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INSTRUCTIONS FOR STATIC OVERCURRENT TRIP DEV I CES 

SECTION 1 - GENERAL 

BWX-6678- 1 

1-A INTRODUCTION 

These Instruct ions describe the ALLIS-CHALMERS STAT I C  OVERCURRENT TR I P  
. OEV ICES as a pp 1 i ed to Type "LA" Low Vo 1 tage Powe r C i rcu i t  Breakers , 

.m�and.p rov i de information necessa ry for their co r rect use. 

j'HThe gvercu rrent t rip devices desc ribed here a re comp l ete l y  stat i c; that 
; � � · �� ,.the re a re no moving parts o r  contacts. Extensi ve use is made of 
o · · ' such' components as semi -conductors, capacitors , t ransformers, etc . The· 

circuits a re designed for conse rva tive loading of componen ts , to provide 
' l ong life with negligible maintenance . 

' .  

1�8 . APPL I CAT I ON 

These static ove rcu r rent trip devices a re designed pr i mari l y for use 
with type 11LA11 low vo l tage powe r ci rcuit breakers , b u t  are not  l i mited 

. -�;to tha t class of circuit brea ke r . They perform the same funct i ons 
,...� :: -'customa ri l y  provided by electro-mechanica l se ries overcurren t trip 
� ·- �evices , but do so with g reate r accu racy and versati l i ty .  

!; • - . . 

• $tatic overcur rent t rip devices operate to open the power c i rcuit 
. b reake r when the circuit cu r rent exceeds a prese l ected cur ren t - t i me 

;1• rela tionship. T ripping may be instant�neous or time de l ayed , depending 
!.: on the selected set tings • 

• Ene rgy to operate t he tripping system is obtained s olely from the 
c i rcu i t be i ng protected . No ba t teries or other s eparate power sources 

. a re required. 

1-C FUNCT I ONAL D ES CR I PT I ON 

The comp l ete static overcur ren t t rip system cons i sts of t hree pa r ts -
p rimary circuit cu r rent transfo rme rs, the static overcurren t t r i p  
device , and a magnetical l y  held circuit breaker l atch re l ease dev i ce .  
These pa rts are  described in mor e  detai 1 in the fo l l ow i n g  paragrap�.s . 

; it .-c.u.:.. r .:..re;:;.n;.;. t.:o....T�r:..:a::.;n.;,:s_f...;: o;.:. r �m;.;;e;.:.r.:..s 
:. -- : 

Toro i d  transformers s i m i l ar· to standa rd  b ushing current  transformers 
a re moun ted one per phase on the p r i mary studs of the c i rcu i t breaker. ·They prov i de a s i g nal to the sta t i c  tr i p  dev i ce in relation to the 
cond i t i on of the p r i ma ry circu i t , and are used s o·Jely for that purpose. 
They are not  used for other funct i ons. The transformers s elected for a 
spec i fic circuit breaker estab l i sh the current rat i ng of that c i rcu i t  
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1-C (continued) 

breaker. Each transformer usua l l y  provides a choice of f i ve rat i ngs , 
which are listed on the c i rcu i t  b reaker rat i ng p l ate. A typica l 
rating p l ate is shown in Figure 4. 

1 

1·_,�.-... •\ 

J, l I 

j Stat i c  Tr i p Device � !(it, 
The stat i c t r i p device receives the signa l f rom the curren t trans- .. �:� 
formers. I t  monitors the signa l ,  senses over l oads and fau l ts and J 
determines the requ i red act i on i n  accordance with pres e l ected � instructions. It is the 1 1inte l l igence11 unit of the tr i pping s ys tem. r 

The static trip device is hous ed in a sma l l meta l box that i s  a part �� 
of the c i rcu i t  b reaker. I t  contains the va rious e l ectronic c i rc u i ts ,  1 
and on the f ront a ca l i bration p l ate containing the v a r i ou s  adj us t i ng f 
means. ·L 

i r 
�� 

Severa l variations of the static t r i p  dev i ce are ava i l ab l e, a s  
desc r i bed l ater i n  detail. A l l  are s im i l ar i n  s i ze and a ppearance 
s hown in Fig ure  3. 

l. as i r 

<, :_·_:Ir -. 
Magnet i c  Latch Re l ease .. ,. , 

When 'the static tr i p  dev i ce s enses a ci�cuit condit i on that req�ires � 

the c i rcuit b rea ke r  to open , i t  p roduces an output that i s  fed to the 
magnet i c  l atch r e l ease dev i ce. The magnetic l atch re l ease dev i ce· 
then causes the c i rcu i t breaker contacts to open and i so l ate the� 
c i rcuit. 

The magnetic l atch re l ease , mounted on the circu i t  breaker , !s he l d  
in a cha rged pos i tion by a permanent magnetic circu i t. It contains 
a coi l wh i ch is energ i zed by the output of the static tr i p  dev i ce. 
When energized, the co i l  causes the magnetic f l ux to sh i ft to a new 
path , thereby re l eas i ng the stored energy of a s pring con ta i nea 
within the magnetic latch release. The sp r i ng provides t h� ener�y 
needed to trip the c i rcuit breaker. 

Severa l sty l es of the magnet i c  l atch re l ease a re in use, and detai l s 
a re covered i n  the s pecific circuit b reaker instruct i on books. 
Figu re 1 i l l us trates-two typica l s ty l es. 

-l-0 DESCR I PT I ON O F  STAT I C  TR I P  DEV I CES  

These instruct i ons descr i be fou r mode l s  of static t r i p  dev i ces. A l l 
are simi l ar in many res pects and d i ff er on l y  in the k i nd of end use 
function that they prov i de. A l l use t he s ame current transformer 
i nputs and p rov i de ou tput s igna l s  to the magnetic l atch re l ease as 
prev i ous l y  des c r i bed. 
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1 -D (conti nued) 

Dua l Mode l AI 

Furnished w i th one non-adj ustab l e  current-time c urve. The curve may 
be either for the minimum , the i ntermed i ate, or the maximum curve as 
shown in Figure 12. Time de l ay up to fifteen times pic k-up is 
standard , as i s  i nstantaneous tripping between five and fifteen 

'times pick up by adj ustment. I t  monitors the current i n  each of the 
· -three phases. 

.. Dua  I Mode 1 AG 

Same as the Mode l AI except that the c i rcuit is arranged to monitor 
'current i n  two phases and  current i n  the neutral of the primary 
1-� . ·:·current transformers. This dev i ce i s  thus a b l e  to provide norma l 

��4�ver l oad and short circuit protect i on ,  and a l so to detect ground 
r:�-'fault currents as 1 ow as 20% -of the curren t  required to operate the 
�-phase circuits . 

�'Se l ective Mode l 0 

. �This static overcurrent trip dev i ce is furnished with three 1ong 
.,.-t i me de l ay curves and three s hort t i me de l ay c urves, any.combinations 
�-of which may be s e l ected by s ettings on the front p l ate of the device. 

· Se l ectivity between coordinated circuit breakers can be maintained 
throughout the f u l l interrupting range of the circuit breakers-. - -The 
Mo'de 1 0 dev i ce mon i tors the currents i n  ..each of the three phases. The 
arrangement of the current-time cu rves i s  s hown in Figure 1 3. 

Se l ect i ve Mode l OG 

Same as the Mode l 0 except that the circuit is  arranged to monitor 
c urrent in two phases and current i n  the neutral of the primary 
curren t transformers. This device is thus able to provide norma l 
over l oad and short c i rcu i t  protection, and also to detect groung fau l t  
c urrents as l ow  as 20% of the current requ i red t o  operate the phase 
cl rcui ts. 

1 -E. OPERAT I ON OF STATIC-TR I P  SYSTEM 

The basic funct i ona l operation of static tr i p  devices can be understood 
i n  adequate detai l for mos t app l ications w i thout  going into the 
technical areas of s emi-conductor devices. Those t hat desire a more 
technica l descrjption are referred to Sectio n  3 of th i s  Instructi on 
Book, where circuit diagrams are discuss ed i n  deta i l .  

Figure 2 is a functional b l ock d i agram arran ged to s how the operation 
of the Mode l s  AI, .A2, AG, AG- 1 ,  D, D l ,  DG static overcurrent trip 
s ystems. The minor differences between the mode l s  are a l so indica ted 
in this figure. 
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; 1-E (con t i nued) 

Refer ring to F i gure 2, there are three curren t t ra n s fo rme rs on the 
c i rcuit brea ke r, one fo r each phase of t he p r i ma ry c i rcu i t. The 
current  transformers sup ply a s i gnal to t he s ta t i c  t r i p  dev i ce wh i ch 
i s  p ropo r t i onal to the cu r ren t i n  the  p r i ma ry c i rcu i t. Th i s  s i gna l :  .. 
passes th rough the powe r s upp l y  t rans formers to es t a b l i s h  the se l f..:.,, 
con t a i ned regu l ated powe r supp l y  for ope ra t i ng the s tat i c  tr i p  
dev i ce and  fo r t r i pp i ng t h e  c i rcu i t  b reake r. The s i gna l then goes 
to the aux i lia ry t ransfo rme rs where i t  i s  mod i f i ed by the p i ck-up 
adjus tment poten t i omete rs. The p i ck-up adj us tment  i s  the means by 
wh i ch a s pec i f i c  p i ck-up c u r r e n t  i s  selected by refe r r i ng to the 
b reaker rat i ng plate ( F i g u re 4). 

The th ree i nd i v i d ua l AC s i gna l s  then go to the s i gna l rect i f i er and ·� 
"'�< . • "· f i  I ter  c i rcu i �  whe re they a re comb i ned i n to a s i n g l e  DC s i gna l ,  

wh i ch i s  compa red to a s tanda r d  pre-set va l ue. I f  the s i gnal i s  
be l ow  the p re-s e t  va l ue noth i ng f u r ther  happens and  the stat i c  tr i p" 
dev i ce con t i nues to mon i to r  i t. I f  the s i gna l exceeds the p re-set 
va l ue ,  the t r i gger  c i rcu i t i s  i mmed i ate l y  tu rned on . Th i s  i n  turn 
a l l ows the t i m i ng c i rcu i t to s ta rt funct i on i ng. 

. ; 
,t :.� 

Heanwh i l e ,  the s i gna l i s  also b e i ng fed i n to the t i me s hap i ng 
c i rcu i t, s o  named because i t determ i nes the shape and  s l ope of the 
curren t - t i me curve. The output  of the t i me shap i ng c i rcu i t  i s  stored; 
i n  the t i m i n g  c i rcu i t  unt i l the p roper t i me de l ay has been reached��� 
depending ·on the magn i tude of the s i gnal. At that t i me, the t i m i ng •2 
ci�cu i t  w i l l  cause the s ta t i c  sw i tch to t u rn on and energ i ze the · · ·  

�c i rcu i t b reaker tr i p  co i l .  1: 

,.,·� ''iQ. 
When t h e  c i rcu i t b reake r opens, the s i gna l to the s tat i c  tr i p  dev i ce 
d i sappea rs and t he s t a t i c  t r i p dev i ce automa t i ca l l y  r esets Itself andl 
tu rns off the  t r i gger c i rcu i t. 

if t h e  s i gnal exceeds a va l ue es tab l i shed by the p rese l ected adj ust�0J 
men ts , i t  w i l l  by-pass t he t i m i ng c i rcu i t  ent i re l y  and go d i rectly)��; 
to the s ta t i c  sw i tch� turn  i t  on , and t r i p  the c i r c u i t  b reake r . This',;, 
i s  the i nstantaneous t r i p  featu re on Mode l s  AI and AG, as s hown on · ;the 
cu r r en t-time <7urve (F i g u re 12). ' ··q,::> 
The Hod e l 0 does not have an  i ns tantaneous t r i p featu re. l nstead.i���s 
s elec t i ve s h o r t - t i me de l ay cu rves, The c i rcu i ts s how n  i n  clotted out l i ne 
on F i gu re 2 es tabl i s h  the t i m i ng cha racte r i s t i cs for the short-t i me·•''f 
f unct i on. The s i gna l w i  1 1  au toma t i ca l l y  act i vate e i ther the long-t i me 
o r  t h e  short -t i me t r i gger c i . rcu i t, depend i ng on the magn i tude of the�: 
s i gna l and  the s etti ng of the  p re-s e l ected adj ustments. The s hort-
t i me c i rcu i ts do not requ i re a t i me s ha p i ng c i rcu i t  beca use  they a re 
cons tant-t i me cu rves as  s hown i n  F i gu re 1 3. 
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1-E (continued) 

The Mode l DG opera tes exactly like the Model D excep t t hat one set 
of t ra nsformers a nd pick-up adjustmen t a re loca ted in the neut ral 
circu i t  of the primary cu rrent t ransforme rs ,  and a re des i gned to 
prov i de a more s ens i t i ve response compa red t o  that of the ind i v i dua l 
phase c i rcu i ts . 

The Mode l AG operates exact l y  l i ke the Mode l AI except that one s et 
of transforme rs and p i ck-up adjustment are l ocated in the neutra l 
circuit of the primary current transformers, and are designed to 
prov i de a more sensit i ve res ponse compared to that of the individua l 
phase circu its. 

In a l l mode l s, the s pecific amount of t i me de l ay i s  contro l l ed by 
the va l ues of components in the t i ming circuit. These components 
determine the l ocation on the time sca l e  of the m i nimum , i nter
mediate and maximum time bands� The components a re fixed on Models 
AI, A2, AG, AG·I to p rovide one t i me band while on the Mode l s  0, Dl, 
DG can be adj usted on the static trip dev i ce to provide a cho i ce of 
any l ong-t i me band p l us any short-time band. 

As noted in an ear l ier parag raph, the trigger circuit is tu rned on 
when the signa l exceeds a pre-set standard  va l ue, and a l l ows t i m i ng 
to take p l ace. I f, during a t i ming ope ration, the signa l shou l d  
decrease as a resu l t  of the pr i mary cu rrent fau l t  o r  over l oad bei ng 
reduced to l ess  than about 95% of the s e l ected pick-up va l ue ,  the 
t rigger wi l l shut off and the t i ming c i rcuit wi l l revert to its 
o rigina l steady-state condition. Thus, l os s  of the fau l t  or over
l oad before the s tat i c trip dev i ce has comp l eted i ts tim i ng f unct i on, 
w i l l  cause the device to reset and the circu i t b reaker wi l l not 
receiye a tr i pping s i gna l .  This resett i ng act i on d efines the term 
11resettab l e  t i .ne11 used in connect i on w i th the Hode l D, 01, DG s tat i c 
tr i p  device. 

1-F SELECTION OF SETTINGS 

The s tatic overcurrent trip devices have a number of knobs and 
swi tches wh i ch can be arranged to select the spec i f i c  cond i ti ons 
tha t wi l l cause the circu i t  breaker to open. The selection of 
set tings is usua l l y  made when the c i rcu i t b reaker i s  p l aced i n  
s ervice, and wi II not require l ater changes un l ess l oad cond i t i on 
or other p r i mary circuit changes a re made. The f o l l ow i ng paragraphs 
descr i be the various se l ect i ons that may be made. 

CAUTION: ALL SELECTION KNOBS ARE EQUIPPED WITH SHAFT LOCKS TO 
ENSURE PERMANENCE OF SETTINGS. TURNING A KNOB ON A 
LOCKED SHAFT WILL CAUSE LOSS OF CALIBRATION. THE 
SECTION ON MAINTENANCE DESCRIBES HOW TO RESTORE 
CALIBRATION.IF THIS SHOULD HAPPEN. 
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1-F (con t i nued) 

P i ck-Up Se l ec tion 

The three knobs arran ged vert i ca l l y  on the righ t hand s i de of the 
s tatic tr i p device (Figure 3) are for se l ec tion of the cur rent at 
wh i ch a t ime de l ay tr i pp i ng ope ra tion wi l l sta rt . Th i s  i s  the 
p i c k-up  current. One Knob is prov i ded for each phase  (except 
Mode l s  AG and  DG, where the m i dd l e  knob i s  used to s elect g round 
curren t pic k-up) . 

The p i c k-up s e l ec tion dia l s  are marked with the l etters 1 1A11 
through "E". The pick-up curre n t  d efined by each l ette r i s  l i sted 
on the circu it  brea ker ra t i ng p l a te (F i gure 4). Th i s  i s  the 
m1n1mum primary circu i t  curren t wh i ch wi l l cause the c i r cu i t  
brea ker to open . 

EXAMPLE: A c i rc u i t b rea ker has a rating p l ate as shown i n  
Figure 4. The p i c k-up  sett i ngs are at po i nt "A11• 
Therefore , the c i rcuit wi 1 1  ca r ry up to 200 Amps 
without tripp i ng the c i rcu i t b rea ker. Above 200 
Amps a trip operat i on w i  11 occur. 

The p i ck-up  s e l ection i s  continuous and may be set between marks 
i f  des i red . Us ua l pra c t i ce i s  to s e t  a l l p i ck-up knobs at the 
s ame ma r k ,  but th i s  i s  not neces s a ry and d i ffe rent phas es can have 
differerit p i c k-up setti ngs. 

The rat i ng of the c i rcu i t  b reaker depends so l e l y  on the p rima ry 
cur rent trans formers s e l ected for the app l i cat i on ,  and  is l i m i ted 
onty by the c i rcu i t. b reaker f rame s i ze. The rat i ng  of a c i rcuit 
breaker may be changed i f  des i red mere l y  by rep l acing the cur rent 
transformers and the b reaker rat i ng p l ate. Noth i ng changes on the 
stat i c  trip dev i ce or othe r  b rea ker components. Figure 4 s hows 
b reaker rat i n gs ava i l ab l e  w i th var i ous cur rent trans forme rs. 

EXAMPLE: The trans formers on the b reaker represented by  the 
rat i n g  p l a te i n  F i g u re 4 are  changed to have 600 
max i mum· ra ted Amps (thus A • 300 , B • 375 , C = 450, 
D = 525, E � 600) . The p i c k-up settings are  s t i ll 
on "A". The c i rcu i t  w i  I I  now ca r ry up to 300 Amps 
a nd wi I I  tr i p  on anyth i ng a bove 300 Amps i n  t he 
p rimary c i rcu i t. 

G round P i c k-Up S e l ec t i on 

Mode l AG , DG.  The m i dd l e  knob on the right-hand s i de of the Hodel 
AG , DG i s  us ed to select the sens i t i v i ty of g round current  detect i on. 
I t  i s  ca Tib rated as a percen tage of the mlnimum.available p i c k-up 
current s hown on the b rea ke r rating p l a te (F i gu re 4A) . I t  does 
not have a ny relat i onsh i p to the p i ck-up cur rent selected for the 
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1-F (cont i n ued) 

phase sett i ngs . Calibrations are marked at 20, 40, 60 , 80% but 
adjus tment is continuous. F i g u re 4A shows available ground cu r rent 
p i ck-up set t i ngs for various primary current transf ormers. 

EXAMPLE: 1 .  A c i rcu i t  brea ker has  a ra t i ng pla te per F i gure 4A. 
The pick-up s et t i ngs  are  on 11C 11 to s e l ect  300 Amps 
pick-up. The groun d  p i ck-up i s  set a t  40%. 

The ground current tha t w i ll cause tri pp i ng i �  
therefore not l es s  t han 40% of 200 Amps, or b� Amps. 

EXAMP LE: 2 .  Same cond i tions except p i ck-up settings are on 11E11 
to select 400 Amps p i ck-up. 

The g round current p i ck-up i s  s t i l l  80 Amps, based 
on the min i mum ava i !able p i ck-up of 200 Amps. 

Ground curren t p i ck-up i s  treated i n  the s ame manner as P,hase cu r rent 
p i ck-up w hen using the current- t i me curve, and the same curve (F i gures 
12, 13) i s  used for defin i ng t i me delay. 

EXAMP LE: 3. Brea ker ra ting per F i gure 4A. Phas e p i ck-up set t i ng -
1 1E1 1  (400 Amps). Ground pick-up set t i ng 4o% (80 Amps). 
An actua l ground c urrent of 320 Amps i s  f l ow i ng. 

320 Amps ground current i s  four t i mes (4X) p i ck-up 
and wi l l  cause a tr i p opera t i on i n  four and one-half 
seconds (on t he m i n i mum trme ba nd) as s hown on the 
current - time curve (Figure 1 2) .  However ,  th i s  ground 
curren t i s  much l es s  than the phase p i c k-up sett i ng, 
and would not be recogn i zed on the phase p i ck-ups. 

"The lower limit of ground fault recognition on the Models AG, AG-1, DG static trip 
devices is 40 amps ground current. Primary current transformers that provide a minimum 
continuous setting of less than 200 amps should not be used for ground fault detection. 

'LA-1600 breakers using the DG static trip device will have the limitations of 80 amps 
minimum ground fault recognition and will require primary current transformers tllat 
provide a minimum continuous current setting of 400 amps or more." (See Fig. 4A). 

I ns tantaneous Tr i p  Select i on 

Mode l s  AI and AG . The knob on the iower l ef t  selec ts a current value 
above wh i ch tr i pp i ng takes p l ace i ns tantaneous l y  i ns tead of on t i me 
delay. The c� l i brat i on i s  marked i n  mu l t i p l es of p i ck-up and al l ows 
s e l ec t i on between f i ve t i mes (5X) and f i fteen t i mes (15X) p i ck-up. 
I t  is thus  dependen t on the set t i n gs s e l ected for phase p i ck-up (as·  

we l l  as  g ro und pick-up on the Model AG) . The cu r rent-t i me curve 
(F i gu re 12) s hows how the t i me de l ay wi 1 1  fo l l ow  t he approp r i ate t i me 
band curve unt i l the i ns tantaneous sett i ng Is reached, t�en w i l l  go 
to t he Ins tantaneous value for a l l  currents above t ha t sett i ng. 
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1-F (continued) 

EXAMPLE: Breaker rating as per Figure 4. Phase pick-up se tti ngs 11A11 (200 Amps). Long-time band setting Is on Maximum, 
S hort -t i me band setting is on Minimum. Transfer to 
short-time is set at lOX . 

Currents between 200 Amps and 2000 Amps wil l trip the 
breake r  after a t i me delay defined by the maximum 
long-time curve (Figure 13). C u r rents above 2000 Amps 
wi 1 1  trip the breaker in the time indicated by the 
min i mum short-time cu rve. 

I f  the phas e pick-up settings were changed to ·�·· 
(250 Amps) , then the short-time band wou l d  be used 
for cu rrents of 2500 Amps and above, 

1-G PERFORMANCE OF STAT I C  TR I P  DEV I CES JN SERV I CE 

Amb i ent con d i tions and l en gth of serv i ce w i l l  have neg l lglb' l e  effects 
on the pe rformance of static ove rcur rent t rip dev i ces. The circuits 
used are very· stab l e  and wi II show exce l l ent repeatib i I i ty ove-r long 
per i ods of t i me, Serv i ce invo l ving frequent operations w i ll not 
cause the characteristics to change or d r i ft, s i nce there a re no 
mov i ng mechanica l parts to wea r or bea r i ngs  to l ubricate. 

·For the s ame reason, the static trip dev i ces a re to l e rant of dusty 
cond i tions, and wi l l  funct i on prope r l y  in many a reas that wou l d  
affedt the s erviceabi l i ty of e l ectro�echan i ca l  tr i p  devices, 

The temperat ure at the static trip device does have some effect on 
the characteris tics, due to changes In res ponse  of some of the 
components. Howeve r, the changes a re sma l l and wi l l  not be a factor 
in most app l i cat i ons. Over the range of -4ooc to 55oc (-40°f' to 
131°F) , the var i ation from performance at room temperature Is very 
small, amount i n g  to l es s  than)% in pick-up value and ti ming , and 
up to 1 0%  on the Hodel 0, DG In transfer ring from the long-t i me  band 
to the shbrt-tlme band� 

Operat i on shou l d  not be contemp l ated beyond th i s  range without control 
of the tempe ratu re, s uch as by heaters o r  venti l at i on .  

' 
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2-C DESCRIPTION OF TESTS 

A number of tests can be made on static overcurrent trip dev ices 
in order to verify the proper operat ion of the device, or to 
establish the accuracy of the various functions. The user w i ll 
normally establish test routines to suit the particular appl i ca t i on 
and his standard operating procedures. The following is a b r i ef 
description of available tests and their purposes. 

a) Function Test 
In many cases this is the only test that need be done. 
Using a minimum of equipment, it determines that the s ta t i c  
trip device is operating. It gives the static t r i p dev i ce 
an input above the pick-up setting and establis hes that an  
output (tripping of the circuit b reaker) i s  p roduced . I t  
does not check calibration, although It w i ll show that  t i m i ng 
is generally in the right area. 

b) Power Supply Test 

Th i s  t es t verifies that the i nt ernal power supply of t�e 
s ta t i c  dev i ce is functioning normally and Is adj us t i ng 
i tself prope rly t� changes i n  i nput. 

c) P ick-Up Test 

This test is used to s how tha t the p i ck-up current properly 
corresponds �o the p i ck-up d i al s et t i n g. I t  checks t he 
turn-on of the tr i gger circuit to as�ure that a t i m i ng 
operation wi 11 start when the input signal has reached t he 
proper magnitude. 

d) Time Delay Test 

In th i s  tes t the actual t i me-to- t r i p  i s  ca refully measured 
to assure that the selected s et t i ngs wi ll produce t i me 
delays as s pec i f i ed on the cu r rent-t i me characte r i s t i c  
curve. I t  i s  also useful i n  es tabl i s h i ng t i me delay for 
non-s tanda rd sett i ngs between the cal i b ra ted p i ck-up po i nts  
i f  such s et t i ngs are  desired . 

e) T ransfe r  Tes t 

Th i s  tes t ver i f i es that the c i rcu i ts  used  to t ransfer from 
long t i me delay curve to the i ns tantaneous tr i p  (Models AI 
and AG) and to the short t i me d elay curve (Models D and'DG) 
are funct l�n i ng properly. 

f) T r i p  S i gnal Tes t 

Det e rm i nes that the s ta t i c  ove r cur rent tr i p  dev i ce produces 
a p roper outp_ut-:for t r i pp i ng t h e  c i rcu i t  breake r . I t  i s  
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2-C (continued) 

usua l ly used as a simple t est to isolate the cause of unkn�n 
tripping irouble, since if a proper trip signa l is obtained;·� 
the trouble is l imited to the l atching system on the circ u i t!r.l 

'breaker. · ·.;·· 
:.··. 2 � . 

2-D TEST EQUIPMENT 

Simple, readi l y  available equipment Is used in the tes ting of  
s tatic overcurrent trip devices. The fo l l owing items of equipmen t  
are required for performin g the rou tine FUNCT I ON Tes t destribe� 
paragraph 2-C(a). 

I • A l i S  VAC variab l e  voltage trans former with at l east 3 Amps . 
output . 

2. An ammeter which wi 1 1  indicate I to 3 Amps with reasonab l e  
accuracy. 

��K:> 

3. An a ir-core reactor of 35 milli-henries or more with a DC ' . .  · 

resistance of 20 ohms or l ess.  A s tandard 1 25 V DC power 
circuit breaker sole�oid trip coi I ( such as A l l is -Cha l mer� 
No. 71-200-745-501)-may be used, as may other simi l ar coi l s  .• . 

However, a reactor designed for the purpose is avai l ab l e,<.:'..;l.:.,.1: 
and is a l so s ui tab l e  for the more accu rate requirements. of 
time de l ay tes ting. It may be ordered as - REACTOR -
71'-142-395-50 1. 

The test connections for the above equipmen t  are shown in Figu r e  
S. Paragraph 2-E describes test procedures. 

To perform TIME-DELAY tests as described in paragraph 2-C(d),; 
simi Jar equipment is used except that bet ter  accu racy is required 
and a timing device is needed. The required equipmen t  is as·,::; '!i 
follows: ( �'1 

. i ;.;i:) 
I. A 115 VAC variab l e  voltage trans forme r with 5 Amps output. ·::;; 

' · . ·;.(" . 
2. An air-core reactor of at l eas t 60 mi l l i-hen ries and 6 ohms 

or less DC resistance . {A l lis-Cha l mers  Reactor 7 1- 142-395-501 
may be ordered for this purpose. ) 

3. Ammeters which are accurate i� the range of 0.5 to 5 Amps . 

4. A DC voltmeter with high resis tance - at  l eas t 20,000 ohms 
per vo l t ,  s uch as a good mu l ti-meter. 

5. A double-pole, sing l e-throw switch. 

6 .  A cycle counter or simi l a r  timing device. 

- 12 -
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· ;>-:2:..0 (continued) 

The test connections for this equipmen t are shown in Figure 6. 
Pa ragraph 2-E describes tes t procedures. 

A l lis-Cha l mers can a l so s u pp l y  a comp l ete, integrated, and easily 
portab l e  test set  comprising es sentia l l y the above equipment, as 
i l l ustrated in Figure 7. Contact the l oca l A l l is-Cha l mers office 
for further information. 

2-E TEST PROCEDURES 

This section wi 11 describe in detai 1 the steps to be taken to car ry 
out the tests des c ribed in paragraphs 2-C. Tests may be conducted 
on the comp l eted circuit b r eaker , either in the disconnected cubicle 
position, or removed from the cubic l e .  lt i s  not required to remove 
or.�isconnect any permanent wiring on the circuit breaker as long as 
p�imary and contro l circuits are not connected to the breaker. It 
wi 11 usua l l y  be advantageous to perform norma l rou ting malntenanc& 
on the circuit breake r before  testing the s tatic t rip device. 

A l though the f o l l owing desc riptions re l ate to a comp l eted circuit ,. , 
brea ker unit , it wi l l  be apparent that the tes t s  can also be carried 
ou t on a s tatic trip device by itse l f. 

Pa ragraph 2-D descripes the equipment s uggested f or these tests. 

a) Function Tes t .  Proceed as fo l l ows: 

! . 

· •  ��; ; :: I 

Connect test circui t as shown in Figure 5. 
Loosen shaft tocks. 
S et pick-up knobs at 11A11• 
Set instantaneous (or t rans fer) knob at l OX or  higher. 
C l ose breaker .  
Quick l y  increase cur rent t o  1. 5 Amps {3X pick-up) and hol44 
Breaker shou l d  trip in app roximate l y  10 to 45 seconds, 

depending on the time band {see cur rent -time curve, 
Figures 12, 13). 

Reduce or shut off current. 
Repeat as desired. 
Set' instan taneous (or t ransfer) knob at 5X . 
C 1 ose Breaker. 
Quick l y  increase current to 2. 5 Amps. 
Breaker shou l d  t rip lns�ant l y  at 2.5 Amps or a l i t t l e  l es s . 
Reduce or shut  off cu r ren t .  
Repeat as desired. 
Restore origina l settings and tigh ten s haft Jocks. 

This function tes t  wi l l s how that the time delay circuit an� the 
shor t time circuit are functioning. RepeatabJllty should be 
good , but  the s pecific va l ue of time delay should not be j udged 
except in the broad sense . 
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2-E (continued) 

Obviously, other parameters can be used for this test - those 
de5cribed wi 11 give a reasonably fast test w i th m i n i mum test 
power. Higher currents at the "A11 setting wi I I  g i ve faster , 
trip times. Settings other than "A11 require more cu r rent to· 
get the desired multiples of pick-up (e.g. 3 Amps at 11E11 
setting is required for 3X pick-up.) 

The function test may be repeated using terminals 2-4 and 3-4 
(Models A I  and D); or terminal 3-2 (Models AG and D G) .  I t  i s  
not recommended to test terminals 4-2 on the Models AG, DG, 
since the ground detection trans forme r c i rcu i t  has a very 
higher impedance and is beyond the capab i l i t i es of the us ual 
low power test facilities. 

Since the function c i rcu i ts a re common for all i nput termi nal 
little is gained i n  testing more than one i nput  term i nal . '  

If the breaker does not tr i p  on the f unct i on tes ts, a tr i p- 1 
signal test (paragraph f) may be made to detenm i ne whether the 
trouble is i n  the stat i c  tr i p  dev i ce or i n  the c i rcu i t br�a 

As noted in pa rag raph 2-C(a), the funct i on test i s  the only 
test usually desirable for routi ne s e rv i ce .  The other tes ts 
described are for specific requirements, or for 

b) Power Supply Test 

Connect test circuits as  shown in F i gure 5 and F i g u re 6. 
voltmeter leads to termin als 8 and 4 (te rmi nals 8 and 2 on Hode 
AG, DG) (8 is positive). Adjust va r i able voltage t ransformer 
unti I ammeter reads about 0.5 Amps . The voltmeter s hould read 
approximately 20 to 24 volts . The actual value i s  not cr i t i cal 
and va r i es w i th each dev i ce. Increase the cur rent b r i efly to 
about one Amp and note that· the vo I tage does not change. Th i s  
i ndicates that the power s upply i s  normal. 

c) Pick-Up Test 
•· 

Connect test cir�uit as  s hown i n  F i gure 6. Connect-voltmeter 
terminals 5 and 4 (terminals 5 and 2 on the Models AG, DG) . :  
(5 is positive}. S et p i ck-u p  adj us tment at "A". Increase the 
cu r ren t slowly unt i l  the voltmeter s uddenly j umps from a very I 
value to a pp rox i mately 6 to 8 volts. Th i s  i s  t he p i ck-up �o i nt 
a nd the arrmeter should read 0 . 5  Amps . The tes t c u r rents for ot 
p i ck-up s ett i ngs a re as follows (tes t cu r rents for va r i o us mult i 
of pick-up a re also shown as  a conven i ence) : 

- 14 -
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2-E \c) continued 

PlCK-UP PICK-UP 3X 5X l OX 
SETTING CURRENT PICK-UP PICK-UP PICK-UP 

A 0. 5 Amps 1. 5 Amps 2. 5 Amps s.o Amps 
B 0. 625 1.875 3.125 6.25 
c 0. 75 2.25 3.75 7.5 
D 0.875 2.625 4.375 8.75 
E 1.0 3.0 s.o 10.0 
This tes t may also be made on the other phases of the s tatic t rip 
device. For Mode l s  AI and 0, change connections to termina l s  2-4 
and then 3 -4. For Mode l s  AG, DG, change the connection to 
t erminals 3 -2; do not tes t on termina l s  4-2, as exp l ained in 
parag raph 2-E (a). 

The pick-up tes t is quite sensitive to the wave shape of the tes t 
cur rent, which wi I I  not be perfect in most fie l d  test equipment. 
This may caus e  an apparen t l ow  re�d lng which may be in the order 
of 10%, in add i tion to the production to l erance of p l us or minus 
10%. Thus,  if the tes t shows t hat pick-up is within these l imits,  
the  p i ck-up ca l i bration marks can be re l ied upon. 

d) Time De l ay Test 

Connect tes t ci rcuit as s hown in Figure 6. Since the same timing 
circuit. is used for a l l phas es, it is not necessary to test more 
t han one phas e. 

Set pick-up on minimum (11A11 set ting). The pick-up current Is then 
0.5 Amps. Set tings other than "A" may be used, but will not permit 
t he range of t es t  that is pos s ib l e  with the minimum pick-up set t1ng. 
Refer to the tab l e  in paragraph 2-E(c) for actual test-currents at 
various p i ck-up settings and various mu l tip l es of pick-up current. 

Set  ins tan taneous {or t ransfer) at 15X so that the l ong-time bands  
may be  tes ted. Any mu l tip l e  of the  piek-up cur rent may.be tested 

· within the l imits of the test equipment {about 5 Amps on the 
equipment described) . 

C l ose the ci rcuit breaker. 
C l os e  the doub l e-po l e  switch �nd set the desired test cur ren t. 
Open the swi tch and reset the cyc l e  coun ter. 
C l os e  the swi tch and, ho l ding the cur rent steady, wait for the 

ci rcuit b reaker to open. 
Open the s .witch and read time de l ay on the cyc l e  counter. 
Repeat as desired. 
Repeat as desi red with other combinations of test current 

and/or pick-up setting. 
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2-E (continued) 

Repeated tests at the same settings should agree very closely 
and show good agreement with the time band used during the 
tests. Usually the time delay wi II fall within the width of 
the time band, however, minor deviations may sometimes occur 
and are acceptable for reasons discussed in paragraph 2-G and 
paragraph 2-H, 

On the MODELS D, DG static trip device it is possible to test 
for.time delay on the short-time bands also. Connect test 
circuit as shown in Figure 6. Set the pick-up at 11A", set 
the transfer knob at 5X, and adjust the test current to 5 Amps. 
Close the circuit breaker, then close the switch. The ci�tult 
breaker should trip very quickly, the actual time delay being 
as shown on the time-current curve (Figure 13) for the time
band tested, Although only a smal I part of the curve can be 
tested with the equipment described, the test is a valid one 
since it does �ow the short-time circuits to be functioning 
and in calibration over the entire range. 

On the MODELS AG, OG static trip device it is not practical 
to test for time delay or pick-up on the ground pick-up 
circuit because of the high saturated reactance in that 
circuit, and because tests on the phase circuit (terminals 
and 2, or 3 and 2) also prove the timing and pick-up of the 
ground pick-up circuit. Such tests can be-made, however, if 
facilities are avai !able, Equipment requi.red would be a 230 V 
AC supply, a 230 V variable transformer, and an air core 
reactor of about one Henry inductance. Pick-up currents for 
the ground pick-up circuit (terminals 4 and 2) are 0.1 Amp for 
the 20% setting, 0.2 for 40%, 0. 3 for 60% and 0. 4 for 80% • .  

Procedure is the same as outlined above. 

e) Transfer Test 

Connect test circuit as shown in Figure 6. For MODELS AI or 
AG set pick-up at 11A11 setting and instantaneous at 5X. Increase 
current rapidly until the circuit breaker trips, which should 
be at 2.5 Amps. Other combinations of current and settings may 
also be tried. 

For HODEL D connect test circuit as shown in Figure 6. Connect 
voltmeter leads to terminals 4 ahd 6. Set pick-up at 11A11 

setting and transfer at SX. Increase the current until the 
voltmeter suddenly goes ·to a reading of 6 to 8 volts at 2.5 
Amps. test current. This indicated that transfer to the short
time band has occurred. 
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2-E (continued) 

For MODEL OG connect tes t  c i rcuit as shown in Fig ure 6� Connect 
voltmeter leads to terminals 2 and 6. Set pick-up at "A" setting 
and transfer at SX. I ncrease the current unt i l  the voltmeter 
s uddenly goes to a reading of 6 to 8 volts at 2 . 5  Amps test 
current. Th i s  i nd i cates that trans fer to the s hort-time band has 
occurred. 

Other s ett i ngs may a l so be tested. For examp l e, w i th 11A11 pick-up 
s ett i ng and lOX trans fer s ett i ng, the test cu rrent at wh i ch 
transfer to the short-t i me band takes place will be 5 Amps. A 
tolerance of 10% on trans f er i s  permiss i ble. 

f). Tr i p  S i gna l Tes� 

;:••: This test may be made in conjunct i on w i th any other tes t that 
produces a c i rcuit breaker tr i pping s i gnal, and i s  part i cularly 
useful when s tat i c  trip devices are be i n g tested w i thout the 
c i rcuit breaker or the circu i t  breaker tr i pp i ng dev i ce .  

Connect a IOO ohm, one Watt Resistor across term i na l s 7 and 8 of 
the s tatic trip dev i ce when the circuit breaker tripp i n g dev i ce 
(see F i gure 1) is not connected to the stat i c  trip to simulate 

,- a l oad dur i ng thLs tes t. 

Connect the voltmeter to term i nals 7 and 8 (8 i s  pos i t i ve) . 
When the tes t  be i ng con ducted prod uces a t rip signa l ,  the vo l t
meter wi 11 s uddenly jump to a readin g of approximate l y  8 to 10 
volts. Th i s  voltage wi 1 1  disappear when the tes t cu r rent is shut 
off . 

It i s  apparent that the time delay before obtaining a trip signa l 
can eas i l y be pred i cted from the known s t a t i c  trip dev i ce settings, 
known test cu r ren t , and the appropr i ate curren t -t i me curve. 

2-F HIG H  CURRENT TESTING 

I t  i s  obv i ous l y  pos s i b l e  to test the static overcu r rent trip sys tem 
by  pas s[ng high cur rent th rough the c i rcu i t b reaker p rima ry circuit. 
However , the equipmen t required for s uch test i ng i s  normally of a 
s pecia l nature and not read i ly av a i lab l e, whereas the equ i pment and 
procedu res described in this instruction a re universa l ly a pp l icab l e  • 

... , The us ua l h igh cur rent test equipment  operates at very low vo l tage, 
and fo r this reason it may .not d rive a sinusoidal cur rent  through the 
s tat i c  t r i p  device, and the test res u l ts wi l l  show an  appa rent error. 

,,,Cu'r rent wave shape shou l d  be checked and a l l owances made for dis -, tort i on i f  the use of s uch equipment is con temp 1 a ted. 

The basic concepts outl i ned in this i nstruct i on a re val i d  fo r testing 
with othe r k i nds of equipment and wi l l requi re on l y  minor detai l 
chan ges to adapt to d i fferent tes t c i rcu i ts. 
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2-G ACCURACY OF TESTS 

A bus hing type current trans f ormer on a power c i rcuit is essentia l 
a constant current dev i ce ,  and w i l l  dri ve a s i ne wave of cur rent 
through a saturab l e  reactance and  resistance load , s uch as the s 
trip device , Therefore, a pure sine wave of current is 
manufacturing tests and  calibrations . 

For fie l d  tes ting however, it is conven i ent to use a va riable 
trans f ormer as a s ource of  test cu rrent. Th i s  i s  essent i ally a 
constant voltage dev i ce ,  and w i  I I not d r i ve a s i ne wave of cu r rent 
through the static trip device l oad. The res ult i ng d i stort i on of 
current wave shape caus es the test ammete r to read i ncor rectly and 
ca uses a n  a pparent decreas e in the expected t i me delay , s i nce the 
time-current curves are based on pure s i ne wave cu r rents. 

Another w�y to l oo k  at it is that a bus h i ng type cur rent t ransfo 
w i  I I  faithf ully f o l l ow the cu r rent wave s hape i n  the prima ry circu 
(as long as the trans fo rme r does not satu rate). S i nce the p r i mary 
c�r rent i s  us ually a sine wave, the s ame wave s ha pe w i ll be p rod 
in the load . The circuit wi 1 1  provide whatever voltage i s  ne�ess 
to d rive the cur rent, and the resu l t i n g volta ge a t  the l oad may be 
very d i f ferent from a sine wave. 

A variab l e  vo l tage tra ns f ormer on the other hand, when connected 
the s ame load wi 11 prod uce a s inusoidal volta ge wave shape and the 
c u r r ent w i l l  not be s i nus oida l .  S i nce th� cu r rent and vo l tage are 
i n  phase, the vo l ta ge wi 11 be zero when t�e c u r rent i s  pass i ng' 

'th rough 4ero , and there wi 11 be no volta ge to d r i ve the cur rent j 
at the t i me when the rate of change s hould be very h i gh in order 
maintain a sinuso i dal current . 

By i nserting an ai r co re reactor of suf f i c i ent s i ze, the phase ang l 
between cur rent and volta ge can be altered so that the voltage at 
cu r rent zero is high enough to s upport the rate of change of cu rre 
requ i red for a s i nusoida l current wave shape. The reactors s ugges 
in th i s  i nst ruction a re adequate for the p u r pose described, alt 
they do not produce a tota l cor rection of the c u r rent wave shape. 
They rep resent a comprom i se  between deg ree of cor rection and � ·  !l 
magn i tude of test cu r rents available f rom a 1 15 V source that i s ;d 
s�tisfactory for all practical purpos es. 

2 -H G ENERAL COMMENTS ON TEST RESULTS 

Good tes t  res ults , pa rticula rly on those tests i nvolv i ng the 
men t of t i me delay, requ i re ca reful attention and p rope r  use 
fac i lit i es. The ammeters used to meas ure tes t cu r rent shou l d  be 
accu rate and recently cal i b rated; and shou l d  be read ca refu l ly� 
e r ror in cu r rent measurement w i ll cause an appa ren t er ror in t iming 
of double magn i tude. Fluctuat i ons i n  the tes t s upp l y  v ol tage wi l l  
change the test cu r rent , and th i s  too can cause an apparent e rror I 
t i m i ng. Cur rents should be mon i tored during t es t ,  and the tes t;·�. 
repeated if the s et cu r rent var i es. ··"' 
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2-H (con t i nued) 

Knob set t i ngs on the s ta t i c  t r i p dev i ce can cause apparent e r rors 
If  the po i nters a re not a l i gned with the  ca l ib ration marks.  Lar ge 
�rrors may be found i f  the knob has been moved re l a tive to its shaf t 
however ,  co rrect i on i s  eas i l y  accompl i s hed as  descr i bed in paragraph 
2-A. 

A l though the tes t equ i pment and p rocedu res desc ribed here do not 
permit tes t i ng a t  h i gh mu l t i p l es (above approximate l y  l OX) of pick-up 
cu r rent, that  is not a detr i ment to s a t i sfactory confidence in the 
use of the tes t res u l ts.  The tests al l ow  a l l circuits of the s tatic 
t rip dev i ce to be checked , and i f  t hey a r e  function i ng prope r l y  and 
in ca l i b ration a t  l ow  mu l t i p l es, i t  i s  p ract i ca l l y  impossible for the 
high end to be i n  e r ror. Of course, a b roader  range of test values 
can be obta i ned i f  more tes t power i s  ava i l ab l e, but this is not 
necessary or  recommended. 

Product i on procedu res invo l ve adj us tmen t, ca l i b rat i on, and test 
th1·ou ghout the f u l  1 range of adj us tment on equipment much more 
elaborate and prec i se than that suggested fo r f i e l d  use. Subsequently 
pr)or to sh i pment , add i tiona l proof testing is done by pther persons 
using equ i pment fundamen ta l l y simi l a r to that s uggested for f i eld 
tes ts. Th roughou t the manufactur i ng cyc l e, the equipment and pro
cedu res a re r i g i d l y  spec i f i ed and c l os e l y  con t ro l l ed to assure  
cont i nu i ng accu racy . Consequent l y  i f  a fie l d  test d i sc l oses an 
apparent m i no r  dev i a t�on f rom the expected tes t res u l t, it is 
adv i sa b l e  to re l y  on the ca l i b rat i ons as ma r ked on the s tatic trip 
dev i ce, and not to assume tha t the ca l i b rat i ons a re in er ror. 

Obv i ous l y ,  l a rge dev i a t i ons and i mp roper f unct i ons shou l d  not occu r. 
I f  su�h is the �ase, i t  i s  recommended tha t the l oca l office of Allis
Chalmers be contacted for advice. The nature of e l ectron i c  devices 
of th i s  type, us i ng spec i a l  qua l ity components and c l ose l y  control l ed 
s election and adj ustment techniques , prec l udes the abi lity to attempt 
reliab l e  repa i r of static trip devices in the f i e l d. 
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SECT�ON 3 - TECHNICAL OESCR'PTIQN 0� 0°ERATION 
OF STATIC OVERCURRENT :RiP OEV!CES 

This s ection. is presented for the benefit of those that may desire a 
comple t e  and de tailed understanding of the circuit funct;ons used in 
Allis-Chalmers Static Overcut rent Trip Devices. Tt,e following paragr 
are not neces sary to t he proper use and s erv\Cing of static t rip devi - SECTIONS 1 and 2 are complete in that res pect. 

Ooeration of the various models of the s tatic tr!p 
in detai 1 from elementary diagrams. The diagrams to be used are s 
$implified in that s ome of the auxiliary circuits (such as c i rcui t ry 
biasing voltage, factory adjus tment for componen t  tolerances, t empera 
compensa t i on, reduction of voltage spikes du e t o  t rans former satu rati 
etc. ) have been omit ted to make the descr i p tions of f unctions as simp! 
and clear as pos s ible. 

3-A OPERATION OF D UAL MODEL A I  

Re f er t o  elementary diagram for this dev i ce, Figure  9.  Each 
cu r ren t t rans former mounted on b reake r is connected in s e rie�.wi 
a power-s upply and auxiliary trans former. The power -s upp l y  t ra 
formers  are des igned to saturate at  r e l a tive l y  low vo l tage to l 
the amount of ene rgy in their output  a t  high overcur rents. This 
energy would otherwise be dif ficult t o  cor.trol ln the s ma l l 
available. The output of thes e t rans f o rmers  goes to a fu l l · 
rectifier as shown and is then f i ltered by capacitor Cl 
Rl to l imit ripp l e. The output voltage.is regulated by 
Zl to provide a power supp l y  for transis tor  circuits . 

The auxiliary trans former might als o  be referred to  as i mpedance 
match i ng trans former as they reduce the s econdary cu r rent  f rom b 
t o  a s till lower order of magnit ude at  higher voltage to  serve 
the signal cu r rent for the device. Mos t  of the cu r rent  f l ows 
Pot. P l  ( for  Phase A) and es tablis hes a vo l tage proportiona l �  
primary curren t  in the breaker. The magn:t ude of this voltage 
determines whe ther or not the breake� wi l l  tr'p and time de l ay 
tr i pping. Obv:ously the relation be tween thls AC vo l tage and th 
p rimary current can be varied by adjus ting Pot. Fl. This adjus 
then varies the minimum primary curren t  at wh;ch breaker w i ll tri 
a nd is the external pick-up adjus tment. 

A small portion of signal current•from the aux1 r!ary transfo rmer 
rectified and flows through tr i m  pot. P4 to es tabiish a vo l tage 
actu�tes the t r i gger circuit .  Setting this vo l tage at P4 is an 
in ternal factory adj ustment to allow for component tolerances. ,_ 
tr i gger circuit consists of t rans i s tors  Tl and T2 pius associat 
circuit ry. I t  is commonly called a S chmitt Trigger Circuit. 
Normal l y ,  when pri mary cu rrent and resu l t i ng signal are be l ow  
s e t t i ng ,  base current  of Tl flows t hrough Zener Z2. D i ode D 6, 
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3-A (continued) 

resistor R3 a nd Tl is on. T2 is biased off by voltage across R4 
due to co l l ector current from Tl. When vo l ta ge at P4 is high 
enough , base current is blocked at 06. Tl goes off and T2 conducts. 
Collec�or current through RS then establishes a blocking vo l tage at 
diode D7 and timing capacitor C3 can then charge. If , at any time, 
signal voltage goes even slight l y  be l ow set po i nt, Tl prompt l y  
conducts and T2 goes of f. Timing  capacitor C3 can then discharge 
through RS a nd device is reset. 

A very sma l l portion of rectified signa l current f l ows throu gh diode 
D4 and resistor R2 to estab l ish a DC vo l tage across capacitor C2. 
This acts essentia l l y as a peak fi l ter and D . C. vo l tage is very 
near l y  equa l to peak AC vo l tage. Consequent l y  it makes l itt l e  
difference in the operation of the device whether overcurrent i s  
three-phase or sing l e-phase. The device responds on l y  to the current 
i n  the highest phase. 

The DC signal vo l tage across C2 causes a very smal l current to flow 
through a non-linear resistance network to capacitor C3 . Th i s  non
l inear resistance is the time shaping circuit and the va l ue of 
components s e l ected determines the s l ope and shape of the current
time characteristic curve. I f  the signa l vo l tage i s  above the set 
point so that the trigger has operated , capacitor C3 wi l l gradua l ly 
charge . When vo l tage at C3 reaches the peak po i nt emitter voltage 
of T3 , the l atter wi l l fire to discharge C3 through resistor RIO. 
Res u l ting voltage pu l se acros s RIO tr i ggers gate of SCR which then 
conducts to energize trip coi l and open breaker . With breaker open, 
there is no l onger any energy from b . c.t. for the power supply and 
b l ocking vo l tage at D7 d i sappears. Any remaining charge on t i m i ng 
capacitor C3 then f l ows through D7 and RS and the device i s  reset. 

I n  this arrangement the non-linear resistance network determ i nes the 
s l ope and s h a pe of the c urrent-time characterist i c  curve . The 
simp l est way to increase  or decrease  time delay without chang i ng 
s l ope or s hape of curve is to vary the va l ue of C3. Th i s  i s  the 
method for obtaining the three time bands s hown on the character i st i c 
curves and is a factory adjustment for this mode l .  

I ns tan ta'neous trip adj us tmen t is by means of Pot. PS and is an 
external field adjustment . Whenever the voltage at s l ider of Pot. PS 
is high enough , Zener Diode ZS conducts to estab l ish a vo l tage acros s 
resistor R9 which exceeds the peak point emitter voltage of T3. T3 
then fires to discharge capacitor C6 to create a p u l se across RIO 
which triggers the SCR to energize the trip coil. 

3-B OPERATION O F  DUAL MODEL AG 

Refer to e l ementary d i agram for th i s  device - F i g ure 10. Note that 
th i s  diagram is the s ame as for Model AI except for arrangement of 
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3 - B ( con t i n u e d �  

powe r - s u p p l y  a nd a u)('. i l i a r y  t r a n ;; i o rme r s  i n  dev i ce. ! n  t h i s  model 
a powe r - s u p p l y  a n d  a ux i l i a r y  t r a n s f o rme r are connected in ser i es 
w i th th� common or neu tral of t he b , c . t .  and  w i  1 1  therefore detec · 
phase to ground faults l f  t he s y s t em i s  grounded . They w i l l  not : 
respond to load curren ts o r  h i gh three-phase i nrush currents s i nt 
none , or very l i t tle, curren t flows i n  the neutral under such • ' ' 

cond i t i ons provided the l o3 d  i s  reaso�ab l y  wel l balanced between 
phases . 

These transformers i n  t he neu tral are d i ff eren t from those i n  
phase c i rcu i ts and are des i gned to prov i de a power supp l y  and  
s i gnal suf f i c i en t  to opera te the dev i ce at curren t magn i t udes 
20% of those req u i red to operate from tran s f ormers i n  the phase 
c i rcu i ts .  

I n  al l  other respects th i s  Mode l AG i s  the s ame as Mode l AI and 
descr i pt i on of operat i on follows paragraph 3 -A .  

3 -C OPERATION O F  S ELECT I VE MODEL D 

Refer t o  elemen tary d i agram for th i s  d evice - Figure 1 1. Eac� : � · i 
bush i ng current tra nsformer mounted i n  breaker is connected i n · � ·· 
s er i es with a power-s upply and a uxi l i ary transformer . The powe'r� 
s upp l y  transformers are des i g ned to saturate at relative l y  l ow  " 
vo l tage to � i m i t  the amount  of ene r gy i n  the i r  output at h i gh 
overcurrents . Th i s  energy would othe rw i se be d i ff i cu l t  to con t ro 
i n  the sma I I  space ava i 1 ab 1 e ,  The output of these transformers · i 
connected to a fu  1 1  wave rect i f i er as shown"' and  then f i 1 tered by --. · · 

res i s tors R l , R2 and Capac i tor Cl to l i mit · ripp l e .  The output · _ - � 
vol ta ge i s  regu l ated by Zener D i ode Z2 to p rov i de a power s u pp l )< li 

for trans i stor circu i ts .  Zener Zl l i mit s  the magnitude of the · 

voltage s p i kes at h i gh overcurren ts a nd reduces duty on Z2 . 

The a ux i l i ary transformer m i ght a l so be refer red to as impedance 
ma tch i ng transfo rmers as they reduce the s econdary cu r rent f rom · ::.. . 
b ,c . t .  to  a s t i l l  l ower magnitude at higher vo l tage to serve as 
the s i gnal c urrent for the device. Most of th i s  current f l ows 
through Pot . PI (for phase A) and  est a b l ishes a vo l tage p ropor 
t i ona l to the pr i mary curren t i n  the breaker .  The magn i tude of .. . _ .  

th i s  vo l tage determ i nes whether or not the breaker w i l l  tr i p  and 1 • 1 
the t i me delay before t r i pp i ng .  Obv i ous l y the re l at i on betwee� � � 

this AC vol t a ge and  the pr i mary current can be varied by adj us t i ng� 

Pot . P l . This adj ustment then varies the m i nimum primary c u rrent · ·  
at which breaker wi 1 1  t r i p  .and  i s  the externa l p i ck-up adj us tment ." · 

A sma l l port i on of s i gna l current  from a ux i l ia ry t ransformer i s  
rectif i ed and  f l ows through tr i m  pot. P4 t o  es tab l i s h a vo l tage 
which actuates the tr i gger c i rcu i t . Set t i ng th i s  vo l tage at P4 i s ,_ 
an i nte rna 1 factory ad jus tmen t to a 11 ow for component to 1 erances . �- : 
The trigger circuit consis t s  of transis tors T l  and T2 p l us · · ·  � � 

a s soc i ated c i rcu i try . Norma l l y ,  when p r i ma ry current and  resu l t i ng 
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3-C (cont i n ued) 

s i gna l are be l ow pick-up s e t t i ng ,  base current of Tl f l ows t hrough 
Zener Z3 , niode 06 , and Res i s tor R4 , and T l  i s  on . T2 i s  then 
b i ased off by vo l ta ge acros s R5  due t o  co l l ector curren t  from T l .  
When vo l tage a t  P4 i s  h i gh enough , bas e curren t i s  b l ocked a t  D6 . 
T l  goes off and T2 conduc ts . Co l l ec tor curren t from TZ t hrough R6 
then es tab l ishes a b l oc k i ng vo l tage at  D i ode D7  and t i m i ng capac i tor 
C3 can t hen charge .  

l f , ' a t  any t i me ,  s i gnal  vo l tage drops even s l i gh t l y  be l ow  s e t  po i nt 
va l ue ,  T l  prompt l y  conducts  and T2 goes off. T i m i ng capac i tor C3 
can then d i s charge through R6 and device is rese t .  

A ' sma l l port i on of rec t i f i ed signa l curren t f l ows through d i ode D4 
and res i s tor R3 to es tab l i s h a DC vo l tage acros s capac i tor C2. Th i s  
aits es sent i a l i y  as a peak fi I ter as the D C  vo l tage i s  very near l y  
equa l t'o pea k AC vo l tage. Consequen t l y  i t  makes l i t t l e  d i fference 
i n  the operat i on of the device wh ether overcurrent i s  t hree-phase 
or s i ng l e-phase. The device res ponds on l y  to the curren t  i n  the 
h i ghes t_ phas e .  

The D C  s i gna l vo l t �ge a t  C2 causes a very sma l I curren t  t o  f l ow  
thro ugh a non - l inear resis tance ne twork to capac i tor C 3  {for M i n i mum 
T i me Band) . T h i s non � l i near res i s tance i s  the t i me-sha p i ng c i rcu i t -
and the va lue of comp,pnen ts se l ec t ed determines the  s l ope and s ha pe 
of the current - time characteris t i c  curve. I f  the s i gna l vo l tage i s  
above the s �t po i n t so that  trigger has operated ,  C3 w i  II gradua l l y  
charge . When vo l tage a t  C3 reaches the peak po i nt em i t ter vo t tage of T5 , 
the l a t ter wi I I  fire to d i s charge C3 through res i s tor R 18 .  Res u l t i ng 
vo l tage pu l se acros s R I B  tr i ggers gate of SCR wh i ch then conducts to 
energ i ze trip coi 1 and open brea ker . W i th breaker open , there i s  no 
l onger any energy from b . c . t .  for power s upp l y  and b l ock i ng vo l tage 
at 07  d i s a ppears. Any rema i ning charge on t i m i ng capac i tor C3 then 
f l ows through 07 and R6 and device is i mmed i a te l y  comp l ete l y  reset . 

As men t i oned above , the non - l inear resis tance ne twork det erm i nes the 
s l ope and s hape of the curren t - t i me character i s t i c  curve . The 
s i mp l es t  way to i ncreas e or decreas e  t i me de l ay w i thout  chan g i ng 
s l ope or s hape of curve i s  to vary the va l ue of t i m i ng capac i tor . 
Th i s  ' i s  the  method for ob ta i n i ng the three t i me bands s hown on 
character i s tic curves . By means of switches as s hown the number of 
capac i tors i n  the c i rcu i t may be one , two or four. Corres pond i ng to 
M I N I MUM , I NTERMED I ATE AND MAX I MUM T I ME BANDS . For Mode l D t h i s i s  an 
externa l f i e l d  adj us tmen t. Switch con tac t s  are con tro l l ed by knob 
marked LONG  T I ME BAND S ETT I NG on ca l i bra t i on p l a t e .  

TRANSFER T O  SHORT T I ME i s  con tro l l ed b y  s e t t i ng of Pot. PS wh i ch i s  
an externa l f i e l d  adjus tmen t. When s i gna l vo l ta ge , and consequen t l y  
the vo l tage a t  s l i der of PS , is h i gh enough , transfer tr i gger opera tes 
to act i va te the s hort t i me de l ay c i rcu i t .  The transfer tr i gger i s  
compr i sed of transis tors T3 and T4 p l us assoc i a ted c i rcu i try . I t  
funct i ons i n  much the s ame manner as  trigger for l ong t i me de l ay 
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3 -C ( con t i :l ued)  

p rev i ous l y  desc r i bed . That i s ,  norma l l y  when p r i ma ry cur ren t and 
consequen t l y  DC  s i gna l vo l tage i s  be l ow va l ue set at  P5 bas e current 
for t rans i s tors T3 f l ows th rough d i ode 0 9  and res i s to r  R l l .  T3 
conducts · 3nd i t s co l l ector  c u r rent  c rea tes a vo l tage a c ross R 12 
wh i ch b i ases T4 of f .  When s i gna l vo l tage i s  h i gh enough , base 
cu·r ren t i s  b l ocked a t  D i ode 09 . T3  then goes off  and T4 conduc t s . 
Co l l ector  cur ren t f rom T4 then f l ows t h rough R13 to crea t e  a 
b l oc k i ng  vo l tage a t  0 1 1 .  T i m i ng capac i tor C9 i n  shor t - t i me de l ay 
c i rcu i t can then cha rge . Th i s  s ame vo l tage causes c u r rent to f l ow  
th rough D i ode 0 1 3  and Res i s tor  RS to c reate a vo l tage wh i ch b i ases 
t rans i s tor T2 of f so that  l on g - t i me de l ay c i rc u i t ceases to ope ra t e .  

No te that  capac i tor  C9 i s  cha rged f ro m  powe r -s upp l y  vo l tage wh i ch i s  
regu l ated cons tant  vo l tage . T i me to cha rge i s  therefore cons tan t 
and i ndependent of t he magn i tude _of pr i ma ry curren t s o  l on g  as i t  i s . 
above the m i n i mum va l ue to ope ra te  t r i gger c i rcu i t  as det e rm i ned by · :  
sett i ng of  Pot . PS . · 

The t i me t o  cha rge C9 can obv i ous l y  be va r i ed by sett i ng of  Pot . P6 
wh i ch i s  the  externa l adj us tmen t ma rked "SHORT T I ME BAND S ETT I NG" 
on ca l i b r a t i on p l a t e .  

When vo l tage at  C9 reaches pea� po i n t em i t ter  vo l tage o f  TS , the  
l a tter f i res to d i s cha rge C9  t h rough res i s tor R 18 and  c rea te a 
vo l tage pu l s e wh i ch t r i ggers gat e  of  SCR to ene r g i ze t r i p  co i l .  
Af ter  b reake·r opens , powe r s upp l y  and b l oc k i ng vo l t age d i sappea r 
and any rema i n i ng cha rge on C9 d ra i ns off  through O i l and R 1 3. 
Oe� i ce i s  t hen comp l e te l y  res e t. 

3 -0 OPERAT I ON OF S E LECT I V E  HODE L DG  
·.; i . .) 

Refer to e l emen ta ry d i ag ram for  th i s  dev i ce - F i gure l l A. Note that" _; ,) t h i s  d i agram i s  the  s ame as for Hode l 0 except for a r rangemen t of  
powe r s upp l y  and  aux i l i a ry t rans fo rme rs i n  dev i ce .  I n  th i s  mode l a 
powe r s upp l y  and aux i l i a ry t rans former a re. connected i n  s er i es w i t h  .; 
the common or neu t ra l of t he b . c. t. and w i l l  therefore detect phase . 
to  ground f au l ts i f  the sys tem i s  g rounded . They w i l l  not respond t� 
l oa d  cu r ren ts  or  h i gh th ree-phase  i n rush cur ren ts s i nce none , or very 
l i t t l e ,  cu r ren't f l ows i n  the neu t ra l  under s uch cond i t i ons prov i ded 
the l oad i s  reasonab l y  we l l ba l anced between phases . 

These  t ransforme rs  i n  the  neut ra l a re d i fferent f rom t hose i n  phase 
c i rr.u i t s and arc  des i gned to prov i de a powe r s upp l y  and s i gna l 
·: u f f i c i en t  to operate  dev i ce a t  current magn i t udes 20% of t hose 

equ i red to ope rate f rom t ransformers i n  the phase c i rcu i ts. 

· �  � � ; n t he r res pec t s  th i s  Mode l OG i s  t he s ame as  Hode l 0 and 
- - · · n · l " � of ope ra t i on fo l l ows parag raph 3-C. 
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PRIMARY 
CIRCUIT 

De RIO 

Rt ce 

Zl 

�����_.���----._�����--�---.-�--� .. ���nw 
F I G .  9 
TYP I CAL 

E L E M E N TARY D I A G R AM - DUA L MOD E L  A-I,A-2 
AUGU S T  6 , 1 9 6 4  71 - 2 10-474- 401 
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l 
� t 
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j 

I 

-

• 

AWS·CHALMERS 

I N STR U CTI O N  
B O C K  
.. 

STAT I C  OVERCURRENT TR I P  DEV I CE 

MOD E LS A• l ,  A-2, AG, AG-1 , D ,  D- 1 , DG 

MARCH , 1 967 Book No. BWX-6678- 1 
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' . :  ,,;:B:J ':\:.� . 
3 - :_;::.;;!'. DESCRIPTION : :  ·(ji���� 'c';·· ·_ -, 

. .  :��;JfP���:���("�,-�_-:·.-::-_:;;:·· .. . ·. .. . 
·setok Pin for'ttem. 1 21 �. · ··_ �: iY�:���:� :�¥-.;{ --
spring Discharge Shock 

:Absorber Strike Plate 

-r·�-1�����-
' . •127 c' Spring Discharge Shock 

i ·j' i 

_: ·!. .. ,. :,.:> � 
� " 1 "':\-� ... _,,. . 

: t .' ' ; ' 

. -
� .• 

t 
3 • 

' 

.f 

. i 

1 28 

1 29 

130 

131 

132 

133 

Absorber Pad 
· 

- - £;_:::.::�2 
. : . . . · - ' -

Packers for Item 1 27 
· - ""'';_ ' 

. .'·k�_:._;--··::-�· 
Locating Screw for Item 1 26 

_: ·.�- · --�- ;�r�� .  :��

Hex Nut for Item 1 29 

��;1�����;-.��\ 
Lockwasher \""1:t.i''• ,:;���:��;:;}�-�11\��> _· 

Mechanical Plate 
Fixipg __ Screws 

� . _.· r.�:· ; _;;>j� 
Hex Nut for Item 1 32 

134 I Lockwasher 

135 I Mechanical Cover 
Fixing Screws 

136 1 Lockwasher 

137 I Spring Discharge Lever 

138 I Spring Discharge Lever 
Return Spring 

139 Plain Washers 

�=; -

140 Circlips . ..,.:� , 

141  I Closing Springs Ass'y 

142 I Link 

143 I Link Pin 

2-

1 0  

8 

8 

2 

2 

1 24 329/1 

1 24331 /1 

4MM 
UNI5 588·65 

4 M M  UNI1 7 5 1  

1 229 29/1 

.. 8MM 
UNI5588-65  

8MM UNI1 7 5 1  

8x1 OMM 
UNI240 

8 M M  UNI 1 7 5 1  

... 
1 2 58 02/1 

1 1 8542/1 

2 5 .3MM 
UNI1 733 

2 Type 5 
500331 

1 2 80 76/1 

1 2 3246/1 

1 2 6 7 49/1 

I 4 
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. � -· 

44 

45 

46 
f'�����j Hex Nut , •-;:,;,r-.. •· ,,,,>-. · 

f : ; - �?�_�f::;-,?:{{:1 
47 Lockwasher ' 

·• .--- _ - 48 Ratchet Pawl 
· ... ·' 

� ;'\ . 

49 I Ratchet Pawl-Return Spring 

50 I Ratchet Pawl-Pivot Pin 

51 I Pivot Pin Locknut 

· . ;; 

52 I Lockwasher > '  ·' 

53 I Chain Wheel 

54 I Chain 

55 I Sprocket 

56 Washer 

57 Drive Lever�- : -;,. , .. . 

58 I Drive Lever Spacer 

59 I Drive Lever Shim Washer 

60 I Spring Latch Prop. 

QTY • .  

PER , . 
, MECH'M . . 

1 

1 

1 

· ' . , REF. 
NO. 

·· 1 2�31 6GR.1 

Durkopp type 
. 31 0·341 0 

p 
A 
R 
T 

DE.SCRIPT!ON 

61 I Spring Latch Prop. · · 

Return Spring 

62 I Spring Latch Prop.· 
Shim Washer 

Tarring Ton. 
Type TRA 1 625 I 63 I Spring Latch Lever 

. 1 2 3238/1 

,N 1 .1 26757/1 

2 25MM UNI3653 

1 1 1 907111 

8MM UNI5589-65 

64 I Roller Bearing 

65 I Roller Bearing Circlip 

66 I Latc h Lever Circlip 

67 Tripping Toggle & 
Latch Assembly 

QTY • . · .  . ; :  REF. ·. . PER · . . : .:', �: :> No. -- - - -- M��w� , ,\:··: -;) :. L:if.: · ;. ·· 

1 

1 

1 

' ' :  . , . 

1 24332/1 

--\ 

50021 4/41 

1 26751 11 

. Type RNAF 
6 x i  3x8mm 

Type 5 500331 

· 1 5MM UNI3653 

1 24 306GR.1 

68 Tripping Toggle Reset Springs 2 1 3007 4GR.1 
8MM UNI 1 7 5 1  

1 1 9067/1 

1 1 9070/1 

1 1 9069/1 

8MM UN15588-65 

8MM UN�7 5 1  

1 1 9065GR.1 

1 1 8 969/1 

1 2 76 39/1 

1 21 770/1 

1 24283/1 

1 2 1 768/1 

1 21 770/1 

1 2 3259/1 

69 I Spring Anchor Pin 

70  Spring Anchor Pin N u t  

7 1  I Lockwasher 

72 I Link Pin 

73 I Cotter Pin 

74 I Washer 

75 I Pivot P in 

76 I Pivot Pin Circl ip 

17 

78 

Latc h Check Switch 
Mounting Bracket 

Latch Striking Lever 

79 I Switch Operator 

80 I Circ l ip 

81  I Adjusting Screw 

Pg . 6  

1 2 4334 

6MM UNI5589-65 

6MM UN11 751  

500589/2 

2 3x1 8MM UNI1 336 

2 50021 4/6 4 

1 2 3397/1 

Type 7 500331  

ST2489 38GR.1 

1 228 48/1 

1 2 2849GR. 1 

Type 5 500331  

8x1 5MM UNI1 9 1  

;, 

'(' 

t 

f 
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-
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. 

_ .  _\_!_�:,.�Tmg:��:-N�::�r:E���N'ISMI!r > ·t� �;'lt<'!W,:;l,:; £.;>:• ·c ':': ,., · . : ;;�·; ,:•,,<> < · :•.':': i�!(,l:'!<'liiii\!ii" \, �) 

w (���( 
-�· 

. .  

-�\-; �--
._J'·• 

·.· � - �/t'<;¥.:�> -·. : . .  QTY. . .".;,� . REF. 
•.· • PER . . �-> . NO. MECH'M : . .  ·· 

.· 

. j{: _- ' . '  -�� 
1 1 21 779/1 

1 1 21 7 77/1 

1 2 1 776/1 

1 1 21 776/2 

1 1 8 9 48/2 

1 1 8946GR.R 

1 21 778/1 

8MM UNI3653  

1 1 1 8 975/1 

2 1 1 8930GR.1 

2 1 20580/1 

.. 

1 2 5900/1 

p 
A 
R 
T 

1 9  

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

• lj  " '  � - ; �  ' 

DESCRIPTION 

Cotter Pin 

Springs Charged/Discharged 
Indicator 

I ndicator Bearing Bushing 

Indicator Return Spring 
� 

I ndicator Retaining Circlip 

Intermediate Drive Lever 

Needle Bearing 

Washer 

Retaining Circl ip 

Crank Shaft Link Pin 

Indicator Drive Pin 

Self Locking Nut 

Spring Drive Link Pin 

Washer 

. . ... -· QTY �-<�f.�i;��f��tf�t�:--.� .-:. 
PER . ,. :�· -: .. ''�,.,. REF. 

MECH'M
. NO. 

·· 
'
4x25MM UNI 1 33 6  

1 1 91 5 0GR.1 

5001 1 6/7 

1 1 9 1 7 0/1 

20MM UNI3653 

1 276 42/1 

2 Type 
MAF20x35x1 7MM 

.. . - .. -
50021 4/40 

. 
1 35MM UNI2654 

1 26 7  45/1 

� ·---� 
1 23 2 4 1 /1 

). " 
--�; 

B/1 0/208/MA 

' 1 2 7 64 0/1 

50021 4/6 3 

\ 

j 

1 3  J Anchor Pin Nut-Hexagon 6MM UNI5588-65 

1 4  J Lockwasher 

. .. 1 5  
. �. :\c · 

18 

Spring Charging S haft c) t]J��� 
. Spring Charging Shaft· 
Front Bearing :·:\"::'- .. ,. ;��tfiB·.��· . .  ,; . . 

Spring· Charging S haft 
Rear Bearing 

Washer 

33 Cotter 
6 rv1M UNI 1 7 51 

34 Support Bearing 
1 1 8909/1 

35 Support Bearing Screw 
Type 

EL20x42x8mm 

I 36 1 Hex. Nut for Item 35 

1 1 8968/1 . 

37 Locking Plate 

1 7MM UNI 1 733 , 38 Locking Plate 

Pg.2 

3x1 8MM UNI1 3 3 6  

1 23242/1 

2 8x20MM UNI 1 9 1  

2 BMM UNI5589 -65  

2 1 2 3243/1 ' 
1 24 3 2 2/1 
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