
INSTRUCTION
BOOK

RUPTAIR MAGNETIC POWER
CIRCUIT BREAKER

Type D Movable Portion

Ma 75-150-250-350 C

DECEMBER 1968 BWX * 6731

www.nationalswitchgear.com
Courtesy of NationalSwitchgear.com



INDEX

PAGE
MA- 150 /250C
MA-350C1. OUTLINE

2. OUTLINE
3. INTRODUCTION.
*4 . AUXILIARY CONTROL EQUIPMENT

6. ARC CHUTE

8. INSTALLATION
9. STORAGE & PREPARATION

10. SOLENOID OPERATOR
11. THEORY OF OPERATION

13 . CONTROL
14. REVERSE "Y"
16. STORED ENERGY OPERATOR
17. THEORY OF OPERATION

20. CONTROL SWITCH

22. LATCH LOCK DEVICE

24. CONTROL

28. SPRING DISCHARGE
29. MAINTENANCE
30. STUD & SUPPORT

ADJUSTMENTS

31 . CONTACTS

35. AUXILIARY SWITCH

37. SOLENOID OPERATOR

39. STORED ENERGY OPERATOR
40. SPRING RELEASE LATCH
41 . SPRING DISCHARGE
42 . "88" SWITCHES

www.nationalswitchgear.com
Courtesy of NationalSwitchgear.com



REAR BARRIER
(M A - 2 5 0- C ONLY )

ARC CHUTE
( SEE MG 2 )SCREW -< 48, T

s
iZZ) fl- ' i

;POLE PIECE
( SEE FIG 2 ) f

!<i>*#CR PHASE
BARR R s

- -I - -REAR BARRIER ^ 1<*>OUTER PMA5E
BARRIER

i
t >'IMA -250 C ONLY

SCREW
s
*4 s(MA-250 C ONLY )

SCREW !CONTACT FINGER
ASSEMBLY >V

i•fI I>

'V
-

ooo PO;

\/

STUD AND SLPPORT'

( SEE FIG 3 )
S C R E W

/
/

Ul14SLOT y
(Q /-NAMEPLATE! I

0 -1 nPANEL
SPRING (13
ASSEMBLY v x

>(T'hwo fAUX SWITCH-' 15i
r*

0 . I APPLICATIONy' .' 9SECONDARY^HNGER A 4 i
ASSEMBLY 2I • OF LABELS>' V.

' i
-' 4 3hTWP Roo m' ^4 4/PCTON STEM1X ANO Y_/L .

RELAYS zl f 73FOOT LEVER
(NTERJOCK RELEASE) I2>GR0UF ) CONTACTo;

^

/

OPENING
SPRING VI"'(16)P T̂R• i> i• i

» io f-. o
KTERLOCX
PLUNGER

FIG FA
T Y P I C A L M A - 1 5 0/ 2 5 0- C BREAKER

WITH SOLENOIO OPERATOR
JAN 10, 196 ® 7 2-4 2 0 -0 4 6 - 4 0 1

www.nationalswitchgear.com
Courtesy of NationalSwitchgear.com



REAR BARRIER
IMA - 250 - C ONLY )

ARC CHUTE
ISCE FIG 2 ) T

*SCREW *s
>
*POLE PIECE t

-0( SEE Fic 2 1 NNER PHASE
BARRCR S

REAR BARRIER -. 0OUTER FMASE
BARRER >\(MA 250-C 0NLY)< *i.SCREW >SCREW (MA - 250-C ONLY )

SCREW
CONTACT FINGER
ASSEMBLY © >2 2

FJ&SCREW
l

COWECTORSTUO AND SUPPORT
( SEE FIG 3 » VISCREW SLOT —(14

IBARRFR nPANEL
SPRING —
ASSEMBLY X>AUX SWlTi

SECONDARY
°nFINGER •

ASSfN«LY (2^-GUIOE TUBE

{43)- TFW> BOO

aO 2d

RESISTOR 50 c=n
tn;£*£* -(20 mT 1

CRANK -(30, 732)- GR0U> ) CONTACTFOOT LEVER
(NTERJOO RELEASE)RELAY -(21 VI•(I6}RUEEER

<(2tYMANUAL CLOSING
W LANYARDNTERLOCK

PLLNGER GUIOE BAR -4 M SPRING DISCHARGE
(SEE FIG 4C)

OPENING
SPRING

FIG l-B
TYPICAL MA - I 50/250-C BREAKER

WITH STORED ENERGY OPERATOR
JAN 10. 1969 7 2 - 4 2 0 0 3 7- 4 0 1

www.nationalswitchgear.com
Courtesy of NationalSwitchgear.com



2 5 V REAP BARRIER

IRCSCREW ^48) (SCC T * G 2 )

1
POLE P# Gf
(i l l F i O 2 1 fMER PI

BARKER

REAR BARR'ER
BARKER >

CONTACT fNGLH 4
,

ASSt MH Y * J(22)̂ ARRER >/

-v/-rit FTHFS-<

J \

(J)-COKCCTOR•i
# * / /STUU AM) SLA*PORT

ISll » •& 3 )
r.C RE 'A

. A l if in4\ iy
BARRET* * 191

SLOTf/
TE I

{4^-0*/ nHi
^T)-HAKX£

l W» ' ANr L
»
... 1 MB'. T

40)- ROO EM)

' 1 XI1 1 3 * \\

AUK SWITCH 1$) \ >cx1
f •I J=?p

cd
rO

^T^-NUIr i <2>B AmJCATlON
Of LABELS

{43)- TRF ROO

I »IS* OOMJARv
» Nol R
A' 4 M0t Y 2i!•i)

<4 4}-P»STON STEM

TOOT LEVER
(HTEH.OC* RELEASE )

Q6)-PUffER

INTERLOCK
Pi UNGER

, t-*

;ri ir:x _ m:*•«* AN*.'4i A*«; .{T?)-GROUND C O N T A C Tlg> 71rJRf N' NG
SPRING in

i LJ J

FIG 1 C
TYPICAL MA - 350- C BREAKER

WITH SOLENOID OPERATOR
JAN « 0. '9 6 9 r 7 4 20 04 7 40 '

www.nationalswitchgear.com
Courtesy of NationalSwitchgear.com



25 VREAR BARRIER

ARC CHUTE
(SEC FIG 2 ) FTSCREW .»•

vair ii
i

POLE PIECE
( SEE r ' G 2 I <?>fcf*R PHASE

BAftRER
< - -> >OUTER PHASE/7V

BARRCR
REAR BARR'ER - N.^0— i..

-©"-cSCREW
1 >1©CONTACT FINGER

ASSEMBLY
- tt-SCREW-< 49

J22V6ARPCR

i37VsCREW

./ 6 )-CO># CTOR

i46V«N

J4 7HJ*

/! Poo
I

f
t

I/ISTUO AND SUPPORT'
( SCt FIG SI

SCREW aSLOT y nBARRCR
i-

XPANEL
SPR » NG (13)
ASSEMBLY

3(33VPW
( 4 OVROO END >SWITCH-(75)AUX

SECONDARY
FINGER
ASSEMBLY

-® aD 2A I ONUT {27VGUIDE TUBE

/4 3VTRF ROD
CZ1 CDQ<§) < -4 2VNUT mRESISTOR

t̂4 4-P^TON STEML OCKING
PIN HOLE 332 8

a !2 hGPOUK) CONTACTFOOT LEVERdfJ (MTER.OCK RELEASE)

16V ĴEEER

-(SotCRANK

<R E L A Y < 2 1 ' 26V MANUAL CLOSING
LANYAROINTERLOCK

PLUNGER GUIOE 8AR -( II SPRING DISCHARGE
(SEE FIG 40

OPENING
SPRING

FIG l-D
TYPICAL MA-350-C BREAKER

WITH STORED ENERGY OPERATOR
7 2 - 4 2 0 - 0 4 4 4 0 1JAN 10. 1969

www.nationalswitchgear.com
Courtesy of NationalSwitchgear.com



3

I N T R O D U C T I O N

T h i s i n s t r u c t i o n m a n u a l p r o v i d e s i n s t a l l a t i o n , o p e r a t i o n , a n d
m a i n t e n a n c e i n f o r m a t i o n f o r a l l 5K V , A l 1 i s- C h a I m e r s , a i r m a g n e t i c c i r c u i t
b r e a k e r s .

W A R R A N T Y

F o r w a r r a n t y c o v e r a g e , s e e t h e s a l e s c o n t r a c t .

D E S C R I P T I O N

A t y p i c a l c i r c u i t b r e a k e r c o n s i s t s o f p r i m a r y d i s c o n n e c t , a r c c h u t e ,
a n d o p e r a t o r s e c t i o n s . T h e p r i m a r y d i s c o n n e c t s e c t i o n c o n t a i n s t h e m a i n
c o n t a c t s , w h i c h s u p p l y p o w e r t o t h e l o a d. T h e a r c c h u t e s e c t i o n d i s s i p a t e s
t h e p o w e r a r c d r a w n d u r i n g t h e o p e n i n g o f t h e m a i n c o n t a c t s . T h e o p e r a t o r
s e c t i o n c o n t a i n s t h e m e c h a n i s m u s e d t o c l o s e a n d o p e n t h e m a i n c o n t a c t s .
T h i s m e c h a n i s m c o n s i s t s o f e i t h e r a s o l e n o i d o r a s t o r e d e n e r g y o p e r a t o r w i t h
i t s a s s o c i a t e d c o n t r o l c i r c u i t r y .

A r c i n t e r r u p t i o n i s a c c o m p l i s h e d i n f r e e a i r a t a t m o s p h e r i c p r e s s u r e
w i t h t h e a i d o f a s e 1 f - i n d u c e d , m a g n e t i c b l o w o u t f i e l d a n d f o r c e d a i r
d r a f t . W h e n t h e t r i p s o l e n o i d i s e n e r g i z e d , l o a d c u r r e n t i s b e i n g c a r r i e d
b y t h e m a i n c o n t a c t s . A s t h e m a i n m o v a b l e c o n t a c t o p e n s , t h e a r c d r a w n b e -
t w e e n t h e m a i n a n d s t a t i o n a r y c o n t a c t s g u i c k l y t r a n s f e r s t o t h e a r c i n g c o n-
t a c t s , k e e p i n g m a i n c o n t a c t e r o s i o n t o a m i n i m u m.

T h e a r c b e t w e e n t h e a r c i n g c o n t a c t s i s t r a n s f e r r e d t o t h e a r c r u n n e r s a s
t h e m o v a b l e a r c i n g c o n t a c t p a s s e s n e a r t h e a r c r u n n e r . T h e t r a n s f e r o f t h e
a r c t o t h e a r c r u n n e r e s t a b l i s h e s f u l l c u r r e n t f l o w t h r o u g h t h e b l o w o u t c o i l s
s e t t i n g u p a s t r o n g m a g n e t i c f i e l d w h i c h , a c c o m p a n i e d b y t h e n a t u r a l t h e r m a l
e f f e c t s o f t h e h e a t e d a r c , t e n d s t o f o r c e t h e a r c u p w a r d i n t o t h e b a r r i e r
s t a c k . T h e c o o l s u r f a c e s o f t h e b a r r i e r s t a c k c o o l a n d d e- i o n i z e t h e a r c ,
w h i l e t h e V - s h a p e d s l o t s i n t h e s t a c k r e d u c e i t s c r o s s s e c t i o n a n d e l o n g a t e
i t , l e a d i n g t o r a p i d e x t i n c t i o n. T h e a r c r u n n e r s a r e m a d e o f w i d e , h e a v y
m a t e r i a l f o r m a x i m u m h e a t d i s s i p a t i o n a n d t o m i n i m i z e m e t a l v a p o r i z a t i o n.

A p u f f e r m e c h a n i s m p r o v i d e s a f o r c e d a i r d r a f t t h r o u g h t h e m a i n c o n t a c t
T h i s a i d s t h e m a g n e t i c b l o w o u t f i e l d a n d n a t u r a l t h e r m a l e f f e c t i na r e a .

f o r c i n g t h e a r c i n t o t h e b a r r i e r s t a c k f o r e a s y e x t i n c t i o n.
T h e b r e a k e r i s c l o s e d b / t h e o p e r a t o r s t r a i g h t e n i n g a t o g g l e i n t h e

f o u r b a r l i n k a g e ( S e e P a g e 1 2 ) . T h e o p e r a t o r m a y b e p o w e r e d b y a s o l e n o i d
o r b y p r e c h a r g e d s p r i n g s (s t o r e d e n e r g y) .

A l a r a e D C s o l e n o i d i s u s e d t o d r i v e t w o I i n k s o f t h e 4-b a r l i n k a g e t o
a n i n- l i n e p o s i t i o n a l l o w i n g a p r o p l a t c h t o d r o p b e h i n d a t o g g l e r o i l i n
t h e l i n k a a e s y s t e m t o h o l d t h e b r e a k e r c l o s e d .
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S t o r e d E n e r g y

T h e s t o r e d e n e r g y o p e r a t o r u s e s c h a r g e d s p r i n g s t o p o w e r t h e c l o s i n g
o p e r a t i o n. O p e n i n g i s s p r i n g p o w e r e d a l s o b u t n o t w i t h t h e s a m e s p r i n g s
u s e d f o r c l o s i n g. A s t o r e d e n e r g y o p e r a t o r c o n s i s t s o f t h r e e s y s t e m s :
d r i v i n g, s p r i n g l i n k a g e a n d 4-b a r t o g g l e l i n k a g e. T h e s e s y s t e m s a r e d i s -
e n g a g e d f r o m e a c h o t h e r e x c e p t w h i l e p e r f o r m i n g t h e i r s p e c i f i c f u n c t i o n s.
F o r e x a m p l e : t h e d r i v i n g a n d s p r i n g l i n k a g e s y s t e m s a r e c o m p l e t e l y f r e e o f
e a c h o t h e r e x c e p t w h e n t h e s p r i n g l i n k a g e i s b e i n g c h a r g e d. S i m i l a r l y, t h e
s p r i n g l i n k a g e a n d 4-b a r t o g g l e l i n k a g e s y s t e m s a r e f r e e o f e a c h o t h e r e x c e p t
d u r i n g a c l o s i n g o p e r a t i o n.
A U X I L I A R Y C O N T R O L E Q U I P M E N T F O R S O L E N O I D O P E R A T E D U N I T S.
D C C o n t r o l R e l a y

T h e s o l e n o i d o p e r a t o r i n A I 1 i s-C h a I m e r s c i r c u i t b r e a k e r s i s d e s i g n e d
t o o p e r a t e o n D C c u r r e n t o n l y. T h e c o n t r o l r e l a y a c t u a l l y c o n s i s t s o f t w o
r e l a y s w h i c h m a y b e m o u n t e d o n a c o m m o n b a s e. S o l e n o i d c u r r e n t i s h a n d l e d
b y t h e m a i n c o n t r o l o r X r e l a y w h i l e t h e s e c o n d r e l a y o r Y r e l a y p r o v i d e s
f u x i I i a r y c o n t r o l .

A C C o n t r o l R e l a y

T h e s o l e n o i d o p e r a t o r i n A 1 1 i s-C h a I m e r s c i r c u i t b r e a k e r s i s d e s i g n e d
t o o p e r a t e o n d i r e c t c u r r e n t o n l y. F o r a l t e r n a t i n g c u r r e n t a p p I i c a t i o n s ,
a n A C c o n t r o l r e l a y i s u s e d t o s w i t c h t h e A C i n p u t o f a s i l i c o n r e c t i f i e r
f o r c o n t r o l o f t h e s o l e n o i d. T h e D C o u t p u t o f t h e s i l i c o n r e c t i f i e r i s c o n-
n e c t e d d i r e c t l y t o t h e s o l e n o i d. T h e c o n t r o l r e l a y a c t u a l l y c o n s i s t s o f
t w o r e l a y s w h i c h m a y b e m o u n t e d o n a c o m m o n b a s e. A l t e r n a t i n g c u r r e n t t o
t h e r e c t i f i e r i s h a n d l e d b y t h e m a i n o r X r e l a y w h i l e t h e s e c o n d r e l a y o r
Y r e l a y p r o v i d e s a u x i l i a r y c o n t r o l .

S i 1 i c o n R e c t i f i e r

A f u l l w a v e r e c t i f i e r i s u s e d t o c o n v e r t a l t e r n a t i n g c u r r e n t t o d i r e c t
c u r r e n t f o r t h e D C s o l e n o i d i n t h e s o l e n o i d o p e r a t o r.

T h e s e u n i t s a r e d e s i g n e d f o r i n t e r m i t t e n t d u t y a n d
s h o u l d n o t b e u s e d f o r a n y o t h e r p u r p o s e.N O T E :

T h e f o u r r e c t i f i e r s (d i o d e s) a r e m o u n t e d o n h e a t s i n k s w h i c h a r e a s s e m b l e d
t o g e t h e r w i t h e t e r m i n a l b l o c k o n a c h a s s i s . T h e d i o d e s a r e c o n n e c t e d t o
f o r m a f u l l w a v e , s i n g l e p h a s e , b r i d g e. D i r e c t i o n o f c u r r e n t f l o w d o e s n o t
a f f e c t s o l e n o i d o p e r a t i o n.

N o m i n a l o p e r a t i n g v o l t a g e f o r t h e r e c t i f i e r i s u p t o 3 0 0V A C.
T h e j u n c t i o n s o f t h e s e r e c t i f i e r s c a n b e d a m a g e d b y o v e r - v o l t a g e o r

h e a t i n g d u e t o e x c e s s i v e c u r r e n t f l o w i n g t h r o u g h t h e m. P r o t e c t i o n a g a i n s t
s w i t c h i n g t r a n s i e n t s i s p r o v i d e d b y a s u p p r e s s o r .
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R e c t i f i e r j u n c t i o n s w i l l b e d e s t r o y e d i f t h e f u l l E /R c l o s i n g c u r r e n t
f l o w s f o r m o r e t h a n a s e c o n d o r t w o a s m i g h t o c c u r i f t h e b r e a k e r f a i l s t o
c l o s e n o r m a l l y d u e t o m e c h a n i c a l d i f f i c u l t y. T o p r o t e c t t h e r e c t i f i e r , a
f u s e i s p r o v i d e d i n t h e c l o s i n g c i r c u i t c a p a b l e o f b l o w i n g u n d e r s u c h
c o n d i t i o n s. T h e b l o w n f u s e m u s t b e r e p l a c e d o n l y w i t h a n o t h e r o f t h e
s e m e t y p e a n d r a t i n g. A s a s a f e t y m e a s u r e , t h e f u s e s h o u l d a l w a y s b e i n
s e r i e s w i t h t h e r e c t i f i e r d u r i n g a n y t e s t o p e r a t i o n s. L i m i t s u c h o p e r a t i o n s
t o n o t m o r e t h e n t w o a m i n u t e.

S i l i c o n R e c t i f i e r K i t - 7 I - I 1 3 * 1 7 5*8 0 5. T h i s k i t i s a v a i l a b l e f r o m
A 1 l i s -C h a l m e r s f o r c o n v e r t i n g f r o m c o p p e r o x i d e t o s i l i c o n f o r r e c t i f i e r
c l o s i n g o f c i r c u i t b r e a k e r s . T h e k i t c o n s i s t s o f a s i l i c o n, b r i d g e r e c t i f i e r
a s s e m b l y w i t h s u p p r e s s o r , a t h r e e o h m, t a p p e d r e s i s t o r , a n d n e c e s s a r y h a r d w a r e.

F o r S t o r e d E n e r g y O p e r a t e d U n i t s

S t o r e d e n e r g y (s p r i n g c l o s i n g) b r e a k e r s n o r m a l l y r e q u i r e a s i n g l e c o m-
m e r c i a l r e l a y f o r c o n t r o l . T h e s e a r e f u r n i s h e d t o n a t c h t h e c o n t r o l v o l t a g e.
R e s e t R e l a y

T h e r e s e t r e l a y i s u s e d f o r i n s t a n t a n e o u s r e c l o s u r e s e r v i c e o n s t o r e d
e n e r g y o p e r a t e d b r e a k e r s i n p l a c e o f a l a t c h c h e c k s w i t c h. T h e r e l a y i s a
s o l i d - s t a t e d e v i c e w h i c h o p e r a t e s a s m a l l r e l a y. C l o s i n g t i m e i s n o t a f f e c t e d
b y v o l t a g e a n d c u r r e n t v a r i a n c e s w e l l b e y o n d t h e s t a n d a r d c i r c u i t b r e a k e r
c o n t r o l l i m i t s. T h e v o l t a g e r e g u l a t o r a n d t i m i n g c i r c u i t s a r e m o u n t e d o n a
p r i n t e d c i r c u i t b o a r d a n d e n c a p s u l a t e d i n a r e s i l i e n t m a t e r i a l f o r s h o c k
r e s i s t a n c e.

A U X I L I A R Y E Q U I P M E N T

A u x i 1 i a r y S w i t c h

T h e a u x i l i a r y s w i t c h, m o u n t e d o n t h e b r e a k e r , i s n o r m a l l y u s e d t o
o p e n t h e t r i p c i r c u i t w h e n t h e c i r c u i t b r e a k e r i s c l o s e d. A s t h i s m u l t i -
s t a g e s w i t c h o p e r a t e s w i t h t h e b r e a k e r d i s c o n n e c t b l a d e s , c i r c u i t r y
d e p e n d e n t o n t h e p o s i t i o n o f t h e b r e a k e r , a s i n d i c a t o r l i g h t s , e t c., a r e
w i r e d t h r o u g h t h i s s w i t c h. T h e i n d i v i d u a l s t a q e s a r e e a s i l y c o n v e r t e d t o

a " o r "b“ w i t h o u t d i s a s s e m b l i n g t h e s w i t c h.1 1

C a p a c i t o r T r i p D e v i c e

A c a p a c i t o r t r i p d e v i c e i s c o m m o n l y u s e d w i t h c i r c u i t b r e a k e r s h a v i n g
a n A C c o n t r o l s u p p l y w h i c h a r e i n s t a l l e d i n i s o l a t e d l o c a t i o n s o r u n a t t a c h e d
s u b s t a t i o n s w h e r e b a t t e r y c o s t a n d m a i n t e n a n c e i s u n d e s i r a b l e.

I n t h e s e i n s t a 1 l a t i o n s , t h e c a p a c i t o r t r i p d e v i c e r a y b e c h a r g e d f r o m
t h e same s t e p d o w n t r a n s f o r m e r t h a t i s u s e d t o e n e r g i z e t h e b r e a k e r c o n t r o l .
O b v i o u s l y , t h i s s t e p d o w n t r a n s f o r m e r s h o u l d b e c o n n e c t e d t o t h e l i n e s i d e o f
t h e b r e a k e r .

T o a p p l y t h e c a p a c i t o r t r i p d e v i c e t o e x i s t i n g b r e a k e r s o r i g i n a l l y
c h e c k w i t h t h e A l l i s - C h a l m e r s M f g. C o. , B o s t o ns h i p p e d w i t h D C t r i p c o i l s ,

D * - '' i i C p * * c
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ARC CHUTE ASSEMBLY (Fig. 2A & 2 B)

Each arc chute consis ts of a f lame retardent envelope which provides

phase iso lat ion for in terrupt ion and vent ing of the by-product gases

of in terrupt ion. The arc chute conta ins :

The stat ionary end arc runner (2-4) and moving end arc
runner (2 - 3) to which the arc terminals t ransfer f rom
the arc ing contacts. The arc runners form paths for the
arc terminals to t ravel up the arc chute.

a)

The stat ionary end blcwout co i l (2- 15) and moving end

blowout co i l (2- 13) which connect thei r respect ive arc
runners to the top and bot tom bushings. The current

in these coi ls creates the magnet ic f lux which passes
through cores (2- 18) , pole pieces (2-22) , and the space
between the pole pieces. The act ion of th is f lux on

the arc forces the arc up the barr ier stack.

b)

The barr ier stack (2-23) consis t ing of a number of re-
f ractory plates wi th' Vee Shaped" s lots cemented together.
The barr ier stack cools, squeezes and stretches the arc

to force a quick interrupt ion.
c)

The barr ier (2 - 1) conta in ing coolers (2 -28) through
which the by-product gases of in terrupt ion pass ,
completes the cool ing and de- ioniz ing of the arc
products.

d)

Arc chutes ere normal ly t i l ted to expose contact area of the breaker

and /or to replace par ts such as barr ier stacks (2-23) . The arc
chutes may a lso be removed from breaker by l i f t ing of f . The
coi l connect ions must be unfastened before t i l t i n g or removing.

PHASE BARRIERS (Fig. 1)

F u l l s i z e b a r r i e r s o f h i g h d i e l e c t r i c f l a m e r e t a r d e n t m a t e r i a l
i s o l a t e e a c h p h a s e.
T o r e m o v e p h a s e b a r r i e r s f r o m b r e a k e r s - l i f t p a n e l s p r i n g a s s e m b l y
( 13) o u t o f s l o t s ( 14) t o r e l e a s e p a n e l (32) . L i f t a n d r e m o v e
p a n e l . R e m o v e s c r e w s ( 23) , (2 ) , (48) , a n d (49) . T h e p h a s e b a r r i e r

a s s e m b l i e s c a n n o w b e l i f t e d a n d r e m o v e d f r o m t h e b r e a k e r .
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TILTING ARC CHUTES

R e m o v e p h a s e b a r r i e r s.
O n t h e 5 k v b r e a k e r s r e m o v e s c r e w s ( 1 -2 3) a n d ( 1 - 3 7) o f e a c h p h a s e.
R e m o v e s c r e w s ( 1 - 4 9) a n d ( 1 - 1 7) t o r e m o v e b a r r i e r s ( 1 -9) a n d 1-2 2) .
W i t h a r c c h u t e s u p p o r t i n p l a c e, a t t h e r e a r o f t h e b r e a k e r, t i l t

b a c k t h e a r c c h u t e s.
A f t e r t i l t i n g a r c c h u t e s u p r i g h t, a n d r e p l a c i n g b a r r i e r s, b e s u r e a l l

s c r e w s a r e t i g h t e n e d s e c u r e l y o n a l l t h r e e p h a s e s .

B A R R I E R S T A C K S (F i g. 2)

T h e b a r r i e r s t a c k s a r e f r a g i l e a n d s h o u l d b e h a n d l e d c a r e f u l l y. T h e

b a r r i e r s t a c k s s h o u l d b e i n s p e c t e d f o r e r o s i o n o f t h e p l a t e s i n t h e

a r e a s o f t h e s l o t s. T h e s t a c k s s h o u l d b e r e p l a c e d w h e n a m i l k y g l a z e

i s o b s e r v e d o n t h e f u l l l e n g t h o f t h e e d g e s o f m o s t o f t h e s l o t s.
T h e y s h o u l d b e l i k e w i s e r e p l a c e d i f p l a t e s a r e b r o k e n o r c r a c k e d.
W h e n c l e a n i n g t h e b r e a k e r a n d c u b i c l e, i n s p e c t f o r p i e c e s o f b a r r i e r

s t a c k r e f r a c t o r y m a t e r i a l w h i c h w o u l d o b v i o u s l y i n d i c a t e b r e a k a g e.

T o r e m o v e t h e b a r r i e r s t a c k s , t i l t b a c k t h e a r c c h u t e s , r e m o v e s c r e w s

(2-2) , s u p p o r t (2-2 9) , e n d b a r r i e r (2- 1) , f r o m e a c h a r c c h u t e. S l i d e

b a r r i e r s t a c k (2-23) t h r o u g h t o p o f a r c c h u t e.

W h e n s l i d i n g a b a r r i e r s t a c k i n t o t h e a r c c h u t e, c a r e s h o u l d b e t a k e n

t o s e e t h a t t h e e n d c o n t a i n i n g t h e ' V e e-S h a p e d" s l o t s g o e s i n f i r s t.

INSTALLATION

RECE IVING

H a n d 1 i n g

C i r c u i t b r e a k e r s a r e s h i p p e d f r o m t h e f a c t o r y c o m p l e t e l y a s s e m b l e d.
O b s e r v e w e i g h t m a r k i n g s o n c r a t e s a n d e n s u r e t h a t c a p a b l e h a n d l i n g

e q u i p m e n t i s u s e d.
R e m o v e c r a t i n g c a r e f u l l y w i t h t h e c o r r e c t t o o l s. C h e c k e a c h i t e m w i t h t h e

s h i p p i n g m a n i f e s t . I f a n y s h o r t a g e o r d a m a g e i s f o u n d, i m m e d i a t e l y c a l l i t

t o t h e a t t e n t i o n o f t h e l o c a l f r e i g h t a g e n t h a n d l i n g t h e s h i p m e n t. P r o p e r
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n o t a t i o n s h o u l d b e m a d e b y h i m o n t h e f r e i g h t b i l l. T h i s p r e v e n t s a n y

c o n t r o v e r s y w h e n c l a i m i s m a d e a n d f a c i l i t a t e s a d j u s t m e n t.
W h e n w r i t i n g A 1 I i s -C h a l m e r s r e l a t i v e t o t h e e q u i p m e n t , p r o v i d e t h e s e r i a l

n u m b e r o f t h e c i r c u i t b r e a k e r , i d e n t i f y p a r t s b y i n s t r u c t i o n m a n u a l f i g u r e
a n d r e f e r e n c e n u m b e r w h e r e p o s s i b l e a n d g i v e a s m u c h d e t a i l a b o u t t h e
p r o b l e m a s p o s s i b l e.

S t o r a g e

I n d o o r

T h e c i r c u i t b r e a k e r s h o u l d b e p e r m a n e n t l y i n s t a l l e d a s s o o n a s p o s s i b l e.
T h e n s t o r a g e i s n e c e s s a r y , i t s h o u l d b e k e p t i n a c l e a n d r y p l a c e w h e r e i t
w i l l n o t b e e x p o s e d t o d i r t , c o r r o s i v e g a s o r m e c h a n i c a l a b u s e.

Outdoor

W h e n t h e c i r c u i t b r e a k e r s m u s t b e s t o r e d o u t d o o r s, a d e q u a t e c o v e r i n g t o-
g e t h e r w i t h a h e a t s o u r c e m u s t b e p r o v i d e d. T h e h e a t s o u r c e i s r e q u i r e d t o

p r e v e n t c o n d e n s a t i o n a n d s u b s e q u e n t c o r r o s i o n.

C I R C U I T B R E A K E R P R E P A R A T I O N

P r e p a r e t h e c i r c u i t b r e a k e r f o r i n s e r t i o n i n t o t h e c u b i c l e a s f o l l o w s :

1. F r e e t r i p l a t c h (b r e a k e r s a r e s h i p p e d c l o s e d w i t h t h e t r i p l a t c h b l o c k e d
o r t i e d) .

2. P u s h m a n u a l t r i p r o d t o o p e n b r e a k e r.
3. Remove phase barr iers and t i l t arc chutes over support f rame.
4. S l o w l y c l o s e b r e a k e r a n d c h e c k a r c i n g c o n t a c t s c l o s i n g a t a p p r o x i m a t e 1 y

t h e s a m e t i m e. (W i t h i n 1 / 1 6").
5. T r i p o u t b r e e k e r a n d a s s e m b l e a r c c h u t e s a n d p h a s e b a r r i e r s.
6. I n s t a l l p l u g j u m p e r a n d e n e r g i z e c o n t r o l . (S p r i n g s s h o u l d c h a r g e o n

s t o r e d e n e r g y b r e a k e r s) .
(R e p e a t 2 o r 3 t i m e s) .7. C l o s e a n d t r i p b r e a k e r f r o m c o n t r o l s w i t c h o n p a n e l .

8. D e -e n e r q i z e c o n t r o l p o e r a n d r e m o v e p l u g j u m p e r .
9 . O n s t o r e d e n e r g y b r e a k e r s d e p r e s s f o o t l e v e r a n d p u l l c l o s i n g l a n y a r d

t o d i s c h a r g e s p r i n g s.
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1 1

O P E R A T I O N

N o r m* I

N o r m a l o p e r a t i o n o f t h e c i r c u i t b r e a k e r i s c o n t r o l l e d b y c u b i c l e m o u n t e d

c o n t r o l s o r o t h e r c o n t r o l d e v i c e s.
M a n u a l C l o s i n g t o C h e c k C o n t a c t s

R e m o v e b r e a k e r f r o m c u b i c l e a n d t i l t a r c c h u t e s b a c k.
O n s o l e n o i d o p e r a t e d b r e a k e r s u s e t h e m a n u a l c l o s i n g d e v i c e i n s e r t i n g t h e

p i n o f t h e d e v i c e i n t h e a n g l e b r a c k e t m o u n t e d o n t h e r e a r o f t h e b r e a k e r

w i t h t h e r o l l s a g a i n s t t h e s o l e n o i d a r m a t u r e l e v e r t h e a r m a t u r e i n t o c l o s e

t h e b r e a k e r .
T h e s t o r e d e n e r g y b r e a k e r c a n b e c l o s e d s l c v H y a n d m e c h a n i c a l l y h e l d i n a n y

p o s i t i o n o f t h e c l o s i n g s t r o k e i n o r d e r t o m a k e o r c h e c k a d j u s t m e n t s.
P r o c e e d a s f o l l o w s :

I n s e r t m e c h a n i s m l o c k i n g p i n i n t o h o l e a t t h e r e a r o f t h e o p e r a t o r f r a m e.
T h e p i n s h o u l d p a s s b e h i n d c r a n k a n d t h r o u g h h o l e i n o p p o s i t e s i d e o f

o p e r a t o r f r a m e.
I n s e r t s p r i n g c h a r g i n g h a n d l e i n t o g u i d e t u b e a n d e n g a g e w i t h g e a r m o t o r.
T u r n h a n d l e c o u n t e r c l o c k w i s e u n t i l r e s i s t a n c e i s f e l t .
P u l l c l o s i n g l a n y a r d a n d h o l d o u t , c o n t i n u e t u r n i n g h a n d l e.
C o n t a c t s w i l l c l o s e. C o n t i n u e t u r n i n g c r a n k u n t i l 4-b a r l i n k a g e s n a p s

o v e r t o g g l e. T u r n c r a n k 1 0 o r 1 2 a d d i t i o n a l t u r n s. T o o p e n c o n t a c t s

d e p r e s s t r i p l a t c h.
T h e b r e a k e r c a n b e c r a n k e d t o a n y p o s i t i o n a n d h e l d b e c a u s e

t h e m o t o r g e a r s a r e s e I f - 1o c k i n g.N O T E :

T H E O R Y O F O P E R A T I O N

T y p e S O-3 5D O p e r a t o r

T h e p r i m a r y c l o s i n g f o r c e o f t h i s o p e r a t o r i s s u p p l i e d b y a D C s o l e n o i d.
T h e i r o n c i r c u i t w h i c h h o u s e s t h e s o l e n o i d c o n s i s t s o f t h e m a i n o p e r a t o r

f r a m e , t o w h i c h t h e p o l e h e a d i s w e l d e d , a h e l i c a l l y w o u n d t u b e, a n d a b a c k

p l a t e h e l d i n p l a c e b y f o u r b o l t s (6 8) . T h e a r m a t u r e (4) , w i t h p l u n g e r (6) a n d

c a p ( 1 9) a t t a c h e d s l i d e s i n a n o n-m a g n e t i c t u b e ( 5) . W h e n t h e c o i l (8) i s

e n e r g i z e d , t h e a r m a t u r e m o v e s t o w a r d t h e p o l e h e a d. T h e n o n-m a g n e t i c w a s h e r (2 !)

k e e p s t h e a r m a t u r e f r o m a c t u a l c o n t a c t w i t h t h e p o l e h e a d s o t h a t t h e a r m a t u r e

w i l l r e l e a s e w h e n t h e c o i l i s d e - e n e r g i z e d m o r e r a p i d l y d u e t o t h e r e d u c e d

e f f e c t o f t h e r e s i d u a l m a g n e t i s m. T h e a r m a t u r e i s r e t u r n e d b y a s p r i n g a r o u n d

t h e p l u n g e r .
T h e o p e r a t o r , t h r u t h e u s e o f a f o u r b a r l i n k a g e, m a y b e e l e c t r i c a l l y a n d

m e c h a n i c a l l y t r i p- f r e e b y t h e r e l e a s e o f t h e t r i p l a t c h m e c h a n i c a l l y o r b y

e n e r g i z i n q t h e t r i p s o l e n o i d e l e c t r i c a l l y a t a n y t i m e d u r i n g t h e c l o s i n g

s t r o k e o r a f t e r t h e b r e a k e r i s c l o s e d.
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T h e f o u r -b a r l i n k a g e c o n s i s t s o f l i n k s
7 0 , 1 0 1, 1 0 2, a n d 7 3. I n n o r m a l c l o s i n g
o p e r a t i o n, p o i n t E i s h e l d f i x e d b e t w e e n
s t o p b o l t 7 5 e n d t r i p l a t c h 2 7. P l u n g e r 6
m o v e s f o r w a r d w h e n t h e c l o s i n g s o l e n o i d i s
e n e r g i z e d r o t a t i n g l i n k 1 0 1 a b o u t E a s a
c e n t e r . T h i s f o r c e s l i n k 1 0 2 t o m o v e,
r o t a t i n g a r m 7 3 a b o u t B i t s f i x e d c e n t e r.
T h e f o r w a r d t r a v e l o f p o i n t D c a r r i e s i t
p a s t p r o p l a t c h 9 7 w h i c h h o l d s p o i n t D
a s t h e p l u n g e r 6 r e t r a c t s. T h e r o t a t i o n
o f a r m 7 3 c l o s e s t h e b r e a k e r b l a d e s a n d
e x t e n d s t h e o p e n i n g s p r i n g s.
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e l e c t r i c a l l y b y e n e r g i z i n g t h e t r i p
s o l e n o i d c o i l w h i c h m o v e s t h e t r i p p i n
d o w n t o s t r i k e a n d r o t a t e t h e l a t c h o r
b y m e c h a n i c a l l y d e p r e s s i n g t h e t a i l o f t h e
l a t c h. T h i s r e l e a s e s p o i n t E, a l l o w i n g
l i n k 7 0 t o r o t a t e a b o u t i t s f i x e d c e n t e r F.
L i n k s 1 0 1 & 1 0 2 d r o p a l l o w i n g a r m 7 3 t o
r o t a t e, p u l l e d d o w n b y s p r i n g 7. A s
p o i n t D d r o p s i t i s f r e e d f r o m t h e p r o p
l a t c h 9 7 a n d r e s e t s p r i n g 9 1 p u l l s D
b a c k l i f t i n g p o i n t E b a c k o f t r i p l a t c h
2 7 a n d r e s e t t i n g t h e l i n k a g e. I f t h e
t r i p l a t c h 27 i s r o t a t e d a t a n y t i m e
d u r i n g t h e c l o s i n g s t r o k e, t h e l i n k a g e
w i l l c o l l a p s e.
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101 TRIP COIL 17

STOP 73 G t TRIP PIN 17 A
27 TRIP LATCHE

70
F

CLOSE

TO BREAKERBP ALATCH 73
CLINKAGE }

RESET *SPRING 91
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1 3

O p e r a t o r C o n t r o l - S o l e n o i d

T h e n o r m a l c o n t r o l f o r t h i s o p e r a t o r h a s t h e c l o s e p o w e r a n d t h e c o n t r o l
p o w e r f r o m a c o m m o n s o u r c e. T h e s o l e n o i d u s e d h a s D C c o i l s d e s i g n e d t o

g i v e m a x i m u m e f f i c i e n c y o v e r t h e d e s i r e d c o n t r o l v o l t a g e r a n g e.

T n
F o r D C c o n t r o l t h e n o r m a l
c o n t r o l m e t h o d i s a s s h o w n i n
F i g. A. W h e n t h e c l o s e c o n t a c t
C S -C i s c l o s e d, c u r r e n t f l o w
t h r o u g h 5 2 L C a n d 5 2Y 1 e n e r g i z e s
t h e 5 2 X r e l a y c o i l. T h i s c l o s e s
c o n t a c t s X3 a n d 5 2 X4 t o e n e r g i z e
t h e c l o s i n g c o i l 5 2 c c. C o n t a c t
5 2 X 1 c l o s e s t o l o c k i n t h e 5 2 X
r e l a y c o i l. A t a p o i n t l a t e i n t h e
s o l e n o i d s t r o k e, t h e l i m i t s w i t c h
c o n t a c t (52a a) c l o s e s , e n e r g i z i n g
t h e 5 2Y r e l a y. T h e c l o s i n g o f t h e
5 2Y 2 c o n t a c t l o c k s i n t h e 5 2Y r e l a y
a n d t h e o p e n i n g o f t h e 5 2Y 1 c o n t a c t

c u t s o f f t h e 52 X c o i l , t h e r e b y d e -
e n e r g i z i n g t h e c l o s i n g c o i l b y
o p e n i n g t h e 5 2 X3 a n d 5 2 X4 c o n t a c t s
a n d t h e l o c k - i n c i r c u i t o f t h e 52 X
r e l a y, X I. I f t h e c l o s e c o n t r o l
r e m a i n s c l o s e d, t h e 5 2Y r e l a y i s
s t i l l l o c k e d i n t h r o u g h 5 2Y 2 c o n t a c t
a n d m u s t b e o p e n e d t o r e s e t t h e
c o n t r o l f o r a n o t h e r c l o s e. T h i s
f o r m s t h e a n t i -p u m p c i r c u i t s o o n a
t r i p- f r e e o p e r a t i o n t h e c l o s e c o n t r o l
h a s t o b e o p e n e d b e f o r e t h e b r e a k e r
w i l l a t t e m p t a n o t h e r c l o s e a c t i o n.

cs±I cIA 5 5 2 5 2 7t lX I L C
5 2

5 2 Y25 2X 3 Qa

5 2 5 2C C
7" Y I

D C 5 25 2 5 2
X Y

FV 6 F I G. A

A_i

T l_L C SI

I cA 5 25 5 2 7

1X I L C
F o r A C c o n t r o l , a f u l l -w a v e, b r i d g e
r e c t i f i e r i s u s e d t o s u p p l y D C t o t h e
c l o s i n g c o i l. A n A C c o n t r o l s i m i l a r t o t h e
D C c o n t r o l s c h e m e i s s h o w n i n F i g. B. T h e
c o n t r o l f u n c t i o n i s t h e s a m e a s f o r t h e D C
c o n t r o l. A s u r g e s u p p r e s s o r i s f u r n i s h e d
a c r o s s t h e r e c t i f i e r t o p r o t e c t a g a i n s t
h i g h v o l t a g e s u r g e s w h i c h m a y d e s t r o y t h e
r e c t i f i e r e l e m e n t s .

5 2
5 2 Y 25 2X 3 <W

5 2 % 5 2C C
Y I

5 2 5 25 2A C YXX 4

V 6
1 _ l F I G . P
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\

The more commonly used AC contro l
method is the one shown in Fig.
This method requi res a close
contro l wi th a normal ly c losed
contact and a normal ly open con-
tact . When the supply is energized,
the 52Y re lay energizes lock ing
in through the 52Y2 contact to
terminal No. 5. Contact 52 Y4 also
closes so that when the close
contro l swi tch operates, current
f low through terminal 7 and 52Y4
energizes the 52 X re lay which locks
in through 52 X 1 and terminal 5.
Relay 52 X energizes the close coi l
c i rcu i t through 52 X2 and 52 X 3.
At a point la te in the solenoid
st roke, the l imi t swi tch contacts
52bb open de-energiz ing the 52Y
re lay. The opening of the 52Y 2
and 52Y4 contacts w i l l de-
energize the 52X re lay, opening
contacts 52X 1, 52X2, and 52 X3 de-
energiz ing the ent i re c i rcu i t.
To re -energize the c i rcu i t, the
52Y re lay must be energized by
re leasing the close contro l to re-
energize terminal 19.
breaker is c losed, the 52b contact
w i l l be open and the 52Y re lay
w i l l energ ize when the breaker is
t r ipped open.

—r-l c sT c s
T C
I

5 2 A 7
Wf

A5A19 AX I

±-"5 2
b 5 2-L- -r— VO

T Y2 T 5 2
L C

4* 52 5 27 ~ b b
i x /5 2 Y4A C C C

5 2 5 2
Y

X 3

*\/ 6

FIG. C
I f the
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THEORY OF OPERATION

T y p e S E -4 S t o r e d-E n e r g y O p e r a t o r

c 1 o s i n gI n i t i a l c o n d i t i o n s o f t h e o p e r a t o r f o r t h i s d i s c u s s i o n a r e :
s p r i n g s r e l e a s e d, c i r c u i t b r e a k e r o p e n a n d c o n t r o l c i r c u i t e n e r g i z e d.
T h e c h a r g i n g m o t o r d r i v e s t h e

p i n i o n g e a r 2 w h i c h r o t a t e s t h e s p u r

P i n 5 (o n t h e f a c e o f t h eg e a r s 3.
s p u r g e a r s) e n g a g e s t h e f r e e-s w i n g i n g

d r i v i n g c r a n k s 4 w h i c h a r e r o t a t e d

i n t o e n g a g e m e n t w i t h r o l l 2 4.
C o n t i n u e d r o t a t i o n o f c r a n k s f o r c e s

l i n k 1 0 d o w n b e c a u s e l i n k 7 i s h e l d

i n p l a c e b y l a t c h 1 3. L i n k I I

r o t a t e s a b o u t i t s f i x e d c e n t e r .
L i n k 1 1, t h r o u g h p i n 3 1 » d r i v e s

c r a n k 1 2 b a c k, e x t e n d i n g t h e c l o s i n g

s p r i n g s w h i c h a r e a t t a c h e d t o t h e

l o w e r e n d o f c r a n k 1 2.
A s t h e c l o s i n g s p r i n g s b e c o m e

f u l l y e x t e n d e d, c r a n k s 4 p u s h

l i n k s 9 a n d 1 0 o v e r t o g g l e a n d

c r a n k s 4 d i s e n g a g e r o l l 2 4 a n d

r o t a t e o u t o f t h e w a y. The

c l o s i n g s p r i n g s a r e f u l l y

c h a r g e d a n d h e l d b y s p r i n g r e l e a s e

l a t c h 1 3.
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T o c l o s e t h e b r e a k e r t h e s p r i n g

r e l e a s e l a t c h 1 3 i s m o v e d u p t o

r e l e a s e l a t c h r o l l 1 9. L i n k s 9 &

L a t c h1 0 d r i v e f o r w a r d a s a u n i t.
r o l l 19 f o r c e s t o g g l e r o l l 15

f o r w a r d r o t a t i n g l i n k 2 1 a b o u t l a t c h

r o l l 1 4 w h i c h i s h e l d f i x e d b y l a t c h

T h e r o t a t i o n o f l i n k 2 1 r o t a t e s

a r m 23, t h r o u g h l i n k 2 0, c l o s i n g

L i n k s 2 0 & 2 1t h e d i s c o n n e c t b l a d e s.
g o o v e r t o g g l e a g a i n s t s t o p 5 9

l o c k i n g t h e b r e a k e r c l o s e d. S c r e w

32 a n d c r a n k 1 2 come i n c o n t a c t

a n d f o r c e l i n k 1 0 t o r o t a t e b r e a k-

i n g t h e o v e r t o g g l e b e t w e e n l i n k s 1 0 & 9.

C r a n k 1 2 i s s t o p p e d b y t h e

L i n k 1 0 S- 9 c o l l a p s eb u m p e r.
u p w a r d a l l o w i n g l i n k 7 t o r e s e t.
L a t c h 1 3 d r o p s a h e a d o f l a t c h r o l l 1 9.
U n i t i s s e t t o r e c h a r g e s p r i n g s.
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T o o p e n t h e b r e a k e r t r i p l e t c h 2 7

i s r o t a t e d b y d e p r e s s i n g l e t c h
+ 4

t a i l r e l e a s i n g l a t c h r o l l 1 4.
@A r m 2 2 r o t a t e s a b o u t i t s c e n t e r

* 2
a l l o w i n g l i n k s 2 1 & 2 0 t o d r o p. o

*
vT h i s r o t a t e s a r m 2 3 a b o u t i t s 4-

/V *
c e n t e r o p e n i n g t h e b r e a k e r.

* 21
T o g g l e r o l l 1 5 i s f o r c e d b a c k 4 jh *u Jr 2

b y t h e c u r v e o f s t o p 5 9 b r e a k i n g
FIG. G

t h e o v e r t o g g l e o f l i n k s 2 1 & 2 0 2 2 1 4

a l l o w i n g t h e m t o r e s e t. T h i s

r o t a t e s a r m 2 2 b a c k i n t o r e s e t

p o s i t i o n w i t h l a t c h r o l l 1 4 b a c k

o f l a t c h 2 7.
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T Y P I C A L C O N T R O L S W I T C H

; : 3

T
4•t.c.

8 8 - i r
..̂ MOTOR CIRCUIT

n: I 8 8- 1
SWITCH'Q^Ll i

CLOSE CONTROL LOCKOUT
"( Y RELAY CIRCUIT )

8 8 -
' .f lhi MOTOR CUT - OFF 88-3

SWITCH
88- %1 r nSWITCHnI !

IlE '"CLOSE CIRCUIT

SPRING CHARGE
INDICATOR

SUPPLY

I D. T i

1

SWITCH

r u
w

2 VCAM<$rADJ SCREW

LOCKNUT (A|̂ 4 ',
ADJ SCREW

4> L0CKNUT (B)

JiQ
i 3 > ADJ SCREW

4 LOCKNUT ( C )
LEVER -f I LEVER -( I

I

- 5 / P I N /
-ir A4 y

F I G. 8
T Y P I C A L C O N T R O L S W I T C H

NOV 14,1967 72- 420-020- 402

8 8 S w i t c h O p e r a t i o n

T h e 8 8- I N C c o n t a c t i s i n t h e d r i v e m o t o r c i r c u i t a n d i s u s e d t o s t a r t t h e
m o t o r w h e n t h e s p r i n g s a r e d i s c h a r g e d a n d s t o p t h e m o t o r w h e n t h e s p r i n g s a r e
f u l l y c h a r g e d . T h e 8 8- 1N O c o n t a c t i s i n t h e c l o s e c o n t r o l c i r c u i t a n d k e e p s
t h i s c i r c u i t o p e n u n t i l t h e s p r i n g s h a v e b e e n f u l l y c h a r g e d.

T h e 8 8-2N0 i sT h e 8 8- 2N C c o n t a c t i s i n t h e c l o s e c o n t r o l l o c k o u t c i r c u i t ,

u s e d t o e n e r g i z e a n i n d i c a t i n g l i g h t w h i c h s h o w s t h a t t h e s p r i n g s a r e f u l l y
c h a r g e d.
T h e 8 8- 3N C c o n t a c t i s i n s e r i e s w i t h t h e 8 8- 1N0 c o n t a c t a l s o h o l d i n g t h e
c l o s e c o n t r o l c i r c u i t o p e n. T h e 8 8- 3N O c o n t a c t i n t r o d u c e s a r e s i s t o r i n t o
t h e d r i v e m o t o r c i r c u i t t o c o a s t t h e d r i v e c r a n k s o u t o f t h e w a v w i t h a
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R e f e r r i n g t o t h e b r e a k e r w i r i n g d i a g r a m f u r n i s h e d w i t h t h e i n s t a l l a t i o n,
t h e 8 8- 1 a n d 8 8-2 s w i t c h e s a r e s h o w n w i t h t h e m a i n c l o s i n g s p r i n g s d i s -
c h a r g e d. T h e 8 8-3 s w i t c h i s o p e r a t e d b y t h e c a m (2) o n t h e m a i n g e a r.
A s t h e c h a r g i n g l i n k a g e c h a r g e s t h e m a i n c l o s i n g s p r i n g s, t h e m o t o r
s w i t c h c a m r o t a t e s w i t h t h e l e f t -h a n d l a r g e g e a r. J u s t b e f o r e t h e
s p r i n g s a r e f u l l y c h a r g e d t h e c a m (2) t h r o w s t h e 8 8- 3 s w i t c h a n d w h e n
t h e s p r i n g s a r e f u l l y c h a r g e d t h e 8 8 - 1 a n d 8 8-2 s w i t c h e s a r e t h r o w n b y
l e v e r ( 1 ) w h i c h i s o p e r a t e d b y p i n (5) .
T o a d j u s t t h e s e s w i t c h e s l o o s e n l o c k n u t s (4) a n d t u r n a d j u s t i n g s c r e w s
(3) i n o r o u t w i t h a s c r e w d r i v e r. P r o p e r o p e r a t i o n s e q u e n c e i s a s f o l l o w s.
W h e n t h e c o n t r o l i s e n e r g i z e d t h e m o t o r s t a r t s t o c h a r g e t h e s p r i n g s.
T h e 8 8- ( b s w i t c h o p e n s w h e n t h e s p r i n g s a r e f u l l y c h a r g e d, h o w e v e r ,
b e f o r e t h i s s w i t c h o p e n s t h e 8 8-3a a s w i t c h c l o s e s c o n n e c t i n g t h e r e s i s t o r
i n t o t h e m o t o r c i r c u i t. T h e m o t o r c o n t i n u e s t o d r i v e t h e g e a r s u n t i l t h e
f r e e s w i n g i n g c r a n k s o n t h e m a i n g e a r s a r e a l m o s t t o t h e t o p o f t h e g e a r s.
T h e m o t o r t h e n s h u t s o f f (c u t b y t h e c a m o p e r a t i n g t h e 8 8- 3a a s w i t c h) ,
a n d a l l o w s t h e c r a n k s t o g o o v e r c e n t e r, a n d d r o p o u t o f t h e w a y.
T h e r e s i s t o r i s a d j u s t e d t o l i m i t t h e s p e e d o f t h e u n l o a d e d m o t o r. I t
i s f a c t o r y s e t t o o p e r a t e t h e m o t o r a t r a t e d a n d m i n i m u m v o l t a g e a n d
l i m i t t h e c o a s t o f t h e m o t o r s o t h a t t h e p i n o n t h e g e a r c o a s t s p e s t t o p
c e n t e r b u t n o t b e y o n d 1 0 o ' c l o c k. W i t h t o o m u c h r e s i s t a n c e t h e m o t o r
w i l l s t a l l. W i t h t o o l i t t l e r e s i s t a n c e t h e m o t o r w i l l c o a s t t o o f a r a n d
t h e c a m w i l l r e c l o s e t h e 8 8-3a a s w i t c h a n d t h e m o t o r w i l l c o n t i n u e t o r u n.
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S P R I N G R E L E A S E L A T C H L O C K

SWITCH
ROLLSCREW BLINK W

OVERTOGGLE

SWITCH

LINK Y
SCREW D

LATCH NUT G

SHIMS
LATCH SPRING RELEASE

SOLENOID
/

- ARMATURE

NUT E

LATCH
ROLL

— NUT H

F i n. a b o v e s h o w s t h e s p r i n g r e l e a s e l a t c h i n t h e h o l d p o s i t i o n a n d l o c k e d
i n p l a c e b y l i n k s W a n d X w h i c h a r e o v e r t o g g l e a g a i n s t s c r e w A.
T o r e l e a s e t h e l a t c h , l i n k X m u s t b e m o v e d u p w a r d t o i n v e r t t h e t o g g l e .
T h e s w i t c h s h o/ n i s i n t h e d r i v e m o t o r c i r c u i t a n d i s c l o s e d w h e n l i n k X
i s a g a i n s t s c r e w A. V e r t i c a l m o v e m e n t o f 1 i n k X o p e n s t h e s w i t c h.
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SWITCH
ROLL

t SWITCHi

LINK Y SCREW D

NUT 6LATCH^

SHIMS

SPRING RELEASE
SOLENOID

ARMATURE

— NUT E
NUT HRAMSCREW ALATCH

ROLL

W h e n t h e s p r i n g r e l e a s e s o l e n o i d i s e n e r g i z e d, t h e a r m a t u r e m o v e s u p w i t h
t h e r a m, f o r c i n q l i n k X u p, t o b r e a k t h e o v e r t o g g l e c o n d i t i o n o f l i n k s X
a n d W.
r o l l, r e l e a s i n g t h e c l o s i n g m e c h a n i s m.L i n k X i s r o t a t e d t o t h e r i g h t r e m o v i n g t h e l a t c h f r o m t h e l a t c h

T h e u p w a r d m o v e m e n t o f 1 i n k X o p e n s t h e s w i t c h i n t h e d r i v e m o t o r c i r c u i t
p r e v e n t i n g t h e s p r i n g s f r o m c h a r g i n g u n t i l l i n k X r e s e t s, I o c k i n g t h e l a t c h
i n p o s i t i o n.
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Opera tor Cont ro l - Stored Energy

T h e n o r m a l c o n t r o l f o r t h i s o p e r a t o r h a s b e e n i n c o r p o r a t e d i n o n e s w i t c h
a s s e m b l y l o c a t e d a t t h e r e a r o f t h e u n i t . I t c o n s i s t s o f t w o h e a v y d u t y
t o n n l e s w i t c h e s (6) o p e r a t e d b y c o m m o n l i n k a g e ( 1 ) f r o m t h e m a i n c l o s i n g
s p r i n g s a n d o n e h e a v y d u t y t o g g l e s w i t c h (6) o p e r a t e d b y a c a m ( 2) d r i v e n
b y t h e m a i n g e e r .
T h e m a i n c l o s i n g p o w e r i s s u p p l i e d
t h r o u n h t e r m i n a l s 3 a n d *4 . T h e
m e c h a n i c a l i n t e r l o c k i s a s w i t c h
o p e r a t e d b y t h e b r e a k e r r e l e a s e
l e v e r w h i c h o p e n s t h e m o t o r c i r c u i t
w h e n t h e l e v e r i s d e p r e s s e d. T h e
p r o p l a t c h c h e c k s w i t c h i s c l o s e d
w h e n t h e s p r i n g r e l e a s e l a t c h i s i n
r e s e t p o s i t i o n. T h e 8 8- 1 a n d 8 8- 2
s w i t c h e s a r e s h o w n w i t h t h e m a i n
c l o s i n g s p r i n g s d i s c h a r g e d ,

s w i t c h i s o p e r a t e d b y t h e c a m (2) o n
t h e m a i n g e a r. A s t h e c h a r g i n g
l i n k a g e c h a r g e s t h e m a i n c l o s i n g
s p r i n g s , t h e m o t o r s w i t c h c a m r o t a t e s
w i t h t h e l e f t -h a n d l a r g e g e a r . J u s t
b e f o r e t h e s p r i n g s a r e f u l l y c h a r g e d ,
t h e 8 8- 1 a n d 8 8-2 s w i t c h e s a r e t h r o w n
b y l e v e r ( 1 ) w h i c h i s o p e r a t e d b y
p i n (5) . W h e n t h e c o n t r o l i s e n e r g i z e d ,
t h e m o t o r s t a r t s t o c h a r g e t h e s p r i n g s .
T h e 8 3- 1 b b s w i t c h o p e n s w h e n t h e s p r i n g s
a r e f u l l y c h a r g e d , h o w e v e r , b e f o r e t h i s
s w i t c h o p e n s t h e 8 8- 3a a s w i t c h c l o s e s
c o n n e c t i n g t h e d r o p p i n g r e s i s t o r i n t o
t h e m o t o r c i r c u i t . T h e m o t o r c o n t i n u e s
t o d r i v e t h e g e a r s u n t i l t h e f r e e s w i n g-
i n g c r a n k s o n t h e m a i n g e a r s a r e a l m o s t
t o t h e t o p o f t h e g e a r s . T h e m o t o r t h e n
s h u t s o f f (c u t o f f b y t h e c a m o p e r a t i n g
t h e 8 8- 3a a s w i t c h) a n d a l l o w s t h e c r a n k s
t o g o o v e r c e n t e r a n d d r o p o u t o f t h e w a y .

XL cs
3l T C

AMECH. INT. 7A 7

Yl 52BPROP LATCH z i
CHECK SW. ±T h e 8 8- 3

I88-3 88-1 52bb YR 52
SR

8 8
68- 288-3

b bt b
4 \ / 88-1y a.*- r2

A.

kESET RELAY (For Ins tan taneous Rec losure Serv ice Only )

T h e A L L I S- C H A L M E R S R e s e t R u l a y d e s i g n e d f o r u s e i n c i r c u i t b r e a k e r c o n t r o l
i s a r u g g e d e l e c t r o n i c s o l i d s t a t e t i m e d e l a y w h i c h o p e r a t e s a s m a l l r e l a y .
T h e r e l a y c o n t a c t s a r e r a t e d a t 1 5 a m p e r e s .

e r e l r , c l o s i n g t i m e i s n o t a f f e c t e d b y b r o a d v a r i a n c e o f v o l t e a e a n d
c u r r e n t v e i l b e y o n d t h e s t a n d a r d c i r c u i t b r e a k e r c o n t r o l l i m i t s. T h e
t i m e d e l a y e r r o r c r u s e d b y t e m p e r a t u r e i s m i n o r b e i n g l e s s t h a n 3% f r o m
- 2 0 \ t o +80°C a n d n o t o v e r 5% t o - A o°C .
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T h e v o l t a g e r e g u l a t o r a n d t i m i n g c i r c u i t s a r e m o u n t e d o n a p r i n t e d c i r c u i t

b o a r d a n d e n c a p s u l a t e d i n a r e s i l i e n t m a t e r i a l f o r s h o c k r e s i s t a n c e.
T h e c o n t r o l l e d s u p p l y v o l t a g e c h a r g e s t h e c a p a c i t o r (C |) t h r o u g h t h e t i m e

r a t e d e t e r m i n i n g r e s i s t o r (R |) t o t h e t r i g g e r i n g v o l t a g e o f t h e u n i j u n c t i o n
t r a n s i s t o r (U J T) w h i c h a c t i v a t e s t h e S C R e n e r g i z i n g t h e r e l a y c o i l.

+ »

* U
RD-I O ^tl JC ila. * e:

^ O M

^ Q,

V *^ 5

A ° 1—i o,i
/

R3 R

B2 UJTEVc RELAYSCRBi

J 05 i1 1Ci r R2 C2
2— o-

TYPICAL RESET RELAY CIRCUIT

B

A c o n s t a n t v o l t a g e V c i s m a i n t a i n e d a c r o s s t h e t e r m i n a l s A B b y t h e t w o Z e n e r
d i o d e s D i e n d D2. R e s i s t o r d r o p s t h e s u p p l y v o l t a g e t o a v a l u e a b o v e t h e
d i o d e c o n t r o l v o l t a g e a n d t h e d i o d e s f u r t h e r r e d u c e t h e v o l t a g e t o t h e c o n-
t r o l v o l t a g e v a l u e, V c. T h e c o n t r o l v o l t a g e V c c a u s e s t h e d i o d e s t o c o n d u c t
a n d a n i n c r e a s e o r d e c r e a s e i n s u p p l y v o l t a g e w i l l p r o d u c e a c o r r e s p o n d i n g
c h a n g e i n t h e c u r r e n t w h i c h c a u s e s a c h a n g e i n t h e v o l t a g e d r o p a c r o s s R^
e q u a l t o t h e c h a n g e i n s u p p l y v o l t a g e. T o s u m m a r i z e, a n i n c r e a s e o r d e-
c r e a s e i n s u p p l y v o l t a g e w i l l n o t a f f e c t t h e c o n s t a n t v o l t a g e d r o p V c a c r o s s
t h e d i o d e s. T w o d i o d e s i n s e r i e s a r e u s e d b e c a u s e t h e y p r o v i d e m o r e p r e c i s e
v o l t a g e r e g u l a t i o n t h a n o n e d i o d e.
T h e u n i j u n c t i o n t r a n s i s t o r (U J T) i s a s w i t c h w h i c h w h e n t u r n e d o n w i l l a l l o w
a s h o r t p u l s e o f r e l a t i v e l y h i g h c u r r e n t t o f l o w a n d w i l l t h e n s h u t o f f. T h e

t e r m i n a l s E B|, o f t h e U J T a r e a n o p e n c i r c u i t u n t i l t h e v o l t a g e a t E e x c e e d s
a p r e c i s e l e v e l V p. I n o t h e r w o r d s t h e U J T d o e s n o t a l l o w c u r r e n t t o f l o w
f r o m p o i n t E t o p o i n t B ] u n t i l t h e U J T i s t u r n e d o n b y t h e f i r i n g v o l t a g e V p.
T h e v o l t a g e d r o p V c a c r o s s t h e t e r m i n a l s A B c h a r g e s t h e c a p a c i t o r C j t h r o u g h
t h e v a r i a b l e r e s i s t o r R|. T h e t i m e t h a t i t t a k e s t h e c a p a c i t o r C| t o c h a r g e
t o t h e f i r i n g v o l t a g e (V p) o f t h e U J T i s t h e t i m e d e l a y , a n d i s c o n t r o l l e d
b y t h e v a r i a b l e r e s i s t o r R |.
R | i s p r e s e t i n t h e f a c t o r y f o r a d e l a y o f t e n c y c l e s a n d l o c k e d i n p l a c e
b y t h e s t e m l o c k i n g n u t . A 5° c h a n g e i n r e s i s t o r s e t t i n g w o u l d m e a n a
c h a n g e i n d e l a y o f a p p r o x i m a t e l y ^ c y c l e. T h e u n i t i s a d j u s t a b l e f r o m a n
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A n y r e a d j u s t m e n t s h o u l da p p r o x i m a t e l y i n s t a n t a n e o u s t o a 60 c y c l e d e l a y,
b e m a d e u s i n g a c y c l e c o u n t e r o r e q u i v a l e n t f o r t i m i n g.
W h e n t h e v o l t a g e d r o p a c r o s s t h e c a p a c i t o r a n d t h e r e f o r e a t p o i n t E, e x c e e d s
V p, t h e t e r m i n a l s E B|, a c t a s a s h o r t c i r c u i t a n d t h e U J T d i c h a r g e s t h e
c a p a c i t o r t h r o u g h R2 a n d t h e g a t e t e r m i n a l o f t h e s i l i c o n c o n t r o l l e d r e c t i -
f i e r (S C R) . T h a t i s, t h e U J T a l l o w s c u r r e n t t o f l o w f r o m t h e c a p a c i t o r a t
p o i n t B| e n d i n t o t h e g a t e t e r m i n a l o f t h e S C R.
T h e S C R i s a l a t c h t y p e s w i t c h. N o r m a l l y i t b l o c k s t h e f l o w o f c u r r e n t
t h r o u g h t h e r e l a y R. W h e n t h e g a t e t e r m i n a l r e c e i v e s a c u r r e n t p u l s e f r o m
t h e c a p a c i t o r d i s c h a r g i n g t h r o u g h t h e U J T, t h e S C R a l l o w s c u r r e n t t o f l o w
t h r o u g h t h e r e l a y R. T h e S C R c o n d u c t s e v e n a f t e r t h e p u l s e i s r e m o v e d.
T h e r e l a y c o n t a c t s R c l o s e a l l o w i n g c u r r e n t t o f l o w t h r o u g h t h e s p r i n g
r e l e a s e c o i I c i r c u i t .
T h e g a t e t e r m i n a l o f t h e S C R i s p r o t e c t e d f r o m r a n d o m h i g h f r e q u e n c y p u l s e
b y c a p a c i t o r C2 w h i c h p r o v i d e s a s h o r t c i r c u i t t o g r o u n d f o r t h e s e p u l s e s.
I n o t h e r w o r d s t h e r e a c t a n c e o f t h e c a p a c i t o r C 2 i s n e g l i g i b l e a t h i g h
f r e q u e n c i e s e n d t h e c a p a c i t o r a l l o w s c u r r e n t t o f l o w t h r o u g h i t.
T h e d e l a y c i r c u i t i n t h e r e s e t r e l a y

c si s a c l o s e l y c o n t r o l l e d c a p a c i t o r c

"4'r e l a x a t i o n c i r c u i t , d i r e c t c u r r e n t -nffI
o p e r a t e d. W h e n u s e d o n a b r e a k e r w i t h 2 - Yl 52B3 ' n

4D C c o n t r o l, t h e c i r c u i t i s a s s h o w n.
W h e n t h e c l o s e c o n t r o l s w i t c h i s

52c l o s e d, t h e c i r c u i t f r o m 7 t h r o u g h
Y52

5 2B , Y l , t o t e r m i n a l 4 a n d f r o m

t e r m i n a l 3 t o 6 e n e r g i z e s t h e t i m e

SRCDC

88- 28 8-3
b

88-1 ±
A f t e r t h e s p e c i f i e dd e l a y c i r c u i t.

d e l a y , n o r m a l l y t e n c y c l e s , t h e r e l a y
6

Y 2vc o i l i s e n e r g i z e d c l o s i n g t h e r e l a y
I

c o n t a c t t i e i n g t e r m i n a l 7B t o t e r m i n a l

7 C c o m p l e t i n g t h e c i r c u i t t o t h e s p r i n g
C

r e l e a s e c o i l a n d c l o s i n g t h e b r e a k e r .
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W h e n u s e d w i t h a n A C c l o s i n g c i r c u i t , 3-csca f u l l -w a v e, b r i d g e r e c t i f i e r i s u s e d ^77A A
t o s u p p l y D C t o t h e d e l a y c i r c u i t.
T h e c i r c u i t i s a s s h o w n i n F i g, D ,

T h e i m p u t t o t h e r e c t i f i e r i s 7B a n d 6,

T h e D C o u t p u t t h r o u g h t e r m i n a l s 3 a n d k

s u p p l y t h e t i m e d e l a y c i r c u i t o f t h e

Yl 52B

iR 2 522
3 ‘ 52

(|W‘ SRC
r e s e t r e l a y.

88-3-V 8 8-2ISbb
AC 88-1I ^ o. Y 2

—I
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M A I N T E N A N C E

L U B R I C A T I O N

'A e r o L u b r i p l a t e" i s s u p p l i e d w i t h t h e c u b i c l eA t p r e s e n t , a t u b e o f
a c c e s s o r i e s f o r u s e a s a c u b i c l e d i s c o n n e c t c o n t a c t l u b r i c a n t t o i n c r e a s e

s i l v e r p l a t i n g l i f e. T h i s l u b r i c a n t m u s t n o t b e u s e d o n a n y p a r t o f t h e
c i r c u i t b r e a k e r . T h e f o l l o w i n g p r o c e d u r e s s h o u l d b e u s e d:

T h o r o u g h i n s p e c t i o n a t p e r i o d i c i n t e r v a l s i s i m p o r t a n t t o s a t i s f a c t o r y
o p e r a t i o n. C o n d i t i o n s a f f e c t i n g m a i n t e n a n c e a r e w e a t h e r a n d % a t m o s p h e r e,
e x p e r i e n c e o f o p e r a t i n g p e r s o n n e l , a n d s p e c i a l o p e r a t i o n r e q u i r e m e n t s.
T h e f r e q u e n c y o f i n s p e c t i o n a n d m a i n t e n a n c e w i l l , t h e r e f o r e, d e p e n d o n

i n s t a l l a t i o n c o n d i t i o n s a n d c a n b e d e t e r m i n e d o n l y b y e x p e r i e n c e a n d

p r a c t i c e.
W h e n l u b r i c a t i o n i s n e c e s s a r y, a l l p u r e l y m e c h a n i c a l j o i n t s s h o u l d b e

g i v e n a l i g h t f i l m o f B E A C O N P-2 9 0 g r e a s e (a p r o d u c t o f B e a c o n O i l C o m p a n y ,
a s u b s i d i a r y o f H u m b l e O i l C o r p o r a t i o n) . A l l c u r r e n t c a r r y i n g j o i n t s
s h o u l d b e i n s p e c t e d t o b e s u r e a l l c o n t a c t s u r f a c e s a r e f r e e o f p r o-
t r u s i o n s o r s h a r p c h a n g e s o f p l a n e. R u b m i c r o f i n e g r a p h i t e w e l l i n t o a l l

c o n t a c t s u r f a c e s a n d r e m o v e a n y e x c e s s.

C A U T I O N

D o n o t g e t g r a p h i t e o n i n s u l a t i o n a s i t c a n n o t b e r e m o v e d a n d

i n s u l a t i o n m u s t b e r e p l a c e d i f c o n t a m i n a t e d w i t h g r a p h i t e.

N e e d l e b e a r i n g s a r e p a c k e d w i t h a s p e c i a l l u b r i c a n t a n d s h o u l d r e q u i r e
n o f u r t h e r a t t e n t i o n. B e a r i n g p i n s a n d o t h e r s l i d i n g o r r o t a t i n g a r e a s
s h o u l d b e w i p e d w i t h a t h i n f i l m o f B E A C O N P-2 9 0 g r e a s e (a p r o d u c t o f

B e a c o n O i l C o m p a n y, a s u b s i d i a r y o f H u m b l e O i l C o r p o r a t i o n) . G r e a s i n g
s h o u l d b e d o n e w i t h c a r e b e c a u s e e x c e s s g r e a s e t e n d s t o c o l l e c t f o r e i g n
m a t t e r w h i c h i n t i m e m a y m a k e o p e r a t i o n s l u g g i s h a n d a f f e c t t h e d i e l e c t r i c
s t r e n g t h o f i n s u l a t i n g m e m b e r s.
B e a c o n P- 2 9 0 g r e a s e m a y b e p u r c h a s e d t h r o u g h H u m b l e S a l e s O f f i c e s i n

L o s A n g e l e s , C a l i f o r n i a ; O a k B r o o k, I l l i n o i s ; B a l t i m o r e, M a r y l a n d ; P e l h a m,
N e w Y o r k; C h a r l o t t e, N o r t h C a r o l i n a ; M e m p h i s, T e n n e s s e e ; D a l l a s a n d

H o u s t o n, T e x a s.
T h e A 1 1 i s -C h a I m e r s B o s t o n P l a n t h a s a s t o c k o f t h i s g r e a s e i n o n e ( 1)
p o u n d c a n s u n d e r t h e p a r t n u m b e r W -9 6 2-O l l.
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ADJUSTMENTS

A l l breaker ad jus tments are fac tory set and prec ise ly checked before
and af ter numerous mechanica l operat ions on every breaker to insure
cor rec tness of the ad jus tments. No adjus tment check ing should be neces -
sary on new breakers. I f a mal funct ion occurs, check for h idden sh ipp ing
damage.
The fo l lowing sect ion is to ass is t in obta in ing the cor rec t ad jus tments
when rep lac ing a broken or worn par t.
Ci rcu i t Breaker T iming

A compar ison of c i rcu i t breaker t iming at any per iod of main tenance wi th
that taken when the c i rcu i t was new wi l l ind ica te the operat iona l cond i t ion
of the c i rcu i t breaker mechanism. A t ime var iance of more than j cyc le
on opening and 2 cyc les on c los ing ind icates a malad jus tment or f r ic t ion
bui ldup. A hole in the movable contac t arm is for connect ion of a speed
analyzer.
Arc ing Contact Hinge Jo in t

See F ig. JJL arc ing contact h inge jo in t is proper ly ad jus ted when the
spr ing washers ( 15) are def lec ted approx imate ly 0.015 inches.
Adjus t by t igh ten ing nut (4) unt i l l a l l par ts jus t touch, then t igh ten
nut 3 /4 to 1 turn more.
Hinge Jo in t Contact Pressure

See F ig. 3 « The h inge jo in t contac t pressure is proper ly ad jus ted when
a pu l l o f 7 to 9 pounds is requ i red to move the d isconnect toward the
open pos i t ion. Adjus t as fo l lows:

I. Remove p in ( 12) and detach l ink (8) f rom the disconnect arms ( 18)
and ( 19).
Move the d isconnect to a pos i t ion jus t shor t o f "contac t make".
At tach a spr ing sca le to the d isconnect 8^ inches above screw (24) ,
and in a d i rec t ion perpendicu lar to the longest edge of the
d isconnect arm.

2 .
3.

4. Measure the amount of pul l required to move the disconnect toward
the open posi t ion.
Tighten or loosen nut ( 14) as requ i red.5.

Before at taching l ink (8) to disconnect arms ( 18) and ( 19) ,
check contact al ignment and contact lead.

N O T E :
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C o n t a c t A l i g n m e n t

. T h e p r i m a r y d i s c o n n e c t c o n t a c t s e r e a n i n t e g r a l p e r t o fS e e F i g.
t h e b u s h i n g a s s e m b l i e s a n d a r e a l i g n e d w i t h t h e u p p e r a n d I c w e r b u s h i n g s
a t t h e f a c t o r y. N o f u r t h e r a d j u s t m e n t s h o u l d b e n e c e s s a r y. T h e h o r i z o n t a l
p a i r s o f m a i n c o n t a c t f i n g e r s i n e a c h p h a s e s h o u l d "m a k e" w i t h t h e m o v i n g
c o n t a c t s i m u l t a n e o u s l y.

C o n t a c t s o n d i f f e r e n t p h a s e s d o n o t h a v e t o m a t e s i m u l t a n e o u s l y ,
t h e y c a n v a r y a s m u c h a s 1 /32 o f a n i n c h.N O T E :

C h e c k a l i g n m e n t o f M A-7 5C c i r c u i t b r e a k e r s a s f o l l o w s :

1 . D e t a c h a r c i n g c o n t a c t ( 1 0) f r o m y o k e (2) b y r e m o v i n g p i n (2 6) .
2. M o v e d i s c o n n e c t t o w a r d t h e c l o s e d p o s i t i o n u n t i l i t j u s t t o u c h e s

a m a i n c o n t a c t f i n g e r a s s h o w n i n v i e w A A m a i n c o n t a c t s e n g a g i n g.
D i m e n s i o n c s h o u l d b e n o g r e a t e r t h a n 0 . 0 2 0 i n c h e s , w i t h o n e
c o n t a c t t o u c h i n g.

3. A l i g n i f r e q u i r e d .
C h e c k a l i g n m e n t o f M A-2 5 0 C & 3 5 0C c i r c u i t b r e a k e r s a s f o l l o w s :

1 . R e m o v e p i n ( 1 2) a n d d e t a c h l i n k (8) f r o m d i s c o n n e c t a r m s ( 1 8)
a n d ( 19) o f t w o p h a s e s o n l y.

2. M o v e t h e d i s c o n n e c t c o n t a c t s o f t h e r e m a i n i n g p h a s e t o w a r d
t h e c l o s e d p o s i t i o n w i t h t h e m a i n t e n a n c e c l o s i n g d e v i c e u n t i l
a m a i n c o n t a c t f i n g e r t o u c h e s a s s h o w n i n v i e w A A m a i n c o n t a c t s
e n g a g i n g. D i m e n s i o n c s h o u l d b e n o g r e a t e r t h a n 0 . 0 2 0 i n c h e s .

3. A l i g n i f r e q u i r e d .

A l i g n c o n t a c t a s f o l l o/s :

1. L o o s e n n u t s ( 2 2) a n d r o t a t e s t a t i o n a r y c o n t a c t a s s e m b l y t o
s e t c l e a r a n c e.

2. T i g h t e n n u t s ( 2 2) a n d c h e c k c l e a r a n c e.
3. A l i g n e n d c h e c k e a c h p h a s e s e p a r a t e l y.
N O T E : B e s u r e t h e r e a r e n o b i n d s b e t w e e n c o n t a c t s w h i c h m a y

p r e v e n t p r o p e r w i p i n g a c t i o n w i t h t h e d i s c o n n e c t a r m s.
A . A t t a c h a r c i n g c o n t a c t ( 1 0 ) t o y o k e , i f d e t a c h e d , b u t c h e c k

c o n t a c t l e a d b e f o r e a t t a c h i n g l i n k ( ) t o d i s c o n n e c t a r m s .
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C o n t a c t L e a d

S e e F i q. C o n t a c t l e a d i s a d j u s t e d a t t h e f a c t o r y a n d s h o u l d n o t
r e q u i r e a d j u s t m e n t.

C h e c kb e f o r e t h e m a i n c o n t a c t s.T h e a r c i n g c o n t a c t s s h o u l d "m a k e
a n d a d j u s t e a c h p h a s e s e p a r a t e l y a s f o l l o w s :

1. R e m o v e p i n ( 1 2) t o d e t a c h l i n k (8) f r o m d i s c o n n e c t
a r m s ( 1 8) a n d ( 19) , i f n o t a l r e a d y d e t a c h e d.

2. M o v e d i s c o n n e c t t o w a r d c l o s e d p o s i t i o n u n t i l a r c i n q
c o n t a c t s j u s t t o u c h.

3. T h e s h o r t e s t g a p b e t w e e n t h e b o t t o m c o n t a c t f i n d e r s e n d t h e
c o n t a c t o n t h e d i s c o n n e c t a r m s s h o u l d b e 7 /32 t o 1 /4 i n c h e s.

4. A d j u s t n u t ( 1) f o r p r o p e r c l e a r a n c e.

C o n t a c t S t r o k e

S e e F i g. T o e n s u r e p r o p e r w i p i n g a c t i o n a n d c o n t a c t p r e s s u r e,
t h e c o n t a c t s t r o k e m u s t b e m a i n t a i n e d. D o n o t c h e c k c o n t a c t s t r o k e
u n l e s s t h e c o n t a c t s a r e p r o p e r l y a l i g n e d.
L a t c h b r e a k e r a n d c h e c k t h e s p r e a d o f t h e t o p p a i r o f f i n g e r s.
T h e y s h o u l d s p r e a d 1 /8" t o 3 / 1 6" (T h e i n c r e a s e o f a & a 1 ) .

A d j u s t a s f o i l o w s :

I. O p e n b r e a k e r .
2. I n c r e a s e (o r d e c r e a s e) t h e e f f e c t i v e l e n g t h o f l i n k (8)

b y a d j u s t i n g t h e n u t s o n t h e y o k e e n d a t t h e l o w e r e n d
o f l i n k (8) .
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A u x i 1 i a r y S w i t c h.
T h e Q 1 0 a u x i l i a r y s w i t c h u s e d o n t h e s eS e e F i g. I I.

b r e a k e r s h a s b e e n t e s t e d a n d a d j u s t e d a t t h e f a c t o r y
a n d s h o u l d n o t r e q u i r e f u r t h e r a d j u s t m e n t o f t h o s e
c o n t a c t s u s e d i n t h e b r e a k e r c o n t r o l c i r c u i t.
T h e s w i t c h i s d e s i g n e d s o t h a t t h e i n d i v i d u a l c o n t a c t s
m a y b e r e p o s i t i o n e d i n f i f t e e n d e g r e e s t e p s w i t h o u t
d i s a s s e m b l i n g t h e s w i t c h.
T o r e p o s i t i o n t h e c o n t a c t m o v e t h e r o t o r c o n t a c t ( 1 6)
i n t h e s l o t o f t h e s h e l l ( 1 4) c o m p r e s s i n g s p r i n g ( 1 5) .
T h i s w i l l f r e e t h e r o t o r f r o m t h e r e t a i n e r ( 1 7) .
R o t a t e t h e r o t o r t o t h e d e s i r e d p o s i t i o n a n d r e l e a s e.
B e s u r e t h e r o t o r s p r i n g s s o l i d l y b a c k a g a i n s t t h e
r e t a i n e r t o f u l l y e n g a g e t h e r o t o r a n d r e t a i n e r t e e t h.
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Solenoid Operator.
L a t c h Rol l C l e a r a n c e.
With the breaker open and the latch ro l l ( 15A) rest ing against screw (75)
the latch ro l l should c lear the t r ip latch (27) by 1 /64 to 3 /64".
Adjustment is made by screw (75).
Tr ip Latch

The t r ip latch (27) should engage the latch ro l l ( 15A) 1 /8 to 3 / 16 of
an inch above the lower edge of the latch face wi th the breaker c losed.
Adjust screw (65) for proper engagement.

NOTE: This adjustment of fsets the clearance between t r ip pin
and t r ip latch. Refer to t r ipp ing solenoid adjustment .

The t r ip latch should c lear the latch ro l l by 1 /64 to 3 /64 of an inch
wi th the breaker open. Adjust screw (75) for c learance.
T r i p S o l e n o i d

The t r ip solenoid is adjusted by shims so that when the armature is
against the pole head there is 1 /32" to 3 /32“ travel af ter the breaker
t r ips.
The t r ip pin ( 17-A) c lears the t r ip latch (27) when re laxed by 3 /32“
to 5/32". Adjustment is by hex nut (76) .
P r o p L a t c h

The prop latch is adjusted by shims so that i t engages the toggle
ro l l ( 15) 1 /8 to 3/ 16" above the lower face of the latch.
L i m i t S w i t c h

The l imi t swi tch is located on the f ront of the operator f rame and is
contacted by an extension of the toggle ro l l p in wi th in the 4-bar
toggle 1 inkage.
Adjust by screw ( 103) . Contact act ion requi red by c i rcu i t should be
at 3 /4 to 7 /8 stroke of ram cap ( 19) .
L a t c h C h e c k S w i t c h

The latch check swi tch is mounted on the bot tom of the operator f rame.
The swi tch makes contact near the end of the reset t ravel of the lower
l ink of the 4-bar toggle l inkage.
Adjust by moving swi tch bracket (66).

The latch check swi tch may be jumper wired out or
omit ted i f not used for instantaneous reclose.N O T E :
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Stored-Enerqy Operators

Toggle Rol 1

The current adjustment of the toggle ro l l ( 15) isSee Fig. 4B.
as fo l lows :

1. Breaker c losed.
2. Toggle ro l l against stop (59).
3. Center of toggle ro l l should be 3 / 1 6 to 5/ 16 inch

beyond centers of lower la tch ro l l ( 14) and pin ( 30) .
4. Add or remove shims (60) behind stop (59) to adjust.

Tr ip Solenoid

The t r ip solenoid is adjusted by shims so that when the armature is
against the pole head there is 1 /32" to 3/32" travel af ter the
breaker t r ips.
The t r ip pin ( 17-A) c lears the t r ip latch (27) when re laxed by 3/32"
to 5 / 32". Adjustment is by hex nut (34) .
Tr ip Letch

See Fig. 4B. The t r ip latch should engage the latch ro l l 1 /8 to 3/ 16
of an inch above the lower edge of the latch face wi th the breaker
c losed. Adjust screw (65) for proper engagement.

N O T E : T h i s a d j u s t m e n t o f f s e t s t h e c l e a r a n c e b e t w e e n t r i p p i n a n d
t r i p l a t c h. R e f e r t o t r i p p i n g a n d c l o s i n g s o l e n o i d a d j u s t m e n t.

The t r ip latch should c lear the latch ro l l by 1 /64 to 3 /64 of an inch
w i t h the breaker open. Adjust screw (75) for c learance.

M o t o r R e s i s t o r

T h e m o t o r r e s i s t o r i s a d d e d t o t h e m o t o r c i r c u i t t o l i m i t t h e s p e e d
o f t h e u n l o a d e d m o t o r. A d j u s t t h e r e s i s t o r t o l i m i t t h e c o a s t o f
t h e m o t o r s o t h e p i n o n t h e g e a r c o a s t s p a s t t o p c e n t e r b u t n o t b e -
y o n d 1 0 o ' c l o c k.
Too much res is tance w i l l cause motor s t a l l i n g whi le too l i t t l e w i l l
e l lc* the motor to coast too far and the cam may rec lose the 88-2a
swi tch.
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SWITCH
ROLLSCREW BLINK W

OVERTOGGLE SCREWS K

SWITCH
\
\

LINK Y
SCREW D

LATCH NUT G

SHIMS
LATCH

SPRING RELEASE
SOLENOID

ARMATURE

NUT E
LATCH
ROLL

- NUT H

1. L i n k W a n d l i n k X a r e o v e r t o g g l e b y 1 /3 2" t o 1 / 1 6".
S e t b y s c r e w A,

2. L a t c h b i t e i s 1 /8" t o 3 / 1 6" . S e t b y s c r e w B. (T u r n i n g
s c r e w B c l o c k w i s e f r o m s w i t c h e n d i n c r e a s e s l a t c h b i t e) .

3. S w i t c h m u s t b e o p e n w h e n l i n k X i s r a i s e d a n d c l o s e w h e n
l i n k s W a n d X f o r m a s t r a i g h t l i n e. ( T o s e t s w i t c h
l o o s e n (2 ) s c r e w s (K) . W i t h a 1 / 1 6" s h i m b e t w e e n s c r e w A
a n d 1 i n k X d e p r e s s s w i t c h u n t i l i t o p e n s ( i f n e c e s s a r y
r a i s e l i n k X s l i g h t l y) t h e n s l o w l y r a i s e s w i t c h u n t i l i t
c l o s e s. L o c k i n p l a c e w i t h s c r e w s K) .
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SPRING DISCHARGE

-(^- BRACKET
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Tf t
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2000 A

When the breaker enters or leaves the cubic le, the paddle (6)
passes over the stop angle (5) . Def lect ion of the paddle (6) ,
thru spr ing assembly (3) pul ls down on l ink ( I) ra is ing pin (8)
which l i f ts l ink X (of the over toggle latch lock) re leasing
the clos ing spr ings.
Adjustment is by the length of spring assembly (3 ) thru the
clevis at the lower end .

www.nationalswitchgear.com
Courtesy of NationalSwitchgear.com



42

i

CONTROL SWITCH

ftte e-i
M~*~o OTOR CIRCUIT

$ ••"I
SWlTCl

CLOSE CONTROL LOCKOUT
/( Y RELAY CIRCUIT )

I t OTOR CUT -Off 88- 3
SWITCH^ SWITCH <g) @ §

oH^ LOSE CIRCUIT

SPRING CHARGE
INDICATOR

SUPPLY

TTTif i

n

Orri SWITCH

£
CAM

3>A0J SCREW
4>L0CKNUT (8)

AOJ SCREW{3
LOCKNUT (A )/4

3/ AOJ SCREW
4/ LOCKNUT (C)

L E V E R {I L E V E R /I
LJ . - i r.

-Arr
-<5> aP I N I

LJ

T o a d j u s t - W i t h t h e h a n d c r a n k f r o t a t e t h e g e a r s i n c h a r g i n g
d i r e c t i o n u n t i l r o l l e r o f 8 8-3 r e s t s o n t h e c r o w n o f c a m (2).
A d j u s t t h e s w i t c h b y s c r e w (3) t o a l l o w 1 /3 2" t o 1 /6 4'1 o v e r
t r a v e I.
C o n t i n u e c h a r g i n g t h e s p r i n g s u n t i l 8 8-3 s w i t c h t h r o w s (n e a r
f u l l c h a r g e) . A d j u s t 8 8- 1 a n d 8 8-2 s w i t c h e s b y s c r e w s (3) t o
s n a p o v e r.
D i s c h a r g e S p r i n g s - R e c h a r g e s p r i n g s, b y h a n d c r a n k, a n d
r e a d j u s t 8 8- 1 a n d 8 8-2 s w i t c h e s t o t h r o w w i t h o r a f t e r 8 8- 3.
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