
.... ,..,._ , . .. 

A AWS·CHALMERS 

BWX-6678-1 

STATIC OVERCURRENT TRIP DEVICE 

*MODELS A-1, A-2, AG, AG-1, D, D-1, DG 

ILLUSTRATIONS 

TYPICAL MAGNETIC LATCH RELEASE 

BLOCK DIAGRAM 

CALIBRATI ON PLATES 

AVAILABLE CURRENT SETTINGS 

AVAILABLE CURRENT SETTINGS 

CONNECTIONS FOR FUNCTION TESTS 

CONNECTIONS FOR CALIBRATI ON TESTS 

PORTABLE TEST SET 
.. 

SHAFT LOCKS & CALIBRATION HARKS 

ELEMENTARY DIAGRAM - MODELS A-1, A-2 

MODELS AG, AG- I 

MODELS 0, D-I 

HODEL DG 

CURRENT TIME CURVE - MODELS A-1, A-2, AG, AG-1 

MODELS D, D-1, DG 

*Throughout· the text any reference to: 

A- 1 is als o  applicable to A-2 
AG is also applicable to AG- 1 
D is als o appltc,ble to D- 1 

FIGURE I 

FIGURE 2 

FIGURE 3 

FIGURE 4 

FIGURE 4A 

FIGURE 5 

FIGURE'6 

FIGURE 7 

FIGURE 8 

FIGURE 9 

FIGURE 10 

FIGURE I 1 

FIGURE I lA 

FIGURE 12 

FIGURE 1 3  

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I NSTRU CT IO NS FOR ST AT I C  OV ERCURRENT TR I P  DEVI CES  

SECT I ON I - GENER AL 

BWX-66]8-1  

1-A I NT RODU CT I ON 

These i ns t ruct i ons des cr i be the ALL I S -CH ALMERS STAT I C  OVE RCURREN T TRI P 
, DEVI CES as app 1 i ed to  Type 11LA11 Low Vo I tage Power C i rcu i t B reakers , 

.m��n d p rov ide i nforma t i on nece ss a ry for t h e i r co r rect use .  
1 "''t' ' 
:'. T he ove rcu r rent t r i p  dev i ces des c r i be d  h e re a re comp l ete l y s t at i c ; t h at 

-� � ·ts , t here are no mov i ng pa rts or con tacts . Extens i ve use i s  m ade of 
•. • ' , suc h' c omponents as sem i  -cond uctors , capac i tors , t ransformers I etc . The ·  

c i rcu i ts a r e  des i gned for conservat i ve l o adi ng of components , to  prov i de 
'l ong 1 i fe w i t h  neg ! i g i b l e  ma i nt enance • 

... . •.-

1.;.8 . APP LI CAT I ON 

These s ta t i c  ove rcu r ren t t r i p  dev i ces a re des i gned  pr i mar i l y  for use 
w i th type 11LA11 l ow  vo l tage powe r c i rcu i t b reakers , but  are not  li m i te d 

.... ,.to tha t c l as s  of c .i rcu i t  b rea ke r .  The y  perform the s ame funct i ons 
.. � '

,
'-'cus t oma r i l y prov i ded by e l ect ro-mech an i ca l  ser i es overcu rrent t r i p 

-· · �ev i ces , b u t  do so  w i t h  greater  accu racy  an d versat i l i t y. 
1. � 
•· · 1.: ' 

· $ta t i c  overcurren t t r i p dev i ces opera t e  to  open the power c i rcu i t 
. b rea ker  when the c i rcu i t  cur rent e xceeds a prese l ected  cu rren t -t i me 

;,'re l a t i ons h i p .  Tr i pp i ng may be i ns t an t aneous or t i me de l a ye d, depen ding 
von t he s e l ected set t i ngs . 

" Energ y to oper ate t he t r i pp i ng  s ys tem i s  obt ai ne d so l e l y f r om  the 
c i rcu i t be i ng  protec t e d. No b at ter i es or ot her  sep ar ate power sou rces 

. a re requ i red. 

1-C FUNC TI ONAL DES C RI P TI ON 

The compl ete s ta t i c  overcur ren t t r i p  s ys t em  cons i s ts of th ree par ts -
pr i ma ry c i rcu i t  curr en t  t r ansformers , the s ta t ic overcurrent t ri p  
d ev i ce ,  and  a magn et i ca l l y  h e ld c i rc ui t b r e aker l a t c h  re l ease dev i ce .  
These pa r ts are descr i b ed i n  more deta i  I i n  the fo l l ow i ng pa r ag rap hs .  

; it ... c ... u ._r _re .. n .,t;:;...;To.:r.-a-.n .. s -.f .-o .... r �m ... e.;..r �s 
" . 

-- Toro i d  t r ans formers s i m i . I ar · to s tand ar d  bush i ng current transformers 
are moun ted  one per p hase on t he pr i m ar y  s t u ds of t he circuit breaker. 

·They prov ide a signal to the s t at i c  trip dev ice in relation to the 
cond i t i on of the pr i ma ry c i rcu it ,  an d ar e used  so·lely for that pur pos e .  
The y  are n o t  u s e d  f o r  ot her funct ions . The transformers selected for a 
s pec i f i c  c i rcu i t b reaker es tab l i s h the current r at ing of that circuit 
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1 -C (continued) 

brea ke r .  Each tra nsfo rme r usua l ly p rov i des a cho i ce of five ratings, 
which are li s ted o n  the ci rcuit breaker rating plate. A typical 
rating pl a te i s  s hown in F i g ure 4, 

Static Trip Dev i ce 

The static tr ip dev ice receiv e s  the signal from the current trans
formers. It monitors the signal, senses overloads and faults an� i 
determines the required action in accordance with preselected .� 
instructions. l t  is the 11intelligence11 unit of the tripping system. j 

.'I' 

The static trip device is housed in a small metal box that is a part t 
of the circuit breaker. It contains the various electronic circuits, 1 
and on the front a calibration plate containing the various adjusting J 
means. 

Severa l va r ia tio ns o f  the static trip device are available, as 
described l a ter in detail. All a re similar in size and appearance as. t 
shown in Figure 3, .;t.J: 
Magnetic Latch Release 

When ·the static trip device senses a citcuit condition that req�ires 
the circuit breaker to open, it produces an output that Is fed to the 
magnetiC latch release device, The magnetic latch release device 
then causes the circuit breaker contacts to open and isolate the., 
circuit. 

The magnetic latch release, mounted on the circuit breaker, !s held 
in a charged position by a permanent magnetic circuit. It contains 
a coil which is energized by the output of the static trip device. 
When energized, the coil causes the magnetic flux to shift to a new 
path, thereby releasing the stored energy of a spring containea 
within the mag ne tic latch release. The spring provides the energy 
needed to trip the ci rcuit b rea ker . 

Several styles of the magnetic latch release are in use, and details 
are covered in the specific circuit breaker instruction books. 
Figure 1 illustrates-two typical styles. 

-1-D DESCR I PT I ON OF STAT I C  TR I P  D EV I CE S  

These instructions describe four models of static trip devices. All 
are similar in many respects and differ only in the kind of end use 
function that they provide. All use the same current transformer 
inputs and provide output signals to the magnetic latch release as 
previously described. 

- 2 -

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



• 
www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



It 

1-0 (continued) 

Dual Hodel A I  

Furnished with one non-adjustable current-time curve. The curve may 
be either for the minimum, the intermediate, or the maximum curve as 
shown in Figure 1 2 .  Time delay up to fifteen times pick-up is 
standard, as is instantaneous tripping between five and fifteen 

'times pick up by adjustment. It monitors the current in each of the 
· -three phases. 

Dual Model AG 

. Same as the Hodel AI except that the circuit is arranged to monitor 
,i.�urrent in two phases and current in the neutral of the primary - t:':-:;-

·: current transformers. This device is thus able to provide normal 
'-�:Over,load and short circuit protection, and also to detect ground 

· :1!''-"fau l t currents as low as 20% -of the current required to operate the 
� -phase circuits. 

�;·se I ect i ve Mode I 0 

. �This static overcurrent trip device is furnished with three 1ong 
7 time delay curves and three short time delay curves. any combinations 
·of which may be selected by settings on the fron� plate of the dev ice. 

Selectivity between coordinated circuit breakers can be maintained 
throughout the full interrupting range of the circuit breakers.-· The 
Hoael 0 device monitors the currents in.each of the three phases. The 
arrangement of the current-time curves is shown in Figure 13. 

Selective Hodel OG 

Same as the Hodel 0 except that the circuit is arranged to monitor 
current in two phases and current in the neutral of the primary 
current transformers. This device is thus able to provide normal 
overload and short circuit protection, and also to detect groung fault 
currents as low as 20% of the current required to operate the phase 
circuits. 

1-E OPERATION OF STATIC-TRIP SYSTEM 

The basic functional operation of static trip devices can be understood 
in adequate detail for most applications without going into the 
technical areas of semi-conductor devices. Those that desire a more 
technical descrjption are referred to Section 3 of this Instruction 
Book, where circuit diagrams are discussed in detail. 

Figure 2 is a functional block diagram arranged to show the operation 
of the Models AI,.A2, AG, AG-1, D, 01, DG  static overcurrent trip 
systems. The minor differences between the models are also indicated 
in this figure. 
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' 1 -E (c ont i nued ) 

Re fe r r i ng t o  Fi g ure 2, t here a re t hree c ur re nt t ra ns f ormers on the 
c i rc uit b rea ker , one f or e ac h  phase of t he pr i ma ry c i rc ui t ,  The 
c ur re nt t r a ns f or me r s  s uppl y a s i g na l  t o  t he s ta t i c  t r i p dev i ce which 
i s  pr opor t i ona l  t o  t he c ur rent i n  t he pr i ma ry c i rcu i t .  Thi s signa l :. 
pas ses t hr ough  t he power s u ppl y t ra ns f orme rs t o  es tab l i s h  the self�.,� 
c ont a i ned regu l a ted powe r  s u ppl y f or operating t he s ta t i c  t r i p · 

dev i ce a nd f or t r i ppi ng t he c i rcu i t b rea ke r .  The s i g na l  then goes 
to t he auxi l ia ry t r a ns f orme rs w he re i t  i s  m od i f i ed by t he pick-up 
a djus tme nt pote nt i ometers . The pi ck- up a d jus tme nt i s  t he means by 
w hi c h a s pec i f i c  pi c k -up c urrent i s  s e l ec t ed by refer r i ng to the 
b reake r ra t i ng pl a t e  (F i g ure 4). 

The t hree i nd iv i d ua l  AC s i g na l s  t hen  g o  t o  t he signal rectifier and -� 
f i  I ter  c i rcu i t where they a re c omb i ned i nt o  a single DC signal, - ·�·-.:�; 

which is c om pa red t o  a standard pre-set value. If the s i gna l i s  ;J 
be l ow  t he pre-set va l ue not hi ng f u r t her happens and the static trip · 
dev i ce c ant i nues t o  m an i t or i t .  I f  t he s i g na 1 exceeds the pre-set 

· " 

va l ue ,  t he t r i gger  c i r cu i t i s  i mmed i ate l y  t ur ned on. Thi s in turn 
a l l ows t he t i m i ng c i r c u i t t o  start functioning. 

Mea nw hi l e ,  t he s i g na l i s  a l s o  be i ng fed i nt o  t he t i me s ha pi ng 
ci rcu i t ,  s o  named because  i t  determ i nes the shape and slope of the 
cu�rent-time cu rve . The out put of t he t i me  shaping circuit is s tored; 
in the-timing c i rcu i t  until the pr oper time delay has been reached��,� 
depending ·on the magnitude of the s i g na l . At that time, the timing ·� 
ctrcuit w i l l  cause the s tat i c  sw i t c h  t o  turn on and energize the · 

· · 

--·c i rcui t -b reake r t ri p c oi l .  ·h 

';. � \ �> 
Whe n t he c i rcui t b rea ke r ope ns , t he s i g na l  t o  t he s ta t i c  trip device 
d i sa ppears a nd t he s t a t i c  t r i p dev i c e a ut oma t i ca l l y  resets itself and� 
t u r ns off t he t r i gger  c i rcui t. 

If t he s i g na l  e xceeds a val ue es tab l i s hed by the prese l ect e d  adjust�'-1 
me nts , i t  w i l l  by -pa s s  t he t i m i ng c i rcu i t entirely and go directly� � � ;  
t o  t he s t a t i c  sw i t c h: turn i t  on, a nd t r i p the circuit breaker. Thfs'� 
i s  t he i ns ta nt a ne ous t r i p fea t u re on Hode l s  AI and AG, as shown on 'the 
current -t ime c;:urve ( F i g u re 12) . ' ... � �::; 

The H odel  0 d oes not have a n  i ns ta nt a ne ous trip fea ture . Instead lt.h�s 
s e l ec t i ve s hor t - t i me d e l ay cu r ve s, The circuits shown in riotted outline 
on F i g ure 2 es t a b l i s h  t he t i m i ng c ha racte r i s t i cs for the short-time'"i'f 

f u nct i on. The signal wi I I  aut oma t i ca l l y  activate either the long-time 
or t he s hor t - t i me t r i gger  c i _rcu i t ,  depending on the magnitude of the�j 
s i gna l and the setting of t he p re-selected adjustments. The short-
t i me c i rcu i ts d o  not requ i re a tim� shaping circuit because �hey are 
constant-time cu rves as  s hown i n  Fi gu re 1 3. 
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"·· -·"'·'' 7 .I . 
·�/� . 

1-E · ( cont i nued ) 

The Hode l  DG  opera tes exac t l y  like the Hode l D excep t that  o ne set  
of  t ra nsfor me rs a nd p i c k-up adj us t me nt a re l oca ted in the neut ra l  
c i rcu i t of the  pr i mary c u r re nt t ra ns for me rs , a nd a re designed to 
provide a more  s e ns it i ve res po nse c ompa red to that of the individual 
phase circuits. 

The Hodel AG ope ra tes exact l y  li ke t he Hode l  AI except that one set 
of transformers a nd p ic k-up ad justme nt are l oca te d in the neutral 
circuit of the pr i ma ry cu r re nt t ransfo r mers , and are designed to 
provide a more sensitive response compared to that of the individual 
phase circuits. 

In all models, the spec i f i c  a moun t of t i me de lay is controlled by 
the values of components in the timing circuit. These components 
determine the location on the time scale of the minimum, inter
mediate and maximum time bands. The components are fixed on Kodels 
AI, A2, AG, AG- 1 to provide one time band while on the Kodels D, Dl, 
DG can be adjusted on the static trip device to provide a choice of 
any long-time band plus any short-time band. 

As noted in an earlier paragraph, the trigger circuit is turned on 
when the signal exceeds a pre-set standard value, and allows timing 
to take place. If, during a timing operation, the signal should 
decrease as a result of the primary current fault or overload being 
reduced to less than about 95% of the selected pick-up value, the 
trigger will shut off and the timing circuit will revert to its 
original steady-state condition. Thus, loss of the fault or over
load before the static trip device has completed Its timing function, 
will cause the device to reset and the circuit breaker will not 
receive a tripping signal. This resetting action defines the term 
"resettable time'' used in connection with the Hodel D, Dl, DG static 
trip device. 

1-F SELECTION OF SETTINGS 

The static overcurrent trip devices have a number of knobs and 
switches which can be arranged to select the specific conditions 
that will cause the circuit breaker to open. The selection of 
settings is usually made when the circuit breaker is placed In 
service, and will not require later changes unless load condition 
or other primary circuit changes a r e  made. The following paragraphs 
describe the various selections 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 CALIBRAnON. THE 
SECTION ON MAINTENANCE DESCRIBES HOW TO RESTORE 
CALIBRATION.IF THIS SHOULD HAPPEN. 
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1-F (conti nued ) 

P i ck-U p  Sel e cti on 

The th ree knobs a r ra nged ve r tica lly on the r i gh t  ha nd s i de of the 
sta ti c  tr i p  dev i ce ( Fi g ure 3) a re f or se l ec ti on of the c ur ren t a t  
wh i ch a ti me de l ay tr i ppi ng opera ti o n  w i l l  s ta r t .  Thi s i s  t he 
p i ck- up c ur re nt. One Knob i s  p r ov i ded for  each phase (exce pt 
Models AG a nd DG , where the m i dd le knob i s  used to se l ect  ground 
curre nt p i ck- up ) . 

The p i ck- up s e le cti on d i a l s  a re ma r ked w i t h  t he l e tters "A" 
th r ough "E''. The pi c k- up cur rent def i ned by  eac h l et t e r  i s  l i s ted 
on the ci r cui t b rea ker  ra ti ng p la te (Fi g ure 4). Thi s i s  the 
m1n1m um p r i ma ry c i rc ui t c ur re nt whi ch w i l l  ca use  the c i r c ui t 
b rea ke r  to ope n. 

EXAMP LE: A c i r c ui t b reaker ha s a rat i ng pl a te as  shown i n  
F i g ure 4 .  The pi ck- up set t i ngs  a re a t  poi n t  "A". 
Therefore ,  the c i r cui t w i  I I  ca r ry u p  to 200 Amps 

w i th out t r i ppi ng t he c i r c ui t b rea ke r .  Above 200 
Amps a tr i p  opera ti on w i l l  occ ur .  

The pi ck- up se l e cti on i s  c ont'inuo us a nd may be set  be twee n ma r ks 
i f  des i red . Us ua l  pract i ce i s  to set  a l l pi ck- up knobs a t  t he 
same ma r k ,  b ut t hi s  i s  not  neces sary a nd d i f fe ren t phases can have 
d i f fererit pi ck-up s et ti ngs . 

The ra t i ng of the c i rcui t b reaker  de pe nds  so l e l y  on t he pr i ma ry 
cur ren t t ra ns fo rme rs sel ected for the a ppl i ca t i on ,  and  i s  l im i te d 
o nty by t he c i r c ui t .  b reaker f rame s i ze .  The ra t i ng of a c i rc u i t 
b rea ker  may be changed i f  des i red me re l y by re pl ac i ng t he c u r rent 
t r a ns forme rs and  t he b reake r rat i ng pl a te .  Not hi ng c ha n ges on t he 
s ta ti c  t r i p dev i ce o r  other  b reaker c omponen ts . F igure 4 s hows 
b reake r ra ti ngs ava i !ab l e  w i th va r i o us c u r rent t rans forme rs . 

EXAMPLE: The t ra ns fo rme rs on t he b reaker represent e d  by the 
ra t i ng pl a te i n  F i g ure 4 are  c hanged to have 600 
max i mum · rated Amps ( t hus A • 300, B • 375, C • 450, 
0 = 525, E � 600). The pi c k- u p  s et t i ngs are  s t i l l  
o n  "A". The c i rcu i t  w i  I I  now ca r ry u p  to 300 Amps 
and w i  II t r i p  on anyth i ng a bove 300 Amps i n  t he 
pr i ma r y  c i rcui t .  

G round P i ck- Up S e l ect i o n  

; . . ;• � 

Hode l  AG , DG . The m i dd l e knob on t he r i g h t - han d s i de of t he Hode l· 
AG , OG i s  used to  s el ec t  t he sens i t i v i ty of g ro un d  current detec t i on .  
I t  i s  ca Ti b ra ted a s  a per cen tage of t he m ln i mum.ava i l a b l e  pick-up 
c urrent s hown on t he b rea ke r ra t ing pl ate (Figure 4A). I t  does 
not have a n y  r e l a t i ons hi p to the pi ck-u p c u r rent se l ec t e d  for t he 
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1 -F (cont i nue d) 

phase s e t t i ngs . Ca li b ra t i o ns a re mar ked at 20 , 40 , 60 , 80% b ut 
adj us tme nt i s  co nt i nuous . Fi g ure 4A s hows ava l l ab l e  grou nd c ur rent  
pi ck-u p s e t t i ngs for  va r i ous pr i ma ry cur re nt t ra ns forme rs . 

E XAMPLE : 1 .  A c i rcu i t b rea ke r  has a rat i ng pl a te pe r Fi g ure 4A . 
The pi ck-u p s e t t i ngs are  o n  11C11 to  s e l ec t  3 0 0  Am ps 
pi ck-u p. The g rou nd pi ck-up  i s  set  a t  40 %.  

The g rou nd cu r r e nt tha t w i l l  cause t r i ppi ng i �  
the refo r e  no t l es s  t ha n  40 % of 2 0 0  Amps , or  bu Am ps . 

EXAMPLE : 2 .  Same co nd i t i o ns except pi ck-u p s et t i n gs a re on 11E11 
to s e l ect  40 0 Am ps pi c k-up. 

The g ro u nd c u r r e nt pi ck-up  i s  s t i I I  Bo Amps , based 
on  t he m i ni mum ava i l ab l e  pi ck- u p  of 2 0 0  Amps .  

G ro un d  c ur re nt pi ck-up  i s  t reated i n  t he s ame ma nner  a s  P,hase c ur ren t 
p i ck- up w he n  us i ng t he c urre nt - t i me cu rve , and  t he s ame c urve (Fi g ures 
1 2 ,  1 3 )  i s  used for d ef i n i ng t i me del ay . 

E XAMPLE : 3 .  Brea ke r  ra t i ng per Fi gu re 4A . P hase  pi ck-up set ti ng -11E11 ( 40 0  Amps ). G ro u nd pi ck- up s et t i ng 40% ( 80 Amps ).. 
An  actua l g ro u nd c u r rent of 32 0 Amps Is f l owi ng .  

3 20 Amps groun d  cu r rent  i s  f o ur t i mes (4X) p i ck- up 
a nd w i  1 1  ca us e  a t r i p ope ra t i o n  i n  four a nd one- ha l f  
seconds  (on t he m i n i m um trme ba nd )  a s  s hown on t he 
curren t - t i me curve (Fi gure 1 2 ) .  However , t h i s  g rou nd 
curren t i s  much l es s  t ha n  t he phase  pi ck-u p sett i ng ,  
a nd woul d not b e  recog ni zed o n  t he phase  pi ck-u ps .  

•'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 t antaneous Tr i p  S e l ect i on 

Mode l s  A I  a nd AG. The k nob o n  t he iowe r  l ef t  s e l ects  a cu r rent va l ue 
a b ove w hi c h tr i ppi ng takes p l ace i ns ta n t aneo us l y i ns tead of on t i me 
d e lay.  The ca .l i bra ti on i s .ma rked i n  m ul t i p l es of p i ck- up and a l l CJtts 
s e lect i on be tween f i ve t i mes (S X) and f i f teen t imes (l S X) pi ck- up. 
It i s  th us dependen t on t he set t i ngs s e l ec te d  for  phase pi ck- up (as ·  
we ll as g r o un d  pi c k -up on t he Mode l AG ). The c ur ren t -t i me c urve 
(Fig ure 1 2 )  s hows h ow  the t i me de l ay wi 1 1  fo l low t he a pp r op r i ate  ti me 
b an d  c urve un ti l t he i ns t ant aneous set t i ng i s  reac hed , t �en w i l l  go 
to the Ins tan taneo us v al ue for a l l cu r ren ts a bove t ha t  set t i ng .  
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1-F (con t i nued ) 

EXAMPLE: B rea ke r  rat i ng as per Figure 4. Phase pick-up settings 
"A'' (200 Amps). Long-t i me band setting Is on Maximum. 
Short -time band setting Is on Minimum. Transfer to 
short-time is �et at lOX. 

Currents between 20 0 Amps and 20 0 0  Amps wi 1 1  trip the 
breaker after a time delay defined by the maximum 
long-time curve (Figure 1 3). Currents above 2 0 0 0  Amps 
wi II trip the breaker In the time indicated by the 
minimum short-time curve. 

If the phase pick-up settings were changed to "B" 
(25 0 Amps), then the short-time band would be used 
for currents of 25 0 0  Amps and above. 

1-G PERFORMANCE OF STATIC TRIP DEVICES IN SERVICE 

Ambient conditions and length of service will have negliglb'le effects 
on the performance of static overcurrent trip devices. The citcuits 
used are very· stable and wi I I  show excellent repeatibi 1 ity ov&r long 
periods of time. Service involving frequent operations will not 
cause the characteristics to change or drift, since there are no 
moving mechanical parts to wear or bearings to lubricate. 

·For the same reason, the static trip devices are tolerant of dusty 
conditions, and will function properly in many areas that would 
affedt the serviceability of electro-mechanical trip devices. 

The temperature at the static trip device does have some effect on 
the characteristics, due to changes In response of some of the 
components. However, the changes are small and wi I I  not be a factor 
in most applications. Over the range of -4o°C to 55oc (-40°f' to 
131°F), the variation from performance at room temperature Is very 
small, amounting to less than 5% in pick-up value and timing, and 
up to 10% on the Model D, DG In transferring from the long-time band 
to the shbrt-tlme band� 

Operation should not be contemplated beyond this range without control 
of the temperature, such as by heaters or ventilation • 

• 
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S EC TION 2 - MA I N TENANC E AND TESTING 

2 -A MAINTENANC E 

Eac h st at ic overc ur ren t tr ip de vice is a djus te d, ca l i b ra t e d, -a nd 
tes ted be fore shipment  a n d  is rea dy for  use a f t e r  se l ec t i ng 
a ppr opr ia te se tti ngs a nd l ock i ng t he pote nt i ome t e r  sha f ts . 

Ma in tenance in t he us ua l sens e  of c l ean , rea djus t, l ub r i ca te , etc . 
is n ot re quired on s ta t i c  overcur ren t tr i p  dev i ces . The o ril y 
ma in tenance t ha t  is recommended i s  pe r i o di c  ve r i f i ca ti o n tha t  the  
dc·vice is func tion ing .  This may be s uppl emen�d as des i re d  by  
c hec king the ca l ib ra ti o n, ins pecti o n  for  l oos e  o r  b roke n  ext e r na l  
w ir ing , res tor i ng l os t  ca l ib ra tion, e tc .  

Res t or in g  Los t C a l i b ra t i on 

The ca l ibra tion of t he s ta tic overc urrent t r i p dev i ce depe nds .On._::..;;:•".�··,:.·,:.�-..:.�!.>'1 
t he kn obs being pro pe r l y  o r i e nted  on the i r s ha f ts . I f  the k nobs 
a re f orce d by neg l ec t i ng to l oos e n  t he s ha f t  l oc ks , cal i brat i o n:; ..... , 

w il l  be l os t, b ut can rea dil y be res t ore d. 

A kn ob w il l  be i n  pr op�r ca l ib ra ti o n  i f ,  w he n  t u r ne d  c ou nte r
c l ockw ise as  fa r as  i t  can go , the po i nter l i nes u p  prec i se l y  
w i t h  the red ca lib r a t i on do t on the di a l . Refe r to F i gure 8B. 

I f  the above c heck s hows t he ca l ib ra t i o n t o  be i n  e rror , remove : 
t �e kn ob by l oos e ni ng i ts set s c rew a nd s l ipp i ng i t  off the shaft;i: · 

Then be s ure t he s ha f t  I ock i s  I oos e ne d  (see F i g u re 8A) a nd turri .: 1 
t he s ha ft counterc l ockw i se as  fa r as  i t  w i l l  go.  Keep the s ha f t  
i n  t ha t  pos i t ion a n d  re pl ace t he k nob so  t ha t  i t  i s  di rec tl y over(;;;�·? 
t he red ca l ib ra t io n  dot. T i ghten t he set  s c rew i n  t he knob • .  -�-Y"��·, 

Wi t h  the s ha f t  I oc k I oos ened , t he knob rnay now be t u r ne d  to  t .he 
se l ec ted d ia l  pos i t i on, t he s ha f t  l ocke d, a nd t he dev i ce ret ur ne d  
t o  s e rv i ce .  

2 - B  TES TI NG 

The tes t ing of A l l i s - Cha l me rs S t a ti c Overcurrent Tr i p  Dev i ces i s  
eas il y  accom pl is hed u n de r  f i e l d  c on di ti o ns w i t h  a m i ni mum of 
eq uipmen t and pre pa ra t i on . Va r i o us tes ts  ca n be ma de ,  a nd i n  a 
manner  tha t makes t hem s u i tab l e  for use dur i ng rou ti ne ma i nte na nce .  
Ca l i b ra tion can no t  norma l l y be done u nde r f i e l d condi ti o ns .  

T he tes ts  t ha t  w i  I I  be  des c r i be d  ca n be do ne o n  a c omp l e te brea ker 
as semb l y  l oca ted i n  t he di sco nnect  pos i t i o n  i n  the cub i c l e ,  o n : .. 
the c om pl e te b rea ke r on a w ork tab l e ,  or  o n  a s t at i c  t r i p dev i ce 
com pl e te l y  remove d f r om t he b re aker . I t  i s  not neces s a r y  to remove 
pe rmanent w ir i ng i n  o r de r  to make tes t s .  Tes ti ng ca n be done on a 
b reaker exac tl y  as i t  i s  used i n  norma l s e rv i ce .  

- I 0 -

.. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



• 
www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



I, 

2-C DES CRIPT IO N O F  T EST S 

A numbe r o f  tes ts  can be  made on s ta t i c  ove r c ur ren t t r ip dev i ces 
i n  o r der to ver i fy t he proper o pera t ion of t he dev i ce ,  or to 
es tab l i s h  t he acc uracy of t he va ri ous func t i ons . T he user wi l l  
n orma l l y es ta b l i s h  tes t rout i nes to  s ui t  t he pa rt i c ul a r  a ppl i cat i on 
and  hi s s ta n da rd o pe rat i ng proced ures . The fol l ow i ng i s  a b r i ef 
des c r i pt i on o f  ava i l a b l e  tes t s  and the i r pur pos es . 

a ) F unc t i on Tes t  
In many cases t hi s  i s  t he on l y  tes t t ha t  nee d b e  done . 
Us i n g a m i n i m um of eq ui pmen t ,  i t  determ i n es t ha t  t h e s ta t i c  
t r i p dev i ce i s  o pe ra t i n g .  I t  g i ves t h e s tat i c  trip dev i ce 
a n  i n put a bove t he pi ck- up set t i ng an d es tab l i s h es that an 
o ut put ( t r i ppi ng of t he c i rc ui t  b r eaker) i s produced. I t  
does not c heck cal i b rat i on ,  a l t ho ug h  It wi l l  s h ow t hat t i m i ng 
i s  general l y  i n  t he r i g h t  a rea .  

b) Power S upp l y Tes t  

Th i s  t es t  ver i f i es t hat t h e  i nternal power supply of t,he 
s tat i c  dev i ce i s  f unct i on i ng normal l y  and Is adjus t i ng 
i ts e l f proper l y t� c hanges i n  i n put . 

c) Pi ck-Up Tes t  

T hi s  tes t i s  �s ed t o  s h ow t ha t  t he pick-up current properly 
cor res ponds �o t he p i ck- up di al setting. It checks t he 
t urn-on of t he t r i gger c i rcui t to as �ure t hat a t i m i ng 
o pe ra t i on w i  1 1  s ta r t  when t he i n put s i gnal has r ea c h ed t he 
p r o per  magn i t ude . 

d) T i me Del a y  Tes t  

In t h i s  tes t t he actual time-to-trip is carefully measured 
t o  ass ur e  t hat  t he s el ec t ed s et t i n gs wl 11 produce time 
del ays a s  s pec i f i ed on t he c ur r ent -t i m e  characteristic 
c urve. I t  i s  al so  us ef ul i n  es tabl i s hing time delay for 
non-s tan dard s et t i n gs b etween t h e calibrated pick-up po i nts 
If s uc h  s et t i ngs are des i r ed .  

e) T ra ns f er Tes t 

This test v er i f i es that t h e  circuits used to transfer from 
long time delay curve to the instantaneous trip (Models AI 
and AG) and to the short time delay curve (Models D and'DG) 
are f unct l�n i ng properly. 

f) . Trip Signal Test 

Determines that the static overcurrent trip device produces 
a proper outp_ut�or t r i pp i n g  the circuit breaker. It Is 
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2- C (co ntinued ) ; : 

usua l ly u sed a s  a si m ple t e st to i so la te the cause of unknown 
t rippi ng t roub le ,  s i nce i f  a pro per t ri p  s i gna l i s  ob ta i ne d." ' 
the ·t roub le i s  li m i ted to the l a t ch i ng s ys t em  on the c i rc uit' ·b re ake r. · ·{  ·.' 

2-D TEST EQUIPMENT 

S impl e ,  read il y  ava ilab le equ i pmen t  Is used i n  the t es t ing o f  
sta t ic ove rcu rrent t rip dev i ces . The fo llowi ng i tems o f  equi pment  
a re requ ired for  pe rform i ng the  rou t i ne FU NCT I ON Tes t des tri be� i� 
pa rag ra ph 2-C (a ) . ., 

I .  A 1 1 5 VAC va ri ab le voltage t rans forme r wit h  a t  l ea st 3 
ou t pu t .  

2. An a mme t er wh ich w i  II i nd i ca te I t o  3 Amps w i th  reasonab l e  
accu racy . 

3. An a ir-co re reactor of 35 m i lli -hen ri es o r  more w i th a DC ' . .  · 

resistance of 20 ohms o r  Jes s . A s t anda rd 125 V DC powe r · · 
c i rc u it b rea ker sole �o i d t ri p col  I (such as Al l i s-Cha l me r� 
No . 71- 200 - 745- 50 1 }  -may be use d ,  as may othe r s i m i  Ja r coi  Is • .  , 

However, a reactor desi gned fo r the pu rpose i s  ava i l ab l e , · :..�.2 ..... J 
and i s  a I so  su i tab I e for the mo re accu ra te re qui rements . o f  
t i me de la y  tes t i n g .  I t  may be o rde red as - RE ACTOR -
71"- 14 2- 39 5- 50 1 .  

The tes t connec t i ons fo r the above equ i pment a re shown i n  Fig ure 
S. Pa rag ra ph 2-E des c ri bes tes t proced u res . 

To pe rform T IME-DELAY tes ts as des c rIbed i n  pa ra g rap h 2-C(d), "'':' .. :.�. · 
sim i Ja r equ ipmen t i s  used e xce pt tha t better acc uracy  is require d .  
and a t i m ing  dev i ce i s  needed . The re qu i re d  e qui pmen t  i s  a s,,�, :li 
f o I I ows : .;. �JJ ,. . 

. ; � �;.::; 

I. A 1 15 VAC va ri a b le voltage t rans f o rme r wi th S Amps o utp ut. ·:.) 
. :!"' 

2. An a i r-core reactor of a t  lea st 60 m i lli -hen ri e s  a n d  6 ohms 
o r  Je ss D C  re si s tance . (All i s -Cha l me rs Reactor 71-142-395-501 
may be o rde red for th i s  pu rpose . } 

3. Amme ters wh i ch a re accurate  i� the range of 0.5 to 5 Amps. 

4. A DC voltmeter  w i th h i gh resi s tance - at l ea s t  20,000 ohms 
pe r volt ,  s uch a s  a good mu lt i-me t er. 

S. A doub l e- po l e ,  s i ng l e - th row sw i tch . 

6. A cyc le coun ter  o r  s i mi Ja r t i m i n g  dev ice . 

- 1 2  -
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- "�f2�0 (con t i nued ) 

The tes t connect i ons for  th i s  e qu i pmen t  a re s hown in Figure 6. 
Pa ragra ph 2-E des c ri bes tes t procedu res . 

Alli s -Cha lme rs can a lso  su pply a com plete, integrated, and easily 
portab le tes t  set  compri s i ng ess en t i a lly t he above equipment, as 
i llus t ra ted i n  Fi g u re 7.  Contact the local Allis-Chalmers office 
for fu rther  i nfo rma t i on .  

2-E TEST PROCEDURES 

.. . : : 

Th i s  sect i on w i  I I  des c ri be i n  det a l  I the s te ps to be t aken to carry 
out the tests des c ri bed i n  pa rag ra phs 2-C. Tests may be conducted 
on the com pleted c i rcu i t  b reake r, e i ther  in the disconnected cubicle 
pos i t i on ,  o r  removed from the cub i c le. lt is not required to remove 
or _ _  d i sconnect any pe rmanen t w i ri ng on the c i rcu i t  breaker as long as 
pri ma ry a nd con t ro l  c i rc u i ts a re not conn ec t ed to the breaker. It 
w i ll us ua lly be adva n t a geous to pe rfo rm norma l routing maintenanc& 
on the c i rcu i t b rea ke r before tes t i ng the static trip device. 

Although t he follow i ng des c ri pt i ons relate to a completed c ircuit ,. 
b rea ke r  un i t ,  i t  w i l l  be a ppa ren t  tha t the tests ca n also be carried 
out on a s tat i c  t ri p  dev i ce by i ts e lf .  

Pa rag ra ph 2-D des c ri Pes the e qu i pmen t  s u g ges ted for  these tests. 

a )  Func t i on Tes t .  P roceed as foll ows : 

Connect tes t c i rc u i t as shown i n  F i gu re 5.  
Loosen shaft  tocks . 
Set pi ck-u p knobs at 11A11

• 
Set i ns t an taneous (or t rans fe r) knob at lOX or higher. 
C 1 os e b reake r. 
Qu i ck ly i nc reas e c u rrent  to 1 .5 Amps (3 X pick-up} and hol4� 
B rea ke r should t ri p  i n  a ppro xi ma te ly 10 to 45 seconds, 

depend i ng on the t i me band (see current-time curve, 
F i gu res 1 2, 1 3 ). 

Reduce o r  shut  off  cu rrent .  
Re peat  as des i red . 
Set ' i ns tantaneou s (o r t ransfe r) knob at 5X. 
C I ose Breaker. 
Qu i ck ly Inc reas e  cu rrent  to  2.5 Amps. 
Breaker should trip Instant ly at 2.5 Amps or a little less. 
Reduce or.shut off current. 
Repeat as desired. 
Restore original settings and tighten shaft locks • 

This function test will show that the time delay circuit an� the 
short time circuit are functioning. Repeatability should be 
good, but the specific value of time delay should not be judged 
e xce pt i n  the b road sense. 
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2-E ( continued) 

Obviously, other p arame ters  c an be used for t h i s  tes t - t hos e 
de5cribed wi 11 give a reas onab l y  fas t tes t wi th m i n i m um tes t ·  
power. Higher  c u r rents at t h e  "A " set t ing wi II g i ve fas te r  , · 

trip times. Se t t in gs ot her t h an "A " req ui re m ore c urren t t o' 
get the d esired mult ip les of p ic k-up  {e .g . 3 Amps a t  "E11 

setting is re qu ired for 3X p i c k- up . ) 

The funct ion tes t m ay be repe ated us i n g te rmin als 2-4 a nd 3-4 
(Mode l s  A I  and D ) ;  or term i na l  3 -2 (M odels AG a nd OG). I t  is 
not r ec ommended t o  tes t te rm i na ls 4-2 on the M ode l s  AG, DG, 
since t he g r ound detect ion t r a ns forme r c ircu i t  has a very m 
higher  imped ance and i s  bey ond t he ca pab i l i t i es of t he 
low p owe r  tes t fac i l i t ies . 

S i nce t he  func t i on c i rcu i ts a re comm on for all i nput t e r mi na l  
lit t l e  is g ained i n  tes t i ng  m ore t ha n  one i n put term i na -l:· ··:· 

; ; 

If the  b rea ke r  d oes n ot t ri p on t he funct i on tes ts ,  a t ri p• 1 
sign al tes t (parag raph f) m ay be made t o  determi ne w hethe r t h  
t r ou b le is i n  the s tat i c  t r i p  dev i ce or i n  t he c i rc ui t  breake 

� ' :.' >� 6-U 
As n oted i n  par ag ra ph 2 -C (a }, t he f unct i on tes t i s  the only 
tes t us u al l y  des i r ab l e for r out i ne serv i ce .  T he ot he r tes ts  
des c r ibed are for s pec i fi c  r eq ui remen ts , or for t rouble s h oot 

b )  P owe r S u pp l y Tes t  

C onnec t tes t c ircu its  as s h ow n  i n  Fi gure 5 and Fi g ure 6. Con 
voltme ter  le ads t o  term i na ls 8 a nd 4 (te rm i na l s  8 a nd 2 on Mode 
AG , OG ) (8 is p os it ive ) . Ad ju s t  var i a b le vol tage t ra ns f ormer 
un t i l  amme ter re ads ab out  0 . 5 Amps . The voltmeter  s hould rea d  
app r oxi ma t e ly 20 t o  24 vol ts . T he act ua l  va l ue i s  not c ri t i ca l  
and va r i es wi t h  eac h devi ce�  Inc rease t he cur rent bri ef ly t o  
ab ou t  one Amp a nd n ote t hat  t h e  volt a ge d oes not change.  Th i s  
i nd ic ates th at the  p ower s up pl y  i s  norma l. 

c )  P i c k- U p  Tes t  

C onnec t tes t  c i r cu i t as s hown i n  Fi g ure 6 .  C onnect .voltm �t�r 
term i n als 5 and 4 (term i na ls 5 a nd 2 on the M ode ls AG, DG). 
(5 is p os i t i ve }. S e t  pi ck- up a djus tme nt a t  11A11• I ncrease the 
c ur ren t s low l y  un t i l the v oltme t e r  s udde nly jum ps f r om  a ver y  1 
va lue t o  approxi ma t e ly 6 t o  8 volts . Th i s  i s  the p i ck-up �oi n t  
a nd t h e  ammeter  s h ould rea d  0.5 Am ps . The test  c ur rents f or ot 
p i c k-u p s e t t i ngs a re as fol lows (tes t c ur re nts f or va r i ous m ult i 
of pi c k - up a re a ls o  s hown as a c onve ni e nce): 
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2-E \c) c ont i nued 

PiCK-UP PICK-UP 3X  sx lOX 
SETTING CURRENT PICK-UP PICK-UP PICK-UP 

A 0.5 Amps I. 5 Amps 2 .5 Amps 5.0 Am ps 
B 0.62 5 1 .8 75 3 .12 5 6.2 5 
c 0.75 2. 2 5  3 . 75 7.5 
D 0. 8 75 2. 6 25 4. 3 75 8 .75 
E 1 .o 3 . 0  s.o 10.0 

This tes t may a ls o  be ma de on the other p h •se s of the sta ti c tr i p  
d evi ce . For Mo dels AI an d 0 ,  ch ange connec ti on s to termin als 2 - 4  
a nd then 3 - 4. Fo r Mo de ls AG , DG, change the connecti on to 
te rm i na ls 3 - 2; do not test on te r mi na l s  4-2 ,  a s  exp l ai ne d  in 
parag ra ph 2-E (a ) . 

The pi ck-u p test is quite sen si t i ve to the w•ve shape of the test 
.c urrent, w h i ch w i  1 1  no t be perfect in most field test equipment. 
Th i s  may caus e an appa ren t low read ing which may be in the order 
of 1 0% ,  i n  a d d i ti on to the production tolerance of pl us or minus 
10 %.  Thus , i f  the te st shows that pick-up i s  with i n the se limits ,  
the pi ck-u p  ca li b rati on marks c an be relied upon. 

d )  Ti me Dela y  Tes t  

Connect tes t  c i rcu i t as shown i n  Figure 6. Since the same t imin g  
c i rcu i t  i s  used for a ll pha ses , it i s  no t necessa ry t o  te st more 
than one pha s e .  

Set pi ck-up o n  min imum ("A " sett i ng), The pick-up current Is then 
0.5 Amps . Settings other than •w• may be used, but will not permit 
the range of  test tha t i s  possible with the minimum pick-up settlng. 
Refer to the tab le i n  paragraph 2-E{c) for actual test . currents at 
v a ri ous p i ck-up setti ngs  and  variou s mu ltip l es of pick-up current . 

Set ins tan taneou s (or tran sfer ) a t  1 5X so that the long-time bands 
may be tes te d . Any multiple of the piek•up current may.be tested 
w i th in t h e  limits of the test equipment (about 5 Amps on the 
e qu ipmen t  des c ribe d ). 

Close the circuit breaker. 
C l os e  the doub l e - pole sw i tch and set the desired test current. 
Open the sw i tch and rese t the cycle counter. 
C lose the sw i tc h and, holding the current steady, wa lt for the 

circuit breaker to open. 
Open the s .w i  tch and read tI me de I ay on the eye 1 e counter . 
Repeat as desired. 
Re peat as desired with other combinations of te st current 

a n d /or p i c k-u p  se tti ng . 
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2-E (continued) 

Repea ted tests at the same settings should agree very c los e ly 
a nd s how good agreement with the t i me band used d u ri ng t he 
t e sts . Us ua lly t he t i me de l a y  wi 11 fa ll wi t h i n  the  wi dt h o f  
the time ba nd ,  however, minor deviations may some t i mes occu r 
and are acceptable for reasons discussed i n  paragraph 2 -G and  
paragraph 2-H. 

On the MODE LS D , DG s tat i c  trip device i t  i s  pos s i b le to tes t 
fo r,t i me delay on the short -t i me bands a lso.  Connec t tes t 
c i rcu i t  as s h own in Figure 6 .  S e t  the p i ck-up a t  11A11, s et 
the t rans fe r  knob a t  SX , and adjust the tes t curren t  to  5 Am ps .  
C lose the c i rc ui t  b re a ke r, t hen c los e t he s wi tch. T he ci �cult 
b rea ke r  s hou ld t ri p  ve ry qu i c kly , t he  actua l t i me de la y  be i ng 
as s hown on the time-current curve {F i gu re 13 } fo r the t i me
ban d tes t e d. Although only a s ma ll pa rt of t he c u rve ca n be 
tes t e d  wi t h  t he equ i pment des c ri bed , the tes t i s  a va li d one 
s i nce i t  does �ow t he s ho rt - t i me c i rcu i ts to be funct i oni ng 
an d i n  ca li b ra ti on ove r  the  ent i re range . 

On the MOD E LS AG , DG  s tat i c  t ri p  dev i ce i t  i s  not pract i ca l  
to tes t fo r t i me de la y  o r  p i c k-up on t he ground pi c k-u p 
c i rcu i t  because o f  the h i gh sat u ra t ed reactance i n  t ha t  . 
c i rc u i t ,  and  because t �s ts on the  phase c i rcu i t  (te rm i na ls 
an d 2 ,  o r  3 an d 2 )  a lso p rove t he t i mi ng and  p i c k-u p of t he 
g roun d  p i c k-u p c i rcu i t . S uch tes t s  can be"ma de ,  howeve r, i f  
fac i li t i es a re ava i la b le .  Equ i pment  requ Lre d wou ld be a 230 V 
AC s upply ,  a 230  V va ri a b le t ra ns fo rme r, and an a i r core 
reactor  o f  a bou t one Hen ry i nduc t a nce . P i c k-u p c urren t s  f or 
the  g roun d  pi c k-u p c i rc u i t (te rm i na ls 4 an d 2 }  a re 0.1 Amp f or 
the 20 % set t i n g ,  0 . 2  fo r 4o%, 0 .3 fo r 60 % an d 0.4 fo r 80% • .  

P roce du re i s  t he sa me as ou t li ne d  a bove . 

e )  T rans fe r  Tes t 

Con nect tes t c i rcu i t  as s hown i n  F i gu re 6. Fo r MODE LS A l  o r  
AG s e t  pi c k-u p a t  "A " s e t t i ng an d ins tantaneous a t  5X. Increase 
cu rrent ra pi dly unt i l  the c i rcu i t  b rea ke r  t ri ps ,  w hi ch s ho uld 
be a t  2 .5 Am ps . Oth e r  comb i na t i ons o f  cu rrent a n d  set t i ngs  may 
a lso be t ri ed .  

For MODE L  0 connect tes t c i rcu it as  s hown i n  F i g u re 6. Connec t 
vo ltmet e r  lea ds to te rmi na ls 4 a hd 6. Set  pi c k-u p a t  1W1 
set t i ng an d t rans fe r  a t  5X. Inc rease t he c urre nt unt i l t he 
voltmet e r  s u dde nly goes ·to a rea di ng  o f  6 to 8 volt s  a t  2.5 
Am ps . tes t c u rrent .  T hi s  i nd i ca t e d  t ha t  t ra nsfer  to  t he s hort 
t i me ban d  has occu rred. 
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2-E (con tin ue d) 

•" '·· 

For HODE L  OG connec t tes t  c i r cui t as  s h own i n  F i g ure 6. Connect 
voltme ter  le ads to term in als 2 and 6 .  Set pi c k- up at  11A11 s e t ti ng 
an d tr ansfe r a t  SX . Increase  the c ur rent un t i  1 the vo ltmete r 
s udden ly goes to a re adi ng of  6 to 8 volts at  2 . 5 Amps tes t 
c urren t. Th i s  in dic ates that tr ans f e r  to the s hort -t i me ban d h as 
occ urred. 

Other  sett in gs may als o be tes te d. For ex ample ,  w i th  11A 11 pick-up 
sett i ng a n d  lOX t r ansfer  s ett i ng ,  the tes t c urrent  at which 
tr ans fe r to the s ho r t - time b an d  takes p l ace  wi 11 be 5 Amps . A 
to l e r ance of 10 % on transfer  is perm i s s ible , 

f ) Tr i p  S i gnal  Tes t  

:0� : This tes t m ay be ma de i n  conj un c t i on with any other tes t t h at 
p roduces a c i r c uit brea ker  tr i p ping s i g n al,  an d i s  pa rtic ula r ly 
usef ul when s ta t i c  tr ip de vices a re be i ng tes ted wi tho ut the  
c i rc uit brea ke r  o r  the c irc ui t bre a ker  t r i p p ing de vi ce , 

Connect a 100 ohm , one Watt Res is to r  across te rm i na ls 7 and 8 of 
the s tatic t r i p  de vice when the c i r c ui t brea ker  t r ipp i n g  device 
( see F ig ure 1) is not connec te d  to the s tat ic t r ip to s i m ulate 

,- a lo ad dur i ng th Ls tes t .  

Connec t the vo ltmeter to te rm in als 7 an d 8 {8 i s  pos i t i ve) .  
When the tes t  be ing con duc te d prod uces a t r i p  s i gna l , the volt
me ter  w i  11 s udden ly jump to a rea di n g  of approx i mately 8 to 1 0  
vo lts . Th i s  vo lta ge w i  11 di s a ppea r when the test current is shut 
off . 

It i s  appa ren t tha t  the t ime de lay before obta ining a trip signal 
c an e as i ly be pre di c te d  f r om  the  known static trip device settings, 
kn own tes t c ur ren t ,  an d the app rop r ia te current-time curve. 

2-F HIGH CURRENT TESTING 

I t  i s  obvi o us ly possible to test the static overcu r rent t r i p system 
by passing high current through the circuit breaker primary circuit. 
However, the eq uipment req ui red for such t es ti ng is normally of a 
special na ture and not re adi ly a vai la ble ,  whereas the equipment and 
proce dures des c r i bed i n  th i s  Ins tr uc t i on a re un i versally applicable. 

; The usual h igh current test equipment operates at very low voltage, 
and for this reason It may not drive a sinusoidal current through the 
static trip device, and the test results will show an apparent error • 

. , cu·rrent wave shape should be checked and allowances made for dis
tortion if the use of such equipment is contemplated, 

The basic concepts outlined in this instruction are valid for testing 
w i th other kinds of equipment and wi 1 1  require only minor detail 
ch anges to adapt to  dif ferent test c i rc ui ts. 
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2-G ACCURACY OF TESTS 

A bushing type current transformer on a powe r c i rcu i t  i s  es s e nt i al 
a constant current device, and wil l d r i ve a s i ne wave of c u rre nt 
through a saturable re ac tance and res i s t a nce l oad , s uch as the  s 
t r ip de vi ce . Therefore, a pure sine wave of cu rre nt i s  used duri 
ma nu f actur i ng tests and calibrations. 

For fie l d  testing however, it is c onve ni e nt t o  use a va r i ab l e  
transformer as a source of test cu r re nt .  Th i s  i s  esse ntia l l y a 
constant voltage de vi ce ,  and wi 1 1  not d r i ve a s i ne wave of current 
through the static trip device l oad . The r esu l t i ng dis t or tion of 
current wave shape causes the test amme t e r  t o  re ad i nc or rect ly and 
causes an app are nt decre ase i n  the e xpect ed t i me de l ay ,  s ince the 
t i me-c u r re nt c u r ves are b ased on p u re s i ne wa ve currents . r 

Anothe r way t o  l ook at i t  i s  that  a bus h i ng type current transfo 
wi 1 1  fa i thf u l l y  f ol l ow  the  curre nt wa ve shape i n  t he primary circu 
(as l ong as t he t ra ns f orme r d oes not satu rate) . Since the primary 
c �r re nt i s  u s ua l ly a s i ne wave , t he s ame wave shape wi 1 1  be prod 
i n  the l oad . The c i rcu i t  wi l l  pr ovi de wha t e ve r  vo l tage is ne�ess a  
to d r i ve the  c u r r e nt ,  and the resu l t i ng voltage at the load may be 
ve r y  d i f fe r e nt f r om  a s i ne wave . 

A var i ab l e  vol t �ge t r ans f orme r on the  oth e r  ha nd ,  whe n  conhe�ted 
t he s ame l oad  wi l l  p r od uce a s i nus oi d al vo l tage wa ve s hape and the 
cur re�t wi I l not be s i nus oi d al . S i nce  t h � cu r rent a nd vtiltage are 
i n  ph as e ,  the  vol tage wi I l be ze r o  whe n  t h e  cu rre nt i s passing' 

'th r ough  Le r o, and there wi II be no vol t ag e  t o  d ri ve the current j 
a t  t h e  t i me whe n  the  ra te of ch ange s h ou l d  be ve r y  h i gh in order t 
ma i nta i n a s i nus oi d al current. 

B y  i ns e r t i ng a n  ai r c ore re act or of s uf f i c i e nt s i ze ,  the phas e angl 
betwee n curr e nt a nd vol t age c an be �l te red s o  that  the voltage at 
cu r r e nt ze r o  i s  h i gh e noug h  t o  s upp or t  the  rate of cha nge  of cu rre 
requ i red f or a s i nus oi d al cur rent wa ve s h ape . The reactors sugges 
i n  t h i s  i ns t r u c t i on are adequ ate  f or t he purpose described, aLthou 
the y d o  not p r od uce a t ot al c orrect i on of the current wave s hape. 
They rep res e nt a c omp rom i se between d egree of correction and ,, !l 
m agni t ude of tes t cu r rents ava i l ab l e  from a 115 V s ource that:is':' 
s at i s fac tory f or al l p r ac t i c al purp oses . 

2-H GENE RAL  C OMMENTS ON TEST RES U LTS 

Good tes t res u l ts ,  p ar t i cu l ar l y  on those tests involving the 
me nt of t i me de l ay ,  requ i re careful attention and proper us e 
fac i l i t i es . The ammet e rs used t o  meas ure tes t current should be 
acc u r a t e  a nd rece nt l y  ca l i b r ated;  and s hould be read carefully. 
e rr or i n  cu rre nt meas ureme nt will cause an apparent error in timing 

_of d ou b le m ag ni tude .  Fl uctu at i ons i n the test supply v oltage will 
cha nge t h e  tes t cu r rent ,  and this too can cause an apparent error I 
t i ming . Cu rre nts s h ou l d  be monitored during test, and the test;1w 
repe at e d  i f  t h e  set  cu r re nt va r i es .  
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2-H (continued) 

Knob settings on the static trip device can cause apparent errors 
If the pointers are not aligned with the calibration marks. Large 
�rrors may be found if the knob has been moved relative to its shaft 
however, correction is easily accomplished as described in paragraph 
2-A. 

Although the test equipment and procedures described here do not 
permit testing at high multiples (above approximately lOX) of pick-up 
current, that is not a detriment to satisfactory confidence in the 
use of the test results. The tests allow all circuits of the static 
trip device to be checked, and if they are functioning properly and 
in calibration at low multiples, it is practically impossible for the 
high end to be in error. Of course, a broader range of test values 
can be obtained if more test power is available, but this is not 
necessary or recommended. 

Production procedures involve adjustment, calibration, and test 
t�roughout the ful I range of adjustment on equipment much more 
elaborate and precise than that suggested for field use. Subsequently 
pr_lor to shipment, additional proof testing is done by pther persons 
using equipment fundamentally similar to that suggested for field 
tests. Throughout the manufacturing cycle, the equipment and pro
cedures are rigidly specified and closely controlled to assure 
continuing accuracy. Consequently if a field test discloses an 
apparent minor deviat�on from the expected test result, it is 
advisable to rely on the calibrations as marked on the static trip 
device, and not to assume that the calibrations are in error. 

Obviously, large deviations and improper functions should not occur. 
If ���h is the �ase, it is recommended that the local office of Allis
Chelmers be contacted for advice. The nature of electronic devices 
of this type, using special quality components and closely controlled 
seiection and adjustment techniques, precludes the ability to attempt 
reliable repair of static trip devices in the field. 
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'• II 

SECT�ON 3 - :ECHNICAL DESCR'PTIO� 0 �  0 °ERAT i ON 
OF STATIC OVERCURRENT :RiP OEV:CES 

rhis section. is presented for the be nefi t of those tha t ma y des i re a 
compl e te and detailed understanding of the circ u i t funct;o ns used in 
Allis-Chalmers S ta ti c Overcu1rent Trip Devices. Tt,e fol low i ng paragr  
are not necessary to the proper use a nd s ervicing of s t at i c tr i p  dev i 
- SECTIONS 1 a nd 2 are complete in that respect. 

Ooeration of t�c var ! ous models of the static trip dev ice ca n be 
i� d�ta il fr om eleme nta ry diagrams. The d iagrams to be used a re s 
5if'1plified in that some o f  the auxiliary circuits (such as c i rcu i t ry 
blas ing vo l tage,  factor y ad jus tme nt for compone nt to l e ra nces , tempe ra 
cOMpe ns a ti o n, redu cti o n  of vo l ta ge s pikes due to trans former s a t u ra t i  
e tc .) have bee n omi tted to make the desc r i p ti ons o f  fun c t i ons as  s i mp! 
a n d  c l ea r  as pos s i bl e . 

3-A OP ERATION OF D UAL MOD EL AI 

Re fer  to e l eme nta r y  d i ag ram for th i s  dev i ce ,  F i gure  9 .  Each 
c u r re nt tra ns forme r  mou nted on  bre a ker  i s  co nne c ted i n  
a powe r -s upp l y  and  a ux i l i a ry trans fo rmer .  The power -s upply tr 
formers a re des i g ned to s a tu r a te a t  rela tive l y  1""' v o l ta ge to li 
the amou rt o f  e ne r g y  i n  the i r ou tput  a t  high o vercur re nts . Th i 
energy would otherwise be d i ff i cul t  to co rtro l ;n the sma ll s pa 
ava i la bl e . The o utp u t  o f  these tra ns formers goes to a full·wa 
recti fi e r  as shown and is then filtered by capac itor C l  
Rl �o li m i t  r ipp le . The ou tpu t vo l tage.i s regul a ted by 
Zl to prov i de a power supply for tra ns is tor c ircu i ts .  

The auxiliary tra ns fo rme r m i gh t  a l s o be re fe rred to as impedanc e  
matching tra ns fo rmer as  they reduce the s econd a ,.y c u r ren t from b 
to a s ti l l  l owe r  o rde r o f  mag ni tude a t  h igher  vo l t age to s e r ve 
the s i gna l cu rre nt for the dev i ce .  Mos t of  the cur ren t f lows . .th 
Pot . P I  (for Phas e A) a nd es ta blis hes a vo lta ge pro po r ti ona l ·t 
pr imary current in the breaker. The magn!tude o f  thi s vo l ta ge 
de te rm i nes whether o r  not the breake� will tr'p a �d t ime de lay 
tr ip ping. Obv :ous ly the re la tio n between th is AC voltage and th 
p r i ma r y  c ur re nt ca n be va ried by adjus t1ng Pot. Fl . Th i s  adj u s  
the n  va r i es th e mini mum primary curr en t a t  wh :ch brea ker wi l l  tri 
a nd is the external pick-up adjustme nt . 

A sma l l po r tion of s igna l cur re nt•fr om the  aux l� ! ary transformer 
rec ti fied a nd fl o ws thro ugh tri m po t. P 4  t o  es ta bii s h  a vol ta ge 
ac tu.::�tes the tr igger  c ircu it. Se ttin g  t his vo ltage a t  P 4  i s  an 
i nt�r nal fac to r y  a d justme nt to a l l ""'  for c ompone nt tole ra nces .,_ 
trigger circu i t  cons i sts o f  tra nsis tors Tl a nd T2 p ius as soc ia 
c i rcu i try. It i s  c ommo nl y ca ll ed a Sc hmitt Trig ge r  Ci rcuit. 
Nor ma l l y, whe n  p r i ma ry cur ren t and res Liltin g s ig nal a re be l ow  
sett i ng ,  bas e  c u r r e nt o f  Tl fl ows th rou gh Zene r Z2 . D i ode 06, 
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• ,  

3 -A (cont i nued)  

res i s to r  R3 and T l  i s  on . T2 i s b i a sed of f by vo l t a ge across  R4 
due to co l l ector cu r ren t  f rom Tl . When vo l tage at  P4 i s  h i gh 
enough , base cur rent i s  b l ocked a t  06 . T l  goes off and  T2 conducts .  
Co l l ec�or  cu r ren t th rough R5 then es tab l i s hes a b l oc k i ng vo l tage at  
d i ode 0 7  and t i m i ng capac i tor C 3  can then cha rge .  I f ,  a t  any t i me . 
s i gna l vo l tage goes even s l i gh t l y  be l ow set  po i nt ,  Tl prompt l y  
conducts  and T2 goes of f .  Ti m i ng  capac i tor  C3 can then d i scha rge 
t h rough RS and dev i ce i s  reset . 

A very sma l l port i on of rect i f i ed s i gna l cu rrent f l ows t h rough d i ode 
04 and res i s tor  R2 to es tab l i s h a DC v o l tage ac ross capac i tor C2 . 
Th i s  acts  es sent i a l l y  as  a pea k  f i l te r  and D . C .  vo l tage i s  very 
nea r l y  equa l to peak AC vo l tage . Consequen t l y  i t  makes l i t t l e  
d i fference i n  the ope rat i on of t he dev i ce whether ove rcu r rent i s  
t h ree-phase o r  s i ng l e-phas e .  The dev i ce res ponds on l y  to the cu r rent 
i n  the h i ghes t phase .  

The  D C  s i gna l vo l tage across  C2 causes a very sma l l cu r rent to f l ow  
th rough a non - l i nea r res i s tance network  to capac i tor  C3 . Th i s  non
l i nea r res i s tance i s  the t i me s hap i ng c i rcu i t  and the va l ue of 
components s e l ected determ i nes the s l ope and s hape of t he c u r rent
t i me cha racter i s t i c  cu rve . I f  the s i gna l vo l ta ge i s  above the set  
po i nt so  tha t the t r i gger has  operat ed ,  capac i tor  C3  w i l l  g radua l l y  
cha rge . When vo l tage at  C3  reaches the peak po i nt em i tter  vo l tage 
of T3 , the  l a tter w i l l  f i re to d i scharge C3 through res i s tor  R I O . 
Res u l t i ng vo l tage pu l se acros s  R I O  t r i ggers gate of  SCR wh i ch t hen 
conduct s  t o  energ i ze t r i p co i  1 and open b reake r .  W i th breaker open , 
there i s  no l onger any energy f rom b . c . t .  for the p owe r  s upp l y  and 
b l oc k i ng vo l tage at 07 d i s a ppea rs . Any rema i n i ng cha r ge on t i m i n g  
capac i tor  C 3  then f l ows th rough 0 7  and R S  and t h e  dev i ce i s  reset . 

I n  th i s  a rrangemen t the non- l i near  res i s tance netwo r k  determ i nes the 
s l ope and s hape of the cur ren t - t i me character i s t i c  cu rve . The 
s i mp l es t  way to i nc rease or dec rease t i me de l ay w i t hout chan g i ng 
s l ope or  s ha pe of cu rve i s  t o  v a ry the  va l ue of C3 . Th i s  i s  the 
method for obta i n i ng the th ree t i me bands shown on the  cha racter i s t i c  
cu rves and i s  a factory adj us tmen t  for th i s  mode l .  

I ns tan taneous t r i p adj us tmen t i s  by means of Pot . PS  and i s  an 
exte r na l f i e l d  adj us tmen t . Whenever the vo l tage at s l i der  of Pot .  P5 
i s  h i gh enough , Zene r D i ode Z5 conduct s  to es tab l i sh a vo l tage acros s  
res i s tor  R9 wh i ch exceeds the peak po i n t em i tter  vo l tage o f  T3 . T3 
then f i res to  d i s cha rge capac i tor C6 to c reate a p u l se acros s R I O  
wh i ch t r i gge rs the S CR to ene rg i ze the t r i p  co i l .  

3 - B  OPERA TI ON O F  DUAL MOD E L  AG 

Refer  to e l emen tary d i ag ram for th i s  dev i ce - F i g u re 1 0 .  Note that 
t h i s d i ag ram i s  the s ame as for Hode l AI excep t fo r a r rangement of 
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3 - B  ( con t i nued ) 

powe r-s upp l y  a n c  a u.)(. i  1 i a r y  t r a n ;; f o rme !" s  i n dev i ce .  ! n  th i s  model  
a powe r-s upp l y  and a ux i l i a r y  t r a n s f o rme r a re con nect ed i n  s e r i es 
w i th the common or neu t ra l  of the b , c . t .  �nd w i  1 1  therefore detec 
pha s e  to g round fau l ts i f  t he sys tem i s  g rounded . They w i l l  not � · 
res pond to l oad curren ts o r  h i gh th ree-phase i n rus h c u r rents s i  
none , or  very l i t t l e ,  current  f l ows i n  the neut ra l unde r s uch 
cond i t i ons p rov i ded the l oad  1 s  reas o�ab l y  we l l  ba l anced between 
phas es . 

These  t rans forme rs  i n  the neu t ra l  a re d i ffe rent  f rom those i n  
pha s e  c i rcu i ts and  a re des i gned to p rov i de a power s u pp l y  and 
s i gna l  s uf f i c i en t  to  opera te t he dev i ce at cur rent  magn i t udes 
20% of those requ i red to operate  f rom trans formers i n  the  phase 
c i rcu i ts .  

I n  a l l othe r res pects  t h i s  Model  AG i s  the same  as Model  A l  and , 
desc r i pt i on of ope ra t i on fo l l ows pa rag raph 3 -A .  

3 - C  O PERAT I ON O F  S E LE CT I V E  MOD E L  0 

Refer  to e l emen t a ry d i ag ram for th i s  dev i ce - F i gure 1 1 . Each · 

b us h i ng current  t rans forme r mounted i n  b reaker i s  connect ed i n  
s e r i es w i th a power-s upp 1 y and a ux i  I i a ry t ransfo rmer . The powe .. 
s upp  1 y t rans formers a re des i gned to s a t u rate  a t  re 1 a t  i ve 1 y low ' "'  

vol tage t o  � i m i t t he amoun t  o f  ene r gy i n  the i r ou tput  a t  h i gh · 

overcur rent s . Th i s  energy wou l d  o the rw i se  be  d i ff i cu l t t o  con t ro 
i n  the smal l s pace ava i t ab l e .  The output  of these t rans formers i 
connected to a f u  11 wave rect i f 1  e r  as  shown"' and  then f i 1 t ered by ·. · · · 

res i s tors R l , R2 and Capac i tor  C l  to l i m i t r i pp l e .  The output . �  
vol tage i s  regu l a ted by Zener D i ode Z2 to  prov i de a power supp l y ; '' 
for  t rans i s tor  c i rcu i ts .  Zene r Z l  l i m i t s the magn i t ude of the 
vol t a ge s p i kes at h i gh overcu rrents  a nd reduces duty on Z2 . 

The a ux i l i ary t ransfo rme r m i ght  a l so be referred t o  as i mpedance 
m a t ch i ng t rans f o rmers  as  t hey reduce the secon d a ry cur rent  f rom '' 
b . c . t .  to a s t i l l  l owe r  magn i tude a t  h i gher vo l tage to  serve as · !'< 
t he  s i gna l cu r rent  fo r the dev i ce .  Mos t of th i s  current  f l ows � 

th r ough Pot . P I  ( for  phase  A) and es tab l i shes a vol tage propor - " .  
t i on a !  to the  p r i ma ry current  i n  the b reaker . The magn i tude of · · '  

th i s  vol tage determ i nes whether or not the b reaker w i l l  t r i p  a���� ! 
t he t i me de l ay before t r i pp i ng .  Obv i ous l y  the  re l a t i on betwee� · � 

t h i s AC vol t a ge and the p r i ma ry cu r ren t can be  var i ed by  adj us t ing  
Pot .  P l . Th i s  adj us tment  t hen var i es the m i n i mum pr i ma ry current 
a t  wh i ch breake r  w i l l  t r i p  . and i s  the externa l p i ck-up adj us tmen t ." 

A s ma l l port i on of s i gna l current f rom aux i l i a ry t ransformer i s . 
rec t i f i ed and f l ows th rough t r i m  pot .  P4 to  es t a b l i sh a vo l tage 
wh i ch actua tes the t i i gger c i rcu i t .  Set t i ng t h i s  vo l tage a t  P4 i s . 
a n  i nte rna 1 factory adj us tment  to  a 1 1  ow for component to  1 erance�.· ' . 

The t r i gger c i rcu i t cons i s t s  of t r ans i s tors T l  and T2 p l us - ·  � e 

a s s oc i a ted c i rcu i t ry . Norma l l y ,  when p r i ma ry cur ren t  and res u l t i ng 
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3-C {cont i n ued) 

s i gna l a re bel ow p i ck-up s et t i ng , base  cur rent of Tl f l ows through 
Zene r Z3 , n i ode 06 , and Res i s tor  R4 , a nd Tl i s  on . T2 i s  then 
b i ased  off by vol tage acros s RS due t o  col l ector  cu r rent  from Tl . 
When vol tage a t  P4 i s  h i gh e n o u g h , base  cur rent i s  b l ocked a t  06 . 
T l  goes off and T2 conduc t s . Collector cur rent f rom T2 th rough R6 
then estab l i shes a b l oc k i ng volta ge a t  D i ode D7  and t i m i ng capac i tor 
C3 can then cha rge . 

l f , �' a t  any t i me ,  s i gna l vol tage d rops even s l i gh t l y  b e l ow  set  po i nt 
va l ue ,  T l  p romp t l y  conducts  and T2 goes of f .  Ti m i ng capac i tor C3 
can t hen d i s cha rge through R6 a nd dev i ce i s  rese t .  

, A ' sma l l po r t i on of rect i f i ed s i gna l c u r r e nt f l ows t h rough d i ode 0 4  
� .  and res i s tor R3 to es tab l i s h a D C  vol tage a c ros s capac i tor C2 . Th i s  

ac�s ess�nt i a l i y  as  a peak f i l ter  as  the D C  vo l tage i s  very nea r l y  
equa l to pea k AC vol tage . Consequen t l y  i t  makes l i t t l e d i f ference 
i n  the opera t i on of the dev i ce wh ether overcu r ren t i s  three-phase 
or •i n g l e-phase . The dev i ce responds  on l y  to the c u rrent i n  the 

· .  h i ghes � phase . 

The D C  s i gnal  vo lt � ge a t  C2 cau ses a very sma l 1 c u r rent  to f l ow  
t hro ugh a non - l i nea r res i s tance netwo r k  to capac i to r  C 3  (for M i n i mum 
T i me Band) . Thi s non .;. J i nea r res i s ta nce i s  the t i me - s hap i ng c i rcu i t · · 
and the va l ue of compp ne nts  s e lected determ i nes the  s l ope a nd shape 
of the  cur rent - t i me character i s t i c  cu rve . I f  the s i gna l v o l tage i s  
above the s �t po i nt so  tha t t r i gge r has ope rated , C3 w i  1 1  gradua l l y 
cha rge . When vol tage at  C3 reaches the pea k po i n t  em i t ter vo l tage of T5 , 
the l a t te r  w i  1 1  f i re to d i s cha r ge C3 th rough res i s to r  R l 8 .  Res u l t i ng 
vol tage pu l se  acros s R l 8 t r i ggers  gate of S CR wh i ch t hen conducts  to 
ene r g i ze t r i p  co i 1 a nd ope n brea ker . W i th b reake r o pen , there i s  no 
l onge r .any ene rgy from b . c . t .  for powe r s uppl y and  b l oc k i ng vo l tage 
at 0 7  d i s appea r s . Any rema i ni n g ch a r ge on t i m i ng capac i tor  C3 then 
f l ows th rough 07 a nd R6 a nd dev i ce i s  i mmed i a te l y  compl ete l y  reset . 

As men t i oned abov e ,  the non - l i nea r res i s tance netwo r k  determ i nes the 
s l ope and s hape of the c u r ren t-t i me cha racter i s t i c  c u rve . The 
s i mp l es t  way to i nc rease or dec reas e t i me de l ay w i thout  chang i ng 
s l ope or  s hape of cu rve i s  to vary the va l ue of t i m i ng capac i to r . 
Th i s  i s  the method for obta i n i ng the th ree t i me bands shown on 
characte r i s t i c  cu rves . By mea ns of sw i tches as s hown the numbe r of 
capac i tors  i n  the c i r cu i t may be one , two o r  fou r . Cor res pond i ng to 
M I N I MUM , I NTERMED I ATE AND MAX I MUM T I ME BANDS . For Hode l  0 th i s  i s  a n  
externa l f i e l d  adj us tmen t .  Sw i tch con tac t s  a re con t ro l  l ed b y  knob 
ma r ked LONG T I ME BAND SETT I NG on cal i b ra t i on p l a t e . 

TRANS FER TO SHORT T I ME i s  co nt ro lled by s e t t i ng of Pot . P5 wh i ch i s  
a n  externa l  f i e l d  adj us tmen t .  When s i gna l  vo l tage , and  cons equen t l y  
the v o l tage a t  s l i de r  of P5 , i s  h i gh enough , t rans f e r  t r i gger opera tes 
to act i vate  the short  t i me de l ay c i rcu i t .  The t ra n s fer  t r i gger i s  
comp r i s ed of t rans i s tors  T3 a nd T4 p l us a s s oc i a ted c i rcu i try . I t  
func t i ons i n  much the s ame man ner a s  t r i gger  for l on g  t i me del ay 
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3 -C (con t i n ued)  

p rev i ous l y  desc r i bed . Tha t i s ,  norma l l y  when p r i ma ry cur ren t a nd 
consequen tl y DC  s i gna l vo l tage i s  be l ow va l ue s e t  a t  P5 bas e  c u r rent  
for trans i s tors T3 fl ows th rough d i ode  09 and  res i s tor R l l .  T3 
conducts · 3nd  i ts co l l ec tor cur ren t c reates a vo l tage ac ros s R l 2  
wh i ch bi ases T4 of f, When s i gna l vo l tage i s  h ! gh enough , base  
cu'r ren t i s  bl oc ked a t  D i ode D9 . T3 t hen  goes off and  T4 conducts . 
Co l l ec to r  cu r ren t from T4 then fl ows th rough R l 3 to c rea te a 
bl oc ki n g  vo l tage a t  0 1 1 .  Ti m i ng capac i tor C9 i n  shor t - ti 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 ren t to  f l ow  
t h rough D iode D l 3  an d  Res i s tor RS to c rea te a vo l ta ge wh i ch bi ases 
trans i s to r  T2 o ff so tha t  l on g - ti me de l ay c i rc u i t ceases to o pe r a t e .  

Note  t h a t  ca pac i to r  C9 i s  cha rged f ro m  powe r -s u ppl y vo l tage wh i ch i s . 
regu l a ted cons tan t vo l tage . Ti me to cha rge i s  the refore con s t a n t  
a n d  i nde penden t o f  the magn i tude o f  p r i ma ry cur ren t so l ong  a s  i t  i s . 
a bove the m i n i mum va l ue to ope ra te t r i gger  c i rcu i t  as  determ i ned b y · :  
sett i ng of Pot . PS . 

· 

The ti me to cha rge C9 can o bv i ous l y  be v a r i ed by sett i ng of Pot . P6 
wh i ch i s  the ex terna l adj us tmen t ma r ked "SH OR T  T I ME BAND S ETT I NG"  
on ca l i bra t i on p l a te .  

When vo l. t a ge a t  C9 reaches pea� po i n t em i t ter  vo l tage o f  TS , t he  
l a tter  fi res to d i s charge C9  th rough res i s tor  R 1 8  and  c rea te  a 
vo l tage pu l s e  wh i ch tr i ggers gate  of SCR to ene rg i ze t r i p co i 1 .  
Af ter  brea ke·r opens , powe r s u ppl y and bl oc ki ng  vo l tage d i sa ppea r  
and any rema i n i ng cha rge on C9 d ra i ns off  th rough 0 1 1 and R l 3 .  
De� i ce i s  t hen comp l e te l y  rese t. 

3 -D OPE RA TION OF SE LEC TIVE H ODEL DG 

Refer to  e l emen ta ry d i ag ram for th i s  dev i ce - F i gure l l A .  No t e  th�( .  
th i s  d i a g ram i s  the  same as for Hode l D exce pt for  a rrangemen t of ' "'  

power s upp l y  and aux i l i a ry t rans forme rs  i n  dev i ce .  I n  t h i s mode l a 
powe r s u ppl y and aux i l i a ry transforme r a re connected i n  ser i es w i t h .; 
the common o r  neu tra l o f  the b . c . t. and  w i l l  the refore detect  phase . 
to g round f au l ts i f  the sys tem i s  g rounded . They w i l l  not res pond td , 
l oad  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 ttl e ,  cu r ren't f l ows i n  the neu tra l unde r  s uch cond i t i ons prov i ded 
the l oad i s  reasona bl y we l l ba l anced between phases . 

These  transforme rs i n  the neutra l a re d i fferen t f rom those i n  phase 
,� i r r.u i ts and are  des i gned to p rov i de a powe r  s u pp l y  and  s i gna l 
< u f f i c i en t  to ope r a te dev i ce a t  cur ren t magn i t udes 2 0% of those 

�qu i red to opera te from t ransforme rs i n  the phase  c i rcu i ts .  

' n  � � ; n ther  res pects  th i s  Mode l DG i s  t he same as  Hode l D and  
. , , : n f l � � o f  ope ra ti on fo l l ows parag ra ph 3-C . 
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