trip Coll Assembly, Left . ............................. 21

(5) Shunt Trip Coll Assembly, Right . . ........................... 21
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. INTRODUCTION

Before uncrating the breakers, study this manual. Foliow
the racommended procedure for putting into service.

This manual contains:

Safety Rules.

A general dascription of the oparation of the
circult braakers.

instructions for putting into service.

Instructions for maintenance and replacement of
paris with critical adjustments.

List of renewal parts,

o rw P

. SAFETY

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

1. Only qualified personnsl trained In the instailation,
operation and maintenance of power circult braakers
should be allowad to work on ‘these broakers.

2. Do not work on an energlzed 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 nat work on a breaker with closing springs
charged.

6. Do not attempt to ciose the broaker by hand on a live
circuit.

7. Do not use an open clricult breaker by iiseif as the
sole means of isolating a high voltage clrcuit. For
complete Isolation, the circult breaker should be In the
disconnected posiion, or should be withdrawn

completely.

8. For the safety of personnel perdorming maintenance
opaerations on the breaker or connected equipment, all
components should be disconnectad by means of a
visible break and securely grounded.

A. X-RAYS

When voitage Is applied across the cortacts of a vacuum
interrupter, there Is the possibillty of generation of X-rays. The
intensity of this radiation is dependent on the peak voltage and
the contact gap. At the normal operating voltage of this class
of equipment, the radiation levels are negligible. At the
voltages specified for testirig, 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
clrcult breaker frame. The clrcult breaker must be either fully
open or fully closad when making high potential tests. Do not
test with contacts partially open.

B. SAFETY LABELS

The circult breaksr has these warning and caution labels
stiached at the Indicated locations. Whenever the circuit
braaker Is handled or malntained, these warnings and cautions
must be observed,

g Attached to outside
BRIERGH! face of mechanism
2 E:;I Done top cover plate.
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Atiached to outside
face of mecheanism
top cover plate.

Attached to front cov
or fo loft of secondary
disconnect aperture.

Attached to front
cover at top right
hand corner and also
In mechanism com-
panment on dashpot
brackat.

Attached to front
cover fo Joft of
manual charging
handla socket,

lll. DESCRIPTION

A. GENERAL (Figure 1)

The Powl-Vac Circuit Breaker uses sealed vacuum
Interrupters to controt tha primary circuit. Primary connactions
fo the associated metal clad switchgear ara made by paralisl
copper busbars terminating In multiple contact fingers which
are pant of the busbars. insulators provide support for the
primary bars and the vacuum Interrupter assemblies,

All the current carrying components are located behind a
metal barrier which supports the insulators. In front of this
bardier In an accessible position Is the operating mechanism
assambly which provides motion to each of the vacuum
Interrupter moving contacts through cast cycloaliphatic epoxy
operating rods. In the same metal enclosad 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-
6s with the swilchgear and exerts a force on the breaker in a
plane mid-way between the primary disconnect fingers, thus

(
ansuring equal wipe on ali primary disconnects and avoiding
any tendency of the breaker to tit under short circuit
condftions. The leveringin mechanism also Operates the
primary disconnect shutters,

Figure 1. Side view of POWL-VAC Clrcult Breaker

a. Upper Horizontal Primery Disconnect Bars
b. Vertical Connector Bars

e. Vacuum Interrupter

d. Lowsr Horizontal Primary Disconnect Bars
e. Ground Shoe

. Main Insulating Supports

@. Insulating Pole Support

h.  Main insulating Opsrating Rod (Fush Rod)
I Machanism Housing

k. Levering-In Crank Arm

.. Crank Arm Rollers

m. Levering-In Shalt

n. Worm Wheel

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) hoiding screws enables the front
Cover to be removed giving access to the stored energy
mechanism and its Interlocks, auxiliary switches, lavering-in
oparators and Interlocks, operating motor and motor cutoff {
switch (Figure 3),
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Figure 2.
Front View of POWL-VAC Circult Breaker with Cover In Place

Cover Attachment Bolts

Braaker Position Indicator

Handls

Operations Counter

Manual Charging Crank
Nameplate

Spiing Charge Indicator

Manual Close Paddie

Breaksr OpeniClossd Indicator
Manusl Trip Paddle

Secondary Disconnect Guide
Secondary Disconnect Receptacie
Padlock Provislon - Movable Arm
Padiock Provision - Stationary Clip
Lovering-in Shaft Shutter

b

AapIFoFTIQ~IALD

The mechanism Is of the stored energy type In which a
gear motor is used o compress a ciosing spring. During a
closing operation, the energy stored in the closing spring Is
usad 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 overtravel springs wiil open the contacts at
the corect speed. The motor, located on the breaker floor pan
bottom right, Is supported by a bracket bolted 1o the floor pan
(Figure 4). its output shaft is screwed to a coupler which
inserts into the eccentric drive shaft. This shaft Is supported
In neadle 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 i, one tooth at a time. The
raichet wheel is prevented from rotating backward by a holding
pawl, which Is supported on links which project upward from
the cam shaft.

90000

Figure 3.
Front View of POWL-VAC Circuit Breaker with Cover Removed

Anti-Pump Relay
Opening Spring
Shock Absorbar
MOC Operating Arm
Awdliary Switch
Shunt Trip Coll
Closing Coll
Charging Motor
Maln Closing Spring
Connecting Rods

FoFo Q0

To Insura correct synchronization of the drive and hold
pawis, the hoid pawl links are localed by an adjustable
accentric stop located at the left front of the mechanism.
When the mechanism is operated manually, the top pawl
becomes the driving paw! and the bottom paw! becomes the
holding pawl.

As the ratchet wheel is rotated, projections from its side
faces will engage drive piates 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 thess ara
crank pins. These engage with the bottom ends of the
connecting rods (Figure 5), the lop ends of which engage pins
projecting from the spring compression plate which straddies
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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.

Figure 4. Charging Motor and Motor Culoff Switch
a. Moior Cutoff Switch Assembly

b. Charging Motor Flgure 8, Maln Operaling Mechenlsm - Right Oblique View

Machanism Ressl Spring

Close Bar Adjusting Screw

Molor Culoff Cam

Motor Cutoff Switch Operating Arm

apes

@
—®

Flgure 7. Close Lalch Arm Engaging Close Latch Shaft

Figure 5. Main Operating Mechanism - Left Oblique View a. Close Lalch Arm
b. Close Latch Shaft

8. Drive Pawl
: mm’ The ratchet wheel will drive the cam shaft so that the
d. Holding Pawi Adjusting Eccentric connecting rods go down to thelr lowest position and then start
e. Drive Pals to move upward, At a certain polnt, the spring force will
f.  Crank Am overcoma friction and resistance and start fo rotate the cam
g. Crank Pin shaft. At the same time, tha pawls are uncoupled from the
h. Secondary Trip Laich Adjusting Screw raichet wheel and the motor cutoff switch is operated. The
I Latch Chack Switch motor cutoff switch located on the right of the mechanism is {
k. Connecting Rod
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¢. Breaker Open - Spring Discharged

operated by the spring charge flag falling inlo the spring
charge cam (Figure 6), The spring charge flag will now show
that the mechanism is charged. The cam shaft would continug
to rotate, except that it is restrained by the close laich 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 8a).

When the close latch is released, sither under the action
of the closing solenold or the manual close plats, the closing
spring pulis the cam shaft around, and the main closing cam
moves the main linkage into the ciosed position. The maln
linkage rotates the center laver of the drive jJack shaft. The jack
shalt has 3 downward-pointing pairs of levers to which are
etached the operating rods. The operating rods,which are
approximately horizomal, are moved towards the vacuum
interrupter by the rotation of the jack shaft (Figure 1, Page 2).

At the end of the operating rods remote from the jack shaft
levers is a recess which encloses the contact loading springs.
Al the end of these spiings, remote from the operating rod, Is
focated the spring yoke which connects with the bell crank
levers (Figure 8). The spring yoke Is restrained by a lock nut

d, Broaker Closed - Spring Chargad
Figure 8. Cam and Fundamenta! Linkags Positions

on a stud which, passing through the contact Ioading 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 sufficlent
to resist their separation under the highest electromagnetic
forces exerted by the rated short circult cument,

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 wili reduce as the vacuum interrupter contacts erode.

The bell crank levers, which are located on the outside of
the bottom primary disconnect bars, ars supported on a hinge
pin bridging the bars and are connected to a drive pin which,
passing through a siot in the disconnect bars, bridges the bell
cranks and engages &n extension to the vacuum interrupter
moving stem. The bell cranks give an approximate 3 to 1

 muttiplication of the contact loading spring force which permits

reduced spring force and enabiles a low rate spring to be usad,
They also muttiply the contact movement of approximately
0.625 Inch by a factor of 3 so that the mechanism finkages
have ralativaly large movements and are less critical.
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In the linkage positions shown in Figures 8b and 8d, the
contact loading springs and the main opening springs are both
acting to compress the three {3) main mechanism finks {Figure
10}).

Figure 9. Interrupter and Operating Rod Mechanism

Intenrupter

Upper Main Horizontal Primary Disconnect Bars
Lower Main Horizontal Primary Disconnect Bars
Operating Pin

Siiding contact Finger Assembly

Finger Holding Screws

Finger Asssmbly Mounting Clip

Belf Crank

Operating Rod

Upper Contact Block Boits

Vertical Connector Bar Attachment Bolts

~xTra~panpep

The linkage is restrained from movement by the secondary
trip prop acting on the prmary tip prop rollsr. 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 batween the primary
trip prop roller and the secondaty trip prop is controfled 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 permiiting the main
linkage to move upward and the jack shaft fo 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 (Figura 3). A projection of the lefl lever engages a
shock absorber which controls the rebound of the interrupter
contacts on opening operations. An extenslon of the jack shait
projects through the [eft 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 1o recharge the springs. This leaves the
main closing cam in a position where the tripped linkage can
resat under the action of the reset spring (Figure 8d), and the
primary and secondary trip props can fall into the reset
position. The raset spring streiches between an extenslon of
the maln cam roller pin and a spring support pin located on
the left mechanism side sheet. The trp latch check switch
operated by a laver on the trip shaft will now close (Figure S).

Figure 10. Mechanism and Trip Linkages

Secondary Trip Prop Adjusting Screw
Trip Bar

Secondary Trip Lalch

Secondary Linkage Rollar

Maln Cam Roller

Resat Spring

Carri Shaft

Main Drive Cam

Center Phase Operating Lover
Main Jack Shaft

Primary Trip Prop Roller

Primary Trip Prop Adjusting Screw
Primary Trip Prop

pyTarTFa~sANDD
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C. LEVERING-IN DEVICE

The breaker s moved between the disconnected and
connected pasitions by the levering-in davice. This consists of
a shaft which Is supponed by the breaker frams side sheets,
and which has & crank amm at each end (Figure 1). Rollers
attached to the crank anms engage vertical siots in plates
attached to the cell and rotation of the shaft causes the breaker
to move in and out of the breaker housing. The levering-in
shaft supporis & worm whesl at #s right end just inside the
right breaker side sheet (Figure 11). The worm whesl Is
roteted by a worm gear on a shaft which is terminated in a
hexagon drive nut atiached by a shear pin, The shaft poinis
in a direction from the front to the back of the breaker. This
hexagon shaft has a threaded portlon canying a threaded
plate. As ths shaft is rotated, the threaded plate moves along
the worm shaft until & encoumters either a fromt or a back
slaeve attached 10 the shaft and further rotation of the worm
shaft is prevenied. At this time, the position indicator on the
front of the breaker will indicate that the breaker Is elther In the
connected or disconnected position. A socket-head bott
mounted on the left side sheet serves as a backup to the
threaded plate, providing a posttive stop to left crank amm.

Figure 11. Lavering-in Mechanism and Interlocks

Levering-In Shaft (not shown)

Worm Wheel

Intariock Cam

Worm Gear

Interlock Plates

Traveliing Nut Plate

Positlon Indicating Rod lfor Elsctrical Levering-in Device
Access Shutter for Levering-In Drive Shaft

D. INTERLOCKING

The first purpose of the interlocks is 1o insure that a
breaker cannol be moved from the disconnected to the
connected posiion unless the main breaker contacts are open
and the secondary control circuitry from the compariment to

FQ QAN

the circuit breaker Is completed.

The second purpose is to insure that the control circuits
cannot be broken when the breaker is In the connected
position and the breaker canniot 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 interfock bar attached to the
sacondary disconnact plug,

Accass 10 the hexagon drive nut on the levering-in device
is restrictad by a shutter on the front panel of the breaker
(Figure 11). This shufter Is pivoted on the breaker frame and
has a projecting pin which engages a slot on a cam on the
levering-in shaft. This paricular cam has two (2) slots
amanged 80 that the shutter can only be in its upward position
when the levering 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 causss a lever operating
in paraliel with the shutter 1o move downward, and a projecting
pin on this lever disengages a second cam located next to the
shutter cam. Downward movement of the lever moves a boit
which locks the secondary disconneci plug In its connected
position. The second cam has only one slot and the lever can
only move upward when the leveringn shaft Is in the
disconnecied position. To summarize the action of the
levering-in Interlocks; the worm gear shaft shutter cannot be
depressed until the breaker Is tripped by pushing on the trip
piate 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 retumn upward in any other position than disconnect
because it Is restrained by a cam having only one slot.

E. SHUTTERS

In addition to moving the breaker in and out of the breaker
connacted position, the crank arm roliers sliding In the slots in
the plates on the braaker housing operate the shutters over the
primary disconnects In the switchgear cell.  Downward
movement of the rollers in the slots move the shuttars 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 indicale whether the
breaker is in the connected or the disconnacted position,
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When the "BREAKER CONNECTED* Indicating amow s
opposite the center mark, the circult breaker is in the fully
connacted position, Do not attempt to tum the levering-in
crank further clockwise once this polnt Is reached. Excessive
force applied to the leveringin mechanism may result in
damage to the equipment or Injury to the operator. When the
"BREAKER TEST/DISCONNECTED" Indicating arrow is opposite
the center mark, the circult breaker Is in the fully disconnected
postion, which is also the test position. Do not atternpt to um
the levering-in crank further counter-ciockwisa once this point
Is reached. In posiions other than the fully connected or
disconnected, tha position Indicator does not give a reading
(Figure 2),

G. VACUUM INTERRUPTER CONNECTIONS

Connection to the vacuum interrupter stems is made by
maans of hard copper blocks. The top stem of the interrupter
Is threaded, and a copper block Is screwed onlo this stem.
This bilock Is bolied to riser plates, which are In tum bolted 1o
the upper primary disconnaect arms of the circuit breaker.
Another hard copper biock 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 solenold located under the middle of the
machanism Is attached 1o the breaker floor pan by two screws
accessible from undemeath the breaker (Figure 3).

The shunt trip solenoid Is 1o the left of the mechanism and
is supported from the bottom frams channel (Figure 3).

Either a sacond shunt trip solenold or an undervoltage trip
device may be furnished as an option. When fumished, elther
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 frip devices may bae furnished on any
ona circult 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
ieft of the left connecting rod and Is hald by two screws
(Figure 3).

Figure 12. Shunt Trip Col, Right

K. MOTOR CUTOFF SWITCH

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

L. VACUUM INTERRUPTERS

Al vacuum Interrupters used In the circuit breakers
covered by this Instruction book are the same size and
appearance, but different ratings differ In thelr Intemat
construction. Each vacuum Interrupter bears a labef to Indicate
its part number. Vacuum interupters 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 amangement
makes the secondary connaction visible in all positions of the
circuit breaker.
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IV. INSTALLATION

A. RECEIVING

Figure 13 shows the breaker enclosed [n the carton used
for shipment. Check for signs of damage. if damage is found
or suspected, flle claims as soon as possible with the
transportation company, and notify the nearest represertative
of Powsi! Electrical Manufacturing Co.

Figure 13. Circult Breaker Inn Shipping Carton

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

In some switchgear equipment, circuit breakers located in
lower cells may be shipped in the switchgear, unpacked, The
breaker will be In the disconnectsd posttion. It will be bolted
fo the cell floor by use of a shipping angle. The horizontal leg
of this angle is bolted to the cell floor, using two cell tie-down
boits, and the vertical leg Is bolted 1o 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 bolts.

B. HANDLING

The breaker can be handled by a fork §ift truck i care Is
taken to avoid components located under the breaker floor
pan. These components ara the breaker coding plate and the

Figure 14. Circuit Breaker Boited to Equipment Fioor for Shipment

ground contact. The forks on the truck should be sst for a
dimension over the forks of 28 inches. The forks should then
ride under the wheel axles (Figura 15). The breaker can be
lifted 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 s permanent location. i this is not possible,
the foliowing 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 ternperature, such as 40°-100°F,
since dampness has an adverse effect on the
insulating parts. Circuit breakers for outdoor metal-
clad switchgear should be stored In the equipment
only when power is avallable and the heaters are In
opsaration 1o prevent condensation.

The breaker should ba stored in & clean location, free from
corrosive gases or fumes. Particular care should ba taken
1o protect the equipment from moisture and cement dust,
as this combination has a very cormosive effect on many

@

pans.

Unplated surfaces of rollers, latches, eic, of the
operating mechanism should be coated with grease
to prevent rusting.

0
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i the breaker is stored for any length of time, i should be D. PUTTING INTO SERVICE
inspected periodically to see thal rusting has not started and
to insure good mechanical condition. Should the breaker be
stored under unfavorable atmospheric conditions, It should be Before shipment from our factory, all breaker functions wil
cleaned and dried out before being placed in service. have been thoroughly checked. It the user wishes o recheck
the operation, we recommend that the check be performed in
the sequence listed below:

(1) High voitage insulation intagrity.

(2) Vacuum integrity in the Interrupters.

(3) Control voltage Insulation Integrity.

(4) Mechanical operation of the mechanism.
(5) Electrical operation of the mechanism.
{(6) Levering-in device

(1) High Voltage Insulation Integrity

To check insulation integrity, the AC high potential test (
dascribed below Is strongly recommended. DC high potential
testing is not recommeanded except for the Vacuum Interrupter

Figure 15. Circult Broakar Belng Liftad by Fork Truck Integrity Test.

Cautlon: If DC high potential testing Is required, the DC high
potential test machine must not produce peak voltages
exceeding S50kV.

The circult breaker insulation should be tested with the
circult breaker in the *CLOSED" position. Test each pole of the
breaker separately, with the other 2 poles grounded. Parform
the one minute fow frequency withstand test described in ANSI
Standard C37.20.2-1987, 5.2.1 and 5.2.1.1, at the voltage level
appropriate for the equipment, 14kV for circult breakers rated
4.16kV or 27kV for circult breakers rated §3.8kV.

This tast will have checked all of the support insulators,
and &lso the primary phase-to-phase insulation,

Caution: Removs all grounding conductors applied for this test
before piacing the breaker back into servica,

(2) Vacuum Integrity

Vacuum interrupters used in Powl-Vac circult breakers are
highly reliable Intarrupting elements. Satisfactory psrformance
Figure 16. Circuit Breaker Being Lited on Crane of these devices is primarily dependent upon the integrity of
the vacuum in the chamber and internal dlsleciric strangth, {
Both these parameters can be readily checked by a high
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potential test, No attempt should be made to try to compare the
corglition of one vacuum interrupter with another nor to
correlate the condition of any interrupter with low values of de
loakage current. There i no significant correlation,

Afer the test potentlal Is removed, discharge any electrical
charge that may be retained.

(3) Control Voltage insulation Integrity

if tha user wishes to check the Insulation Integrity of the
control clrcult, it may be done with a 500 voit or 1000 volt
insulation tester or with an ac high potential tester. The ac
high potentlal test should be made at 1125 volts, 60 Hz, for
one minute. The charging motor must be disconnected at its
connection plug prior to testing the control circult, The motor
self may be simllarly tested at a voitage not lo exceed 675
volts, 60 Hz. Be sure 1o remove any test jumpers and
reconnect the charging motor when the tests are complete.

(4) Mechanical Operation Check

In normal operstion, the contects of the vacuum
interrupters cannot be closed unless the secondary disconnect
plug is in position. To check the broaker outside of the

The test of the vacuum interrupter will determina its internal
dislectric condition and vacuum Integrity. With the breeker
open and removed from the call, apply the high potential
across each interrupter separately. 1t is recommendad that the
interphase barriers be in place during this test to prevent
phase-to-phase breakdown. Connect the *hot* lead of the test
source to tha upper stud of the poie under test and the ground
lead to the lowser stud. If the test supply Is center-point
grounded, the connections may be made either way. Apply
36kV rms 60 Hz or S0V dc and hoid for a minimum of five (5)
seconds. ¥ no breakdown occurs the Interrupter Is In
acceptable condition. M a breakdown occurs the interrupter
should be replaced.

Figura 17. Clreuit Breaker with Secondary Tes! Connactor In Place
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compartnrent, it Is necessary 10 simulate the connection of
sacondarles by Inserting the secondary test connector in the
slot befow the fixed secondary contacts (Figure 17). This
device must be ramovad after testing and before the breaker
Is inserted into the cell. An Interference plate will deter
Insertion of the circult breaker Inlo the cell with the test
connector in place. The manual charge lever should now be
Inserted Into the manual charge crank and pushed down untl
a metallic click Is heard. This indicates that the holding pawl
has dropped into place on the ratchet wheel. LIft the lever unti
i Is horizontal and then depress, The procedure is repeatad
untll the spring charge fiag indicates that the close spring is
now charged. This requires about 60 operations of the handle.
Remove the handle. Push the round biue *PUSH TO CLOSE*
plate and the breaker will ciose. The flag located above the
‘PUSH TO CLOSE" plate will now read "CLOSED". Push the
round red tip plate located st the top of the escutcheon and
the breaker will open as Indicated by the breaker condition flag,

(5) Electrical Operation

To chack the elecirical operation of the breaker, a jumper
cable must ba used, First, remove the control fuses in the
compatment. Connect the jumper cable 1o 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 compariment will cause the breaker 10 close. The
clreuitry Is arranged to cause the motor to operate agaln and
charge the closing spring. Operating the elactrical 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-Iln Device

‘With the breaker removed from the cell and the
test connector In place, the operation of the levering-in 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. R should be noted that this shutter
cannot be moved downward unless the trip plate Is pressed
to insure an open breaker and the secondary connecior 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
posltion indicators on the from cover should Indicate
*DISCONNECTED". Rotate the hex worm shaft In a clockwise
direction. The crank arms will move downward and rotate until
the posttion indicator reads "CONNECTED". Fusthar rotation of
the hex shaft Is prevented by a threaded plate moving on a
threaded portion of the hex shaft. Once the Indicator reads
*CONNECTED" and Indicating asrow Is opposite 1o 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

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 back to the closed position.
It will not be possible to remove the secondary test connector.

Once again, push the trip plate, depress the lavering-in
shutter, Insert the crank or socket and rotate In a counter-
clockwise direction until the levering-in cranks arg once mors
In the fully withdrawn position and the indicator Indicates
*DISCONNECTED". With the crank arms in this position, it will
be possibie to remove the secondary test connector.

The above procedure will have checked out the levering-
in device and its associated ineriocks,

E. INSERTING BREAKER INTO
SWITCHGEAR EQUIPMENT

Refer to the metal-clad switchgear Instruction book for
general information and cautions before attempting to insert a
clrcult breaker into the switchgear equipment. Be sure that the
levering-in crank arms at the sides of the breaker point in the
direction of the main disconnects and the position indicator
reads "DISCONNECTED",

Each clrcuit breaker and each celi is provided with a
coding plate designed 1o ansure that no breaker with less than
the required voltage, continuous curmrent or Interrupting current
rating is placed in any cell. I you attompt to insert an
improperty rated braaker into a cell, these coding plates wilt
inferfere  with sach other and deter the insertion. The
imarferance wil occur befora 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 incomectly rated breaker
and Insert the proper breaker.

To insent a breaker into a lower compartiment, first align the
wheels with the housing floor pan channels. Then roll the
breaker into the housing unti the lavering-n 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 cell.

To Insert a breaker into an upper cell, a it truck is
required. A detailed procadure for this operation is described
in the Instruction boak for the metal-clad switchgear equipment,
1B-51000.

To move the clrcult breaker to the "CONNECTED" position,
first plug In the secondary disconnact davice Into the circuit
breaker. Then push in the trp plate and move the levering-in
shutter down. Insert the lavering-in crank onto the hex shaft
and rotate the crank clockwise. When the breaker Is being
Inserted into the compartment, the force needed to rotats the
crank will be low at the beginning of motion when movement
of the crank ams is only opening the shutters; however, as the
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breaker moves into the compaitment, the breaker main
disconnect contacts will engage the fixed stabs located in the
spouts and the force raquired to rotata tha crank will increase
appreclably. This is normal and as soon as the contacts are
fully engaged, this force will decrease. Furthar rolation of the
crank will cause the breaker to move further into the
compartmant 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, rernove the levering-In crank and allow
the levering-in shutier 1o return to lis normal closed position.
The circuit breaker Is now ready for service.

The maximum force required on the levaring-in crank for
normal insertion of a circuit breaker will not exceed 65 lbs.
Excessive force may damage the circult breaker or the

switchgear equipment.

To move a circuit breaker from the "CONNECTED" position
to the "DISCONNECTED" position, first trip the clrcuit broaker.
Then push in the trip plate, move the levering-in shutter down,
and Insert the leveringin crank. Rotate the crank counter-
clockwisae untll the Indicator flag reads *“TEST/DISCONNECTED".
At this point, DO NOT attempt 10 rotate the crank further
counter-clockwise or damage to the mechanism could occur.
The circult breaker Is now in the “TEST" position and may be
operated elactrically to test the oparation of the braaker and/or
Its control circuits without completing the primary circult.

To remove & circult breaker from its cell, pull out the
sacondary disconnect plug and stow it on the clip provided in
the cell. Removing this piug wiil cause the closing springs to
discharge. If the broaker Is in a lower cell, depress the roliout
laich handle at the lower right side of the breaker so that the
laich clears the stop on the housing floor plan channel. Then
roll the breaker out onto the fioor. If the breaker Is in an upper
celi, refer to Instructiorr book IB-51000 for the metal-clad
swichgear equipment for a detalled procedure for ramoving &t.

F. POWER RACKING DEVICE

A motor-driven racking device is avallable as an optional
accessory (Figure 18). When fumished, it is used as foliows:

To connect the breaker

Insure that breaker Is fully Inseried into ceft and that
levering-in crank arms are In correct position relative to hook
piates. Remove 1/4-20 cover bokt from right side of front cover
(Figure 2). Open levering-in access shutter by first pushing
breaker trip plate and then moving shutter downward. Insart
power racking adaptor sieeve (Figure 19) onto hexagonal
racking shaft. Grasp the power racking device by the top
kfting rod and place over the right portion of the front cover

top flange (Figure 20) so that the hook portion of the racking
device malches the cutout at the back of the flange. The

Figure 18. Power Racking Device

Figura 19. Power Racking Device Adapter on Levering-in Shaft

racking device can now swing downward and the locking
screw can be inserted into the hole from which the front cover
hoiding screw was praviously removed. Finger tighten the
screw $0 that the racking device is flush with the breaker front
cover (Figure 21). The exiension cable of the racking davice
can now be exiended 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 insert the treaker, 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 movememt will
automatically cease when the breaker I8 fully connected. To
remove the power racking device, first remove the power
supply o the control box and then unscrew the locking scrow
on the front of the power racking device. The device cen then
be Mted 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,

Figure 20. Placing Powsr Racking Device on Circuit Breaker

Figure 21. Power Racking Device in Place on Clrcult Breaker

To operate the breaker, the power racking adaptor sieave
must be removed 1o permit the shutier 1o move upward thus
removing the trip safety feature from the mechanism. Replace
the adaptor slgeve in its mounting clip on the side of the

power racking device and replace the cover scraw. The
breaker is now ready for normal operation.

To remove the breaksr

Use the same procedure as for connecting the breaker,
axcept the power racking remote control switch should be
swiiched to the "out* position befors pushing the switch
downward. Tha motor will automatically stop when the breaker
is fully withdrawn,

Cautlon: if the control switch is not held down untit tha breaker
is elther fully connected or fully withdrawn and the power rack-
ing device is removed, operation of the breaker will not be
poasible bacause the levering-in shutter will not retum to its

"up* position reloasing the trip safety interiock,
V. MAINTENANCE

A. GENERAL

(1) Introduction

A regular maintenance scheduls should be established to
oblain the best service and rellability from the circult breaker.
Powi-Vac circult breakers are designed to comply with Industry
standards requiring maintenance eveary 2000 operations or once
a year, whichever comes first.

Actual inspection and maintenance wili depend upon
individual appiication conditions such as number of oparalions,
megnitude of curents switched, desired overall system
reliability and operating envionment. Any time the breaker is
known to have interrupted 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
aimospheric conditions such as exiremes of dust and moisture
or corrosive gasas might indicate inspection and maintenance
at more frequent intervals than 2000 operstions. Very clean
and dry conditions combined with low switching duty will justify
longer times between Inspection and malntenance operations.
With experlence, each user can set an inspection and
maintenance schedule which Is best suited for the particular
use,

A permanent record of al! maintenance work should be
kept, the degree of detall depending on the
conditions. in any event, # wil! be a valuable referenca for
subsequant maintenance work and for station operation. it Is
recommended that the record include reports of tests mads,
the condition of breakers and repairs and adjustments that
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were made. This record should baegin with any checks done
at tha time of installstion and enargization,

Because of extensive quality control checks made at the
factory, the operations counter on a new circult breaker will
normally register over a hundred operations, The actual
reading of the operations counter shouid be recorded when the
circult breaker 8 put into service and whenever any
maintenance Is performed.

Before aitempting any maintenance work, iake note of
safety practices oitliined in Saction 1l of this book.

MAKE CERTAIN THAT THE CONTROL CGIRCUITS ARE DE-
ENERQIZED 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.

(2) Inspection and Cleaning

Give the breaker a visual check for loose or damaged
pans. Tighten or repiace loosa or missing hardware. Any pan

Clean the breaker, removing loose dust and dit. Do not
use an air hose to blow the breaker out; this may result in
loose dit or grit being blown Ihto bearings or other critical
parts and causing excessive wear. Eiher use a vacuum
cleaner or wipe with a dry lint-free cloth or an industrial-lype
wipér,

Prmary insulation, including the intenupter supports and

B. MECHANISM AREA

(1) Mechanical Operation

Remove the circuit breaker fromt cover, exposing the
machanism. Make a careful visual inspection of the mech-
anism for loose, damaged or excessively wom parts. Operate
the breaker ‘several times manually,

Operate the levering-in mechanism through one or two
complete cycles and check for smocthness of operation. 1t will

be necessary t0 insert the secondary test connector into the
sacondary disconngct receptacie 10 perform this operation.

Ses the sections headed *Mechanical Operation Checks®
and *Levering-in Device® under the heading PUTTING INTO
SERVICE for further information.

(2) Lubrication

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

The chart shows the location of all surfaces which should
be lubricated togethar with the type of lubricant and method of
application. The guiding rule In lubrication should ba o
lubricate regularly, use lubricant sparingly and removs all
excess lubricant. '

Andarol 757 Grease shouid be lightly applied 1o thosa
bearing surfaces which are accessible and a light synthetic
machine off such as Mobll 1 should be used to penetrate
through to surfaces which are inaccessible. The mechanism
should be in the open, sprng discharged position for
lubrication. Thers is no nacessity to disassemble the
mechanism for lubrication. Tiing the breaker will facilitate the
enlry of the lubricant 1o the bearing surfacss.

(3) Closing Spring Removal and
Slow Closing of Mechanism

Disassembly of the mechanism is not required for routine
lubrication; howaver, for major ovarhausd, removal of the closing
spring is necessary. Removal of the spring permits siow
closing of the vacuum Interrupter contacts. The procedure for
&pring ramoval is as follows:

With closing spring discharged and breaker contacts opan,
remove the screw at the top of the spring rod together with the
flat washer and lock washer. Removse the right-angle brackst
by unfastening the two attachment screws. Remove the apacer
from below the bracket. Tum the bracket 90° and replace i
on top of the spring yoke. Place the spacer on top of the
bracket with the flat washer above R. Insent screw and screw
down untd tension is taken off the connacting rods (Figure
22). The connecting rods can now be unhooked from the
spring yoke pins and the spring assembly removed. Care
shouid bae taken on reassembly 1o insure commect location of the
fiat washer, lock washer and spacer. See Figure 23.

With the main spring assambly ramoved, rotate the cam
shaft so that the crank ayms are pointing downward. The main
linkage will now move Into the reset position. Push tha *PUSH
TO CLOSE" plate and hold In while operating the hand charge
lever to rotate the cam shafl. Once the close release latch arm
is past the closa shaf latch plate, the "PUSH TO CLOSE" plate
may be released. As the main cam engages the main linkage
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Table 1. Circult Breaker Lubrication
Localion Lubricant Mothod Localion Lubricont Method
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Figure 22. Main Closing Spring Assembly Compressed for Removal

&a. Bracket R’ Bracket
b.  Flat Washer b. Spacer
c. Screw ¢. Filat Washer
d. Screw
roller, the jackshaft wilf commence to rotate. Continue to o. Lock Washer

operate the hand charge lever untli the crank arms point

gap between the contact overtravel nuts and the contact spring

v

upward. The breaker will now ba closed and there wili be &
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 Whee] Holding Pawl

The ratchet wheel holding pawl (¢, Figure 5, Page 4)
Is adjusted by an eccentric cam (d, Figure 5, Page 4). If
tha pawl is not property adjusted, there wil be a *knocking®
noise when the raicheting mechanism is operating, or the
mechanism will not retchet et all. To adjust the paw,
remove the escuicheon to gain access to the head of the
bolt 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 palr of
slip-joint pllers or a similar tool and rotate the cam slightly
until the ratcheting operation is smooth. This may require
saveral charging cycles, as each charging cycle lasts only
a few seconds. When the ecceniric cam is properly set,
ra-tighten the mounting bolt and replace the escutcheon.
Be sure that the escutcheon s reinstalled on the proper
circult breaker, since the escuicheon contains the
namepiste with all the breaker's rating and serial number
information,

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

Adjust the secondary trip latch adjusting screw (h,
Figure 5, Page 4) 8o that the overlap of the sacondary trip
prop on the primary trip prop roller Is approximately .125
inch (Figure 10, Page 6). Adjust the primary trip laich

* adjusting screw (Figure 10) 80 that with the main linkage
in the reset position the clearance betwaen 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 mechanism, betwsen the legs of the lower
centar phase support Insulator {Figure 24). With an 0.030
inch wira gauge between the trip bar lever and the
secondary trip laich adjusting screw, the latch check
switch should be opan. With no gap between the lever
and the screw, the latch check swich should be closed.

C. Adjustment of Ciose Latch

The close shaft passas through the side sheets of the
machanism frame at the front of and below the cam shaft.
The left end of the sheft is shaped to make a Jaich face
and Interferes with the latch arm which Is fixed to the cam
shah (Figure 7, Page S). Tha other end of the close shaft
is on the right side of the mechanism and a small lever
attached 1o it is positioned by an adjusting screw (b,
Figure 6, Page 4). With tha main closing spring charged,

turn the latch adjusting screw inward toward the rear of
the breaker untit the latch I3 released and the breaker
closes. Unscrew the adjustment screw 2v: tums and lock
in position with the locking nut.

Figure 24. Primaiy Trip Lalch Adjusting Screw

(5) Electrical Operation

Afer any necessary mechanical maintenance and
lubrication are done, coperate the circult breaker elactrically
several times to ensure that the electrical control system works
properly. See section headed *Electrical Operation® under the
*Putting Into Service* heading In this Instruction book.

C. INTERRUPTER AND CONTACT AREA

(1) Vacuum Interrupter Contact Erosion

At each Inspection, the vacuum Interrupters should be
chacked 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 gulde
sleave. As the contacts erode with use, this gap will decreasa.
When the gap reaches 0.125 inch the interrupter should be
replaced. See Figure 25.

(2) Sliding Contact Finger Wear
Remove the four socket-heed screws holding the sliding

contact assamblies and pivot the assemblies down. Wipe the
lubricant from the surfaces of the lower comtact biock, the
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fingers and the lower main horizontal primary disconnect bars
and examine surfaces. The finger locations should
present a bumished sliver contact without copper appearance
at more than one location. i copper is visible at more than
one location per pola, or the sliver Is tom on the lower contact
block, the imerrupter should be replaced.

The silding comtact finger assemblies on the Powi-Vac
circult breaker are revarsible. Since only the upper ands of the
fingers experlence eny wiping action, the wear is nommally
confined to that end. If tha upper ends of the fingers show
noticeable wear, the finger assemblies should be reversad.
Loosen the bolt holding the rear mounting clip and remove the
finger assembly, Invent the assembly and replace i in the
mounting clips, using tho other fle rod to support the
assembly. Tighten the bolt holding the rear mounting clip. if
copper is visible at more than one gontact location on a finger
assembly, that assembly should be replaced,

Apply & light coat of Mobilgrease 28 contact lubricant to
both sides of the contact blocks and to the contact areas of
the lower maln horizonlal primary disconnect bars, then
reassemble the siiding contact fingers.

(3) Mechanical Adjustment of Interrupters

There are several factory adjustments In the interrupter
area which are described below. No adjusiment of these
settings Is required for routine maintenance. The dimensions
given below are for new interrupters, and all of them will
change during the life of the Interrupter. Adjustment of these
setlings will be required after Interrupter replacement or any
major overhaul of the breaker which involves interrupter or

E P-60000 POWL-VAC® Vacuum Circuit Breakers

meachanism removal. DO NOT ADJUST THESE SETTINGS
UNNECESSARILY. .

a Wit closed contacts on a new vacuum interrupler,
the botiom of the moving contact block should be
1.250°+0.042" abova the top of the lower malin primary
disconnect bars. See Figure 25,

b. With closed contacts on a new vacuum interruptar,

the bottom of the pin which co bell crapks
to the operating yoke should be
the bottom of the lowsr main prim: \

See Figure 26.

€. With the breaker open, the dimension described in (b)
should be 0.875"+0.015".

d. As explained in the description of the mechanism
operation, when the breaker is closed a gap will exist
between the contact loading spring yoke and the nut
on the push rod stud, Figure 26. With a new vacuum
Interrupter, this gap will be between '/, inch and %,
inch. As the contatis erods, the gap will reduce to
about '/, inch.

Hiis neceésary to adjust any of these dimenslons, refer
to the proceduras for raplacing a vacuum interrupter in the
REPAIR PROCEDURES section of this instruction book.

‘/\

OVERTRAVEL QAP
SEE TEXT

Figure 28. Operating Yoke Adjustments

{4) Vacuum Integrity

Refer to Page 10 for Information on vacuum integrity and
testing of interrupters,
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D. OPTIONAL MAINTENANCE
PROCEDURES

(1) High Potential Tests

These tests are not ord required for routine
maintenance, but shoukd be performad after a heavy fault
interruption or sfter the breaker has been In storage for an
extended tima, espacially in a damp location or other ativerse
environment. Both the High Volage insufation Integrity and
Control Voltage Insulation Integrity tests should be performed.
See the section of this Instruction bullstin headed *PUTTING
INTO SERVICE" for details of these procedures.

(2) Primary Resistance Check

This chack is not required for routine maintenance, but it
is suggested eher any major maintenance that requires
disassambly of any part of the primary circukt, except for the
sliding contacts. This check shouid be done after inferrupter

replacemant,

To chack the registance, pass a minimum of 100A DC
through the circult breaker pole with the breaker closed.
Measure the voliage drop across the primary contacts and
calculate the resistance. This resistance should not exceed 55
micro-ohms for 1200A and 2000A breakers rated 15kV, 500
MVA Class, and it should not exceed 40 micro-chms for any
other circult breaker.

When making this test, be sure that the test cusrent passes
through both main horizontal disconnect bars of each palr, or
the resistance measuremant Wil be affected. This may be
done by connecting the current source leads to two blocks of
full round edge copper 1 inch thick by 3 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
siiver-or tin-plated to aimulate the switchgear cell disconnects.
Thevo!tagedmpmasuremmmaybonmdabﬂweenthaaa
two blocks.

V. RECOMMENDED RENEWAL
PARTS AND REPAIR

(2 Aways specily complete nameplate information, including:

Type

Sarlal Number

Rated Voliage

Rated Amps

Impulse Withstand

Control Voitage {for control davices and colis)

(3) Specify the quantity and description of the pan, and IB-
60000. If the part is in the tables of recommended ranewal
pans, give its catalog number, If the part Is not in the
tables, the description should be accompanied by a
marked Blustration from this bulletin, a photo or a skeich

showing the part needed,

{(4) Standard hardware, such as screws, bolts, nuts, washers,
eic.,, should be purchased locally. Hardware used in
boflted joints of conductors must be SAE Grade 5 or better
in order to insure proper clamping torque and prevent
overhegting of the joints. Hardware should be plated to
deter comrosion.

B. RECOMMENDED RENEWAL PARTS

it Is recommended that sufficlent renewal parts be canled
in stock to enable the prompt replacement of any worn, broken
or damaged pat, A stock of such pars minimizes service
interruptions .caused by breakdowns and saves time and
expense, When continuous opergtion I8 a primary
consideration, more renewal parts should be cared, the
amount depending on the severlty of the service and the time
required to secure replacements.

Spare or replacement parts which are fumished may not
be identical to the origine! parts, since improvements are made
from time o time. The parts which are fumished, howevar, will
be imerchangeable. Tables Il, Ul and [V list the recommended
spare pants 1o be caried 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, & Is recommended that one set of parts be stocked
per ten breakers or fraction thereof,

~sappe

Table Il. interrupter and
Sliding Contact Finger Assemblies

PROCEDURES Brsoker | foled | Contimsus [Momentery| nearin |ronaed Contee
Trps Y Lurrent A {3 per Bkr.) {6 per Brecker]
5PV0250-3 4,76 12000 58 60149-G1 50552~61
A. ORDERING INSTRUCTIONS V63 | 130 | me | ¥ | e | Seed
vy | 155 | e | 2 | e | 2w
(1) Order Renewal Parts from Powell Apparatus Service 15PVOS0H-3 | 150 | 20004 s8 | cou9-c2 | sos82-61
Division (PASD).
POWELL ELECTRICAL MANUFACTURING COMPANY, HOUSTON, TEXAS, USA 19
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Table lll. Control Devices (1)

Conlrol
Veltoge

Cosing | Ty | . Jeik-Pumn
Col w'a'&) mgﬁs) Retay

2dvC

o T
©

4BVOC |50026-C1] 3004161} 50042-G1 ] 50028-63]50960-G6
125V0C [50028-G3150041~62] 5004203 | 50028~G1/50960-C4
2507VDC [50026~C4}50041~C3] 50042-G4

240NAC 150026-G2|50041-C5} 50042-C2| N/A

N/A  [50041~C5] 50042-G6 [50028-G4 N/A N/A
PYKUP11035—48
PYXUP11053-110
50028-62150960-05] PUPt t055-110(5)
50960-G4|  PVKLP11ASS =120
50960-C5] PVKIPI1ASS-240

N/A  [50041~G4| S0042-05]  w/a /A N/A

50042-C1] W/A

NOTES FOR TABLE Ul

10

n o» ep

One each required per breaksr if breaker was originally
equipped with this tem. All breakers have cloalng coll, left
shunt trip, charging motor, and anti-pump relay. Right shunt
tip and underveltage device are optional, See notes 2, 3
and 4.

Standard shunt trip,

Secondary shunt trip, wheis fumished. Cannot be present
with undsrvoltage device.

Whoere furnished. Cannot be present with right-hand shunt
trip,

For 250VDC applications, a dropping realstor, 50747-G2, Is
required in eeries with this relay’s coll.

For use with capacitor trip unite with 240VAC input. Conauht
factory for ather ratinge,

Table IV. Miscellaneous Parts

Oly/Bke Dezcription Calalog No.
8 Primary Contoct Spring Assembly 50740-G1
1 Lalch Chech Swilch PVBA-2RV2-A2
1 Notor Culoff Switch Assembly 50756-Gt

Geouind Shos Finger

2 SPVD250--3, 12004 & 2 50952-63
2 13PV0500-3, 12004 & 20004 5095162
2 15PVDS0H~3, 12004 & 20004 50952-63
1 Auxiory Switch Assembly 1021088

C. REPLACEMENT PROCEDURES

This section includes instructions for replacing ali the parts
recommended as renewal pans. Béfore attempting any repair
work, take note of safety practices outlined in Section 1f 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.

()

nop

Vacuum Interrupter

Open circult breaker and discharge closing spring.
Remove interphase barvier assembly,

Remove X-washer from one end of the vacuum
interrupter operating pin, push down on the upper
surface of the moving contact block to refieve any

F‘:"

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

Remove the four socket-head screws, two on each
side (1, Figure 9, Page 6), holding the siiding contact
assembiies, and pivot the siiding contact assembiies

Unscrew and remave the operating yoke at the lowsr
end of the vacuum Interrupter (Figure 26).

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

Loosen, but do not remove, the four bolts connecting
the vertical bars above tha vacuum Interrupter to the
upper main horizontal primary disconnect bars.
While supporting the vacuum Iinterrupter, remove the
two bolts connecting the upper contact block to the
veartical bars.

Remove the vacuum interupter.

Unscrew the upper contact block from the vacuum
Interrupter.

Check the contents of the replacement vacuum
interupter kit it should contain the following:

. A vacuum Interrupter of the proper rating, with the

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

2. Two X-washers.
3. Two contalners of lubricant, one tacky high pressure

m

graese Anderol 757, and one contact grease
Mobiigreass 28, o

Screw the upper contact block onto the upper stem
of the vacuum interrupter 8o that 3 to 5 threads of the
interrupter slem protrude from the top of the contact
block, This adjustment is not critical at this point, as
it will bo gaiged iater.

install the new interrupter In the breaker by reversing
staps | through e above,

Sat the height of the interrupter In the breaker by
rolating the_interrupler. Be careful 1o tum the
Interrupter by its ceramic body. Do not attempt to
tum & by the lower contact block or the movable
stem, as this might result in damage 1o the
interrupter’'s bellows and loss of vacuum. Rotate the
interrupter untll the lower surfacs of the lowsr contact
block is 1.250* above the upper edge of the lower
primaries. See Figure 25. Then rotate the interrupter
as nacessary 10 position the long edges of the block
paraliel to the lower primarias and thae slot in the lower
contact block & the rear of the breaker. Recheck the
dimension between the lower surface of the contact
block and the upper surface of the lower primaries.
This dimension should be 1.250°+0.042",
Remove the nut from the bell crank mounting bolt and
semove one bell crank,

Insent the pin through the operating yoke but not

20
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through the bell cranks,

8, Set the height of the operating yoke so that the

bottom of the pin is 1.500°0.015" above the boliom

edge of the iower primades. See Figure 25,

Remove the pin and reassembie the bell crank.

u. Ltubricale the pin with a liberal coat of the tacky high
pressue grease, Anderol 757, insent 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 ald in
aligning the pin with the other parts. Tighten tha X-
washer by squeezing the two open ends togsther with

pliera.

v. Tighten all boits 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 reassembile the sliding contact fingers.

X. Wih the circult breaker open, check the dimension
from the lower edge of the operating pin to the lower
edge of the lower primasies. This dimension should
be 0,875"+0.015". #f this dimension Is not comect,
readjust the operating yoke until both the 1.500 inch
and the 0.875 inch dimansions are within tolerance.

y. Close and open the clrcuit breaker about 50 times 1o

soat the vacuum interrupter contact surfaca.
Recheck all dimensions, and readjust as necassary.
z. Replace interphase barrler assembly.

e
4

(2) Sliding Contact Finger Assembly

Instructions ere given in the maintenance section of this
manual for removing and Inverting the siiding contact finger
assembly. Follow thesa Instructions, but install the new finger
assembly instead of re-installing the old one,

(3) Closing Coll Assembly

The closing coll Is located in the lower front center of the
circult breaker, Sea Figure 3, Page<3. To replace R:

Remova front cover of the breaker,

Elevate the breaker so that these is at lsast 6 inches

of clsar space below the botiom pan of the breaker,

Unplug the closing coll from the wire hamess,

Remove two boltg holding closing coll assembly to

base pan and drop the closing coll out of the bottom

of the breaker.

Insert new closing coll assernbly Into the breaker from

below, boit & in place and plug it Into the wiring

hamess. No adjustment Is required.

. Close breaker several times electrically to insure that
coll {s functioning properly.

g. Replace front cover,

AP op

() Shunt Trip Coll Assembly, Left

This assembly is located in the certer part of the
mechanism area, just to the left of the maln closing spring.
See Figurs 3, Page 3. To repiace i:

a. Remove front cover of breaker.

b.  Unplug the trip coll from the wiring hamess.

c. Remove the two bolts holding the trip colt assembly
1o the breaker frame and remove the assembly.

d. Bolt new assembly in place and plug it into the wiring
hamess

6. Wih the breaker mechaniam in the reset position,
check the gap between the trip coll armature and the
irip lever extending from the trip shaft. This gap
should be between 1/4 inch and 5/18 inch. i
necessaty, bend the trip lsver slightly to achleva this
setting. See Figure 27.

t.  Trip the breaker electrically several imas to insure that
coll is functioning properly.

g. Replace front cover.

&

0 - N
“®

Figura 27. Trfp Lever Gap Adjustment

(5) Shunt Trip Coil Assembly, Right

This assembly is located in the center part of the
machanism area, Just to the right of the meln closing spring.
See Figure 12, Page 8. To replace i:

a Remove front cover of breaker.

b, Unplug the trip coll from the wiring hamess.

¢. Remove the two bolts holding the trip coll assembly
to the breaker frame and remove the assembly.

NOTE: 1t will be easier to remove the trip coll assembly ¥ the

right hand maln operating spring connacting rod is
removed. See section headed “Closing Spring
Removal and Siow Closing of Mechanism® under
Maintenance in this instruction book for procedures
for removing this connecting rod.
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Bolt new assambly in place and plug  into the wiring
hamess. No adjustment Is required.

Re-assemble spring conneciing rod and main spring,
i praviously removed.

Trip the breaker electrically sevaral times to insure
thet the coil Is functioning properly.

Replace front caver.

Undervoltage Device Assembly

This assembly is located In the center part of the
maechanism area, just 1o the right of the main closing spring.
See Figure 28. To replace I:

a
b,

Remove front cover of breaker,

Remove right hand maln operating spring connecting
rod. See section headed "Closing Spring Removal
and Slow Closing of Mechanism® under Maintenance
in this Instruction book for procedures for ramoving
this rod.

Unplug the undervoltage device from the wirng
hamess.

Remove the two bolts holding the undervoltags device
assembly to the breeker frame and remove the
assembly.

Figure 28. Undervoltage Device Mounled on Circult Breaker

:3
f.

Bolt new assembly In place.

Re-assemble the main operating spring connecting
rod,

Whila the undervoltage device has been tested at the
factory, & Is necessary to check and possibly adjust
its settings once #t has been assembled to the circuit
breaker. This will require a variable voltags DC source
capable of output of from 40% to 100% of the DC
rating of the undervoltage device. Connect this
source 1o the terminals of the undervoltage device
coil.

Apply a DC voltage of 80% of the undervoltage coll

@

rating. The undervoltage devica should pick up and
allow the breaker to close. Close and trip the braaker
several times, using manual or shunt trip, to be sura
that the vibration of breaker operation does not cause
the undervoltage device to drop out improperly. f the
davice does drop out during this test, rotate the knob
at the bottom of the device to the right In 1/8 turn
steps until the proper operation is obtained. This
adjustment may be fine turned by bending the tab st
the base of the beam spring up In 1/16 inch steps.
See Figure 29,

Check dropout of
undervoltage 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 '
dropout voltage is too
low, bend the tab at the
base of the beam spring
down slightly to ralse the

Figure 20. Undervoliags

voitage.
Davice
e By e e

undervoitage device into the wiring hamess,
Replace front cover.

Charging Motor Assembly

‘The charging motor assembly Is located at the lowaer right-

hand side of the mechanism (See Figure 4, Page 3). To
roplace it:

®)

Removae front cover of the breaker.

Unplug the motor from the wiring hamess.

Remove the two bolts holding the motor mounting
bracket to the base pan and slide the motor 1o the
right, disconnecting the motor shalt from the
mechanism, and Jit the motor out.

Lubricate the end of the shaft of the new motor
fiberally with Anderol 757 greasa,

Position the new motor assembly in the clrcult
breakar, being sure that the pin on the end of the
drive shalt engages the slot In the mechaniam shafl.
Bolt the motor 1o the base pan and plug !t into the
wiring harness.

Operate the clrcuit broaker several times to insure that
the motor operates smoothly,

Replace front cover.

Anti-Pump Relay

This relay is located near the top of the mechanism, {0 the

left of the main operating springs. See Figure 30, To replaca

i
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Remove front cover of breaker.
Disconnect leads from anti-pump relay, being careful
to note which wires go to which terminal.

Loosen lower mounting screw of relay.

Remove upper mounting scraw and (ift relay off lower
screw.

Place new relay over lower screw, reinstall upper
screw, and tightan both screws.

Reconnect all wires to the proper terminals of the
relay.

Relays in 250VDC closing circults are provided with
dropping resistors to apply the proper voltage to the
relay coll. The resistor is mounted adjacent to the
relay. R may be replaced by unplugging & from the
relay and unscrewing the mounting feet from the
breaker frarme, replacing tha resistor and reassembling.
Operate the breaker several times to Insure that the
relay functions properly.

Replace front covaer,

Figurs 31. Primary Disconnect Finger Spring Assembly

(9) Primary Contact Spring Assembly

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

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

b. Remove cap, spring support and spring.

¢. Slide new spring onto spring support and place spring
support In siot betwesn fingers.

d. Depress head of spring support and Install keeper in
siot in end of spring support.

8. Release spring slowly, allowing keeper to sesat

properly.

NOTE: Springs are 1o be installed in every other sict In
fingers; top, center and bottom. The second and
fourth slots are empty.

(10) Latch Check Switch

The laich chack switch is located on the Isfi-hand side of
the maln mechanism frame, near the botiom of the main
closing spring. See Figure 5, Page 4. To replace It:

a. Remove the front cover of breaker,

b. Remove two screws holding swich to mechanism.
Do not lose nut plate Into which these screws are
threaded. :

c. Disconnect wires from switch,

Connect wires 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 Prdmary and Secondary Trip Latches
and Laich Check Switch” under MAINTENANCE in this
instruction book.

f.  Operaie breaker electrically several times to insure
that it Is working.

0. Replace front cover,

(11) Motor Cutoff Switch Assembly
The motor cutoff switch assembly Is located on the fioor

pan of the mechanism area, just 1o the right of the main
mechanism. See Figure 4, Page 3. To replace it:

a

a. Remove the front cover of broaker.

b. Disconnect wires from switch, being careful to identtfy
each wire by the terminal number from which it was
removed,

¢. Remove the two bolts holding the assembly to the
breaker floor pan and remove the assembly.

d. instail new cutoff switch assembly, bok it to the floor
pen. Raconnect the wiring. No adjustment is neaded.

a.  Spring 6. Operate breaker electrically several times to insure
b. Support that it is working.
¢ Cap f.  Replace front cover.
d.  Keeper
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(12) Ground Shoe Finger Assembly (13) Auxiliary Switch

The ground shoe assembly s located at the rear edge of
the breaker floar pan between the centar and right poles of the

The auxillary switch Is located in the lower left front of tha
mechanism area. Ses Figure 33. To replace an auxiiary

breaker. See Figure 32. To replace it: switch:

a. Elevate the breaker so that there is at least 8 inches a. Remove the front cover of braaker.
of clear space below the bottom pan of the breaker. b. Disconnect wires from switch, being careful to identlfy

b. Rermove bolts holding two ground shoe mounting each wire by the terminal number from which it was
brackets to ground bar, and remove the two brackets, removed.

¢. Prass down on finger assembly and remove It from c. Removae the "E" ring securing the switch operating am
bottom of breaker. 1o the operations counter linkage.

d. Remove from socket-head screws holding two side d. Remove the two scréws holding the auxliary switch to
finger assemblies to two red spacer tubes. its mounting bracket, and remove the swiich.

e. Assembis new side finger assemblies to red spacer 8. Insert the new swiich and attach & to the mounting
tubes. bracket with the two screws removed In step d.

f.  Wipe old lubricant off ground bars on breaker and f. Insert the operating arm of the switch Into the hole in
apply a thin coat of contact ibricant Mobligrease 28 the end of the operations counter linkage and secure
to ground bars. with the "E" ring removed in step c.

9. Insert new finger assembly from below the breaker ¢. Roconnact tho wiring. Be sure wires are connected

floor pan and press up until the upper lobe of the
fingers snaps Info place on the ground bus,
Reinstall the two mounting brackets.

Figure 32. Ground Shoe

a
b,

Mounting Brackets
Holding Bolts

COPYRIGHTS 1189 tM

to the same terminals from which they were removed.
Operato breaker electrically several times to Insure
that Rt is working.

Replace front cover,

Figure 33. Awdlfary Switch

o
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