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Introduction

THIS EQUIPMENT CONTAINS HAZARDOUS VOLTAGES AND
MECHANICAL PARTS WHICH MOVE AT HIGH SPEED AND
MAY BE CONTROLLED REMOTELY. SEVERE PERSONAL IN-
JURY OR PROPERTY DAMAGE CAN RESULT IF SAFETY IN-
STRUCTIONS ARE NOT FOLLOWED. ONLY QUALIFIED
PERSONNEL SHOULD WORK ON OR AROUND THIS EQUIP-
MENT AFTER BECOMING THOROUGHLY FAMILIAR WITH ALL
WARNINGS, SAFETY NOTICES, AND MAINTENANCE PRO-
CEDURES CONTAINED HEREIN. THE SUCCESSFUL AND
SAFE OPERATION OF THIS EQUIPMENT IS DEPENDENT
UPON PROPER HANDLING, INSTALLATION, OPERATION AND
MAINTENANCE.

Qualified Person

For the purpose of this manual and on product labels, a qual-
ified person is one who is familiar with the installation, con-
struction and operation of the equipment, and the hazards
involved. In addition, he has the following qualifications:

(a) Is trained and authorized to energize, de-energize, clear,
ground, and tag circuits and equipment in accgfdance
with established safety practices.

(b) Istrained in the proper care and use of protective equip-
ment such as rubber gloves, hard hat, safety glasses or
face shields, flash clothing, etc., in accordanceiwithes-
tablished safety practices.

Signal Words

Distinctive signal words (DANGER, WARNING,,CAUTION) are
used in this instruction book and approduct labels to indicate
degrees of hazard that may be encountered’by the user. These
signal words are defined below,

A DANGER

Indicates death, severe personal injury or
substantial property damage will result if
properprecautions are not taken.

B WARNING

Indicates death, severe personal injury or
substantial property damage can result if
proper precautions are not taken.

A

CAUTION

Indicates minor personal injury or property
damage cantesult if proper precautions are
not taken;

a

Power circuit breakers are applied at high
voltages and have mechanical parts which
move at high speeds and will cause death,
personal injury, and property damage.

DANGER

To avoid injuries due to electrical shock,
burns, and entanglement in moving parts,
this equipment must be installed, operated,
and maintained only by qualified persons
thoroughly familiar with the equipment, in-

struction manual and drawings.

Field Service Operation

Siemens Energy & Automation, Inc. can provide competent,
well-trained Field Service Representatives to provide technical
guidance and advisory assistance for the installation, over-
haul, repair and maintenance of Siemens Energy & Automa-
tion, Inc. equipment, processes and systems. Contact regional
service centers, sales offices or factory for details.



Table of Contents

4
General Undervoltage Release . .4, . % .............. 20
Introduction ........ ... 1 Construction and Mode ON .............. 20
Receiving ... i 1 Capacitor Trip Device ... .. _
neFomd Tosis | IermupteriOperator-Mainte
Installation Checkout ............... 3 Genera! """""" C \
Circuit Breaker Elevations .......................... 5 Inspection Check Listy, ...
"""""""""""""""" Hand Tools Reco
Technical Data General
Rating Plate Content ................................... 8 Metric ......"
Rating Summary .............oc i 9 English .47
Service Conditions ................... . 10 Minimum M
General Performance Data ............................ 10 i
Interrupter/Operator-Description L
Description—General ................................. 11
Interrupter/Operator Subassembly .................... 11
oremwer POy epter Vacuum CheciMechanial . 2
Current-Path Assembly ... .. 12 igh Potential Testing and Electrical Interrupter
Vacuum interrupter ... .. 12 . 26
The Arc Quenching Principle . ................ uum Tube Replacement ........................... 27
Switching Operation . ....................... ydraulic Shock Absorber ...................... ... ... 31
Operating Mechanism .................... ... ... Vehicle-Description
Construction .......... ..o - Vehicle Function and Operational Interlocks .......... 32
Indirect Releases .......................... 8 Alignment ... 32
Motor Operating Mechanism ............. . . INterlocKs ... .o 32
Auxiliary Switches ....................... %, . Breaker Racking Interlock (Lever Type) ............... 32
Mode of Operation ...................... Breaker Racking Interlock (Screw Type) .............. 33
Charging ................ @ e Plunger Position Mechanical Interlock ................. 34
Closing ... . Automatic Closing Spring Release .................... 34
Trip Free Operation ............ Continuous Current Interlock .......................... 38
Opening ................... Control Cable and Connection Box ................... 38
Rapid Auto-Reclosing ... ... Q. Insulating Barrier-Type FSV ............... ... 39
Manual Operation ........... 4 .. .. Front Hinged Panel-Type FSV ......................... 39
Manually Charging the Closi i Cubicle Interface Barrier for Type MSV & FSV Circuit
Manual Closing ..... @™, 50 ... Breakers ..... ... 40
Elemgrr:?:rlyODp?aeglrn m. . @ ....................... Vehicle-Maintenanpe
Indirect Release$ (Dual Tip & Undervoltage) ... 19 Vehicle Lubrication ............. ... . ... ... .. ... ..., 41
SecondaryfReleg@Se . o ......... ... 20 Warranty
Warranty ... 42



Table Of Contents

OO

L 4
Note @
The instructions contained within this manual are necessary for the safe installation, maintenance operation of this equip-
ment. If this manual is misplaced or lost, replacement manuals are available through the local Sigm ergy & Automation,

to be met in connection with installation, operation or maintenance. Should further infor esired or should particular
problems arise which are not covered sufficiently for the purchaser's purposes, the fna should be referred to the local
Siemens Energy & Automation, Inc. sales office.

THE CONTENTS OF THIS INSTRUCTIONAL MANUAL SHALL NOT BECOME PAF@ ODIFY ANY PRIOR OR EXISTING

Inc. sales office.
These instructions do not purport to cover all details or variations in equipment, nor to prov@ery possible contingency,
ti

AGREEMENT, COMMITMENT OR RELATIONSHIP THE SALES CONTRACT ENTIRE OBLIGATION OF SIEMENS
ENERGY & AUTOMATION, INC. THE WARRANTY CONTAINED IN THE C TWEEN THE PARTIES IS THE SOLE
WARRANTY OF SIEMENS ENERGY & AUTOMATION, INC. ANY STAT TAINED HEREIN DO NOT CREATE NEW
WARRANTIES OR MODIFY THE EXISTING WARRANTY.

If drawings or other supplementary instructions for specific applicatio re
precedence over any conflicting or incomplete information in this mafual
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Introduction

The MSV and FSV series of vacuum circuit breakers are pre-
cision built devices designed to function efficiently under nor-
mal operating conditions. They are designed and manufactured
to operate within the ANSI C37 standards for “Indoor” oiless
circuit breakers. Performance requirements of these stan-
dards are met or exceeded by these designs.

Specific Standards which apply include:

C37.04 IEEE Standard Rating Structure

C37.06 Preferred Ratings and Related Required
Capabilities

C37.09 IEEE Standard Test Procedures

C37.010 IEEE Standard Application Guide

The successful performance and application of these vacuum
breakers depends as much on proper installation and main-
tenance as it does on good design and careful manufacture.

The instructions included in this book are necessary for safe
installation, maintenance and operation and are provided'to
aid you in obtaining longer and economical service fromiyour
Siemens circuit breakers. For proper installation and operd-
tion—resulting in better service and lower maintenance ¢Qsts——
this information should be distributed to your operaters and
engineers.

By carefully following these instructions, difficulties should be
avoided. However, they are not intended to cover all details or
variations that may be encountered in connectiopw.ith the in-
stallation, operation and maintenance of this equipment.

Should additional information be deSiséd, heluding replace-
ment instruction books, contact your Siemens representative.

Receiving:

Circuit breakers are normally shipped frem the factory com-
pletely assembled, inspected, tested\and packed. Immedi-
ately upon receipt of a breaker éheckeachitemwith the shipping
manifest and make an examination, for evidence of any dam-
age that may have occurred'@uring shipment, removing pack-
aging carefully with cérreet tools where necessary. If any
shortage, damage oriindication of rough handling is found,
immediately call itto the‘attention of the local freight agent
handling the shipmentiProper notation should be made by
him on the freight bill. This prevents any controversy when
claim is madeyang,facilitates adjustment. Also, immediately
file a damage claim with the transportation company and
notify theynearest Siemens sales representative.

Note

Damage claims must be processed within the time period
specified by the carrier. Siemens cannot be held responsi-
ble for shipping damage, either external or internal, if the
inspection is not made and claim forwarded within the set
time limit.
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Circuit breakers are normally shipped from the factory com-
pletely assembled. Observe weight markings on the carton
and ensure that capable handling equipment is used.

Remove packaging carefully with the correct tools. Check each
item with the shipping manifest. If any shortage or damage
is found, immediately call it to the attention of the local
freight agent handling the shipment. Proper notation should
be made by him on the freight bill. This prevents any contro-
versy when claim is made and facilitates adjustment.

Remoye ramp pieces nailed to the back of the pallet.

I . ;

When moving breaker to location with a,fork lift, observe
weight and lifting locations on the carton. Carefully
remove carton and plastic cover.

Remove hold down bolt and angle located in the front
and back of the breaker.

Smmens

When moving breaker to location with a crane, observe

weight and sling lifting locations on the carton. Use a Place ramp pieces in front of the pallet in line with the
spreader to prevent frame distortion and/or damage to  breaker wheels and nail to pallet as shown. Slowly roll
the barriers. Carefully remove carton and plastic cover. the breaker off the pallet.

Figure 1 Circuit Breaker Handling Instructions
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Storage

The circuit breaker should be installed as soon as possible. If
storage is necessary, ‘As Found' tests are recommended prior
to and after storage for comparison. For storage, the circuit
breakers should be kept indoors in a clean dry protected
location where they will not be exposed to such items as dirt,
construction dust, corrosive atmospheres, mechanical abuse
or rapid temperature variation.

Outdoor storage of circuit breakers is not recommended.
If breakers must be stored outdoors, they must be completely
covered and protected from the elements. A heat source must
be provided to prevent condensation and subsequent corro-
sion. Covering should allow for ventilation. Often 500 watts heat
per breaker is used.

It is recommended that periodic inspection of the breakers be
made during storage and if necessary procedures adjusted to
keep the breakers in proper condition.

“As Found” Tests

When the equipment s received, perform and record “As Found
insulation tests using megger or Doble tests to givedan inttial
value for future comparative indication of insulation change.
Contactresistance tests can also be made using a ddctor, Thig
is recommended for all new circuit breakers especially'if they
are to be stored for extended periods, as theysmay absorb
moisture and contaminants. This should,also/be d@ne after
storage and prior to placing breakers into service:

Changes in values between subsequentests should be eval-
vated and corrective action taken whesé needed.

Since wide variations can occur in imsulatiopivalues and con-
tact resistance because of atmospheric‘¢onditions, contami-
nation and type of test equipment, disci€te values cannot be
given. However, making and{recording these tests on new
equipment, and again atiregularintervals, will give a compar-
ative indication of insul@tion'and/orcontact resistance change.
Maintaining a permanentgrecordof these values for each cir-
cuit breaker shouldibe gart ofthe Maintenance Program.

a. Insulation resistafce tests should be made to verify
the insulation integrity. These can include megger
or Dobel tests. If possible, a high-potential test
should be made for one minute at:

RATED TESTVOLTAGE
VOLTS AC. D.C.
(MAX.)

4.75kV 14000 20,000
8.25 kV 27,000 38000
15.0kV 27,000 38,000

NOTE:

Before testing the procedures and safety precautions indi-
cated in High Potential Testing'and Interrupter Vacuum Check

on page 25 must be revieled.

With the breaker opemy, check each phase across the
open contacts by‘eonnecting from the upper to the lower
primary disgonpnects» With the circuit breaker closed.
checkphase-to-phase and each phase-to-ground

b. A dieleGtrieytest'©n secondary and control circuits should
be,made‘at 1125 volts AC for one minute.

c.plf desired, eontact resistance tests can be made using
abucton

di \Makea permanent record of all tests performed.

Installation Checkout

The following agenda provides a convenient check list of ac-
tivities to be performed while preparing the circuit breaker for
use, and prior to insertion into the cubicle.

A

DANGER

Hazardous voltages and high speed me-
chanical parts will cause death or severe
personal injury and property damage.

Read instruction manual, observe safety in-

structions and use to qualified personnel.

Prepare circuit breaker for insertion into its cubicle as follows:

1. Carefully remove packaging. Note: Vacuum breakers are
normally supplied with their primary contacts open. Press
“TRIP" (Red), “close” (black) and again “TRIP" (Red) push
buttons to confirm this is true. See Fig. 2a & 2b Front
elevations.

2. Carefully note and check rating plate to ensure maximum
voltage, continuous current, interruption rating, and con-
trol voltages are compatible with the system and the cu-
bicle into which the breaker is to be inserted.

3. Remove breaker from the shipping skid following require-
ments shown pictorially in Figure 1.

4. Remove interphase and external barriers. Note the inter-
phase barriers are dissimilar from the external barriers,
and that this dissimilarity must be recognized when in-
stalling the barriers.
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5. Perform a careful visual inspection noting any damage
which may have occurred in shipment. Clean all dust, dirt SAFETY
and foreign materials accumulated in shipment lN STR U CT I 0 N S
6. Using procedures described in the maintenance section
of this manual, carry out a vacuum check, POO. FOR CIRCULT BREARERS WiTH SCRER RACKING
| | 1 THIS CUBICLE MAY BF EQUIRRERWITH KEY TYPE INTERLOCK 1F SO
7‘ Comp'ete a manual Spr'ng Charge’ Close and trlp THE LOCK BLOLT MVUSr BE INTHE WITHDRAWN POSITION A‘N’[(‘,THLK(WH(‘UH
operahon, BREAKER OPEN BEFORFUALTEMPTING TO CHANGE POSITION Df BREAKER
. . . 2 EFORE INSERTINGYBRE ER THE FOLL OWING N > 1 5
8. Reinstall all interphase and external barriers (see 4 above). CONDITIOpmE: OONEE VERIFIED 114t DRIVE NUT 14 1001 ¥ HACKED
OUT AGAINST SBOF AND BREAKER 15 OPEN PLUSH BREAKER INTOQ CUBICLE
H H H DISCONNE CTROSIMON WHERE INTERLOCK PLUNGER Wil . STRIKE A
9' CheCk pr'mary ContaCt assemblles Flngers Should be POSITIVESTOP RAISE RACKING RELEASE HANDLE AND PUSH BREAKER
i | - TO TEST POSITION WHERE IT WILL MAKE A POSITIVE STOP AND WILIL
fU”y engaged‘ Sprlng Ioaded and arranged with sym BEJAUTOMATICALLY COUPLED TO THE DRIVE MECHANISM
metry abOUt the aX|S Of the pflmafy StUd 3 MOVING THEBREAKER BETWEEN THE DISCONNECT AND TEST POSITION
X X . . 1S ACGOMPLISHED BY FIRST RAISING THE RACKING RELEASF HANDLE
10. De-energize cubicle control power, and install plug jumper ANGIEAT HE R
. . RUSHING BREAKER FROM DISCONNECT TQ TEST POSITION OR
between cubicle secondary disconnects and those of the PUBLING BREAKER FROM THE TEST TO DISCONNECT POSITION
breaker. Re-energize control power springs should charge. SIS NOT RECOMMENDED THAT THE BREAKER BE SCREW RACKED FROM
1 1 1 ODISCONNECT TO TEST POSITION {ONLY POSSIBLE IFf THE BREAKER S
Wlth the IOCaI COntrO‘ SWltCh Close and trlp breaker RACKING REL EASE HANDLE IS HA(ISEDW IF THIS IS DONE BREAKER
. . WILL NOT AUTOMATICALLY STOP IN TEST POSITION
11a (Lever type racking only) Note that with the breaker closed,
. . 5  CLOCKWISE CRANK ROTATION WILL MOVE BREAKER FROM TEST TO
that the racking release handle, (Fig. 2a and 2b.), capnot CONNECTED POSITION COUNTERCLOCKWISE ROTATION WiLL MOVE
. . BREAKER FROM CONNECTED TO TEST POSITION UPON REACHING
be raised. Open breaker by pressing trip button aid note EITHER CONNECTED OR TEST POSITION BREAKER WILL AUTOMATICALLY
the racking lever may be freely raised. STOP AND LATCH IN PLACE
6 THE BREAKER MAY BE REMOVED FROM THE CUBICLE BY RAISING THE
11b. (Screw type rack|ng On|y) Refer to the pane| mounted RACKING RELEASE HANDLE AND PULLING THE BREAKER FROM THE

cautionary statement and safety instructions (repreduc-
tion below). Read and understand this informatiombefore
inserting the circuit breaker into the cubicle:

A CAUTION

CIRCUIT BREAKER ISIEQUIPPED WITH SCREW
RACKING AND MAY INCLUDE A KEY TYPE
INTERLOCK@AS WELL. KNOW HOW THIS
EQUIPMENT ISTTO BENOPERATED BEFORE
ATTEMPTING TO INSERT OR RACK CIRCUIT
BREAKER. FAILURE TO DO SO COULD
RESULT, INSPERSONAL INJURY AND PROPERTY
DAMAGE.

OBSERVE SAFETY INSTRUCTIONS AND RESTRICT
OPERATION TO QUALIFIED PERSONNEL ONLY.

18-744-191-001

DISCONNECT POSITION UNTIL IT 1S FULLY WITHDRAWN FROM THE
CuBICLE

-~

THE KEY INTERLOCK JF SPECIFIED 1S USE® TO LOCK THE BREAKER

‘TRIP FREE" TO LOCK THE BREAKER TRIP FREE PROCEED AS FOLLOWS
WITH BREAKER IN CONNECTED POSITION AND L OCK BOLT WITHDRAWN
TURN DRIVE MECHANISM CRANK EXACTLY FOUR (41 TURNS IN A
COUNTERCLOCKWISE DIRECTION
TURN KEY ON LOCK TO EXTEND LOCK BOt T BREAKER 15 NOW
LOCKED IN A TRIP-FREE CONDITION

8 TO RELEASE INTERLOCK AND RETURN BREAKER TO NORMAL CONDITION
TURN KEY TO WITHDRAW LOCK BOLT
THEN TURN CRANK IN A CLOCKWISE DIRECTION UNTIL IT STOPS

18-810-099-001

12.

13.
14.

Perform and record results of the “as found” tests. Com-
pare with pre-storage “As Found™ test values if stored.

De-energize control power and remove plug jumper.

Coat movable primary and secondary disconnects with
a light film of Siemens contact lubricant, 15-171-370-002.

& DANGER

HAZARDOUS VOLTAGES ASSOCIATED
WITH THE APPLICATION OF THIS BREAKER
WILL CAUSE DEATH, PERSONAL INJURY,
AND PROPERTY DAMAGE.

Before proceeding with the initial circuit
breaker insertion and racking to the bus, be
certain the bus is de-energized.
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15.

16.

17.

18.

On FSV circuit breakers examine aramid cords to ensure
they are aligned over each of the guides (refer to page
37, Fig. 29 for location).

Insert breaker into its cubicle and rack to the “discon-
nect” position. Reenergize control power

Advance the breaker to the “test” position and close
breaker electrically. Try an opening operation. Observe
that the breaker closes and opens.

During this racking exercise note the alignment of the
stationary and movable secondary disconnects. Check
also the alignment between the auxiliary switch bayonet
on cubicle wall and operating yoke on breaker. See Fig.
2a and 2b or reference to the breaker operating yoke.

A WARNING

A fully connected breaker controls high valt=
age and currents. Improper use can cause
death, personal injury or property damage;

Perform initial racking to connect positiop on
de-energized bus. If an energized bus,is URx
avoidable obtain appropriate cleaganeces
before beginning the next two steps.

19.

20.

21,

Move breaker to fully connégted¥position on a de-ener-
gized bus. Close and trip breakef“from main control
position.

If a lock-out key interlock has bgen provided, place this
interlock in the breaker<ocked out" position, key re-
moved, and performiya close operation. Check that the
breaker has gonegrip freefOpen the interlock, "key held”
position and repeat the closing trial. The breaker now
should successfully,close.

The breaker should now be ready for service.

Circuit Breaker Elevations

Typical feent elevations and side elevations of the type MSV
and ESV Vacuum Circuit Breakers are shown in figures 2a and
2b(The §:MSV-250A circuit breaker has a front panel design
about4%6" higher than as shown for use with type ‘DG’ ground
and,testdevices. The cubicle barrier is about 43" shorter for
this d€sign. The cubicle and breaker are not interchangeable
without changing panels.
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Rating Plate Content

Designated circuit breaker model
number and broadly identifies
application in terms of
maximum voltage and
interruption capability.

Rated continuous current is the
designated limit of current in
RMS amperes at rated
frequency which the breaker
may be expected to carry
without exceeding temperature
limitations.

The highest RMS voltage above
nominal system voltage for
which the circuit breaker is
designed, and is the upper limit
for operation

The ratio of rated maxim@m
voltage to the lower limiyofthe
range of operating veltagelin
which the required_symmetrical
and asymmetrical’intefrupting
capabilities vary in inverse
proportion tofoperating voltage.

The ratedéull wave impulse
withstandVieltage” The crest
value @f a standard 1.2 x 50
impulse veltage wave which a
new. cireuit,breaker must be
¢apable of withstandning
without flashover or puncture
guring design tests.

The 'symmetrical component of
short-circuit current in RMS
amperes which the breaker
may be expected to interrupt

The maximum making current into
which the circuit breaker may
be expected to close and latch

The maximum permissible interval
between energizing the trip
circuit at rated control voltage
and the interruption of the main
circuit in all poles.

Type

Amps

Rated Max Volts kV

Voltage Range
Factor (K)

Bil kV

Rated Short Circuit kA

Close & Latch kKA

Inter Time Cyc

Rating Plate Content

Hz

Wiring Diagram

Motor (Spring Charging)
Volt
Range

Amps
Nominal

Close (Spring
Release Coil)
Volt

Range

AMP

Nominal

Trip (Shunt Trip Coil)
Volt

Range

Amps

Nominal

Manual

LBS

Serial No.

Date
Mfg.

Rated/frequency is the sinusoidal
periodicity at which the circuit
Breaker is designed to operate.

An elementary diagram providing
detailed information regarding
electrical function and wiring
within the circuit breaker.

Range of control voltages
required to serve the motor
which stores energy in the
closing springs.

Effective value of current required
at nominal control voltage when
applied to the serve the motor
which stores energy in the
closing springs.

Required range of control voltage
applied to the spring release
coil which will ensure
successful release of the
closing springs

The effective value of current
required at nominal control
voltage when applied to the
spring release coil.

Required range of control voltage
applied to the shunt trip coil
which will ensure a successful
tripping operation.

E ffective value of current required
at nominal control voltage when
applied to the shunt trip coil
solenoid.

Reference to the instruction
manual applicable to the circuit
breaker by publication number.

Weight in pounds of the complete
circuit breaker assembly.

Specifically identifies an individual
breaker and affords traceability
to test records and
manufacturing dates.

The month and year within which
the circuit breaker was
manufactured.
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. Ratin mmar
SIEMENS Raleigh, NC ating Summary
A.C. High Voltage Circuit Breaker 1. Breaker Type
TYPE AMPS 2. Rated Maximum Voltage "kV
D VOLT RANGE BIL
CSES .:‘VAX Fféro,?KG KV 3. Continuous Current, AMP
RATED SHORT CLOSE & INTER
CIRCUT KA - LATCHKA ——_TIME CYC 4. Power System Frequengy. Hz
WIRING 5. Rated Short Circuitimterrupt Current, kA
Hz____  DIAGRAM
VOLTS AMPS 6. Voltage Range/Facter K
MOTOR RANGE NOMINAL N
VOLTS AMPS 7. InterruptionyJime’ Cycles 60 Hz
RANGE NOMINAL
CLOSE VOLTS AMPS 8. Rated,Withstand test Voltage, Low Frequence, kV rms
TRIP RANGE NOMINAL 9. ARatedWithstand Test Voltage—Impulse kV crest
MANUAL LBS. 10, (Closipgyof Latching Capability. kA
DATE
SERIAL NO. MFG.
Made in USA 18-658-024-331
Figure 3
Rating Plate
Vmax 1 Freq Isc K IntT. Withstand-kV C&L Weights, Approx.
Type kV kA Hz kA - Cycles Low Freq. Impulse kA Pounds Kilograms
Number 1 2 3 4 5 6 7 8 9 10 1 12
5-MSV -250 476 1200 60 29 1.24 5 19 60 58 600 272
5-MSV -250 476 2000 60 29 1.24 5 19 60 58 625 283
5-FSV -350 476 1200 60 41 1.19 5 19 60 78 1200 544
5-FSV -350 476 2000 60 4 1.19 5 19 60 78 1200 544
5-FSV -350 4.76 3000 60 41 1.19 5 19 60 78 1200 544
7-FSV -500 825 1200 60 33 1.25 5 36 95 66 860 390
7-FSV -500 8.25 2000 60 33 1.25 5 36 95 66 860 390
7-FSV -500 8.25 _ 3000 60 33 1.25 5 36 95 66 900 408
15-FSV -500 15.0 1200 60 18 1.30 5 36 95 370 860 390
15-FSV -500 15.0 2000 60 18 1.30 5 36 95 370 860 390
15-FSV -750 15.0 1200 60 28 1.30 5 36 95 58® 860 390
15-FSV -750 15.0 2000 60 28 1.30 5 36 95 58 860 390
15-FSV -750 15.0 3000 60 28 1.30 5 36 95 580
15-FSV-1000 15.0 1200 60 37 1.30 5 36 95 77 1200 544
15-FSV-1000 15.0 2000 60 37 1.30 5 36 95 77 1200 544
15-FSV-1000 150 3000 60 37 1.30 5 36 95 77 1200 544

Table 1 (Ds58kA OPTIONAL
Rating'Summary ®77kA OPTIONAL
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Service Conditions General Performance-Data

The following parameters define the usual service conditions Operating Times - Typical/Values

under which the circuit breakers shall be considered suitable

for operating at their standard ratings. Conditions of use be- Characteristic Cyclés (60 Hz) MS

yond these limits must be given special consideration, con- . -

sultation with the factory or reference to the IEEE Application ~ Closing Time 4.5 75

Guide, ANSI C37.0I0. Opening Time 2.0 33

, ) Arcing Time at 60Hz 0.9 15

Maximum Ambient Temperature 40 C (104 F) Interrupting Tife 5 50
Minimum Ambient Temperature -30C (-22F)

Altitude 1000 meters (3300 Feet)

Unusual service conditions which expose the equipment to
dust, steam, salt spray, corrosive gases, dripping water, vibra-
tion, shocks, high and low temperatures, high altitudes and the
like may require special construction. Refer concerns to the
factory.

The values of insulation level compiled above are refefféd, to
sea level in accordance with ANSI C37.04-1979 consolidated
standards. The higher the site altitude, the lower the iRsulating
capacity of the air. The decrease in insulating capaeity iSyne-
glected by standards for altitudes of up to 3,300Q,ft. (1000m)
above sea level. For higher altitudes, the valués ofglow-fre-
quency withstand voltage, impulse withstand voltage and rated
continuous current must be corrected in ag€ordance with ta-
ble 2.

General,Performance Data

Typical“Clesing and Tripping Solenoid Characteristics

Control/Voltages Close Coil Trip Coil
ANSI C37.06 Tbl. 10 Ohms Amps Ohms Amps
48 VDC 23 2.1 24 200
125 VDC 121 1.0 23 54
250VDC 487 05 121 21
120 VAC 60Hz 121 09 23 47
240VAC 60 487 04 121 1.8

General Performance Data

Typical Spring Charging Motor Characteristics

Table 2
Altitude Correction Factors, k
Altitude Rated Maximum
Voltage and Rated Continuous

ft. (m) InsulationsLevel Current

3300 |(1000) 1.00 1.00

5000 |(1500) 095 0.99

10000 .}(3000) 0.80 0.96

NOTE: Interpolated correction factors shall be used in
determining factors for intermediate altitudes.

Control Voltages Current Charge Time

ANSI C37.06 Tbl. 10 Amps Seconds
48 VDC 8 10

125 VDC 4 10

250VDC 2 10

120 VAC 60Hz 6 10

240 VAC 60Hz 3 10

General Performance Data
Auxiliary Switch Ratings

Characteristic Rating
Maximum Operating Voltage 500V
Continuous Current, Max. 10A
Making Current, Max. 30A
Breaking Capacity

Resistive Load DC or AC 1200 VA

Inductive Load at 220VDC

(L/R = 20ms) 750 VA
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The type MSV and FSV vacuum circuit breakers are of drawout
construction, and conform to the requirements of ANSI C37.20
for breakers to be applied in metal clad switchgear. The vac-
uum circuit breakers consist of a combination of two sub-as-
semblies. The “interrupter/operator” sub-assembly is a unitized
assembly of the three vacuum interrupters, primary insulators,
and operating mechanism. The second sub-assembly, the
“vehicle” is the supporting draw-out structure sub-assembly
into which is fitted the first sub-assembly. The drawout struc-
ture sub-assembly provides primary stud extensions, closed
breaker racking interlocks, closing spring discharge feature,
and other requirements needed to ensure safe and reliable
use during racking and fully connected operations.

These two sub-assemblies will be separately described.

Interrupter/Operator
Sub-Assembly

The interrupter/operator sub-assembly consists of the three
poles, each with its vacuum interrupters and primary instla-
tors, mounted on the common motor or hand charged §pring

stored energy operating mechaniSm, hed@sing, This sub-as-
sembly is shown in figures 4 - 5.

Construction (Refer to Figures 4 - 8)

Each of the circuit breaker poles aregfixed to the rear of the
operating mechanism housing (60),by two cast-resin insula-
tors (16). The insulators also connegt to the upper (20 and lower
(40) poles supports whi¢h imgurn support the ends of the vac-
uum interrupter (30). ‘Where required by dielectric require-
ments, assemblies areyfittedywith phase barriers (80).

The pole supportsargealdminum castings on all circuit breaker
ratings, exceptfer 3000A continuous current where copper
castings,are used and on the 15-FSV-500, 1200A where sheet
steel supportsware\used.

The support pole terminals, (27) and (24) each receive primary
stud éxtensions.

The,energy-storing mechanism and all the control and actuat-
ing dewvices are installed in the mechanism housing (60). The
mechanism is of the spring charged stored energy type and is
mechanically and electrically trip free.

16 20 27

A

60 40 29

Typical Vacuum Tube and Operating Mechanism
Subassembly

L4

-
S
MENS

11 ?
i

]

e

60 59 55 58

Mechanism Housing

Figure 4
5KV Vacuum Breaker
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A

60 40 29

Typical Vacuum Tube and Operating Mechanism
Subassembly

1

59 55 58

Mechanism Housing

Figure 5
15KV Vacuum Breaker

The close-open indicator (55), closing spring charge indicator
(58), and the operation countery(89) are,fitted on the front of
the mechanism housing (60).

The control connector (68.7) for theicontrol and signalling ca-
bles is a 64 contact plug_or 24ypeent terminal block applied
internally to the drawout it

Breaker Pole (Figure'6)

The vacuum interrupter (30) is rigidly connected to the upper
terminal angle(&741) and pole support (20) by its terminal post
(31.2). The lower‘partfof the interrupter is stabilized against
lateral forces by a centering ring (28.1) on the pole support
(40). The external forces due to switching operations and the
contact pressur€ are absorbed by the struts (28).

Current-Path Assembly (Figure 6)

The current-path assembly consists of the upper terminal an-
gle, 27%. and pole support. 20, the stationary contact, 31, and
theymoving contact, 36, which is connected with the lower ter-
minal, 29, by terminal clamp, 29.2, and a flexible shunt. 29.1.

Vacuum Interrupter (Figure 7)

The moving contacts, (26), motion is aligned and stabilized by

guide busing, (35). The metal bellows, (34), follows the travel
of contact, (36), and seals the interrupter against the surround-
ing atmosphere.

The Arc-Quenching Principle

When the contacts separate, the current to be interrupted ini-
tiates an ionized metal vapor arc discharge and flows through
this plasma until the next current zero. The arc is then extin-
guished and the conductive metal vapor condenses on the
metal surfaces of the arcing chamber, (33), (Fig. 7) within a
matter of microseconds. As a result, the dielectric strength in
the increasing contact gap builds up very rapidly.

Below a limit of about 10,000 amperes, the arc is distributed
across the contacts and the arc is easily interrupted. At cur-
rents larger than about 10,000 amperes the arcs own electro-
magnetic forces cause the arc to contract to essentially a point
arc. If the contracted arc is allowed to remain stationary, it ov-
erheats the contacts at the arc roots to the point where the
molten metal vapor does not allow the dielectric to rebuild dur-
ing the current zero and large magnitude currents could not
be interrupted.
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200 312 16.1 60
A 27 ;
i /.
Hl I } 271 it
] ,_ﬁ;l - , . T
0 28 aat
31 ) A
36 T . 642 30 L)
e S
y -
= \ L 63 ] ;J
+ ‘ ) =
r A ,( ] 281 T Sl
- A 5
VAT
363 / 591 g
. -~ 49 292
40 29 g
4 - 03 =2 S
89 486 48 716.2
A Terminal 27 Upper terminal 29,2 Terminal clamp 48 Insulated coupler
B Fixing screw 271 Upper Terminal Angle 30 Vacuum interrupter 485 Pin 486 Lever
P Evacuation nipple 28 Strut 312 Terminal post 49.9  Drive link
16.1  Upper insulator 28.1  Centering ring 361 Movable Contact Stern 49 Contact Pressure Spring
162  Lower insulator 29 Lower terminal 36.3 Eye Bolt 60 Mechanism housing
20 Upper pole support 29.1  Flexible strap 40 Lower pole support 80 Phaser barrier
Figure 6  Section Through A Vacuum Breaker Pole
31 Stationary contact 34 Bellow§
311 Washer 35 Guide
312 Stationary Contact Stem 36 Mevifg, contact
32 Insulator 361 _Movableigontact stem
33 Arcing chamber 362 4 Meehanical coupling
31.2
311
3
33 335
36
34
35 —
A 361
362
Typical for
otherratings Typical for 5-MSV-250
a b
Figure 7  Section Through A Vacuum Interrupter Figure 8 Section Through the Vacuum Breakers
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The contacts are designed so that a self-generated field causes
the arc to travel around the contacts. This prevents local ov-
erheating while interrupting large magnitudes of short circuit
current,

The ionized metal vapor arc discharge can only be maintained
if a certain minimum current flows. A current that does not
maintain this level may be extinguished abruptly prior to cur-
rent zero. This chopping current must be kept to @ minimum in
order to prevent unduly high overvoltages building up when
inductive circuits are switched. The use of a special contact
material ensures that current chopping is limited to 4-5 Amp.

The rapid build-up of the dielectric strength in the break ena-
bles the arc to be safely extinguished even if contact separa-
tion occurs immediately prior to current zero.

The arc drawn in the vacuum breaker is not cooled. The metal
vapor plasma is highly conductive and the resulting arc volt-

50.2 60 531

61.8 504 64 54 643 68
50.2 Charging mechanism 58 Open-close indicator
504 Motor 59 Operation counter
53 Close button 60 Mechanism housing
53.1 \)Sring Release Coil 52SRC 61.8  Dashpot
54 Trip button 62 Closing spring
54'3, ““Shunt Trip Coil 52T 64 Opening spring
55 Closing spring charged 643 Lever(Leveromitted when
Indicator applied to screw type racking)
851 Linkage 68.7  Control Connector
Figure 9

Vacuum Breaker Mechanism CLosed Position, Tripping
Springs Charged and Closing Springs Discharged

age only attains values betweem20-2004V. For this reason and
because of the short arcing timesthe arc energy developed
in the break is very small. This alsg,accounts for the long elec-
trical life expectancy of the vaCuum interrupter

Owing to the high vacuum (lgss than 10 bar) in the interrupter,
contact clearances in the range of 6 to 20 mm (0.25 to 0.80
inches) are adequatete attain a high dielectric strength.

Switching Operation (Figure 6)

When a closing/comsmand is initiated the closing spring, which
was previeusly.charged by hand or by the motor, actuates the
moving centact, (36), through breaker shaft, (63), lever, (63.7),
inSuilated coupler, (48), and lever, (48.6).

The forees that occur when the action of the insulated coupler
i§ cenverted into the vertical action of the moving contact are
absorbed by guide link, (48.9), which pivots on support, (40),
and eye bolt, (36.3)

During closing, the tripping spring and the contact pressure
Springs, (49), are charged and latched by pawl, (64.2).

The closing spring of motor-operated breaker is recharged im-
mediately after closing.

In the closed state, the necessary contact pressure is main-
tained by the contact pressure spring and the atmospheric
pressure. The contact pressure spring automatically compen-
sates for arc erosion, which is very small.

When a tripping command is given, the energy stored in the
tripping and contact pressure springs is released by pawl,
(64.2). The opening sequence is similar to the closing se-
quence. The residual force of the tripping spring arrests the
moving contact, (36) in the open position.

Operating Mechanism

The operating mechanism is comprised of the mechanical and
electrical components required to:

Charge the closing springs with sufficient potential en-
ergy to close the breaker and to store opening energy in
the tripping and contact pressure springs.

Mechanisms to release closing and tripping actions.

Means of transmitting force and motion to each of three
pole positions.

Operate all these functions automatically thru electrical
charging motor, cutout switches, antipumping relay, re-
lease solenoids, and auxiliary switches.

Signal thru indicators the breaker status, (open, closed)
and spring condition (charged or discharged) and num-
ber of operations.
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55.2 502 503 50.3.1623 625 6251 62 .52
|
50.1 Opening for handcrank
502 Charging mechanism
503 Charging flange
50.3.1 Driver
50.4 Motor
53 Close button 62 1
531 Spring Release Coil
551 Linkage
552 Control lever &2
62 Closing spring 55.1
621 Charging shaft
62.2 Crank
62 3 Cam
625 Lever 62
6251 Pawl roller
6252 Latching Pawl
626 Drive lever
628 Trip free Coupling rod
50.1 /50.4 628 626 531 53
Figure 10

Operating Mechanism, Details of Closing Spring Charging Components

Construction

The essential parts of the operating mechanqism ‘are shown in
Fig. 9. Its actuation is described under “Opefator Sequential
Operation Diagram” on page 17.

Indirect Releases (Tripping Coils)

The shunt releases convert the electrical tripping pulse into
mechanical energy, it's function being to release the tripping
spring. The undervoltage releasesmay € manually actuated
by a make or a break contact. {In the{make contact case, its
coil is shorted out, built-in series tesistors limiting the current.

Motor Operating Mechanism

The spring charging metor (50:9) is bolted to the charging
mechanism (50.2) gear boxifstalled in the mechanism hous-
ing. Neither the charging mechanism nor the motor require
any serving.

Auxiliary Switch

The auxiliafyswitch is actuated by the breaker shaft.

Mode of Operation

The operating mechanism is of the stored-energy trip free type,
i'e, the*eharging of the spring is not automatically followed by
the'eontacts changing position, and the closing function may
be overridden by a trip command at any time.

When the stored-energy mechanism has been chargegj, the
instant of operation can be chosen as desired.

The mechanical energy for carrying out an “open-close-open”
sequence for auto-reclosing duty is stored in the closing and
tripping springs.

Charging

The details of the closing spring charging mechanism are shown
in figures 9, 10, 11 and 12. The charging shaft, (62.1), is sup-
ported in the charging mechanism, (50.2), but is not coupled
mechanically with the charging mechanism. Fitted to it are the
crank, (62.2), at one end and the cam, (62.3), together with
lever, (62.5), at the other.

When the charging mechanism is actuated by hand with a
hand crank opening or by a motor, the flange, (50.4), the flange.
50.3, turns until the driver, (50.3.1), locates in the cutaway part
of cam disc, (62.3), thus causing the charging shaft to follow.
The crank, (62.2), charges the closing spring (62). When this
has been fully charged the crank actuates the linkage, (55.1),
via control lever, (55.2), for the “closing spring charged” indi-
cator, (55), and actuates the fimit switches, (50.4.1), for inter-
rupting the motor supply. At the same time, the lever (62.5) at
the other end of the charging shaft is securely locked by the
latching pawl (62.5.2). When the closing spring is being
charged, cam disc, (62.3), follows idly, i.e. it is brought into
position for closing.
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53 Close button
54 Trip button
55 "Closing spring Charges”
indicator
58 Open-Close indicator
59 Operation counter 621
61.8 Shock Absorber
62 Closing Spring
62.1 Charging Shaft 62 53
62.2 Crank
62.3 Cam
62.5 Lever
6251 Pawl roller
6252 Pawl 54
63 Breaker Shaft 55
64 Tripping Spring 4.0
642 Tripping Spring 431
64.2 Pawl 58
64.3 Lever (Lobes are omitted when
applied with screw type racking
64.3.1 Pawl roller 59
61.8 64 643 63
Figure 11

Operating Mechanism Open Position ClosingSpring Charged and Latched

Closing (See Fig. 9, 10, 11 & 12)

If the breaker is to be closed locally, the“elosing spring is re-
leased by pressing CLOSE butfon, (53)¢In the case of remote
control and the spring release, coil 82SRC, (53.1), unlatches
the closing spring.

As the closing spripg discharges, the charging shaft, (62.1),
is turned by crank, (62.2)“Th@ cam disc, (62.3), at the other
end of the charging shaftiactuates the drive lever, (62.6), with
the result that' breaker shaft, (63), is turned by lever, (63.5),
via the trip free“€oupling rod, (62.8). At the same time, the
levers, (63.1), (63.5)fand (63.7) fixed on the breaker shaft
operate the three insulated couplers for the breaker poles.
Lever, (63.7), changes the open-close indicator over to open
Lever, (63.5), charges the tripping spring, (64), during closing,
and_thelbreaker is latched in the closed position by lever,
(64.3), Wath, pawl roller, (64.3.1), and by pawl, (64.2). Lever,
(63w, actuates the auxiliary switch, through the linkage, (68.1).

The crank, (62.2), on the charging shaft moves the linkage,
(55), by acting on the control lever, (552). The "Closing
spring charged” indication is thus cancelled and, the limit
switches, (50.4), switch in the control supply to cause the
closing spring to recharge immediately.

Trip Free Operation

The trip free coupling rod, (62.8) permits the immediate de-
coupling of the drive lever (62.6) and breaker shaft, (63) to
override closing action by trip command or by means of the
racking interlocks.

The trip free coupling rod (62.8) forms a Iink between the drive
lever (62.6) and breaker shaft (63). The rigidity of this link
depends upon a spring return latch carried within the coupling
rod. The latch is pivotable within the coupling rod and s nor-
mally positioned to ensure the couplers rigidity. Trip Free Cou-
pling Link (62.8.2) and Trip Free Coupling lever (62.8.3) cause
the spring return latch position to be dependent upon the
breakers normal tripping components and the breaker's rack-
ing interlock. Thus, whenever a trip command is applied or
the breaker is not in the fully "connected" or test position, the
trip free coupling rod is no longer rigid, effectively decoupling
the drive lever and breaker shaft. Under these conditions the
breaker main contacts can not be closed.
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48. Insulated coupler
50.4.1 Limit switch
54 Trip Button
62.8 Trip Free Coupling Rod
62.8.1 Spring Return Latch
62.8.2 Trip Free Coupling Link 54
62.8.3 Trip Free Coupling Lever 68.1
63 Breaker shaft
63.1 Lever 64.2
635 Lever
63.7 Lever
642 Pawl

64.3 Lever (Lobes are omitted when
applied with screw type backing)

64.3.1 Pawl roller

68.1 Linkage

63.7 50.41

64.31

6280, B35 6283 1363 48 631

Figure 12
View of Mechanism Breaker Shaft in Open Position

Opening

If the breaker is to be tripped locally, the tripping spring (64)
is released by pressing the trip button, (54). In thé casgefan
electrical command being given, the shunt ttip coih52T, (64.1),
unlatches the tripping spring (64).

The tripping spring turns the breakep shath, (63)," via lever,
(63 5), the sequence being similar to thatfor clesing.

Rapid Auto-Reclosing

Since the closing spring is automati¢allyfrecharged by the
motor operating mechanism wheén the breaker has closed the
operating mechanism is capable.6f an'open-close-open duty
cycle as required for rapid aute-reclosing

Manual Operation

Electrically operated vacuum circuit breakers can be operated
manually if the control supply should fall.

Manually Charging the Closing Spring (Fig. 13)

Insert the Rand-crank, (50), in hole, (50.1), and turn it clock-
wise untilthetindicator, (55), shows "CHARGED"

The handscrank is coupled with the charging mechanism via
an overfaning coupling thus, the operator is not exposed to
anyaiskishould the control supply recover during charging.

50
50.1
55
58
59
50 Hand crank 55 *Closing spring charged”
50.1 Opening for hand-crank Indicator
53 Close button 58 Open-Closed
54  Trip button 59 Operations Counter
Figure 13

Front View of Mechanism Enclosure Arranged for Manual
Operation
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Control voltage applied ClOang
Anti-pumpinggteatureyDevice 52y)

' ! Care must be taken to see that a continuously
Undervollage Spring Charging - applied closing cammand does not cause the
Device 27 Motor 88 Energized breakéito reclosé after it has tripped out on a
Picks up  * Y fault. otherwise it may sustain damage by the

"pumping” effect
Closing Spring
Fully Charged <
Continuous closing command >
\ ] Y
LS21 and LS22 open LS3 opens in series LS41 closes to sigral
To de-energize spring with anti-pump relay closing springs Spring Retease Coil 52SRC. unlatches closing spring and
charging motor 88 52y charged bigaker closes
———————— .—.— ————— - ———— -—— R 2
Breaker I

No action !

Open 52b in series
with spfing release
solenoid (52SRC)
blocks spring

Open

Closing cornmand

Breaker

release Breaker onen
Closed Clos ng serirg
rot charged

Spring release so-
lenoid actuated thru
the closed 52b con-
tact and two NC
contacts of relay 52y

v

No action.!

Relay 52y picks up
thru closed LS3
contact and opens

The closing springfis
unlatched

The trippia@ spring is
charged

Y

Motor cutoft switches LS21. LS22 and LS3 are closed because
closing spring is discharged

Y

Before the spring charge motor. 88. has recharged the closing
spring and opened LS3. anti-pump relay 52y picks up and

seals in

The anti-pump relay 52y opens two contacts in series with the

Spring Release Coil. 52SRC

The spring release solenoid is now blocked. and can not be
activated until springs are tully charged and close command is
removed

Tripping

Y

Breaker auxiliar g
iZ:ecrzr;tacrs cwiches 592 (NYO) Lr;esé:ércun breaker Eg;;accll;slést? and
with the tripping ard 525 (NC) energize motor 88
solenoid closeto  jag Change state | 1S3 closes and LS4
enable a trip opens to cancel
operation closing spring
signal
R ——————————— N
Rapid auto-reclosing
The closing spring is recharged
automatically as described
above. Therefore, when the
breaker is closed both its
springs are charged (The
closing spring charges,the v
tripping spring during cl@sing)
As a result, the breaker is
Shunt Trip Coil. 52T,

capable of an OACO operating
cycle (dead tirre

can

when the series

only be activated

Undervoitage device. 27.
is activated by opening a
NC contact in series with

Undervoitage device. 27. is
activated by closing NO
contact, shorting the 27 boil
The NO contact is

Secondary release,
duai trip function
Activated by remote
trip command contact

“t" = 0.3s) connected 52a 27 or by loss or connected across 27 by 52a
contact is closed reduction of tripping contact thus the NO contact NO
. voltage is only effective with breaker
The dashed line shows the + | closed .
operating sequence initiated by T '
impairing the closiag command
Shunt Trip Coil Undervoltage device

* Optional items

52T

unlatches the tripping spring
[} 1

[

y—

@7)"

unlatches the tripping spring

Secondary release”
unlatches the tripping spring
]

M |

'

Circuit-breaker trips

Figure 14

Operator Sequential Operation Diagram
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Elementary Diagram

DL SuPPLY

—SYMBOL LIST—

88 Spring Charging Motor

52SRC  SpringyRelease Coil (Close)

52Y Closing Relay (Anti-Pump)

52T, Shunt(Trip Coil

LS Spring Charged Switch

52a AUx. Sw—Open When Brk is Open

52b Aux. Sw—Closed When Brk is Open

R Red Indicating Light (Close)

G Green indicating Light (Trip)

W White indicating Light (Springs
Charged)

olc Control Switch (Close)

owT Control Switch (Trip)

Mi Mechanical Interlock

Note: Shown as typical. For actual control
schematic see contract drawings Devices
and wires shown dashed are external to the
breaker.

18-806-541-411
MSV/FSV

Figure 15.
Typical Elementary Diagram

Manual Closing

Press the close buttong(53). The, close-open indicator, (58),
will then display "clogéd” aftd the Closing spring condition in-
dicator will now read "BISCHARGED".

Manual Opening

The tripping spring is charged during closing.
To open the breaker, pféss the trip button, (54), and "OPEN"
will be displayed by indicator, (58)

Indirect Releases (Dual Trip and
Undervoltage)

The indirect release provides for the conversion of modest
control signals into powerful mechanical energy impulses. It is
primarily used to trip high voltage circuit breakers while func-
tioning as a secondary (dual trip) release or undervoltage re-
lease device.

These releases are mechanical energy storage devices. Their
internal springs are charged as a consequence of the break-
ers mechanism operating, and are released upon application
or removal of applicable control voltages.

Refer to Figures 16, 16a, 16b, & 16¢
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Secondary Release

Shunt releases (two trip coils) are used for the automatic or
manual tripping of the circuit breaker by suitable protective
relays or manual control devices when more than one is re-
quired. They are generally intended for connection to a sepa-
rate auxiliary supply (DC or AC)

Undervoltage Release

The undervoltage release is used for continuous monitoring of
the tripping supply voltage. If this supply voltage falls exces-
sively, the undervoltage release will provide for automatic trip-
ping of the breaker.

The undervoltage device may be used for manual or relay trip-
ping by employing a contact in series with undervoltage de-
vice holding coil. Relay tripping may also be achieved by
employing a normally open contact in parallel with the holding
coil. A resistor must be provided to limit current when the nor-
mally open contact is closed.

Secondary and undervoltage releases are available for all
standard ANSI Control Voltages.

Construction and Mode of Operation

The release consists of a spring-power storing“mechanism, a
latching device and an electromagnet. These elements are ac-
commodated side by side in a housing, (16-3) wjth,a detach-
able cover and three through holes, (16-5), for fastening screws.
The supply leads for the trip coil are confectedito a terminal
block, (16-33). Two lugs, (16-17), arg fitted beside the tripping
pin, (16-15), for the attachment of a manualtrpping lever.

The energy-storing mechanism cofisists ofthe striker pin, (16-
23), and its operating spring, (16-31), " which is mostly located
inside the striker pin (16-23). When“thegspring is compressed,
the striker pin is held by a lat€h, (16825), whose sloping face is
forced against the appropriately shaped striker pin, (16-23),
by spring, (16-27). The gtherend of the latch, (16-25), is sup-
ported by a partlyamilled jocking pin, (16-21), (16a) pivoted in
the cover sheetsof theymagmet armature, (16-9). The armature,
(16-9), is pivoted in front'@f, the poles of the U-shaped magnet
core, (16-1)4and i§ pulled away from it by the tension spring,
(16-11)

If the magnet coil of'the shunt release 3AX1101 is energized
by the tripping impuilses or if the tripping pin, (16-15), is me-
chanically actuated, magnet armature, (16-9), is swung against
the pole faces. When this happens, the latch, (16-25), loses its
sufperi'and releases the striker pin, (16-23), which is forced
eut by the'spring, (16-31).

On the undervoltage release 3AX1103 the latch, 25, is held by
theylocking pin, (16-21), as long as the armature, (16-9), is at-
tracted, (Fig. 16b). If the circuit of the trip coil, (16-7), is inter-
rupted, the armature, (16-9), drops off, thus causing the latch,
(16-25), to lose its support and release the striker pin, (16-23).

Following every tripping opefationithe striker pin. (16-23). must
be reset to its normal position By, lodading the spring. (16-31).
This takes place automaticallyivia the operating mechanism of
the circuit breaker.

Since the striker pin of the undervoltage release 3AX1103 is
latched only when thig armature is attracted., this trip is fitted
with a screw, (16-29), (seggdec), for locking the striker pin. (16-
23), in the normal positien for adjusting purposes or for carry-
ing out trial operatiens during breaker servicing

2123 25 27

Tripping pin

1 Magnet core 15
3 Housing 17 Lug for lever
5 Through-hold 21 Locking pin
for mounting screws 23 Striker pin
7 Magnet coil 25 Latch
9 Magnet armature 27 Spring
1 Extension spring 31 Striker pin spring
13 Adjusting screw for 11 33 Terminal block

Figure 16 Construction of Shunt Release Shown
Released

:
&

21

Figure 16a. Latch Detail (16-25) Shunt Release Shown
Charged
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H 29  Screw
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Position B 28 B @:
Unlocked :

21

Figure 16b. Latch Detail (25)-Undervoltage Release
Shown Charged

(Operating Pasition)

29

€ancelylhe Lock For Undervoltage Release By
Shifting, Locking Screw (15-29) From A To B

Figure 16¢. Undervoltage Blocking Feature

Capacitor
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Supply | P R ,
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, | / -=o-=0_-240 VAC |
| [
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Figure 17. Capacitor Trip Device
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Capacitor Trip Device

The capacitor trip device is an auxiliary tripping option provid-
ing a short term means of storing adequate electrical energy
to ensure breaker tripping.

This device is applied in breaker installations lacking indepen-
dent auxiliary control power or station battery. In such instal-
lations, control power is usually derived from the primary source.
In the event of a primary source fault, or disturbance with at-

tendant depression of the primar
itor trip device will provide shor
opening due to relay opgrati

rce voltage, the capac-
tripping energy for breaker

The capacitor trip ¢
a DC full wave volt
itor to the peak o

or 240 VAC control voltage to
is used to charge alarge capac-
verted wave, see below.
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General

Thorough, periodic inspection is important to satisfactory op-
eration. Inspection and maintenance frequency depends on
installation, site. weather and atmospheric conditions, experi-
ence of operating personnel and special operation require-
ments Because of this, a well-planned and effective
maintenance program depends largely on experience and
practice

FAILURE TO PROPERLY MAINTAIN THE EQUIPMENT CAN
RESULT IN SEVERE PERSONAL INJURY AND PRODUCT
FAILURE. THE INSTRUCTIONS CONTAINED HEREIN SHOULD
BE CAREFULLY REVIEWED. UNDERSTOOD AND FOL-
LOWED. THE FOLLOWING MAINTENANCE PROCEDURES
SHOULD BE PERFORMED REGULARLY:

» General visual inspection of de-energized circuit breaker.
» Keep mechanism clean and adequately lubricated.

» Keep insulation materials dry and clean.

* Keep connectors in place and properly adjusted

* Repair or replace any items functioning improperly

» Check circuit breaker for smooth and correct operation‘be-
fore returning to service.

Once a year. a general visual inspection should be performed
on de-energized breakers, and if necessary the gxposedgin-
sulating parts wiped with a rag

Where the application imposes dusty or othessevere-ambient
condition and/or frequent switching operations theyfollowing
inspection checks should be more frequeritly ‘dapplied than for
normal maintenance.

THESE INSTRUCTIONS DO NOT REPRESENT AN EXHAUS-
TIVE SURVEY OF MAINTENANCE,STERS NECESSARY TO
ENSURE SAFE OPERATIONS OF THEEQUIPMENT. PARTIC-
ULAR APPLICATIONS MAY, REQUIRE FURTHER PROCE-
DURES. SHOULD FURTHER INEORMATION BE DESIRED OR
SHOULD PARTICULAR PR@BLEMS ARISE WHICH ARE NOT
COVERED SUFFICIENIWY FOR”THE PURCHASER'S PUR-
POSES. THE MATTER SHOUED BE REFERRED TO THE LO-
CAL SIEMENS OFFICE.

THE USE OF UNAUTHQRIZED PARTS IN THE REPAIR OF THE
EQUIPMENT @R TAMPERING BY UNQUALIFIED PERSON-
NEL, WILL RESULT IN DANGEROUS CONDITIONS WHICH
CAN CAUSE, SEVERE PERSONAL INJURY OR EQUIPMENT
DAMAGE®WEOLLOW ALL SAFETY INSTRUCTIONS CON-
TAINED HEREIN.

A WARNING

Hazardous voltages (and’ high speed me-
chanical parts canjeause death or severe
personal injurydand property damage.

Read instructiop. manual, observe safety in-

structionsandlimituseto qualified personnel.

Inspection Check List

1. Check vacuum, precedure follows.
2. Check'contaetetosion, procedure follows.

3. Clean circuitibreaker, especially post insulators and insu-
lating couplers.

4. lawbricate all bearings and sliding surfaces, procedure and
materials follow.

Check all terminal screws.

6. Check all screw connections and locking devices on
mechanism parts.

7. Check all control cables and connections.

8. Perform functional test of circuit breaker.

Hand Tools Recommended

The MSV and FSV breakers employ both English and Metric
fasteners. Metric fasteners are confined to the circuit breaker
subassembly. The supporting draw-out vehicle uses English
sizes. The following tool list has been prepared primarily to
identify the tool requirements.

General

 Screw Drivers, 0.032 x I/4 and 0.055 x 7/16

* Pliers

* Light Hammer

* Drift Pin, 1/8, 3/16, 1/4

* Retaining Ring Plier; External Type Tip Diameter 0.040"
* Inspection Mirror

* Flashlight

Metric

o 7mm, 8mm,9.5mm, 10mm, 11.0mm, 13mm, 17mm, 19mm, 24mm
Socket and Open-End Wrench

* 2mm, Smm, 6mm, 8mm, 10mm Hex Key

* Torque Wrench, 0-150Nm (0-100 Ib ft)

English

* 3/16", 1/4 Hex Key

+5/16", 3/8",7116", 1/2", 9/16", 3/4", 7/8" Socket and Open End
Wrench
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Minimum Maintenance Schedule

Lubrication:

The operating mechanism should be oiled and lubricated at
least every 10 years or 10,000 make break operations under
‘usual’ operating conditions as defined by A.N.S.I. per the in-
structions which follow.

Overhaul:

Before 30,000" operations the breaker should be maintained
in accordance with the following recommendations and the
following components replaced:

A) Vacuum Interrupters

B) Spring Release Coil, 52SRC
C) Shunt Trip Coil, 52T

D) Trip Free Drive Bar Mechanism

When these parts are changed, locking devices must also be
removed and replaced. These include lock-washers, retainifig
rings, retaining clips, spring pins, cotter pins, etc.

& DANGER

Hazardous voltages and high (speed me-
chanical parts will cause @eathgpersonal in-
jury and property damage:

Read instruction manualwork only on an
electrically isolated Breaker whose energy
storage devicesyhave been fully dis-
charged. Limit work to fully qualified
personnel.

1. Replace Vacuum Interruptes instructions follow.

2. Spring Release Cail, 528RC, and Shunt Trip Coil, 52T.
» Remove twl "pushon. terminal connections.
* Removegwo M4 hex,head screws and dismount solenoid
drawing itt@Wwardsfyou.
* Install replacement solenoids withtwo M4 hex head screws
and replace "push on" terminals.

3. Lubricate operating mechanism in accordance with in-
strlietions which follow.

4. ‘Whenrwork is finished operate circuit breaker, close open,
several times, and check that all screw connections are
tight.

Lubrication of the:xOperating
Mechanism

A WARNING

Hazardous voltages and high speed me-
chanical parts can cause death, personal
injury and property damage.

Before starting any work, breaker should be
isolated, short circuited and grounded.
Control power should be disconnected and
breaker closed and opened by hand until
both springs have been discharged.

Theymain points to be lubricated with grease (bearings and
“sliding surfaces) areindicated in Fig. 18. All the points not marked
(bearings, articulated joints and auxiliary switch) should be
treated with light machine oil with rust inhibitor.

To relubricate the mechanism remove the cover. Lubricate all
the approximate points starting at the top left and working
through systematically. Parts that are not rigidly fixed (e.g. ar-
ticulated joints) should be moved slightly to and fro to let the
oil penetrate. Following this, operate the breaker several times
to test it.

Articulated joints and bearings that cannot be dismantled should
not be cleaned with a cleaning agent prior to being oiled.

Lubricating Materials:
Bearings and Sliding Surfaces

Beacon 325, Humble Oil and Refining Co., Or
15-337-131-001
Centoplex 24.DL, Klueber Lubrication Corp.

Grenier Industrial Park, Manchester, N.H. 03103

Pivots and Articulated Joints, Auxiliary Switches, etc.

Tectyl 910 Valvoline Oil Co., Division of Ashland Qil Inc.
Ashland Dr., Ashland, Ky. 41101

See Vehicle Lubrication Section for Additional Information

*Perform lubrication at 3,000 operations and overhaul at 10,000
operations for type 5-FSV-350 and 15-FSV-1000 circuit breakers.
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Figure 18

Lubrication of Operator

Vacuum Interrupters Rated Max. Volts, kV 476 825 150

The life expectancy of vacuum interrpters is a function of the
number of interruptions and magnitide of current interrupted

Life = Integruptions« Current

They must also be replaced befgre 30,000 mechanical oper-
ations or when the contagts haye been eroded beyond allowed
limits. Vacuum tube replacement procedures are detailed in
the following maintenancetinstructions.

The curves in figure 19 are offered as a guide to life expectancy.

*Perform lubrication at 3,000 operations and overhaul at 10,000
operationg,for type 5-FSV-350 and 15-FSV-1000 circuit breakers

Contact,Erosion

Contactierosion is checked by visually observing an “erosion
mark. omithe exposed movable contact stem of the interrupter,
seeafigure 20. Note the mark is a white dot.

This mark may be seen above the lower primary connection,
and’just above the terminal clamp which fastens the flexible

Rated Short-Circuit Current, kKA 29 41 33 18 28 37

Rated Continuous Current, A

1200 a b ¢ d e f
2000 a b ¢ d e f
3000 - b ¢ - e f

Applicable Curve a Function of Breaker Rating

connector to the movable stem of the vacuum tube.

The MSV and FSV breaker constructions will require a me-
chanics mirror and flash light to view the erosion mark.

The criteria of acceptance is that as long as the white erosion
mark or any part of it can be seen with the breaker closed,
contact wear is within permissible limits.
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100,000, s o ' “CLOSED" position with an audiBle soupdas the contacts touch.
i : : After checking the vacuumgregonnect the lever, 48.6, to the
acd e.\#’f‘ e N E3 insulated coupler 48.
‘ o finees High Potential Testing and Electrical Interrupter Vacuum
(bf & : i
aIISOOOA)‘f : f\ ,' Check
10,0004 i s : High Potential tegls are performed to affirm the breakers di-
: e i , electric integrity4and to establish by alternate means of check-
T : = ing the interrupters vacuum.
, i + I—’ : The primarypinsulation system of the circuit breaker may be
i- bt checked by clesing the breaker, and applying the voltages
' b listed belowBetween a primary conductor of each pole and
< 5 S rounde
= = AN
§ . RN Prior totapplying the test voltage, each pole not under test
@ ’ - jl“j shallybe, grounded. Apply test voltage for one minute. If no
C%)i : ‘ “ = disruptive discharge occurs which permanently reduces the
S 100 CEET testyvoltage to zero, the primary insulation system is acceptable.
Q s
g 1 lnterrupter vacuum may be checked by applying the test volt-
8 » | ages listed below across each interrupter with the breaker
S .
3 : ;
g 2
€ k Bla e A2 28
Z 10, L LR f ”ﬁ! f]
100 10,000 100,000 30
Breaking Current (Amps)
a - 5-MSV-250 d@ac b
b - 5-FSV-350 d - 15-FSV-500 e f
c - 7-FSV-500 e - 15-FSV-750 fi- 15%SV41000
Figure 19
Typical Primary Interrupter Contact Life Curve
Interrupter Vacuum Check Mechanical
A
(Ref. figs. 21a, 21b, & 21€
Before putting the breakeninto service, or if an interrupter is
suspected of leaking as‘agesult of mechanical damage, check
the vacuum gither /mechanically as described in this section
or alternatively“electrically using a high potential test set as
described in the nextsection.
Open and isolate the breaker and detach the insulated cou- 291
pler, 48, from leyer, 48.6, Fig. 21a. 40
The atmospheric pressure will force the moving contact of a
hermetically sealed interrupter into the “Closed” position,
causing lever, 48.6, to move into the position shown in Fig. 21b. <
, ) £ 28 Strut 40. Lower pole support
Ahvacuum interrupter may bg assumed to be intact if it shows 291 Flexible Connector A Check mark
the following characteristics: 30.  Vacuum interrupter

An appreciable closing force has to be overcome when lever,
48.6, is moved to the “OPEN" position by hand, Fig. 21c. When
the lever is released, it must automatically return to the

Figure 20
Contact Erosion Check
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40 486 485 48 16 14
14 Cross Arm 48.5 Pin
16 Post Insulator 48.6 Lever
40 Lower pole support 48 Insulated Coupleg

Figure 21a Lower Pole Support With Insulated Coupler

open. Test voltage should be raised gradually, and the gontact
gap must sustain the voltages listed below, appropriate” for
the breakers rating, for one minute. If it doegynot, the interrupter
is faulty and must be replaced.

Breaker Max. KV A.C. Potential D.C. Potential
5kV 14 kV 20
15kV 27 kV 38

& cAuTION

HIGH PEBAK VOLTAGES CAN RESULT IN
ERRONEQOUS TEST RESULTS & X-RADIA-
TION CAUSING PERSONAL INJURY.

DC high potential test voltage sources using
half-wave conversion will apply peak volt-
ages 3 times greater than the measured av-
erge DC voltage. Repetitive application of
high peak voltage can result in erroneous
test results & X-Radiation causing personal
injury.

[ X
e

Do not use DC high potential voltage sources

which employ half-wave conversion circuits.

A DANGER

High Potential Tests‘€mploy extremely haz-
ardous voltages which wil cause severe
personalginjuryfard death.

Follow&safe procedure, exclude unneces-
saryspersonpel, barrier test vehicle and keep
well away,from breaker during test voltage
application. After test, ground ends and
middle of vacuum tube to remove static
charge.

A cruton

[ X
e

Vacuum Interrupters can emit X-Radiation
causing personal injury.

Do not apply test voltages to the interrupters
which exceed the values listed below. All
personnel must remain a minimum of six feet
away from interrupter under test.

Vacuum Tube Replacement

Replacement interrupters are furnished as a complete assem-
bly. They have been completely tested and dielectrically and
mechanically conditioned. The interrupters, when installed, do
notrequirethatthey be operated no-load a set number of times
or voltage tested to condition the contacts

It is recommended that one interrupter be removed and re-
placed completely rather than removing two or more interrupt-
ers at a time. The following procedure in check list format
describes the procedure for removing and replacing a vac-
uum interrupter. Components may be identitied by reference
to figure 6, 7, 8, 22 & 23.

1. Removing The Interrupter

1.1 Before starting work, the circuit breaker should be
isolated from all primary and control power sources
and all stored energy discharged by tripping, clos-
ing, and tripping the breaker by hand. Discharge any
static charge by grounding all and center metal sec-
tions of the vacuum interrupter. Carefully remove ex-
terior and interphase barriers.
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Fig. 21b Primary Contact Closed - Free Position

A WARNING

Hazardous voltages and high speedyme-
chanical parts can cause deaih, personal
injury and property damage.

Before starting any work, breakegshould be
isolated, short circdited 'and grounded.
Control power should bedisconnected and
breaker closed and@penediby hand until
both springs havebeen'discharged.

1.2

1.3

1.4
1.5

1.6

Loosen the lateralgholt(sy®6n terminal clamp. 29.2.
Refer to figure 28 apd émploy the illustrated proce-
dure to logsemclamp.hardware. (8mm hex allen and
17mm sgket)

Withdraw pin, 484, from insulating coupler, 48, and
levers, 48.6,

Remove coupling pin from the eye bolt, 36.3.

Free struts, 28, from the upper pole support, 20. Loosen
the strut hardware on the lower support, 40, and swing
the struts forward and downward. (17mm open end
and 17mm socket)

NOTE: Some breakers may employ four struts. The
additional struts should also be freed from the upper
pole support, loosened at the lower pole support and
swung the struts rearward and downward.

Loosen screws fastening the centering ring, 28.1.
(10mm open end)

Fig. 21c Primary Contact Forced Open by Manual
Pressure

1.7

1.8

1.9

Remove bolt "B", lockwasher and large washer at
stationary contact of the vacuum interrupter. (24mm
socket) Carefully note location of conductive spacers
between interrupter and pole support, if included.

Using a deep 24 mm socket loosen and remove hex
capscrew fastening the upper pole support to the
post insulator. Completely remove the upper pole
support and set aside.

Grasp the vacuum interrupter and withdraw vertically.
Assistance may be required to work the terminal clamp
off the movable stem of the tube. FORCIBLE TWIST-
ING EFFORT IS NOT ALLOWED. If the terminal clamp
cannot be easily removed, STOP!, check to be cer-
tain hardware is loose and the clamp is not bound.

Installing an Interrupter

NOTE

Replacement interrupter, 30, will be received from the fac-
tory with an eye bolt, 36.3, in place, adjusted and torqued
to specific requirements. DO NOT ALTER THE ADAPTER
SETTING.

21

22

Inspect all silver plated connection surfaces for
cleanliness. Clean only with a cloth and solvent. Do
not abraid.

Insert interrupter, 30, in the lower pole support, 40,
with the evacuation nipple, P fcing the mechanism
housing. Slip terminal clamp, 29.2, into position on
the movable stem.
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Figure 22
Vacuum Tube Replacement lllustration
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Position of Torque Wrench to Avoid Undue Stressing
of Moving Terminal 36.1

.~ Vacuum Interrupter 3@

Holding Wrench | Terminal 36.1

Terminal Clamp 29.2

Torque Wrench

P = Direction of Force

Figure 23
lllustration Showing Required Technique For Fastening Terminal Clamp Hardware

2.3 Restoreany conductive spacers which may have been 26 Couple levers, 48.6, and drive link, 48.9 to the eye
provided to span the space between tube and pole bolt, 36.3, using the pin supplied. Apply retention
support. LOcate the upper pole support and fasten clips. Appropriate pin is modestly chamfered, not to
“finger tight" using heavy flat washer, lockwasher and be confused with pin for the insulated coupler.
NN 2.7 Elevate terminal clamp, 29.2, against the locking ring

24%Fasten the upper pole support to the post insulator on the movable terminal of the vacuum tube, 36.1
using finger pressure only using hex head bolt, lock- and position the interrupter 30, so that its groove
washer and flat washer. faces the connecting surface of flexible strap 29.1.

Refer to Figure 23 and employ technique illustrated
to fasten terminal clamp. Note opposing wrenches.
Tighten the bolt(s) of the terminal clamp to a torque

25 Attach struts, 28, to the upper pole support, 20. re-
place hardware, but do not tighten at this time.
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of (30 Ft. Lbs.) 40 Nm, taking care to see that the
terminal of the interrupter is not subjected to exces-

sive bending movement.

NOTE:

Excessive bending movement exerted while fastening the
terminal clamp will damage the vacuum interrupter.

28

29

2.10

212

3.1
32

33

34

Align pole support, 20, correctly and tighten bolt fas-
tening 1t to the post insulator Fasten securely all bolts
associated with struts, 28

Tighten interrupter fastening bolt ‘B" on the upper
pole support, 20, holding the interrupter firmly by its
upper insulator, and operate levers, 48 6, by hand to
see whether the movable contact moves freely If any
binding or lack of freedom is noted. loosen bolt ‘B’
and adjust the interrupter in pole support by tugiing
and moving it slightly

Press centering ring segments firmly againsgbase of
tube. and fasten securely. On some breaker ‘ayone
piece ring is used, and this 1s simply fastépedin
place.

Attach insulating coupler, 48, and lever. 48 .6 t6gether
using pin 48.5. Apply retaining ¢lips ‘Corregt pin has
ends which have been generouslytehamfered

Open and close breaker severaltimes, and then check
to see that all bolted joints and deviges are tight

Checking the Contact Stfoke
Open the circuit breaker

Free insulating coupler” 48, by removing pin 48.5.
The interrupter ‘@enfactsg4must now close automati-
cally as a gonsequence of atmospheric pressure

Observefthe termindbclamp, 29.2 thru the openings
on each sideyof ihe lower pole support, 40. Using
vernier calipers‘measure the distance from the bot-
tom surface of the terminal clamp to the bottom edge
of the cutoutopening. Measure carefully. and record
your result

Coennect the insulating coupler, 48, using pin. 485,
and the retaining clips provided

35 Repeatthe measurementidescribedin step 3 3again
with care to maximize accuraey, record your result

3.6 Determine difference fbetween the measurements
made under steps (8.3 and43.5. Your result should
be:

Type 5-MSV-250 Breakers: 5 to 7/mm (0 20 to 0.27
inches)

Type 7-FSV.:500015-FSV-500. and 15-FSV-750 Break-
ers: 1040 12mm (0.40 to 0.47 inches)

Typews-FSV-350, 15-FSV-1000 and all 3000A break-
ers: ¥.5%8 5mm (0.30 - 0.33 inches)

3.7 Gl yowtail to achieve the listed results carefully repeat
theyentire procedure making certain of your
measurements

38, If, after confirming your measurements, and you find
the stroke not in agreement with the values given
above, an adjustment can be made by adjusting the

eyebolt, 48.6.5.

* Excessive stroke is corrected by turning the eyebolt
out.

« Insufficient stroke is corrected by turning the eye-
bolt in.

3.9 Loosen locking nut on eyebolt, on insulated coupler
(48) and retain position of the eye. Make adjustments
in one-half turn increments. After adjustment is com-
pleted, tighten eyebolt locking nut to 30 + 4 Ib. ft.
(40 = 5Nm).

4. After eyebolt is tightened to proper torque, repeat all

measurement procedures making certain they are in
agreement with values indicated in 3.6

5. Complete all other maintenance procedures. Com-
pletely reassembled breaker should pass high po-
tential test before it is ready for service.

Hydraulic Shock Absorber

The 3AF mechanism is equipped with hydraulic shock ab-
sorber and a stop bar that functions when the breaker opens.
Seeitem61.8 Figure 11. The shock absorber should require no
adjustment. However, at maintenance checks, the shock ab-
sorber should be examined for evidence of leaking. If evi-
dence of fluid leakage is found, the shock absorber must be
replaced to prevent damage to the vacuum interrupter bellows.

A
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Vehicle Function and Operational
Interlocks

Type MSV and FSV vacuum circuit breakers are comprised
mainly of the interrupter/operator sub-assembly fitted to a ve-
hicle. This interrupter/operator sub-assembly is an integral ar-
rangement of operating mechanism, dielectric system, vacuum
interrupters, and means of connecting the primary circuit. The
vehicle supports the interrupter/operator sub-assembly, pro-
viding mobility and fully coordinated application in Siemens
type “D" and “F" switchgear.

Successful coordinated application of the fully assembled MSV
or FSV vacuum breaker is achieved thru precise fixtured align-
ment, and important functional interlocking.

Alignment

Elements of the vehicle structure, which are assembled under,
fixture control and then are secured and pinned in place, in*
clude the following (no adjustments are required):

+ Side channels which provide support to the interrpter/op-
erator sub-assembly are fixtured square (90) taythe wheel
axle holes in the vehicles base.

* The primary circuit conductors are fixtured to appropriateel-
evation, phase spacing and alignment to the inside stirface
of the guide bar. The guide bar, is set in the fixturé firmly
secured and ten pinned in place.

* Secondary disconnects are fixtured andypinhed.iff place

» Shutter cam which raises and lowefs pretective primary
bushing barriers, is fixtured firmly, seCured and pinned.

* Breaker grounding contacts, are aligned apd securely bolted
in place.

» Closing spring discharge rolleflis located and secured.

» The hinged protective barrier istalighed, adjusted vertically
and then pinned in place.

Thus, all those featurégwhich must align with elements of the

switchgear “draw olit” englosure, are precisely set, firmly se-

cured and pinned while the*@omplete breaker is located in a

rigid fixture.

Interlocks

Inopérative oFby-passed interlocks will cause
death. seripus personal injury and property
damage

Mechanical and electrical interlocks are
provided as integral components of this
equipmenttoensure safe use. Interlocks must
be in operation at all times. Read this in-
struction manual. Know and understand
correct interlock function. Check interlock
function prior to inserting breaker into
switchgear cubicle.

Breaker Racking Interlock
(Lever Type)
Reference: Figures 24a & 24b

The racking interlock functions to block movement of the cir-
cuit breaker from the connected or test positions whenever the
breaker is closed, and to maintain the breakers mechanism in
a “trip free” state whenever the circuit breaker is “released”

* The breaker is closed whenever the primary circuit is com-
pleted through the vacuum interrupter contacts. This closed
condition is caused by rotation of the breaker shaft, 63 to the
position shown in figure 24b.

» The breaker is released (free to rack) when the plunger shown
in figure 24a is elevated sufficiently to clear the slot in the
cubicle rail.

Function of the closed breaker racking release is initiated by
elevating the racking release handle. This action causes the
interlock bell crank, 1, to attempt CCW rotation. If the breaker
were closed, the bell crank will rotate incrementally causing
the “push rod", 2, to rise thru the action of crank, 1, and link, 3.
This action will be immediately blocked, because the push rods
“mushroom” head will encounter a cam surface of lever 64.3
on the breaker shaft, 63, typically after 1 to 2mm (.040 to .080
inches) of motion. With motion blocked after this short move-
ment, it is not possible to raise the plunger above the cubicle
rail. Thus, The Breaker Can Not Be Released For Racking
When The Primary Contacts Are Closed.

If the breakers primary contacts were open, the cam surface
of lever 64.3 on the breaker shaft, 63 will have rotated beyond
the push rods “mushroom™ head allowing the push rod to rise
freely.
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Figure 24a-1
Details of Closed Breaker Racking Interlock—Type FSV

As the push rod ris€s, its¥mushroom” headed appendage,
within the breakegs meghanism enclosure, causes the “inter-
lock” levers to rotate, glevating the “trip free push rod and cam”
This cam encountersithe Atrip latch lever”, and after typically 8
to 12mm (0.3 to 0.5 inches) of motion forces the mechanism,
thru the “trip latch lever” to the “trip free” state.

Continued, full CCW'rotation of the interlock bell crank causes
the plungerto clear the cubicle rail allowing the “open trip free
breakertealbe, moved from the connected position.

Théjloweminterlock bell crank is returned to the plunger en-
gaged position, fully clockwise, by the action of double torsion
springsrat each end of the bell crank. it is stopped and main-
tained in the position which ensures full plunger engagement
py a spring pin of sufficient length at the top of the plunger
which straddles the guide bar and guiding channel.

Figure 24a-2
Details of Closed Breaker Racking Interlock—Type MSV

The breaker may be pad locked in an “open trip-free” state.
Provision has been made for looping a padlock through the
“racking release handle” and a stationary cover mounted an-
gle. The position of the racking release handle at the point of
padlock hole alignment ensures the breaker is trip-free yet the
plunger engages the rail-preventing breaker movement.

Breaker Racking Interlock
(Screw Type)
Reference: Figures 24a & 24b

The racking interlock functions to maintain the breakers mech-
anism in a “trip free" state whenever the circuit breaker is
“released"
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» The breaker is closed whenever the primary circuit is com-
pleted through the vacuum interrupter contacts. This closed
condition is caused by rotation of the breaker shaft, 63 to the
position shown in figure 24b.

» The breaker is released (free to rack) when the plunger shown
in figure 24a is elevated sufficiently to clear the slot in the
cubicle rail.

Function of the closed breaker racking release is initiated by
elevating the racking release handle. This action causes the
interlock bell crank, 1, to rotate CCW. The bell crank will rotate
causing the “push rod", 2, to rise thru the action of crank, 1,
andlink, 3.

As the push rod rises, its "mushroom” headed appendage,
within the breakers mechanism enclosure, causes the “inter-
lock™ levers to rotate, elevating the “trip free push rod and cam”
This cam encounters the “trip latch lever” and after typically 8
to 12mm (0.3 to 0.5 inches) of motion forces the mechanism,
thruthe "trip latch lever” and coupled “trip latch”to an opened
and “trip free” condition.

Continued full CCW rotation of the interlock bell crafik,cadses
the plunger to clear the cubicle rail allowing the “open tripifree
breaker” to be moved from the connected position

The lower interlock bell crank is returned to the plunger en-
gaged position, fully clockwise, by the action of doubletorsion
springs at each end of the bell crank. It is stopped“and main-
tained in the position which ensures fa@ll plunger engagement
by a spring pin of sufficient length at heytop ef the plunger
which straddles the guide bar and guiding channel.

The breaker may be pad locked in%an “Open trip-free” state.
Provision has been made for lg@ping ‘aspadiock through the
“racking release handle" and a statiopary cover mounted an-
gle. The position of the racking release handle at the point of
padlock hole alignment ensures the breaker is trip-free yet the
plunger engages the'rall preventing breaker movement.

Plunger Position Mechanical
Interlock

In order to prevent the motor charging circuit from “making
and breaking” as‘the breaker and cubicle secondaries make
or break physical contact, an electrical switch is provided. This
switchlissmmounted within the connection box, and is operated
bysa, lever attached to a member on the interlock bell crank.
The switéh is adjusted to ensure the breakers charging circuit
isymade up before the racking plunger achieves full engage-
ment“Typically, the plunger will be 5Tmm (2 inches) off the
fléor when this switch makes the circuit.

Automatic Closing'Spring Release
Reference Figures 24a, 25a and 24b

The automatic closing spfing release feature is provided to
ensure all spring energy has'een discharged in the mecha-
nism prior to the breakersikemoval from the cubicle. The open-
ing springs are disghatged prior to the breakers release for
racking, and sincefautomatic closing spring discharge occurs
while the breakems tripifree and its charging circuit is opened,
we can be assuredalhspring energy has been released as the
breaker €xits the cubicle.

Reference e Figure 25b reveals the essential elements of this
system™As the breaker exits the cubicle, the roller encounters
amyaetuating angle in the floor of the cubicle. As the roller strikes
the"angle it'must rise, and this change in elevation is amplified
thru a levier and fulcrum arrangement located above the roller.
Movement of the roller from a typical free height of 65mm (2 56
Inehes) to 74mm (2.91 inches) must produce approximately
20mm (0.75 inches) of vertical motion at the “spring dump tube”

Reference to Figure 24b shows the spring dump tube tele-
scoping the trip free push rod, and thus, the spring dump tube
is able to move against the mechanisms interlock levers inde-
pendently of the trip free function. As the dump roller ap-
proaches the actuating angle the trip free rod will be elevated,
holding the mechanism trip free. When the roller strikes the
actuating angle, it overtakes the trip free push rod and moves
beyond the trip free position. This action is allowed because
the “mushroom” tip at the top of the trip push rod is not at-
tached to this push rod, but simply “floats” above it, captured
by the mechanisms interlocking levers.

The spring dump tube now more fully elevates the mecha-
nisms trip push rod cam and closing spring release cam (each
attached to the same push rod). The spring release cam con-
tacts and displaces the close latch lever causing release of
the closing springs into a trip free mechanism. Thus all spring
energy is discharged as the breaker leaves the cubicle.

The spring dump roller must now overtravel the structural ac-
tuating angle, and not be allowed any further elevation. The
spring dump push rod accommodates this overtravel by em-
ploying a number of collars and bellville washers. The upper
most collar is fixed and provides a definite stop after approxi-
mately 22mm (0.88 inches) displacement. The additional mo-
tion of rollers and levers required to complete overtravel is
allowed by compression of the bellville washers. The collar
immediately above the bellville washers is fixed, and the one
below free to slide.
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Figure 24b
Details of Closed Breaker Racking Interlock Internal to Mechanism Enclosure
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Systemy— Type FSV

Figure 26
1200, 2000, and 3000 Amp
Continuous Current Interlock Orientation
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Continuous Current Interlock

Reference Figure 26

The continuous current interlock functions to ensure breakers
and cubicles of like continuous rating are applied, and that
breakers with dissimilar continuous current ratings are ex-
cluded from cubicles of unlike current ratings

Figure 26 provides detail necessary to determine continuous
current ratings and appropriate interlock orientation.

Control Cable And
Connection Box

The MSV and FSV type circuitbreakers employ a plug-in cable
which completes all standatd cCtrcuit breaker electrical con-
nections between the faechaniém housing and the vehicles
secondary disconneets, Figufe 27 provides the detail of the
cables wiring and atypicahschematic diagram.

The wiring fromgthis Cable is terminated at a connection box
which provides a/conyvenient and versatile means of accom-
modating@ Wwarious cgontrol options and modes of common
sourcing whiléymaintaining a common breaker enclosure wir-
ing diagram;

Devieesiwhich will be mounted in the connection box include.

“WPRlunger Position Mechanical Interlock Switch
» Terminal Blocks
» Capacitor Trip (Optional)
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Control Cable Connection Detail
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Insulating Barriers
Reference Figure 28

Insulating barriers are required for use on type MSV and FSV
circuit breakers.

Interphase (with cutout) and exterior barriers on type FSV cir-
cuit breakers are removed or inserted by sliding them in the
vertical channels.

Interphase barriers on type MSV circuit breakers are removed
or inserted by sliding them in the vertical channels. Exterior
barriers are secured with the mounting posts inserted into the
teardrop holes and slid down to hold in place. This may require
a slight deflection of the barrier against the interrupter heat
sink.

Type MSV and FSV breakers require a full compliment of two
exterior and two interphase barriers. Refer to the parts guide
for location of barriers.

Figure 28 Insulating Barrier—Type FSV
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Figure 29 Hinged Front Panel—Type FSV

Front Hinged Panel, Type FSV

Reference Figure 29The FSV breaker employs a hinged front
panel which is spring loaded to seek a vertical position. Helical
extension springs maintain tension in aramid fiber cords which
are trained over guides to apply a horizontal pull on the front
panel towards the rear of the breaker.

If the front panel fails to move easily and freely against the
spring tension. DO NOT FORCE. STOP! Examine aramid cord
toensure it is aligned over each of two guides. Tensioned cords
are applied symmetrically to each side of the front panel. Hel-
ical springs may be accessed by removing the front lower panel
of the breaker.
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Cubicle Interface Barrier For Type
MSV & FSV Circuit Breakers

The type 5-MSV-250 circuit breaker to “D" cubicle interface
requires a two piece metal barrier be mounted in the "D" cu-
bicle, above and adjacent to the upper front of the breakers,
to isolate the high voltage area above the breaker, (Figure 2a
and 30). The hinged front panel, which provides this isolation
for air magnetic breakers, cannot be used, due to the required
configuration of the vacuum interrupter/operator and vehicle
subassemblies to fit in the 26 inch wide, “D" cubicles. These
barriers are automatically factory installed in all new cubicles
designed for use with MSV breakers. Check with factory for
special procedures for ground and test device usage in these
modified "D" cubicles.

The replacement of Type MA-250 air magnetic circuit breakers
with type 5-MSV-250 vacuum circuit breakers will require the
mounting of two barriers in the existing “D" cubicles plus
notching the internal “iris” barrier as indicated on replacement
instructions. Type FSV new and replacement breakers dé"not
require additional barriers or notching of the “F" cubicles.

The interface barrier on the “D” cubicle for MSV breakersiand
an interference barriers used across the “F" cubiclefor FSV
breakers are designed to prevent air magnetic brgakers from
being inserted into cubicles exclusively designed forvacuum
breakers. If proper insulating barriers are installed acrass the
top of “F" cubicles, either air magnetic or vacuum), breakers
could be properly used.

Figure 30
Cubicle Barrier for Type MSV Circuit Breaker
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Vehicle Lubrication

Primary contacts (multi-fingered clusters) and secondary con- \
trol contacts (strips and fingers) are to be wiped clean and a
film of Siemens contact lubricant applied, 15-171-370-002.
Sliding surfaces such as shutter cam, rail plunger, etc. may be

wiped clean and treated with “Molycote Penelube”, 15-171-
270-002.

Nylon sliding and rotational bearings require no lubrication.

Pivots thru out the interlocking linkages should be treated with

a light oil (SAE #10) which includes rust inhibitors.

See Interruptor/Operator Lubrication Section for Additional

Information. \
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Warranty

WARRANTY - Company warrants that on the date of shipment
to Purchaser the goods will be of the kind and quality de-
scribed herein, merchantable, and free of defects in workman-
ship and material.

If within one year from date of initial operation, but not more
than eighteen months from date of shipment by Company, of
any item of the goods, Purchaser discovers that such item was
not as warranted above and promptly notifies Company in writ-
ing thereof, Company shall remedy such defect by, at Com-
pany's option, adjustment, repair or replacement of the item
and any affected parts of the goods. Purchaser shall assume
all responsibility and expense for removal, reinstallation and
freight in connection with the foregoing remedy. The same ob-
ligations and conditions shall extend to replacement items fur-
nished by Company hereunder. Company shall have the right
of disposal of items replaced by it. Purchaser shall grant Com-
pany access to the goods at all reasonable times in order for

defect, the Company and Purchaser shall negotiate i

Company to determine any defects in the goods. In the even
that adjustment, repair or replacement does not remedy thm

faith an equitable adjustment in the contract price.

t
The Company's responsibility does not extend tog@an of
the goods which has not been manufactured andiysoldby
Company. Such items shall be covered only by, e
warranty. If any, of the manufacturer thereof.
and its suppliers shall also have no responsibility i goods

have been improperly stored, handled or installedgi
have not been operated or maintaine@ accerding to their rat-
ings or according to instructions in C Mjr supplier fur-
nished manuals, or if unauthorized,re or ifications have
been made to the goods. &

THIS WARRANTY IS EXPRES | U OF ALL OTHER
WARRANTIES (EXCEPT TITLE)AINCLUDING BUT NOT LIM-

ITEDTO IMPLIED WARRA RCHANTABILITY AND
FITNESS, AND CONSTIT HE ONLY WARRANTY OF

COMPANY WITH R C E GOODS.

er's exclusive remedy against
for any defect in the goods or for
failure of the goo as warranted, whether Purchaser’s
remedy is based on't ontract, warranty, failure of such rem-
edy to achieve its essential purpose, tort (including negli-
gence), strick liaWty, indemnity or any other legal theory, and
whetherdarising out of warranties, representations, instruc-
tions, dnstallations of defects from any cause.
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