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This shee�(s) notes ch©JrngJss which g�ll.ll�<cll 
be madle on �he aUach�&d insi'ruction book�eR: 

CIRCUIT BREAKER INSTRUCTIONS 18X5204-01 
. 

Types FB-SOOA 1 7 .2KV and FC-500A 1 13 .BKV 
Air Magnetic Circuit Breakers 

with 
Stored Energy Operator 

Type 515-2 

ON PAGE 13 Procedure C. Arcing Contact Lead should read as follows: 

PROCEDURE C. ARCING CONTACT LEAD 

Arcing contacts are adjusted only after the main contacts have the proper alignment 
and penetration. The arcing contacts should make before the main contacts. To 
measure and adjust each phase: 

1 .  Push stationary main contacts back on stud. 

2.  

3. 

Using the maintenance closing procedure, slowly move the disconnect arms toward 
the closed position until a dimension of l/4" + 1�2 can be measured between the 
lower stationary main fingers and the disconn;ct arms of the closest phose. (See 
fig. 10 dim. b view A-A arcing contact engaging). The moving disconnect arms 
should be pushed back when making the measurement. ' 

With the disconnect arms in proper position established in step 2, adiust nut (1) 
to have the moving arcing contact touch the stationary arcing contacts. (Push 
the moving ':lrcing contact back when setting) .• 

4. Advance maintenance closing to obtain proper individual positions of the oth�r 
phose disconnect arms in accordance with step 2 and set arcing contact lead in 
accordance with step 3, (Simultaneous touching of arcing contacts on a II three 
phases is not required, Do not impair penetration of arcing contact lead setting in 
an attempt to optimize). 

. . 
These instructions do not purport to cover all details or variations in equipment nor to 
provide for every possible contingency to be met in connection with installation, 
operation or moi ntenance. 

4U,J ... CHAl,MMIII. n r"\ n -41 Al:'t'\1:' \&• • A II' l&l' 
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INTRODUCTION 

This instruction manual contains installation, operation and maintenance information for Types 
FB-500A 1 7.2·kv ancl FC·500A 1 13.8-kv stored energy operated air magnetic circuit breakers. 

WARRANTY 

file sales contract carri es all in forma: ion o;, warr.1nl f coverose. 

I{ECEIVING 

-'• 

Circuit breakers are shipped from the factory completely assembled _ Observe weight markings 
on cra tes and ensure that capable handling equipment is used. 

Remove c rating careful ly 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 l ocal fre i ght 
agent handling the shipment. Proper notation should be made by him on the freight bill. This 
prevents any controversy when claim is made and facilitates adiustment. 

When handling breaker (Fig. l) with a crane or hoist, hooks should be attached only to breaker 
frame. Use a sprea der to prevent frame distortion and/or damage to arc chutes . Do not attach 
li fting hooks, rope , etc., to bushings, insulating parts, fittings, etc _ Do not slide breaker off 
shipping skid without us ing ramp b l ocks prov ided as interlock plunger and I inkage may be 
damaged. _, _ _,._..� �� 

STORAGE 
Indoor- The circuit breaker should be installed as soon as possible. If storage is necessary, it 
should be kept in. a clean dry place where it will not be exposed to dirt, corrosive atmospheres 
or mechanica l abuse. 

Outdoor - Outdoor st9rage of circuit breakers is not recommended . If breakers must be stored 
outdoors, they must be covered completely end a heat source provided to prevent condensation 
and subsequent corrosion. 

If the circuit breaker must be stored for some time, "As Found" tests are desirable. (See page 19.) 

CIRCUIT BREAKER PREPARATION 
Prepare the circuit breaker for insertion into its cubicle as follows: 

l. Remove Packaging. Note: Breakers are shipped in closed position with the trip rod 
and foot I ever enclosed by packaging to prevent opening during shipment. (Refer to Fig. 1.) 

2. Push manual trip rod to open breaker. 

3. Remove phase barriers and unfasten both front and rear blowout coil connections. (See 
" Phase Barrier Assembly", page 11.) 
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4. With arc chute support in place at the rear of the breoker, tilt the arc chutes (refer to 
page 11 for detai Is) to expose contact area. 

5. Remove dust, forei gn particles, etc., from breaker. 

5A. Inspect ceramics for possible shipping damage. 

6. Check for mechanical freedom of disconnect arm movements by slowly closing the breaker. 
Reference page 15 for Slow Close Procedure. 

7. Trip breaker by depressing trip rod , Fig. 2, Item 43. 

8 .  Return arc chutes t o  upright position, fasten both front and rear blowout coi I con­
nections end replace phase barriers. Be sure screws on all phases are tightened 
securely . 

9 .  Instal l plug jumper and energize control. (Springs should charge.) 

10. 

11. 

Close breake} 
Trip breaker 

with control switch on 
cubicle panel. 

12. Depress foot l ever and close electrically (*). 

13. ReI ease foot I ever and repeat steps 1 0 (I) and 11 . 

14. De-energi ze control power and remove plug jumper. 

15, Coat movable primary and secondary disconnects with a film of A-C contact lubricant, 

15-171-370-002. 

16. Insert breaker into its cubicle to "disconnect" position and close manually(* ) . 

17. Complete movement of breaker to "�est" position and repeat steps (10 (#)and 11. 

18. Check for proper alignment between stationary and movable secondary contacts. Check 
for proper alignment between aux. switch bayonet on cubicle wall and operating fork 
on breaker. 

19. With line and bus de-energized, rack breaker into fully connected position. C lose 
.and trip breaker from main control pane l . If bus or line are energized, get clearance 
before beginning this step. 

20, Lock out Kirk interlock (if provided) and repeat step 10 (*). 

21. Open i nterlock and repeat steps 1 0  (If) and 11. 

22. Breaker is now ready for normal operation . 

(*) Breaker is trip free. 
(#) Breaker will close. 

-2-
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CIRCUIT BREAKER DESCRIPTION 

A typical circuit breaker consists of primary disconnect, arc chute, and operator sections. The primary 
disconnect section contains the main contact which supplies power to the load . The arc chute section 
dissipates the power arc energy drawn during the opening ot the main contacts. The operator secti on 
contains the mechanism used to close and open the main contacts. T h is mechanism cons ists of a stored 
energy operator with its associated control circuitry. 

ARC INTE RRUPTION 

Arc interrupt ion is accomplished in free air at atmospheric pressure with the aid of a self­
induced, magnetic blowout field and forced air draft. When the tri p solenoid is energi zed , 
load current is being carried by the main contacts. As the contacts open, the main contacts 
port first and the current is transferred to the arcing contacts. When the arcing contacts part, 
an arc is established between them. 

The arc between the arcing contacts is transferred to the arc runners as the arc ing contacts open. 
The transfer of the arc to the arc runner establishes full current flow through the blowout coils, 
setting up a strong magnetic field. The magnetic field, accompan i ed by the natural thermal 
effects of the heated ore, tends to force the arc upward into the barrier stack . The large surfaces 
of the barrier stack cool and de-i oni ze the arc, while the V-shaped slots in the s�ack redu ce its 
cross-section and elongate it, leading to rapid extinct ion . The arc run n ers ore mode of wide, 
heavy material for maximum heat dissipation and for minimum metal vaporization. 

A puffer mechanism provides a forced air draft through the main contact area. This aids the 
magnetic blowout field and natural thermal effects in forcing the ore i nto the barrier stack for 
easy extinction. 

OPERATOR 

The breaker is closed by the stored energy operator straightening a toggle in the four-bar linkage 
(Fig. 7 Item 12}, The operator is powered by pre charged springs (stored energy) . 

Stored Energy Operator 

The stored energy operator (Fig. 3) uses charged springs to power the closing operation. Opening 
is spring-powered also , but not with the same springs used for closing . A stored energy operator 
consists of three s)'stems: spring charging drive, com and ratchet assembly, and the four bar 
toggle linkage (Fig. 4, A- D). These systems are disengaged from each other except while 
performing their specific functions. For example -the spring charging drive and cam-ratchet 
assembly are disengaged except when the cam-ratchet arrangement is being charged. Similarly, 
the cam-ratchet and fou'r bar I inkage are free of each other except during closing , 

Stored energy operated breakers normally require a single commercial relay for control . This 
relay is furnished to match the control vo ltage . 
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Reclosing Control (Optional - For Reclosing Applications Only) 

The trip latch check system provides the necessary control to perform the reclos ing function when 
the switchgear is equ ipped with reclosing relays. 

The system is comprised of three e lements; a magnetic actuator, a non-contacting magnetically 

operated hall effect sw itch (sensor} and a timer module. The system performs two distinct functions 

prior to enabling the recl osing operation. 

1. It senses that the trip latch has returned to its reset position, and is ready to receive a 
reclosing operation. 

2. Imposes a delay following latch reset to i nsure the linkage assembly h as fully reset and 

then applies power to the spring re lease coil. 

The non-contact ing magnetically operated hall effect switch and magnet actuator combine to perform 

proximity detection of the trip latch taiL The speed of operation and life expectancy of this proximity 

sensor system is not limited by mechanical actuation as no physical contact between the actuating magnet 

and hall switch exist. The switch consists of a hall sensor, trigger, and amplifier integrated on a silicon 

chip.  Its complete encapsulation isolates the device from environmental effects. 

AUXILIARY EQUIPMENT 

Auxiliary Switch 

Mounted on the breaker, the auxiliary switch is normally used to open the trip circuit when the circuit 
breaker is opened. As this multi-stage switch operates from the breaker disconnect blades, c i rcuitry de­
pendent on the pos ition of the breaker, such as indicator lights, etc., is wired through this switch. The 

individual stages are easily converted to "a" or "b" without disassembling the switch (Figure 5). 

Capacitor Trip Device 

A capacitor trip device is commonly used with circuit breakers having an ac control supply installed in 
remote locations or unattended substations where battery cost and maintenance are undesirable. 

In these cases, the capacity trip device may be charged from the same stepdown transformer that 

is used to energize the breaker control. This stepdown transformer should be connected to the Ll NE side 
of the breaker. 

To app!y the capacitor trip device to existing breakers originally shipped with de trip coi ls, contact your 
All is-Chalmers sales representative. 

Trip Solenoid 

Norma l electrica l tripping (opening ) is caused by the trip solenoid (Fig. 8, 17) which is designated 
52TC on the schemat ic of Fig. 9. The trip solenoid is energized by operation of the circuit breaker 

control switch and the protective relays which are mounted on the switchgear . 
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ARC CHUTE ASSEMBLY 

Each arc chute (Fig. 6) consists of a frame retardant envelope which provides phase isolation for �-interruption and venting of the by-product gases of interruption. The arc chute contains -

1 • The stationary end arc ru nner (4) and moving end arc runner (3) to which the arc 

terminals transfer from the arcing contacts. The ore runners form paths for the ore 
terminals to travel up the arc chute. 

2. The stationary end blowout coil (15) and moving end blowout coil ( 13) wh ich connect 
their respecti ve arc runners to the top and bottom bushings. The current in these coils 
creates the magnetic flux wh ich passes through cores (18), po l e pi eces (22) and the 
space between the pole pieces . The action of this flux on the arc forces the arc up 
the barrier stack . 

3. The barrier stack (23) consisting of a number of refractory p lates, with "V-shaped" 
slots, cemented together. The barrier stack cools, squeezes and stretches the arc to 
force a quick interruption. 

4. The barrier (1} containing coolers (6) through which the by-product gases of inter-
rupti on pass, completes the cooling and deioni zing of the arc products. 

Arc chutes can be Hlted to expose contact area and for inspection of barrier stack (23). The arc 

chutes may al so be I ifted and removed for the breaker. Unfasten front and rear coil connections 
before tilting or removing arc chutes. 

NOTE: 
After arc chutes have been t ilted back to their normal posit ion , make sure that all screws have 
been replaced and tightened securely on all phases before phase barr iers are replaced. Also 
ensure that blowout coils have been reconnected. 

CIRCUIT BREAKER OPERATION 

Normal -- Normal circuit breaker operation is controlled by cubicle mounted controls or.�ther 
control devices. The closi ng springs of stored energy operated breakers wi I I  charge as soon as 
the breaker cont ro l is energized. 

Opening Breaker --Stored energy operated breakers can be tripped manually by depressing the 
trip rod (43), Fig . 2, or electrically by energizing the trip circuit. This rotates the latch that 
allows the c losing linkage to collapse and reset. 

Closing Breaker --When the spri ngs of a stored energy operated breaker are fully charged , it 
can be c losed by pulling the manual close pull rod (2 1 ), Fig. 7, or electrically by energizing 
the closing ci rcuit . This rotates the latch that allows the springs to close the breaker. 
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STORED ENERGY OPERATOR DESCRIPTION OF OPERATION 

SPRING CHARGING CYCLE 

Energization of the Breaker Control Circuit will cause the spring charging motor (l, Fig. 7) to 
start charging the closing springs (6, Fig. 3). The spring charging motor (1) will drive the 
driving pawl (2, Fi g. 3) through an eccentric drive shaft (3, Fig. 3). The driving pawl (2) 
will turn the ratchet wheel (4, Fig. 3) counter-clockwise one tooth at a time. The holding 
pawl (5, Fig. 3) wi II hold the ratchet in position between driving strokes of driving pawl {2}. 
This charging operation wi II continue turning the ratchet wheel (4) counter-clockwise a tooth 
at a time until the closing springs (6) are fully charged (dead center). The motor will drive the 
ratchet wheel past this dead center position and the closing springs (6) will aid rotation driving 
the ratchet wheel and cams counter-clockwise until spring release rollers (8, Fig. 8) on the 
inside surfaces of cams (7, Fig. 7) engage the spring release latch {9, Fig , 7). This arrests the 
motion of the ratchet wheel (4) and the cams (7) and holds the operator in the fully charged 
position, As the cams and ratchet wheel go over center, the motor cutoff switch (10, Fig. 3) 
is actuated to de-energize the spring charging motor (1). The spring charging motor then coasts 
to a stop, driving pawl (2) oscillating freely in the smooth toothless section of the ratchet wh eel . 

The motor cutoff switch ( 1 0) has four functions: 

1 .  It de-engergizes the spr ing charging motor (1); 

2. It opens a contact  in the anti -pump relay ci rcu it; 

3. It sets up the closing coil circuit; 

4. It can be used to energize an indicating light to indicate that the closing springs (6) 
are fully charged. 

NOTE: 

The close latch check switch (16, Fig. 3) is in the motor circuit. The cl ose l a tch check switch 
monitors the position of the close latch (9) and will prevent charging of the closing springs (6) 
efectricaJJ.y-onless-the clc)s"Eflcltcn(9tiSinfhecorrecrposition·. 

As energy is stored i n  the closing spr ings, the four bar linkage (12, Fig. 7) will be positi oned by the 

l inkage reset spr ing {11, F ig. 8) which acts to cause cam follower rollers (14, Fig . 7) to follow the 
surface of cam (7, Fig. 7) until the l inks are in a reset position, and allowi ng latch rollers (20, Fig. 7) 
to be posit ioned i n  front of trip latch (18, Fig. 7). 

See Fig. 4 for sequence of operation. 

RECLOSING CONTROL (Optional- For Reclosing Applications Only) 

The electronic solid state time delay module works in concert with the trip latch sensor system. The 
time delay m odule consists of an electronic timer and an electro-magnetic relay. The diagram, Figure 9, 

shows the timer module receiving power between terminals 1 and 3. Term inal 3 is conn ected to the 
common side of the clos ing control sou rce. Terminal 1 is connected to the high side of the closing 
control source. Term inal 1 is connected to the high side of the closing control source th ru auxiliary 
contact (52B) and the closing source contact "CSC". The trip latch sensor system consists of the 

magnetic actuator and the hall effect switch. 
-6-www . 
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The time delay module is not energized until the breaker is charged, open and the dosing source switch 
"CSC" is closed. With the latch reset at the instant "CSC" closes, the timer modules internal re lay with 
norma l l y  open contact operates with no intentional delay (40ms electro-mechanical delay} to connect (} 
the spring release solenoid thru timer module terminal 2 to the high side of the closing source initiating 
the breakers closing sequence. 

If at the time the closing sou rce is applied, the trip l atch is not reset, the timer module wi l l  assu me a 

delaying mode of operation. Upon l atch reset a predetermined delay w i l l  be imposed before the timer's 
relay cl oses energizing the spring release solenoid. The complete trip latch check system is not affected 

by broad variation of closing source voltage. The time delay error caused by temperature extremes of 
-40° to 65° C is a minus 3% to plus 5%. 

BREAKER CLOSING CYCLE 

Energizing the spring release solenoid (13, Fig. 7} will drive the c lose latch (9, Fig. 7) away from the 
spring release rol lers (8, Fig. 8) on the cams (7, F ig. 7) releasing the stored energy in the closing springs 
(6, Fig. 7) . The closing springs (6) wil l  drive the ratchet wheel (4, Fig. 3) and the cams (7, Fig. 7} 
counter-clockwise at a high rate of speed. The cams (7) will engage the cam fol lower rollers ( 14, Fig. 7) 

of the four bar linkage (12, F ig. 7) and drive them forward causing the four bar linkage to become 
straight. As the four bar l inkage (12} becomes straight, it drives the radius arm (15, Fig. 7) upward 
causing the breaker contacts to close and the opening springs to be charged. The cams (7) drive the 
four bar lin kage (12) over toggle and against the frame thereby latching the breaker contacts in the 
closed position. 

SPRING RECHARGE AFTER CLOSING 

When the closi ng cycle has been in i t iated and the cams (7, Fig. 7) begin to turn, the motor 
cutoff switch (1 0, Fig. 3) resets itself. A "b" aux. switch of the breaker opens de-ene rgizing 

. the closing solenoid (13, Fig. 7). The close latch (9, Fig. 7) returns to its reset position and 
the close latch check switch (16, Fig. 3) doses and energizes the spring charging motor (I). 
The closing springs (6) are the n  recha rged as descr ibed earl ier . 

TRIPPING CYCLE 

Energizing the trip solenoid (17, Fig. 3) will drive the tri p latch (1 8, Fig . 3) away from latch 
roller (20, Fig. 3} on the four bar l i nkage (12, Fig. 3) • This a l loWs the four bar l inkage to 
col lapse and the breaker contacts will open. If the closing springs (6} are in the charged 
posit ion, the l i nkage reset spring (11, Fig. 8) will immediately reset the four bar linkage (1 2) .  
If the closing springs {6) are not charged, the linkage reset spring (1 1 )  will not reset the four bar 
linkage (1 2) until just before the closing spr ings (6) are completely charged . 

' j .,.,/ 
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STORED ENERGY OPERATOR-COMPONENTS 
NOMENCLATURE 

To be used with "Description of Operation" Figures 3, 7 and 8. 

I. Spring Charging Motor 
2. Driving Pawl 
3. Eccentric Drive Shaft 
4. Ratchet Wheel 
5. Holding Pawl 
6. Closing Springs 
7. Cams 
8. Spring Release Rollers 
9, Close Latch 

10. Motor Cutoff Switch 
11 . Linkage Reset Spring 
12. Four Bar Linkage 
13. Close Solenoid 
14. Cam Follower Rollers (Main Toggle Roll) 
15. Radius Arm 
16. Close latch Check Switch 
17. Trip Solenoid 
18. Trip Latch 

20. Latch Roller 
21 o Manual Close Pull Rod 
22. Spring Discharge Roller Free Height Adjustment 
23. Spring Discharge Close latch Yoke End Adjustment. 
24o Spring Discharge Roller 
25. Charge Discharge Indicator 
26. Discharge Indication Adjustment 
27. Charge Indication Adjustment 
28 o Mechanical Charging Interlock Adjustment 
29. Man ual Charging Shaft and Gear Box 
30. Anti-Pumping Relay 
31 o Trip Latch Bite Adjusting Screw 
32 o Trip Latch Bite Adjusting Screw Locking Nut 
33o Close latch Bite Adjusting Screw 
34o Close latch Bite Ad justing Screw Locking Nut 
35. Motor Cutoff Switch Actuator 
36. Lower Link Stop 
37. Roll Pin Striker 
38. AI uminum Spring Drive Blocks 
39. Spring Discharge Connecting Rod 

*See Figs. 9 and 12 for Trip Latch Check System. 
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ELECTRICAL CONTROL 

,...., The normal control for this operator is contained in a control panel mounted at the rear of the unit·
. . J 

It consists of motor cutoff switch (10, Fig. 3), anti-pumping relay {30, Fig. 3), and the close latch 
check (16). The typical control arrangement's elementary diagram is shown in Fig. 9. (Check 

schematic furnished with switchgear as wiring arrangements may vary.) 

Spring Charging 

The spring charging motor power is supplied through terminals 3 and 4, Fig. 9. The mechanical inter­
lock is a switch operated by the breaker release lever (foot lever) which opens the motor circuit 
when the lever is depressed. The close latch check switch is closed when the close latch (9, Fig. 3) 
is in the reset position. The 88 switches are shown with the closing springs discharged. When the 
control is energized, the motor starts to charge the springs. The 88 switch is operated by a roll pin 
striker (37, Fig. 3) mounted in the ratchet wheel (4, Figs . 3 and 14). As the ratchet wheel and drive 
blocks charge the springs, the ratchet wheel revolves to the position of full compression, dead center. 
Beyond dead center position, the springs aid rotation and cause the motor cutoff switch striker to 
depress the actuator (35, Fig. 3) of the 88-1 switch, opening the motor circuit and the 88-3 contact in the 
anti-pumping relay circuit. The spring charging motor coasts to a stop with the driving pawl (2, Fig. 3) 
oscillating freely on the smooth portion of the ratchet wheel. 

Closing Circuit 

The standard control circuit for a stored energy operator is shown in Fig. 9. When the close control 
switch is closed, the circuit from terminal 7 through 88-2 and 52Y1 to 528 through trip latch timer, 
Fig. 12 (when furnished), t? terminal 6 energizes the closing coil, closing the breaker. As soon as the 
closing springs are discharged, and 88-3 switch contact closes to energize the 52Y relay. If the close 
control switch rem·ains closed, the 52Y relay remains picked up through contact 52Y2. Control 
switch has to be released to reset control for another closing operatio n . This forms the anti-pumping 
relay circuit which prevents the circuit breaker from reclosing immediately after a trip free operation. 
If control power is momentarily lost during closing, upon re-energization, the 52Y relay picks up 
instantaneously through contact 88-3 maintaining the anti-pumping relay circuit prior to complete 
spring charging. 

Close Latch - Mechanical and Electrical Interlocks 

The close latch (9, Fig. 3) must be fully reset to receive the cam mounted spring release rollers at the 
end of the charging cycle. To insure the close latch is in this fully reset position, an electrical and 
mechanical interlock is provided. 

The close latch check switch ( 16, Fig. 3 and 15) consists of snap-action type switch mounted in close 
proximity to the close latch. A striker plate at the tail of the close latch engages the switch's acuator 
slightly before the fully reset position is achieved and actuates the switch prior to the latches 
reaching the fully reset position. At the time of actuation, a contact closes initiating the charging 

sequence. The switch operates with very small differential, and this sensitivity coupled with the 
close latch biased engagement of the spring release rollers provides a positive sensitive interlock. 

-9-
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The mechanical interlock (Fig, 17) prevents manual cha rging of the breaker if the close 
latch is not adequately reset. A linkage attached by a clevis to the close latch, extends 
down the side of the breaker frame to the driving pawl me chan ism. An extension of the 
interlock linkage passes above the driving pawl constant force return spring. If the close 
latch fails to return to a fully reset post ion, the I inkage extension thrusts the driving pawl's 

return spring downward preventing the driving pawl's engagement of the ratchet whee l , thus 
mechanically inhibiting either manual or e l ectr ical spring charg ing. 

---·--- - -
__ ... _____ .;. --+-
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ADJUSTMENTS 

Adjustments are factory set. qnd checked before and after n�merous mechanical operations on. 
every breaker to insure correctness. No adjustment checking should be necessary on new 
breakers. If a malfunction occurs, check for hidden shipping damage. 

The following will help you make the correct adjustments when replacing o broken or worn pt�rt . 

CIRCUIT BREAKER TIMING 

A comparison of circuit breaker timing at any period of maintenance with that taken when the 
breaker was new will indicate the operational condition of the breaker mechanism. A time 
variance of more than 1/2 cycle on opening and 2 cycles on closing indicates a maladjustment 
or friction buildup. A hole in the movable contact arm is provided for connection of a speed 
a no lyzer {item 29, Fig • 1 0) • 

PHASE BARRIER ASSEMBLY 

Full he ight barriers of high dielectric flame retardant material isolate each phase (Fig. 2). 

To remove phase barriers, remove sc rews (13), barrier (60) and channels (9) on rear of 
breaker. Lower panel (32) and loosen three screws (23). Remove three screws (24) and 
panel (22) on front of breaker. Phase ba"rrier assemblies (5) may now be removed from 
the f ront of the breaker. 

To return phase barriers to noiTTlal position, replace ports in reverse order . Make su re that 
barriers are seated pn:>perly and that channels (9) o�e located inside of washers (8). 

TILTING ARC CHUTES 

Remove phose barriers as described under 11Phose Barriers As semb ly . 11 Refer to Fig. 2. 
Remove screws ( 1, 37) on each phase. loosen screw (23), remove screws (24, 39) to 

· . . 

.' I 

remove panel (22). =�-;...-...;;;=. ........ ;;;�'-====;;:==-...... · -;;,...._--�� ---���- --
Position arc chute support at the rear of the breaker and tilt bock the arc chutes as show in in Fig. 2A. 

After ore chutes are tilted back to their nomo i position, make sure all screws ore tightened 
securely on all phases before phase barriers are replaced. 

Note: MAKE SURE THAT BLOWOUT COILS HAVE BEEN RECONNECTED. 

BARRIER STACKS 

The barrier stacks {Fig. 6) are fragile and must be handled carefully. Inspect the ba rrier stacks 
for erosion of the plates in the areas of the slots. The barrier stacks should be replaced when a 
milky glaze appears on the full length of the edges of most of the slots •. They should also be 
replaced if plates are broken or cracked. When cleaning the breaker and cubicle, inspect for 
pieces of barrier stack refractory material which would obviously indicate breakage. 

To remove the barrier stacks, tilt back the ore chutes , remove four screws (26), two barriers (1) oncJ., if applicable , two screws (6} and two tubes (5) from each arch chute. 
Remove barrier assembly and slide barrier stock (23) through top of arc chute. When 
replacing barrier stack be sure the v-shaped slots go in first. 
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CONTACT P R ESSU R E  O F  D I SCONNECT A R M  H I NGE J O I N T  

T h e  h i nge j � in t  contact pressu re i s  i n  prope r ad j ustme n t  when a pu l l  o f  2 t o  4 pounds i s  requ ired 
to move the d isconnect towa rd the ope n pos i t ion . 

This  mee1surement i s  ob tai n ed as fol low s :  (Fig . 1 0) 

Remove pi n ( 46} and detach l i nk (47)  from th e di sconnec t a rm s  ( 1 8) and ( 1 9 ) .  Mo ve the d isconnect  
to a posi tion just sho rt of  contact make . Attach a sp ri ng sca l e  to  the d i sc on nec t 1 0- l/2 i nches  
above screw (24) , and i n  a d i recti on perpend i cu l ar to the longest edg e  o f  the  d i sconn•·� c t  arm . 
Memu t·e the pul l to move the d i sconnect toward the open pos t io n . Read sca l e  wh i l e  d isconnec t  
i s  mov i ng through norma l opening stroke . 

Adj ustment i s  made by tightening (or looseni ng) nut ( 1 4) .  

Before attach i ng I ink (4 7) to disconnect arms ( 1 B and 9) . check contact al ignment and arc i ng contact 

lea d ( below and next page ) .  

ARC I NG CO NTACT H I NG E  J O I NT 

The arc ing contact hinge jo int (F ig . 1 0) i s  i n  proper adj ustment when each spri ng washer ( 15)  i s  
defl ected approx i mate l y  0 .0 1 5  i nches . 

Th is ad j ustment is obtained by t ighten ing nut (4) unti l a l l  p arts j ust touch , then t ighten the n u t  
3/4 to 1 turn more . 

CO N TACT A L I G N M E N T  AN D R E P LACE M E NT 

The ma i n and arc i ng contacts are an i ntegra l p ort o f  the bush i ng assemb l i es and are carefu l l y  
a l ig n ed w i th the upp e r  and lower bush ings before sh i pment . Norma l l y ,  no further adj ustment i s  
necessary . 

�· - �--. .  " ' �  --;; . L - -. -.-. ---��- � - -. 

Use these procedu res i f it becomes necessary to change contacts or reset contact al i g n m en �  
(refer to Fig . 1 0) .  

P rocedure A .  Hori zonta l Al ignment 

1 .  Push stationary contact fingers as far back (tap with soft mal let) as they wi l l  go on stud ( 1 1 , F ig .  1 0) . 

2 .  Using ma i ntenance c l os ing procedure , move the disconnect towards the c l osed posHon unt i l  
i t  tou ches a ma in contact  finger (v iew A-A , Mai n  Contacts Engag i n g ,  Fig . 1 0) .  Di mensions 
' ' C "  shou l d  be no g reater than . 020 w i th one contuc\" touchi ng . 

3 .  Ad justment i s  mode by removi ng two nuts { 1 00) and bumpe r assem b l y  ( 10 1 ) ,  loosen i ng two 
nuts (22 ) and rotat ing th e enti re con�act assembly . Check al ignment (dimension "C " ) 
after  nuts (22) are t i ghtened . Insta l l  bumpe r ( 1 0 1 )  and nu ts ( 1 00) . T i ghten sec u re l y .  
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4 .  Alignment is checked and adjusted on each phase separately . B e  sure there are n o  binds 
between contacts (1 1) that could prevent wiping act ion w ith the disconnect �rm . 

Procedure B .  Contact Penetration (Strok-e) 

1 .  Contact  penetrat ion shou ld  be checked and adj usted only  when the contacts a re prope r l y 
aligned. 

2 .  Check that open gop "d" i s  approx i mate l y  correct to avoid over penetrat ion (see Procedure 
D) . 

3 .  -Using power * c losing procedures, c lose and l atch breaker . The spread of the contacts 
(vi ew "A-A" , Breaker latched) should be 1/8 to 3/1 6  inch . This is the tota l  of  the two 
gap dimensions "a"  measured on each side of the contact centering tube between the brass 
tube and the flat stop surface on the contact.. Each " a "  dimension is normally 1/1 6 to 3/32 
inc . •  

4. With the breaker open, adjust by increasing or decreasing length of l ink (47 ) by tu rning nut ( 1 3) .  Adjust 
each phase separately. 

Procedure C .  Arci ng Contact Lead 

Arcing contacts are adjusted on ly  after the main contacts have the proper alignment and 
penetration . The arc ing contacts shou ld make before the main contacts . To measure and adjust 
each phase :  

1 • Push stationary contacts back on stud. 

2 .  Using the maintenance closing procedure, s lowly move al l three phases toward the closed 
position unt i l  a dimension between 7/32 to 9/32 (dimension "b" view "A-A" , Arcing 
Contacts Engaging) can be measured simul taneously between main contacts on al l three 
phases . 

·- - ""'" � 

3 .  Set the arc ing contacts to touch simu l taneous ly at this point by adj usting nut (1) on the 
individual phases . 

Procedure D .  Check Breaker Open Position 

Dimension "d" (Breaker Open i llustration of Fig. 1 0) is measured between the disconnect arm and the 

bottom of the second finger i n  the main contact assembly. The open position is determined by the 

setting of the rod end {40, Fig. 2) at the top of the puffer p iston rod. The ·rod end ( if  set too low} can 

affect the trip latch roller clearance {Fig. 11 ) .  The optimum setti ng is to obtain the maximum open 
contact gap "d" while maintaining the specified trip latch roller clearance (see trip latch adjustment 
page 14). A dimension "d" of less than 5-1 1 /1 6  in. indicates improper adjustment. 
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AUXIL IARY SWI TCH 

·" The type Q- 1 0  aux i l i ary swi tch has been tested and adjusted at the factory . Contacts used i n  
the break�r control ci rcuit shou ld not requi re further ad justment . 

The swi tch (F ig . 5) is designed so that the i ndi vidual  contacts may be reposi tioned i n  fi fteen 
degree steps w i thout d isassemb l i ng the swi tch . 

Using long-nosed pl i ers , move the rotor contact ( 1 6) i n  the slot of the shel l ( 1 4) ,  compressi ng 
spr ing (15) . Th is wi l l  free the rotor from the retainer ( 1 7) .  Rotate the rotor to the desi red 
posi t ion and re l ease . Be sure the rotor spri ngs so l id ly  back against  the retainer to fu l ly  engage 
the rotor and retai ner teeth • 

I NT ERLOCK PLU NG ER 

The foot l ever breaker re l ease (20, Fig . 2) operates the interlock p l unger ( 1 8 ,  Fig . 2) as wel l 
as the trip l atch . Depressing the l ever t rips the b reaker and raises the p l unger . This  frees the 
breaker so that it can be moved in i ts cubicle , The i nterl ock system is in proper ad j ustment 
when the pl unger is positioned 1 -1 1/1 6 to 1 - 1 3/1 6 inch above the floor l i ne , end causes tr i ppi ng 
of breaker contacts when i t  is raised to a level not more than 2-1/1 6 i nc h above the fl oor l i ne . 
The l atch tr ippi ng rod associated w i th the foot l ever should be c lear of the trip l atch by 1/32 to 
1/1 6 i nch in the re l axed posit ion ( 1 8, Fig . 3) . 

The foot l ever can be pad locked by matching hol es i n  the breaker frame wi th those i n  the l ever 
arm . In the padlocked posit ion , the foot l ever w i l l be ha l fway down; the breaker wi l l be 
trip-free; the interlock p lunger w i l l be between 2 and 2- 1/4 inches from the f loor l ine and 
w i l l  hold the breaker in  any of the three positions within the cub i c l e . 

TRI P  LATCH AD�USTMENTS 

Trip Latch Cl earance Adjustment (Fig . 1 1 ) - th is adjustment is to be performed after comp l et ing 
the arc ing contact touch and main contact penetrat ion adjustments referenced above . 

This adjustment is necessary to insure proper clearance between the trip latch and trip latch rol lers. 
The puffer (or snubber) height adjustment wi l l  accomp l ish this pu rpose, and in no way wi l l  affect the 
penetration adjustment. 

Loosen Lower Link Stop (36, F ig. 1 1 ) and rotate to perm it maximum Lower Trip Link m ovement. 

Adjust puffer (or snubber) ( 1 6, F ig. 2) height to rotate rad ius arm and four bar l in kage unti l a .030" to 
.060" gap appears between the latch and latch rol ler. Lock in place. Rotate Lower Link Stop until it  
touches lower l ink and lock i n  p lace. Recheck d imension "d" as described in procedure D, page 1 3. 

Trip Latch B i te Adjustment - trip latch bite is establ ished by setting the latch tai l  top su rface 5/1 6" 

below surface o f  self  cl i n ch i ng nut as shown in Fig. 1 2-(A}. Lock securely with j am nut. One turn of 
adjusting screw wi l l  alter the gap 0.062 inches. Th is  adjustment wi l l  produce a latch bite of app rox i­

mately 1 /8" - 1 /4" as shown in F ig. 1 2- (C) . 
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T R IP LATCH CHECK SENSO R ADJUSTMENTS (FI G U R E  12(8)  AN D 1 2 (0) 
Th i s  adjustment is to be completed o n ly after establ i sh i ng the "bite" adjustment described above. 

The magnetical ly operated hall  effect switch (sensor) and actuating magnet are to be preassemb led to 

the operator. The unit can be adjusted by advanci ng the threaded bushing through the tapped hole in 
she l f  until a gap of .040 - .000 + .01 5 inches is achieved between the surface of the swi tch and the top 
of the shrink tu bing holding the magnet actuator assembl y to the trip latch. With this gap achieved, the 
sen sor may be locked in place. 

F u nctio nal  electrical test on breaker may be made to confirm sensors operation . The tim i ng mod u les 

nameplate and rated voltage should be checked to i nsure it matches breaker c l osing control voltage. 

The timers delay adjustment has been previously set and should not be altered. Remove wi re from 

terminal 2 on timer modu le and insu late. Open breaker and cha rge opening spr i ngs. 

Apply c l osing voltage and observe l ight emitting diode ( l ed )  adjacent to de lay adjustment. The led should 
be brightly i l l u m inated when the trip latch is fully reset. Depress latch wi th manual trip lever and 
observe the led goes out. Rel ease trip lever and the led should come on.  This sequence conf i rms sensors 

operation. Do not appl >y: cl os i ng control voltage for l onger than two m inutes wh i l e  performing th is test. 

MANUAL �HARG I NG OF CLOSI NG SPRING S 

To charge the c losi ng spri ngs manua l ly,  disconnect contro l powe r befo re inserti ng the manua l  
charging c rank i n  t h e  socket located i n  the center of the left hand ope rato r pane l .  Tu r n  the 
c rank in a cou nter-c lockwise di rection to charge the springs . The effo rt to charge the c losi ng 
spri ngs wi I I  fluctu ate and wi I I  increase to a peak and then dec rease . At the point of l east 
effo rt on audible  c l i c k  wi l l  be heard and the effort to tu r n  the c rank wi l l  drop to nea r  zero . 
The mechanism is now ful l y  charged . Remove manua l charging crank . The breaker may be 
closed by pul l ing the manual c lose pul l  rod . 

CAUTI O N ! !  
MAI NTAI N A FIRM .G RIP  .ON CRANK . 

The closing spri ngs are charged through the drivi ng pawl and ratchet . wheel and are thereby 
indexed by the holding pawl . Some springback can occur between tooth posit ions on the ratchet 
wheel , 

MAI NT ENANCE SLOW CLOSE 

W i th the breaker removed from th
.
e cubicle, manua l ly charge the c losing _spri�gs as pre�iously 

described and remove c:harg i ng handle , Then, from .the rear or stud side of the. breaker, at·tach · 
the spring b locking devi c e ,  Fig ,  1 3 ,  by fastening i t  i n  the slot·s

· in the closing spring ·tubes . 

Stay cl ear of the breaker contacts. and pul l the manual c lose pu l l  rod at the front. of the breaker . 
Thi s  wi l l  d i scharge the closing springs against the ,spring bl ocking device dur:ing which the 
breaker contacts wi l l  move sl ig_htly toward the closed position . 

. · 

Place the manual spring charging crank back i n  the socket at the l ower l eft corner of the 
breaker . By turning t"he crank counter-cl ockwise the breaker contacts may be slow ly c losed for 
checking contact ol ignmen t . 
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CAUTI ON 

MAI NTAI N A FIRM GRIP O N  CRANK 

As the contacts w i l l  c l ose in increments pred i cated by the teeth on the ra tchet whee l ,  spri ng ­
back w i l l occur between tooth posit i ons . 

R EMOVAL O F  SPRI NG BLOCK I NG D EVI CE 

To remove the cl osing spring blocking dev ice, Fig . 1 3 ,  the c l osing spring must  be fu l ly charged . 
The spring may be charged manua l l y  by i nserti ng the ch arg ing crank and cont i nui ng counter-

cl ockwise rotation. The mai n  contacts w i l l  go ful ly  c l osed as �he four bar l i nkage togg l es . 

Upon cont inued rotation , the c l osing spr i ngs w i l l  be p i cked -up as noted by increased e ffort i n  

cranki ng . Conti nue rotation unti l the spri ngs ore fu l l y charged . A sha rp c l ic k w i l l  be h eard os 
the spr i ng re l ease rol lers e ngage the c l ose l atch i n d i cati ng Ful l spr ing charge has bee n 
achi eved , T h e spri ng block i ng device may now be easi l y  removed by p u l l ing the b l o cki ng 
portion from the slots i n  the spr ing tubes . 

R E MOV A L  O F  C LOS I N G  SPR I N G S 

The c losing sp r ings may be q u ickly and safely removed from the breaker. R emove two of the fou r bolts 
holding the spring bearing b l ock at the rear of the b reaker. These bolts should be d iagonal ly opposite 
each other. I nsert studs approximately 6" l ong in place of bo lts. Remove the rem a i n in g  two bolts 
by shifting the spring lead to the 6" long studs. The spring beari ng block can then be backed off by 
a l ternating back ing off the studs. To install the power spring the reverse proced u re should be u sed . 
The sp r ing  beari ng b l ock to p su rface should be even with the b racket of the frame. The four bolts 
should be torqued to 50 ft. lbs. 

If the charging ratchet and cams are to be revolved with spri ngs removed, it is advi sable to remove two 
- a luminum spring d rive b locks ( Item 38, F ig.  8} secured to the ratchet and ca m cran kpins by reta in i ng 

r ings. These p i ns if not removed or held essential l y  i n  a hori zont� l position m ay jam wh i l e  revo lv ing the 
cam and ratchet assembly. 

Motor Cutoff Switch - The BB motor control mitch assembly (Fig . 1 4) is  factory ad j usted . I f  
i t  Should become inoperative, entire uni t must be removed and i nspected for contact wear . 
Replacement may be necessary . 

Motor Cutoff Switch Adjustment - This adjustment is most conveni ently performed before 
installing the charg ing springs.  

Advance ratchet a n d  c a m  assembl ies to position shown ( F ig. 1 4) .  The hold ing pawl must occu py the 
ninth (9} tooth pos ition on the ratchet as counted cou nter-clockwise from area on ratchet periphery 
which l acks two teeth. 

With ratchet in the post ion described above , od just the motor cutoff switch ve rt ica l ! y unt i l i ts 
a ctuator makes positive contact with the ro l lpin striker . lock sw itch assemb l y  in this  pos i t io n . 
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Check latera l movement of a ctuator.  lateral p lay at end of actuator (tip) should be no more 
than 1/1 6" max . If adjustment is necessary, snug pivot screw to just bind actuator, and then • 
back off 1/1 6 to 1 /8 tu rn . Rotate ratchet and cam assemb l y to insure actuator r ides in gap J between ratchet and cam wi thout stri king or bind ing • 

Close La tch Bite Adjustment - free jam nut and place l atch i 11  hor i zonta l postion ( Fig , 
1 5) .  Visual accuracy . Measure • • o n  d i rect l y above l atch p i vot . Reproduce th i s d i mension p l us 
0 . 062 11 ot the latch face as shown i n  the figure above by rotating the adj ustment screw . Secure 
jam nut . Th is adj ustment shou ld produce a latch bite of 0 . 1 5 1  to 0 , 2 1 6  i nches . 

Close Latch Che ck Switch Ad j ustment ( F ig . 1 5) - This ad justment is to be performe d 
only a fter completing the la tch bite adj ustment descr i bed above . 

A c learly audibl e 1 1c l ick 11 shoul d  be heard from the switch as latch is moved 1/32• •  from l a tch 
adjustment screw , The latch sw itch actuator may be bent  s l ight l y to obtain  switch operation at 
this point . Maxi mum permi ssibl e  bend i s  1/8" as shown . 

I f  sw itch actuator is bent,  observe latch fu l l y c losed against ad justing screw and make certai n  
the sw itch actuator has not  contacted the sw i tch body , A 1/64" clearance should  exist as shown 
above , 

Free Height Ad j ustment (Fig . 1 6) - i s  achi eved by b lock ing the actuati ng ro l l er to the i nd icated 
height and adj usting a pai r  of jam nuts, located on the manual c l osing pull rod ,  to maintain the 
rol.l er in this .fosi tion w i th b lock ing removed . Return spring adjusti ng nut should be set to 
produce 0 . 5  _ . 06 inch deflection in return spri ng . 

The fol lowing a d j ustments are to be mode on l y a fte r completing the cl ose l a tch bite 
adjustment described on the previous page and after adjusti ng connecting l i nk as shown on 
Fig . 1 6 .  

, 

Trip ad justment (Fi g . 1 6) is made by varying the penetration �f the 1 1Curved actuati n�rroa "-in"'ils==---- -._ 
attachment clevis.  A 1!411 ( . 250) dri l l  is  pl aced between the upper latch surface and the latch 
ad j usting bo l t . A 2 .906" b lock is to be inserted between the actuating roller and floor . The 
11curved 1' rods upp er yoke i s nested against a forward rol l  pin in the closing latch and the lower 
clev is is adj usted to insure the ,� losing latch w i l l  not move more than 1/1 6  ( .062) inches as 
measured b�tween ad justing screw and latch surfa ce �hen the 1/41 1 ( . 250 11} dri l l  is rernoved .  

Overtravel (Fig . 1 6) - no adjustment required . Check wi th 3 . 1 2511 b lock ing below actuating 
roller. Closing solenoid l ink should provide freedom of l atch movement without jammi ng . 

Cl ose Latch M echanical I nterlock (Fig .  1 7) - this  adjustment is to be undertaken only after completi ng 
the close latch b ite adjustment descri bed above, F i g .  1 5 . 

Adj ust a ctuator rod displacement from support ang le to 1 . 06 � . 0 1 5  inches , See detai l of 
adjusting nut 11 A 11 (Fig . 1 7) .  

Insert a 1/4 ( . 250) dri l l between upper surface of c l ose l atch and l atch adj ustment screw . 
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Check guide bushi ngs to i nsure they stand off the frame 1/4" as shown . 

Free Nut "B" bel ow attachment c levis, and adjust Nuts " B "  and "C" to depress pawl return 
spring and pawl unti l l/1 6 to 3/32 c l earance is obt-ai ned between tip of pawl and ratchet teeth . 
Th is c l earance is m easured during the c l ockwise rotat ion of the pawl as i ts t ip is toward the 

ratchet (power stroke) . 

The pawl must be rotated usi ng a 1/2 "  square insert in the eccentr ic  drive shaft or by l ow 
vol tage (slow rotat ion) of drive motor or manual charging . 

Return the j am nut " C "  attachment cl evis  to bottom on bracket, and t igh ten extern a l  j am nut 
" B "  securel y . MAI NTAI N  C L EVI S PARALLEL  TO FRAME . 

Remov e l/4" ( . 250) d r i l l ,  restoring l a tch to its norma l pos i tion . Again rotate eccentric  dr ive 
shaft . The t ip of the drive pawl sho u ld engage the fu l l  fa ce of each ratchet tooth with a 
c learance of .030" between the bose of the tooth and the engaged tip o f  the dr ive pawl . 
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MAI NTENANCE AN D TEST I NG 

General 

Thorough, periodic inspection is important to satisfactory operation . I n spection and maintenance 

frequency depends on insta l l ation, site, weather and atmospheric cond itions, experience of operating 

personnel a nd special operation requirements. Because of th is, a wel l-planned and effective maintenance 
program depend s large ly on experience and p ractice. 

ALWAYS I NSPECT A B R E A K E R WH I C H  HAS I NTE R R UPT E D  H EAVY FAULT CUR R ENT. All  

contacts, arc runners and arc chutes should be examined to determ ine if repa i r or rep lacement of parts 

is requ i red. I nspect for p ieces of barr ier stack refractory material in the cubicle as we l l  as the c i rcuit 

breaker. 

"As Found" Tests 

Some users perform "As Fou nd" insu lat ion tests u sing a megger or Doble  testi ng to give an "As Found" 

value for future comparative indication of insulation change. This is  des i rab le for new c i rcu it breakers if 

they are to be stored for extended periods, and may absorb moisture and contam inates. Contact resis· 

tance tests can also be made usi ng a ductor. 

Since wide variations can occur i n  insu lation values and contact resistance because of atmospheric 

cond itions, contamination and test equ ipment, discrete val u es cannot be given. H owever, mak ing and 
recording these tests on new equ ipment, and at regu lar intervals w i l l  give a comparative ind ication of 

insu lation and/or contact resistance change. Ma inta i n i ng a permanent record of these values for each 

c ircu it breaker shou ld be part of the M a intenance Program . 

P eriodic I nspection and Maintenance 

Prior to perform ing any mai ntenance work, make certain a l l  control circuits are open , and that the 
breaker has been complete ly withdrawn from the metal-clad unit. 

CAUT ION 
DO NOT WO R K  ON THE B R EAKE R OR OPE RAT I N G  MECHAN I SM W H I L E  THE B R EAKE R IS I N  
T H E  C LOSE D POSTION.  DO NOT WO RK O N  TH E B R EAKE R O R  OP E RATOR WH I L E T H E  
C LOSI N G  SP R I N GS AR E C H A R G E D .  

1 .  Remove interphase barriers (Refer to Page 1 1 , Phase Barrier Assembly) and cl ean them and a l l  other 

insulating surfaces with dry compressed a ir - a vacuum cleaner, or clean l int free rags. I nspect for 

signs of corona, tracking or therma l  damage. 

2.  Tilt  the arc chutes to expose the ma in contacts. ( R efer to Page 1 1 , Ti lting Arc Chutes) . 

3. Contacts 

Examine the contacts, Fig. 1 0. The major funct ion of the air c i rcu it breaker depends upon correct 
operation of its contacts. These circuit breakers have two distinct sets of contacts - main and 

arcing - on each pole. When closed, practically the entire load current passes through the main 
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contacts·. I f  the resistance of these contacts becomes h igh, they wil l  overheat. I ncreased contact 

resistance can be caused by pitted contact surfaces, corrosion of contact surfaces, or weakened 

contact spring pressure. This  wi l l  c ause excess ive cu rrent to be d iverted through the a rcing 

contacts, w i th co nsequent overheating a nd bu rn in g. Ver ify proper main co n tact pressure by 

check ing penetration ( R efer to Page 1 3, Procedu re B l .  

Arcing contacts are the last to open, and arc i ng originates on them. I n  c i rcu i t  i n terruption,  they 

carry cu rrent o n ly m omen tar i ly , but that cu rrent may be equal  to the i n terru pting rati ng of the 

breaker . In closing against a short circu it, they are the fi rst to c lose and may momentar i l y  carry 

considerab l y  m o re than the short c i rcuit in terrupting rating. Therefore, they must make contact 

pr ior to the main contacts. I f  not, the main con tacts can be badl y  burned . 

On the magnetic blow -out a ir  circ u i t  b reaker, the arc is qu ick ly removed from the arc i ng contac ts 

by magnetic forces and transferred to arc runners in the arc chute ( F ig. 6. ) The arcing contacts are 
expendable and may eventual ly burn enough to requ ire rep lacement. 

The main and arcing contacts are made of tungsten a l l oy to res ist deterioration due to arc i ng. I f  
the su rfaces are only roughened o r  s l ightly p i tted, they can be smoothed with c rocus cloth or 

d raw fi led. Be careful not to remove much material , as th i s  would shorten the contact l ife . I f  
sign i fican t erosion has occurred , the arc ing contact lead m u st be ch ecked and adjusted using 

Procedure C on Page 1 3 .  

I f  they a re bad l y  pitted o r  burn ed, they should b e  replaced. ( R efer to Page 1 2 } .  

The main contacts may be lubricated per  F ig. 20, but DO N OT L U B R I CATE T H E  A RC I N G  

C ON TACTS. 

4:---D isconnecf"Arm R iiigeJoint-- -

Check contact pressu re of the d isconnect arm hi nge jo int  per Page 1 2 .  I f  the p u l l  is wi th in the 2 to 

4 pound acceptable range, the jo i nt should be sat isfactory . I f  not . then it shou ld be ma inta ined 

as fol lows : 

R efer to F ig. 1 0. Remove d isconnect arms as a u nit by removing screw {24 ) .  nut ( 1 4) and spring 

washer (23 ) .  Carefu l l y insp_e.ct all contact surfaces in h inge joi nt. R eplace a ny da maged parts. S ilver 
. - ....;- '· ·- � - ·  . .  � - - - . 
washer ( 25)  and adjacent surfaces should be clean and free of roughness or gal l ing. However, d is· 

coloration of the si lvered surfaces is not usual ly h armfu l un less caused by sulfide ( insu lat ing )  

deposits. These shou ld  be removed with alcohol or a si lver cleaner. Lubricate si lver washer and 

m ating su rfaces by applying e lectrica l contact lub ricant { F ig. 20, J ) .  R eassemb le h inge joint. Tighten 

screw (241 and nut ( 1 4 ) .  Spring washer (23) and si lver washer (25) must be assemb led in their  
original position to assure proper adjustment. Adjust per Page 1 2, "C ontact Pressure of D iscon nect 

Arm H inge Joint and Arcing Contact Hinge Joint". 

5 .  Arc Chutes 

I nspect the arc chutes. This inclu des inspection of the ceram ic parts (barrier stack and flash plates) 

for breakage, erosion and d irt; i nspection of the b lowout coi l  insu lation ; and of the ent ire arc 

ch ute for d i rt, moisture or contaminates which m ight affect i nsu l ation strength . 
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Dirt or contaminates may be removed from the barrier stack with a cl oth, by l ight sanding or by 

scraping with the end of a fi le. Wire brushing or emery cl oth is n ot approved because metal lic par­
ticles may become embedded in the i nsulating materia l . 

Arc flash p lates in the lower portion of the arc chute may be cleaned by sand blast i ng or by sanding 
with coarse gra in pa per, to remove g l aze a nd metal deposits f r om the surface. 

B low out partic l es with d ry compressed a i r. 

Sma l l  cracks or pieces ch ipped or broken from ceramic parts may be ignored. A barr ier stac k sp l i t  

vertical l y  along a rope seam may b e  repa ired with epoxy cemen t. A barrier stack split horizontal l y  

or one with several broken p lates shou ld be rep l aced . 

The action of the arc on ceramic causes sl ight mel t ing. Smal l milky gl ass nod u l es on the edges and 

surfaces of the ceramic barrier stack plates are norm a l  after i n terrupti on. W ith severity and number 

of operations, this melt ing and glazing increases. When barriers are heav i ly gl azed (mi lky wh ite al ong 
the edges of the V slots) the barrier stacks shou ld be replaced. 

B l owout coil and core insulation. should be i nspected for evid ence of abrasion , heati ng or 
mechanical stress wh ich cou ld lead to electri cal discharge between co i l  and core. 

M echanical ly d amaged , bu rned or pu nctured blowout coils and core i nsu lation shou ld be repaired 
or rep l aced . 

6. Mechanism - Stored E nergy Operator 

The circu it  breaker mechanism shou ld be i nspected at 2000 operation interval s. This i nspection 

.. . 

should check for l oose hardware and any broken pal"ts:·•·.-fhe·contfol-wi ring-shodl-6-be•ehecked...f.or.-==�-� 
loose co nnections and frayed or d amaged i nsulatio n .  The "spring release l atch check swi tch", 
"trip latch check system" ( if furnished),  and "mechanical i nterlock" switch should be checked 
for mounting tightness. The satisfactory operation of each switch element sho u l d  be assured with 
a continuity meter and manual ma nipu lation of the switching eleme nt, and adjusted if  necessary . 
Verify that operation of "Close Latch Mecha nica l I nterlock" is proper ( R efer to Page 1 7  and 

Fig. 1 7 ) .  

After 1 0,000 operations, the operati ng mechan ism'Sii�uldo� give�eneral overl1aul�arld'"311"Warn� 

parts replaced. Excessive wear wi l l  usua l ly be ind icated when adjustments can no longer be 
satisfactorily made. The genera l overhaul will requ ire d i sassembly of the operati ng mechan ism .  
All  bearings and su rfaces receiv ing wear should b e  exam ined carefu lly and re- lubricated in accord-
ance with l u brication instructions which fol low. 

The rem ova l of the clos i ng springs wil l  be necessary in order to permit overhau l of the breaker. 
These springs may be removed as described on Page 1 6 . 

7 .  Lubrication 

N OT E : The lubricant supplied wi th the accessories is intended to. be used exclusively on the con­
tacts and must not be used on any part of the ci rcu it breaker mechan ism. 
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Recommended circu i t  breaker lubrication points are shown in F ig. 1 8  and 1 9. The chart ( F ig. 20) 

outl ines two methods of lubrication. Refer to this chart for recommended lubricant a nd p oints of 
application.  The fi rst method requ ires no d isassembly and i s  suggested for the prevention of 

problems which cou ld be created by severe environmenta l  or operating  conditions. The second 

method fol lows procedures simi lar to those performed on the breaker at the factory. Follow th i s  

procedu re on ly i n  case o f  a general overhau l o r  disassembly.  

Needle and rol ler beari ngs are factory lubricated for l i fe and should not req u i re attention . However, 

the best of greases are affected by t ime and atmosp heric cond itions and may req u i re se rv ice. 

To lubr icate these bearin gs when p arts are disassembled, the fol l owing procedure i s  recommended . 

Clean i n  so lvent, wash i n  a lcohol ,  spin in l ight  mach i ne o i l ,  dra in  and repack with Beacon P-325 
grease. DO NOT R E MOVE N E E D L E  B E A R I NGS F R OM T H E  R ETA I N I N G PA RT.  

8. Air P u ffers 

Air puffers ( E ,  F ig. 1 9) are important to the interruption p rocess because they prov ide a flow of a i r  

which assists in control l ing the shape of the arc column at  low c u rrent values. This control causes 

the arc to make an earl ier transfer to the arc runners, thereby energ iz ing the magnetic c ircuit which 

drives the arc i nto the barrier stack. This action prod uces a sh orter arc i ng time than would be 

poss ib le  by relying on ly  on the thermal effects of the arc to achieve the transfer to the arc ru nners. 

Puffers should be inspected during regular breaker maintenance period s.  H oses should be checked 

for flexibi l ity, freedom from kinki ng or collapse and sou ndness of connection to mating parts. 

Cyl inders should be checked for clean l iness and freedom from deposits which m ight retard the 

motion of the p iston.  Pistons shou ld be checked for free movement with in  the cy l inder and that the 

sea ls  are flex ib le  and contact the wal l s  of the cylinder. Transformer o i l  is used on felt seal s  to keep 

the m ateria l  p l iable, reduce shrinkage and to provide lubrication.  The oi l shou ld moisten but not 

saturate the fe lt. 

R eplace seal material if it becomes inflex i ble or does not make contact with the cyl inder wa l ls. 

The a i r  output from the puffer nozz le  may be checked with the arc chutes t i lted ( refer to "Ti lt ing 

Arc Chutes", Page 1 1  and Fig. 2A. Crush a 4-1 /2 x 4- 1 /2 inch sheet of tissue paper, p lace it  in 

the nozz le  openi ng and check to see that it is d i s lodged when the breaker is opened. 

9. I nspect for foreign objects which may have been left in  the circu it breaker during  previous steps. 

Check for loose hardware. 

1 0. Check for mechanical freedom of d isconnect arm movements by s lowly closing the breaker. 

Reference Page 1 5  for "Maintenance Slow Close" Procedure. 

1 1 . Trip breaker by depressin g  trip rod, F ig. 2, I tem 43. 

1 2. Return arc chutes to upright position, fasten both front and rear blowou t  coil connections and 

rep l ace phase barriers. Be sure screws on all phases are tightened secu rely.  
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13. "As Left" Tests 

a. I nsulation resistance tests should be made to verify the insu lation integrity. These can include � 
megger or Dobel tests. I f  possible, a high-potential test shou ld be made for one minute at l' 
14,300 volts ac or 20,200 volts de. With t he breaker open, check each ph ase across the open 

contacts by connecting from the upper to th e lower p r imary d i scon nects. Wi th the c i rcu i t  

breaker closed, check phase-to-phase and each phase-to-gro u n d .  

b. A dielectric test on secondary and control c ircu its shou ld be made at 1 200 volts. 

c. I f  desired,  contact resistance tests can be made using a Ductor. 

d. M a ke a permanent record of a l l  tests performed . 

e. Compare with prior tests. (See "As Found" Tests on Page 19 ) . 

1 4. I nspect the pr imary disconnect contact finger a ssembl ies, F ig. 2 (3) .  

The main contact su rfaces shou ld be c l ean and bright. However, disco l oration of the silvered 

surfaces is not usual l y  harmful unless caused by sulfide { i nsu lati ng) deposits. These should be 

removed with alcohol or a si lver c leaner. Slight impression s on the contacts will be caused by the 
pressure and wip ing action of the contacts. M inor bu rrs or pitting can be allowed and project ing 
burrs may be removed by dressing. Nothing more abrasive than crocus cloth should be used on the 

si lvered contact surfaces. Where serious overheating is ind icated by discoloration of metal and 

su rrou nding insulat ion, the contacts and spring assemb lies should be rep laced . In th is case, also 
investigate the cu b icle mou nted stat ionary disconnects, (with the sw itchgear de-energized ) 

determ ine the cause of overheating, and take corrective action. 

1 5. Prepare the circu it breaker for service by repeating steps 9 through 22 on Page 2. 
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o Move breaker to instal lat ion location with fork l ift or crane (A) .  

o Carefu l l y  remove protective plastic cover o r  crate. 

o Remove ram p  pieces nai l ed to the pal l et at the front of the breaker ( B ) .  

o R emove hold down bolts located on each s ide of brea ker (C ) .  

o Place ramp pieces i n  front of the pallet in  l i ne with breaker whee ls a nd nail t o  pa l let as shown by 
arrows i n  ( D ) .  

• Slowly rol l  brea ke r  off pa l let ( E  & F ) .  

(D)  

CAUTION - R EMOVE PACKAG ING. B R EA K E RS ARE S H I PPED 

IN C LOSED POSITION W I TH THE T R IP ROO AND FOOT 

LEVER ENC LOSED BY PAC KAG I NG TO PR EVENT OPEN I NG 
DUR I NG SH IPMENT. 

Fig.  1 - Circuit Breaker Handling I nstructions 
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F i g .  2A Arc Chute S upport in Position 
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Fig. 3 51 5-2 0 per at or L. H v· · 1ew 
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0 F IX E D  PiVOTS 

0 MOV ING CENTERS 

0 
CLOS I NG 

LATCH 

� - - -
- - - -

CLOSING 
SPR ING 

BREAKER CONTACTS C LOSED 

SPR I NG D I SCHARG E D  

-A-

0 F I X ED PIVOTS 

0 MOV I NG CENTERS 

�- - - -
CLOSING 
SPRING 

BREAKER CONTACTS OPEN 

SPRING CHARGED 

-C-

TRIP 

LATCH 

0 F IX ED P I VOTS 
0 MOV I N G  CENTERS 

0 
C LOSI N G  

LATC H 

� - -- -
- - -

CLOSING 
SPR ING 

BR EAKER CONTACTS OPEN 

SPRING D ISCH A R G E D  

-B-

0 F I X ED P I VOTS 

0 MOV ING CENTERS 

CLOS I N G  
LATCH 

CI/IIII!Nil- - - -
CLOSING 
SPR ING 

BREAKt:R CONTACTS CLOS E D  

SPRINGS CHARGED 

-D-

F ig. 4 - Sequence of Operation 
- 28 -
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0- 1 0  Auxil iary Switch Fig. 5 - Type 
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52 TC - CI RCU IT B REAK E R  TR I P  COI L  
52 CC - CI R CUIT B R EA K E R  CLOSING CO I L  
52 Y - AU X .  C LOS I N G  R E LAY ANTI PUMP 
MCO - MOTO R CUTO F F  SWITCH 
88 - SP R I NG C H A R G I NG MOTOR 
C LC - CLOSE LATCH CHECK SWITCH 
T LC - TR I P LATCH CHECK SWITCH 
esc 

CST 
R 
G 
a 

b 
• 

- CONTROL SWITCH - CLOSE CONTACT 
- CONT R O L  SWITCH - T R I P  CONTACT 
- R E D I N D I CATI N G  LAMP 
- G R EE!\I I N D ICAT I N G  LAMP 
- AUX. SWITCH - OPEN WH E N  B R'KR. IS OPEN 

- AUX. SWITCH - C LOSED WHEN B R , K R .  IS  OPEN 

- OPTIONAL ITEMS FOR R ECLOSING APPLICATIONS ONLY 

SENSO R *  

Fig. 9 - Control Scheme for Stored Energy Operator 
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VIEW 'A- A' 
(�1?( lNG CONTAC fS ENGAGING) 

VI[W 'A-A" 
(BREAt<(R lt.TCHEO) 

VIEW "A·A" 
(Mt.IN CONTACTS ENGAGING) 

._ : ·� 

BREA><:(R OPEN 

Fig. 10 - Stud and Support Assembly 

. ' ·  
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LOWER 
TRIP LINK 

Fig. 1 1  - Trip Latch Clearance Adjustment 
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. .  

M A G N E T I C A L L Y  OP E R A T E D  
H A l l  E F F ECT SWITCH 

• + 040-·000 . +.015 SHR I N K  
TUBING 

I B) 

•THIS D I M E NSION MUST B E  B ETWEEN HALL 
E F FECT SWITCH B ASE AND TOP OF SHR I NK 
TUB I NG AS SHOWN . 

L I G HT EM ITT I N G  D I O D E  

� - - -- · 

(D) 

D E LAY MOD U L E  

MAG N ET 
ACTUATOR 

Fig. 1 2  - Trip Latch Bite and Check Switch Adjustments 
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0 . . . 

340064 
BRE AKER CHARGED A N D  R EADY TO R E CEIVE SP R I NG 
BLOCKING DEVICE:  

I NSERTION O F  THE SPR I N G  BLOCK I N G  DEV ICE. NOTE: 
SPRI NG BLOCKI N G  D E V I C E  MUST B E  DIAGONALLY IN­
SERTED TO CLEAR BREAKER FRAME� I ...., 

\ 

8 
0 

i 
� 

340063 

SP R I N G  B LOCK I N G  DEVICE IN CO R R E CT POS I T I O N  FOR 

I N SERTION 

340066 
SPR ING BLOCK I NG D EVICE IN P LACE READY F OR CLOS ­
l N G  S P R I NG RELEASE. 

F ig. 1 3 .  Maintenance Close Spring Blocking Device Insertion 
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.. - "'\ 
I 

. ,  

188) 

MOTOR CUTOF F  SWITCH 
10 

P I VOT SCREW 

� -,""'""· ·  ___ . _ ,  __________ --

Fig. 1 4  - Motor Cutoff Switch 
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+ ,000 
10+.0621 - .030 

CLOSE 
LATCH C H ECK 

SWITCH 
16 

ICLCI 

SWITCH ACTUATOR 

A DJUSTMENT ....,�__.. .... 
SCREW (331 

" 0 "  JAM NUT (341 

TOP O F  FRAME 

LATCH 
BITE 

LATCH ADJUSTMENT 
SCREW (33) 

== 1/32" (AT PO INT O F  IL �= _[·. SWITCH OP ERATION) 

CLOSE 
LATCH (91 

Fig. 16 - Close Latch Bite and Check Switch Adjustments 
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""" 0 
I 

F R EE H EIGHT 
ADJUSTMENT 

JAM NUTS 

MA N UA L  
CLOSE PU LL 

ROD (21 1 

R ETUR N SPRING 
A DJUST I NG NUT 

122) 

\ 

MA Series - F ixed at 4.5" 
FB-FC/500 - Adjust to 1 0·5/8" !. 1 /32 
FA-350/FC-1 000 - Adjust to 1 2-1 /2" :!:. 1 /32 

CLOSE LAT C H  B I T E  � 
ADJUSTM E N T  ....,..! _ 

SCR EW 1331 / ( . 

• 

J 

CLOSE 

- SO LENOID ( 1 3) 

CLOSE ADJUSTMENT 
DEVICES 

I 

SPR I N G  DISCHARGE 

ACTUATING 

RO L L E R  (24) 

I I - - - ,. - T  I ,J-..1 

FLOOR L I N E  

I 
I - - --'-

t 
., .. . .  02 

.__ � 

-

H eight 2.S 03 

--
I '"' - . 

Overtravel 3.1 25" 
Trip 2.906" 

I 
F ig. 1 6 - Closi ng Spr ing D ischarge Mechanism 

.. .. 

,, 
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NUT "8" 

IVo;e PosmoN OF ECCENTRIC SHAFT 8c ROLl PIN AT BEGINNING OF POWER STROKE. 

CLOCKWISE 

PAWL RETURN ____L ( SPRING . r '-_ 
""---� 

1/4" 1.250) DR ill 

CLose 
lATCH 

(9) 

GUIDE BUSHINGs 

DRIVING PAWl (2/ 

RATCHET WHEEL 
(4) 

ADJUSTING NUT "A" fSEe PARA. 2 . PAGe 1 7) 
Fig. 1 7 - Close Latch Mechanical Interlock 
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..,. N 
I 

J " 

� 

SlOE V IEW 
"A" 

VIEW .. B .. 

I 
I I ! : � l 

\ 

L __ _ 

r·--

·-�-·� - l  

FRONT VI EW 
"A" 

!=' . -- I 

' 

: I . . : /. . • · .  . 
F 

. 
/ . .  I 

� '-...._, - � JA'I 1 ·. · ' ! ��- . l/\:..:.1 . .' · · �  I � �- \� IV I 
I / �. / • ' I /7\ r . .  ·. . . '/ 

// 

. /{ _j' 
/ . ' / � : '/ ( / L __ �.�� 

' (.) 
---- ---- ---------

VIEW "C" 
F ig. 1 8 - Lubricat ion Points On frame And Operator I V iew A )  D rive Assembly (View B) And Li nkage Assembly ( V i ew C)  

) 
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5ttuTTEll GUICE • 

GROUHO 
COilT&CY 

0 I 
I I I I I I t I I I I I t rt I I I 

I I I 

� : � 
'• . , •  

.. . ,. , •  . . . •' It I •' 
l :: : !; : I 1 1  I t  f : :: : :l I 

.. , - �''- .  J .. .  

·-$>· 

CONTACT FIHGER 
ASS£11leLY IPAIWAAT) 

M 

l 

.') 

toot Llvn 0NT[ALotK AlLlUll 

0 

��=R�E:F�E:R:E:N�C�E�O�N�N:I:A�S�E;,R:I�E�S�-------------------:�::==��:-�-��:--=--���;����==����===-������������----
TO ITEM D. ITEM B REO"D ON F ig. 19 lubrication Points on Breaker 
ALl OTHER SRE.AKERS 
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LUBR I­
CATION 

K E Y  

A 

B 

c 

u 

E 

F 

G 

PI\R r DESC fl l P1 !ON 

GROUND SURFACES S U C H  A S  
LATCHES, ROL LERS, PflOPS, ETC. 

N Y LON SLEEVE BEAR I NGS, SUCH AS: 
THE CON rACT ARM H I NG E  PI N . 

S LEEVE BEAR I NGS ANu P I VOT PI NS, 
ROTATI N G  PARTS SUCH AS DRIVE 

P I N ION,  DR IV I N G CRANKS, SLIDE 
AND P I VOT P I NS. 

S L I D I N G  S URFACES. 

AIR P U F F ER CYLINDERS. 

ROLLER Af�D N E E D LE BEAR I N G S . 

D R Y  PI'.'IJT POINTS. 

SUGGESTED LUBRICATION 
AT EVERY 2000 OPERATIONS 

OA ONCE EVERY Y E A R .  

WIPE C LEAN AND SPRAY 
WITH " MOLYCOTE 557 " 
1 5-1 7 1 -270-()()1 . 

NO LUBRICATION R EQUI R E D. 

L I G HT APPLICATION OF 

" MOL YCOTE PENELUBE" 

1 5-1 7 1 -270-002.  

L I G HT APPLICATION O F  

"MOL YCOT E 557 " .  

WIPE CLEAN AN D APP LY 

TRANSFORMER 01 L I 3 

TO F E LT. 

ALTE R N ATE LUBR ICATION ( R E­
QU I R ES DISASSEMSL Yl R ECOM­
MENDED AFTER EVERY 1 0,000 OPE R .  

WASH C L EAN A N O  SPRAY WITH 

"MOL YCOTE 557" 
1 5-1 7 1 -270-001 .  

NO LUBR ICATION R E QU I R ED. 

R EMOVE PINS OR B EAR I NGS, 
C LEAN PER I NSTRUCTIONS AN D 
APPLY " BEACON P-290" 

00.337-1 3H J01 . 

WIPE CLEAN A N D  APPLY "MOLY­
COTE 557" LIBERA LLY. 

WASH CLEAN AND WET FELT R I N G  

I N  TRAN S FORMER OI L tf 3. 

NO LUBR ICATION REQU I RED.  C L E A N  PER I NSTRUCTIONS AN D  

R EPACK WITH • BEACON P-325•.  

NO LUBRICATION R EQUIRED. NO LU BRICATI ON REQU I R E D .  

H PR IMAR Y  A N D  SECO N DARY DISCONN ECT WIPE CLEAN AND APPLY A F I LM OF A L L I S-CHALM ERS 

J 

F I NGERS, A RCI NG CONTACT H INGE, CONTACT LUBR ICANT 1 5-171 -370-002. 
GROUNDING CONTACT AND AUX. 
SWITCH CONTACTS. 

AR C I NG CONTACTS. DO NOT LUBRICATE . DO NOT LUBR ICATE.  

WIPE CLEAN AND APP LY A F I LM O F  A L L I S·CHALMERS 
CONTACT LUBR ICANT 1 5- 1 7 1 -370-002. 

D ISCON N ECT ARM H I NG E  JO INT S I LVER 

WASH E R  BETWEEN B USHING AND THE 

�ONTACT AR � ,_ 

-���- �r-=������--����------------------,_-----------------------r----------------------------� 

K 

L 

M 

CHARG ING SPR INGS & 
SPR ING RETAINERS 

MANUAL CHARGING BEV E L  GEAR 

TR A IN ,  FB Br FC SER I ES O N LY. 

ARCING CONTACT H I N GE 
ASSEM B L Y .  

NO LUBRICATION REQU IR E D  

R EMOVE SNAP O N  COVER & 

COAT TEETH UGHTL Y WITH 

*B EACON P-325.* 

WIPE CLEAN AND COAT WITH 

OF •B EACON P-325.* 

REMOVE SNAP ON COVER & COAT 
TEETH LIG HTLY WITH *8 EACON 
P-325. • 

WIPE CLEAN AND APPLY A F I LM OF A LLIS-CHALMERS 
CONTACT LUBR I CANT 1 5- 171-370-002. 

Fig. 20 Lubrication Chart 
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