


- 1  
_ _  - LEGAL NOTICE - _ -  

This repert  ~ I S  prepared a s  un oecount of Governrent sponsored work. Neither the Unitsd States, 
nni the Commission, nor any person octena on behalf nf the Commission; 
A. EAoLsi ony worronty or raprrsentcrtion, expressed or tmpl<cd, with r s s p t c t  i o  the accuracy,  

c o m o l e t e m s s ,  w usefulness of tCe informotion ccntrrlned tn thrs rcpart, or that tha use of 
uny rnforrnotton, opporatur, method, or wwe55 dlst losed ~n thus report muy not infringe 

prtvntaly owned rights. or 

A3~urnes R O Y  l iobi l r t ips  w3th resptrct to the use of, or fur damages resulting from the use of 
uny information, apparatus, wethod, ot p r o ~ s s s  disclosed In thls report. 

8. 

A s  used In the above, "person acting on behulf  of the Conmtssron' '  fncludes any ernptoyee or 

cantructot o f  t h e  Commrssion, 01 employee of surC contractor, t o  the extent  rhor such employee 

or cmitrocior of the Comnitzsfm,  nr employee of such c onht1ctet prepares, d ~ s ~ e n ~ ~ o t t e s ,  or 

provides access to, uny informotlnn purrvont t o  his employment or contract with the Corrrmtsmlon, 

" 1  hmi employment wtrh SUC h contractor. 



3 

CONTENTS 

Page 

1 . DESCRIPTION ................................................. 4 
1.1 General ................................................ 4 
1.2 Construction ........................................... 4 
1.3 Application ............................................ 4 
1.4 Specifications ......................................... 5 
1.5 Applicable Drawings and Specifications ................. 6 

2 . THEORY OF OPERATION ......................................... 7 
2.1 General ................................................ 7 
2.2 The Voltage Comparator ................................. 7 
2.3  Logic Switching Circuits ............................... 9 
2.4 Relay Drivers .......................................... 9 

3 . OPERATING INSTRUCTIONS ...................................... 10 
3.1 Installation ........................................... 10 
3.2 Operating Controls ..................................... 10 
3.3 Connections ............................................ 11 
3.4 Operating Procedures ................................... 11 
3.5 Precautions ............................................ 13 

4 . MAINTENISNCX INSTRUCTIONS .................................... 13 
4.1 General ................................................ 13 
4.2 Periodic Maintenance ................................... 13 
4.3 Calibration ............................................ 14 
4.4 Transistor Voltage Chart ............................... 18 

5 . REPLACEABLE PARTS LIST ...................................... 19 

6 . ACCEPTANCE TEST PROCEDURE ................................... 21 
6.1 T e s t  Equipment ......................................... 21 
6.2 Adjustment Procedure ................................... 22 
6.3 Acceptance Test ........................................ 22 

3 q'45b 05'49645 5 



l. DESCRIPTION 

1.1 General 

The Fas t  T r i p  Comparator ci .rcuit  compares the  magnitude of two j.npu.t 
dc s igna ls  having opposite p o l a r i t i e s  and produces. an output volta,ge having 
e i t h e r  of  two possible  values,  depending upon wPii.ch input  voltage i s  l a r g e r .  
Two e l ec t ron ic  outputs dr ive  10gi.c c i r c u i t s  ex terna l  t o  t h i s  uni. t ,  and 
the re  are a l s o  two r e l a y  d r ive r s  within t h e  1uni.t. The change i n  vol tage 
from one l e v e l  t o  t h e  other  i s  completed i n  l e s s  than 200 psec a r t e r  t he  
t r i p  signal. occurs.  The relays can change s t a t e s  i-n approximately 10 msec. 
Each r e l a y  has one se-t of contacts  f o r  ex terna l  connections and one s e t  t o  
perform an ind ica t ing  funct'i.on on t h e  f r o n t  panel.. 
nected t o  hold a t r i p  ind ica t ion  a f t e r  the  t r i p  has cleared,  and the  other 
r e l a y  ind ica tes  t he  immediate s t a t e  of t h e  c i r c u i t .  

One r e l a y  can be con- 

Several  ex te rna l  connections can be made t h a t  allow the  c i r c u i t  to 
t r i p  f o r  a v a r i e t y  of input  condi t ions.  With a reference serving as one 
s igna l ,  the  c i r c u i t  can t r i p  on a pos i t i ve  or  a negative input s i g n a l  and 
on an increasing or  decreasing signal.. For the  case of two ex te rna l  
s igna ls  A and B, t r i pp ing  ac t ion  can take  place when t h e  magnitude of A 
i s  g rea t e r  than o r  l e s s  khan tha t  of  B, provided A and B have opposi-Le 
p o l a r i t i e s .  

1 . 2  Construction 

The Fas i  Tr ip  Comparator i s  constructed i n  a s ing le  module 1.40 i n .  
wide, 11.72 i n .  high, and l.l.90 i n .  deep. It i s  a standard "one-unit" 
plug-in module of the Modular Reactor Instrumentation Ser ies  depicted on 
drawings Q-26CO-l through Q-2600-6. 

The c i r c u i t  i s  constructed on a pr in ted  c i rc i i i t  board mounbed with- 
i.n a sh ie ld ing  encl.osure wi th  removable s ides .  

l- .3 Application 

The Fas t  Tr ip  Comparator i s  intended pr imari ly  t o  be used as a volt-. 
age level. discr iminator  f o r  safety- and con t ro l  functions i n  a nuclear 
r eac to r .  For m a x i m u m  f l e x i b i l i t y ,  the  u n i t  has -two inputs  s o  that, it may 
be used e i t h e r  t o  compare two s igna ls  or  t o  compare one s i g n a l  with an 
ex terna l  reference.  The c i r c u i t  i s  b i s t a b l e  i n  nature;  t h a t  i s ,  t'nere i s  
no change i n  output ind ica t ion  u n t i l  the  predet,ermined " t r ip"  l e v e l  i s  
exceeded, a t  which time the  output suddenl-y changes from one s ta te  t o  the  
o the r .  The t r i p  l e v e l  i s  nominally zero v o l t s  ; t h a t  i s ,  t h e  -two Tnputs 
must be of opposite p o l a r i t y  so  tha.1; -when the magnitude of one input ex- 
ceeds the  magnitude of -the other ,  t he  c i r c u i t  ~wL7-l change s t a t e .  B y  use 
of  suitab1.e ex te rna l  jumpers, t he  c i r c u i t  can be arranged t o  t r i p  on 
e i t h e r  ne t  pos i t i ve  o r  ne t  negative inpu t .  
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Two types of output a r e  ava i lab le .  The log ic  output, intended f o r  
use i n  fast sa fe ty  systems, i s  -10 v normally and 0 v when t r ipped .  The 
switching t i m e  i s  less than 200 psec. Normally, the log ic  l e v e l  w i l l  r e -  
v e r t  t o  normal as soon as t h e  input s igna l  drops below the  t r i p  l e v e l .  
However, by use of ex te rna l  jumpers, the  c i r c u i t  can be made t o  l a t ch ,  o r  
s ea l ,  t h e  log ic  output i n  t h e  t r i p  s t a t e  u n t i l  manually r e s e t ,  provided 
the  t r i p  s igna l  p e r s i s t s  f o r  10 msec or more. 

The second type of output i s  provided by two re lays .  Both re lays  
a r e  driven by the  log ic  s i g n a l  described previously and respond accordingly. 
K l  may be arranged t o  l a t c h  i f  the t r i p  s i g n a l  persists f o r  more than 10 
msec; t he  r e l a y  w i l l  go t o  t h e  t r i p  s t a t e  and remain there  u n t i l  manually 
r e s e t ,  regardless  of whether or not the  log ic  l e v e l  s igna l  i s  arranged t o  
l a t c h .  
allows a momentary t r i p  t o  be located and iden t i f i ed  a f t e r  it has d i s -  
appeared. K2  operates d i r e c t l y  o f f  t h e  log ic  s igna l  and w i l l  be i n  the  
same s t a t e .  Contacts of both re lays  a r e  ava i lab le  f o r  ac tua t ing  ex terna l  
c i r c u i t s .  

This arrangement i s  sometimes ca l led  a "scram catcher," i n  t'nat it 

1.4 Specif icat ions 

1. Tr ip  range: 

2 .  Tr ip  point  accuracy: 

The t r i p  range s h a l l  be adjustable  from 
+1 t o  +10 v or from -1 t o  -10 v .  

Once the  t r i p  point has been set, va r i -  
a t ions  i n  temperature from 10 t o  5 5 ° C  
and aging of components should not 
cause the  t r i p  point  t o  change more 
than 50 mv refer red  t o  the  t r i p -  
c i r c u i t  input s igna l .  

3 .  T r i p  point  hys te res i s :  When the s i g n a l  f a l l s  60 mv below t he  
t r i p  point ,  t h e  c i r c u i t  s h a l l  r e s e t  
i t s e l f .  The c i r c u i t  s h a l l  not r e s e t  
l e s s  than 40 mv below t he  t r i p  po in t .  

4. Input impedance: 

5 .  Logic output: 

150 kilohms, e i t h e r  input .  

I n  the  normal s t a t e ,  the log ic  l e v e l  out- 
put s h a l l  be -10 +. 1/2 v, 20 ma 
maximum dra in .  
t he  logic l e v e l  output s h a l l  be 

In  the  t r i p  s t a t e ,  

0 _+ 1/2 v .  

6. Tripping t ime-logic leve l :  The change from normal t o  abnormal condi- 
t i o n  (-10 t o  0 v )  s h a l l  require  a t  
l e a s t  LOO ysec, but l e s s  than 200 psec. 

7. Relay outputs: Tme 1 i s  a DPDT r e l a y  having contacts  
r a t ed  2 amp a t  32 v de and 2 amp a t  
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115 v a c .  This r e l a y  must change 
s ta te  i n  less than 100 msee. 

8. Power required: 

Type 2 i s  a f a s t - l a t ch ing  r e l a y  t h a t  w i l l  
operate i n  less than 10 msec. The 
purpose of this r e l a y  i s  t o  i nd ica t e  
t h e  I.oeation of a momentary t r i p  
s i g n a l  . 

i -15 -I- 0.25 v de with regula t ion  of 0.1%. 
-15 -i 0.25 v dc wikh regula t ion  of 
O.l$. +10 tr 0 .1  v de with regulatlion 
of 0 . J$ .  -32 + 4 v de, unregulated.  

9. Ambient temperature range: 10 t o  55°C. 

10. Indicat ion : 

11. Test  and rese t :  

Front -panel ind ica tor  l i g h t s  s h a l l  show 
t h e  immzdiate s t a t e  of the  t r i p ,  that  
i s ,  "Trfp" or "Normal, It and also 
"Latch," which ind ica tes  t h a t  a 
momentary t r i p  of 1.0 msec or  more has 
occurred. 

Front -panel pushbuttons s h a l l  cause the 
c i r c u i t  t o  t r i p  regardless  of t he  in -  
put  s i g n a l  ("Test") and t o  rese-t  t he  
l a t c h  ind ica t ion  ( "Reset" ) . 

1 . 5  Applicable Drawings and Specif icat ions 

The fol lowfng l is t  gi.ves the  drawing numbers (ONYT, Instrumentation 
and Controls Division drawing numbers ) and suhti t i e s  and f ab r i ca t ion  
specifi-cation number f o r  t%e Fas t  Trip Comparator: 

J-. Q-2609-1 Circu i t .  

2 .  Q-2609-2 Deta i l s .  

3. 4-2609-3 Metalphoto Fanel.  

4. Q-2609-4 Pri-nted Ci rcu i t  Boaid. 

5.  Q-2609-5 Assembly. 

6. Q-2609-6 Pa r t s  L i s t .  

' 7 .  SF-253 Fabricat ion Spec i f ica t ion .  

The following l i s t  gives t h e  drawing numbers and s u b t i t l e s  f o r  t h e  
Plug-In Chassis System: 
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1. Q-2600-1. A s  s emb l y  . 
2 .  Q-2600-2 D e t a i l s .  

3 .  Q-2600-3 D e t a i l s .  

4. Q,-2600-4 D e t a i l s .  

5. &-2600-5 D e t a i l s .  

6 .  Q-2600-6 Deta i l s .  

2 .  T'HEORY OF OPERATIOU 

2 . 1  General 

The Fas t  T r t p  Comparator i s  composed of .three func t iona l  pa r t s :  a 
vol tage comparator, l og ic  switching circuj. ts ,  and r e l a y  dr ivers  (F ig .  1-) . 

The input  s tage  cons is t ing  of Q1 and. Q2 i-s a compound (Darling-kon) 
d i f f e r e n t i a l  ampl i f ie r  having a high degree of temperature s t a b i l i t y  and a 
high input  impedance. Tnis s tage  dr ives  a simple d i f f e r e n t i a l  amplif ier  
Q3 which, i n  tu rn ,  drives a Schmitt t r i g g e r  c i r c u i t  Q4. These th ree  s tages  
make up the  voltage comparator. 

All t r a n s i s t o r s  a f t e r  t h e  Schmitt t r i g g e r  c i r c u i t  act  as switches 
and ai'? e i t h e r  ofP (open) or sa tura ted  (c losed) .  
bu f fe r  t o  prevent t he  Schmitt triggel: c i r c u i t  from being af fec ted  by v a r i -  
a t ions  i n  t h e  load.  Elec t ronic  output po in ts  a r e  located a t  t he  co l l ec to r s  
of &6 and 47. 

Trans is tor  &5 a c t s  as a 

Two double-pole, double-throw re lays  K7.. and K2 each provide one s e t  
of contacts  for t h e  operat ion of ex te rna l  c i r c u i t s  and one s e t  f o r  t he  
operat ion of ind ica tor  lxmps on t h e  f r o n t  panel  of t h e  t r i p  c i r c u i t .  
Relay K1 can be connected t o  hold t h e  "Latch" ind ica tor  Lamp I1 from t h e  
time a trip has occixred u n t i l  t h e  manual r e s e t  switch S2 has been de- 
pressed, even i f  t h e  s i g n a l  l e v e l  decreases below t h e  t r i p  po in t .  Relay 
K 2  energizes indj-cator lamp I 2  ( "Trip") o r  I 3  ( depending upon 
t h e  ex i s t ing  s t a t e  of t h e  c i r c u i t .  E i ther  or both of t h e  relay dr ive r s  
Q8 and Q9 can be dr iven from e i t h e r  e l ec t ron ic  output .  For opera t iona l  
f l e x i b i l i t y ,  t h e  connections t o  t h e  e l ec t ron ic  outputs and t h e  r e l a y  
d r ive r s  are mad-e ex t e rna l ly  through the  r e a r  connector P'7. The followi.ng 
sec t ions  provide a de t a i l ed  discussion of t h e  design and operat ion of t h e  
various s tages  of t he  c i r c u i t .  

2 .2  The Voltage Comparator 

The i n p i t  s tage  Ql and Q2 i.s a compound d i f f e r e n t i a l  ampl i f i e r .  The 
compounding Q1 provides high input  impedance. The two inputs  a r e  appl ied 



8 

+ /5 v 

e-23 
47Y 

E30 
zoo0 

-32 V 

FAS T 7R/P COkfPdRA ATOR 
C /RCUl T 

INSTRUMENTATIDH AND M R D L S  DIVISION 
OAK RIDGE NATIONAL LABORATORY 

-,ID 0 .  

UNION CARBIDE NUCLElR COMPANV 

I V  8" , 
1 

I I - 

Fig. 1. Fast Tri-g Comparator Circurt . 



9 

t o  a s ing le  base, r a the r  than d i f f e r e n t i a l l y  t o  t h e  two bases, s o  t h a t  no 
s h i f t  i n  output w i l l  occur when t h e  two inputs  a r e  of equal magnitude a t  
various l eve l s  from -10 t o  +10 v .  The 2-kilohm trimming adjustment R2 i s  
used t o  balance the  input r e s i s t o r s  R1 and R 3 .  The output of t h e  f i r s t  
s tage  appears a t  t he  co l l ec to r  of Q2A and i s  coupled t o  the  second s tage 
through Rl0 and R l O a .  Diode D 5  provides pro tec t ion  against  overvoltage 
a t  t h e  input .  

The second s tage  Q3 i s  a simple d i f f e r e n t i a l  amplif ier  t h a t  provides 
add i t iona l  voltage gain t o  increase the  s e n s i t i v i t y  of the  ampl i f ie r .  
Overall  negative feedback i s  employed from the  co l l ec to r  of Q.3B t o  the  base 
of QIA (R36) t o  ad jus t  t h e  s e n s i t i v i t y  t o  t h e  desired l e v e l  and t o  improve 
t h e  temperature-dr i f t  c h a r a c t e r i s t i c s .  The dc l e v e l  i s  adjusted by Trimpot 
R10 t o  e s t ab l i sh  t h e  cor rec t  t r i p  po in t .  

The output of t h e  second s tage  Q3 i s  d i r e c t l y  coupled t o  the  Schmitt 
The Schmitt t r i g g e r  c i r c u i t  i s  a regenerative b i s t ab le  t r i g g e r  c i r c u i t  Q4. 

c i r c u i t  t h a t  provides the  a c t u a l  vol tage l e v e l  discr iminat ion.  
of t he  Schmitt t r i g g e r  c i r c u i t  and a l l  succeeding s tages  have only two 
s t a b l e  s t a t e s ,  tlNormalrl and "Trip . ' I  

The output 

2 .3  Logic Switching Ci rcu i t s  

Loading e f f e c t s  on the  Schmitt t r i g g e r  c i r c u i t s  a r e  buffered by an 
i s o l a t i o n  s tage  Q5. The b i s t a b l e  s i g n a l  i s  then coupled t o  Q6 where t h e  
log ic  l e v e l s  a r e  es tab l i shed .  When the  co l l ec to r  of Q5 (and the  base of 
&6) i s  i n  t h e  "high," o r  more pos i t i ve  s t a t e ,  Q6 i s  biased o f f ,  allowing 
Zener diode D1 t o  be f i r e d  through R25. The log ic  l e v e l  output a t  p in  A 
of P7 i s  then -10 v, as  determined by t h e  break-down vol tage of D 1 .  

In  t h e  "low" s t a t e ,  when t h e  voltage a t  t h e  base of Q6 i s  l e s s  
pos i t i ve  ( ac tua l ly  s l i g h t l y  negat ive) ,  Q6 i s  sa tura ted ,  shunting Zener 
diode D 1 ;  and the  magnitude of the  output a t  p in  A i s  near zero ( l e s s  than 
0.2 v ) .  
l og ic  l e v e l  output f o r  maximum f l e x i b i l i t y ;  t h a t  i s ,  when t h e  l e v e l  a t  
p in  A i s  -10 v, Q7 i s  sa tura ted ,  producing "zero" l e v e l  a t  p in  J.  Con- 
versely,  when the  l e v e l  a t  p in  A i s  "zero," Q7 i s  cut off and the  output 
a t  p in  J i s  -10 v .  

The Q7 s tage  i s  near ly  i d e n t i c a l  t o  Q6 and provides an inverted 

The inherent  speed of response of t h e  e n t i r e  e l ec t ron ic  c i r c u i t ,  
from a s u f f i c i e n t  l e v e l  change a t  the  input p in  T t o  a log ic  l e v e l  change 
a t  e i t h e r  p in  A o r  p in  J, i s  about 10 psec. However, t h i s  speed of re- 
sponse has been in t en t iona l ly  lessened t o  about 120 p e c  by capaci tors  
C1 - C 4  t o  reduce t h e  tendency t o  respond t o  sharp noise spikes .  

2 .4  Relay Drivers 

Ei ther  log ic  output may be connected t o  e i t h e r  or  both of t he  two 
Normally K l  i s  intended t o  pick up when a t r i p  

To accomplish t h i s ,  t he  base of Q8 i s  
r e l a y  d r ive r s  Q8 and Q9. 
(abnormal) condition e x i s t s .  
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connected through R30 and p i n  K of P7 t o  a l og ic  output t h a t  i s  a t  -10 v 
i n  the  "Trip" s t a t e ,  namely, e i t h e r  p in  A or  p i n  J .  Note t h a t  "'Lri.p" arid 
'lNormall' are r e l a t ed  t o  t h e  character  of' t he  input s igna l ,  and r e f e r  t o  a 
s i g n a l  which may be e i t h e r  t oo  l a rge  or  too  s m a l l  and e i t h e r  pos i t i ve  o r  
negative.  The proper connections fo r  a des i red  s i g n a l  and funct ion can 
be determined by r e fe r r fng  t o  t h e  connection t a b l e  on c i r c u i t  diagram 
Q-2609-1 (F ig .  1). 

One set  of contacts  of K1 i s  used .bo l a t ch - in  the  c o i l  of K1. t o  keep 
i t  energized a f te r  a t r i p  has occurred and c leared .  This op t iona l  funct ion 
i s  accomplished by connecting p in  d of P'7 t o  b a t t e r y  ground (p in  W ) .  

Relay K2, driven by Q9, i s  norrns1l.y connected so  as t o  drop out i n  
t h e  t r i p  s t a t e .  T h i s  rel.ay is intended t o  show the  immediate s t a t e ,  and no 
provis ions a r e  made t o  l a t c h  i t .  

One s e t  of form-il contacts  i s  ava i lab le  from each r e l a y  t o  operate 
ex te rna l  c i r c u i t s .  

The logic: l e v e l  output may be la tched i n  the  t r i p  state by using t h e  
output contacts  of r e l a y  K1. Pin b i s  connected t o  p in  B, and e i t h e r  pos i -  
t i ve  or  negative 15 v i s  coriiiected t o  p in  F, depending upon t h e  nature  GC 
t h e  input s igna l .  When t h i s  connection i s  used, K2 also l a tches ,  because 
it i s  dr iven by the  log ic  s igna l s .  

3. OPEHATING INSTRUCTIONS 

3 .1  1ns ta l l . a t ion  

T'ne Fas t  Tr ip  Comparator Q-2609 i.s a module i n  'che ORNL Modular 
Reactor Instrumentation Se r i e s .  Like t h e  other  modules of t he  series,  
it has standard connectors and dimensions and has a p ih-  and hole-code on 
the  r e a r  p l a t e  so t h a t  t h e  module w i l l  not be inser ted  i n  a wrong loca t ion  
i n  a drawer. 
i n s e r t i n g  the  module f i imly,  and t igh ten ing  the  t h m k  screw. The module 
may be plugged i n  with power on withoiit damage. 

The module i s  i n s t a l l e d  by placing it -in i t s  proper locat ion,  

3.2 Operating Controls 

The only i n t e g r a l  operat ing cont ro ls  arc the  "Trip Test" pushbutton 
and t h e  "Reset" pushbutton. 'The " T r i p  Test" pushbutton causes t h e  c i r c u i t  
Lo t r i p  by overr iding the input s i g n a l .  The c i r c u i t  w i l l  remain i n  the 
t r i p  pos i t ion  i f  the  screw-driver actuated pushbutton i s  ro ta ted  clockwise 
after being depressed. 

"Reset" i s  a momentary pushbutton -t;hai; re leases  r e l a y  K1 and the  
"Lat chtt ind i c a t  5. on . 



I n  a good many appl ica t ions  of t he  Fas t  Tr ip  Comparator, a s ing le  
s i g n a l  w i l l  be compared against  a reference.  The reference can be f ixed 
by a simple ex te rna l  vol tage d iv ider ,  or it can be adjusted by means of a 
Helipot located i n  the  drawer i n t o  which the  t r i p  c i r c u i t  i s  plugged. 
adjustment is  shown on the  c i r c u i t  diagram as R4 and is, i n  e f f e c t ,  an 
operating cont ro l  of the  t r i p  c i r c u i t .  

This 

3 . 3  Connections 

A l l  connections t o  the  Fast  Tr ip  Comparator a re  made through the  
rear connector P7 when the  module i s  in se r t ed .  After  i n i t i a l  ca l ib ra t ion  
i s  completed, t he re  a r e  no adjustments or connections t o  be made within 
the  module i t s e l f .  Ifowever, a high degree of f l e x i b i l i t y  i s  provided 
through ex terna l  connections. The various possible  modes of operation and 
the  connections required t o  achieve them a r e  de t a i l ed  i n  the  connection 
t a b l e  on c i r c u i t  diagram Q-2609-1 (F ig .  1) and i n  the  following sec t ion .  

3.4 Operating Procedures 

3 .IC .l Input Signals 

The input  s igna l s  t o  the  t r i p  c i r c u i t  should be supplied from a low 
impedance source (500 ohms or  l ess ) .  
or negative within the  range of +10 v .  The magnitude of two d i f f e r e n t  
s igna ls  may be compared, but  they must be of opposite p o l a r i t y .  The input 
terminal  f o r  a s ing le  s i g n a l  i s  p in  T, and an ex te rna l  reference voltage 
of opposite p o l a r i t y  i s  required on p in  M. If t w o  s igna ls  a r e  compared, 
the  reference vol tage i s  not required,  and the  second s igna l  i s  connected 
t o  p in  M. 

A s ing le  s i g n a l  may be e i t h e r  pos i t i ve  

3.4.2 Reference Voltage 

The ex terna l  reference voltage i s  required on p in  M when the  input 
i s  a s ing le  s igna l .  This reference must be exact ly  equal i n  magnitude t o  
the  desired s i g n a l  t r i p  point  and of opposite p o l a r i t y .  
pedance should be 500 ohms or l e s s .  I n  appl icat ions where the  t r i p  point 
i s  t o  be changed occassionally,  the  reference may be derived from a 500-ohm 
prec is ion  potentiometer connected t o  a 10-v supply. A potentiometer with 
0.1% l i n e a r i t y  w i l l  be s u f f i c i e n t l y  accurate  t o  allow d i r e c t  reading of the  
potentiometer d i a l  as the  t r i p  vol tage.  Such a potentiometer i s  shown on 
t h e  c i r c u i t  diagram as R4. 

The source i m -  

I n  appl ica t ions  where infrequent o r  no changes i n  t r i p  point  a r e  
an t ic ipa ted ,  the  reference should be derived from a LO-v supply and a 
fixed-voltage d iv ider  with a t o t a l  s e r i e s  r e s i s t ance  of approximately 
500 ohms. 

It should be noted t h a t ,  wi thin t h e  accuracy spec i f ica t ions  of the  
t r i p  comparator, t h e  t r i p  point  i s  d i r e c t l y  equal i n  magnitude t o  .the 
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reference voltage, and any d r i f t  or  inaccuracy of t he  reference w i l l  r e -  
s u l t  i n  equal e r r o r  of the  t r i p  p o i n t .  'The accuracy speciPications do not 
apply i n  t h e  range - 1 t o  0 t o  +1 v, and ad jus t ing  the  reference t o  a t r i p  
poin t  i n  t h i s  range should be avoided. 

3.4.3 Signal P o l a r i t y  and Direc t ion  

Dif fe ren t  external- connections a r e  required f o r  d i f f e r e n t  types of 
input s igna l s  t o  achieve proper output sense.  These connections a r e  shown 
i n  the t a b l e  on the  c i rcu i . t  diagram. The columrz headings r e f e r  t o  t he  
nature of t h e  s igna l ;  f o r  example, t he  second column i s  headed "Pos. 
Signal,  High Tr ip ."  This means t h a t  t he  input signal. may range from 0 t o  
t10 v, and t r i p  w i l l  occur when t h e  s igna l  i s  g rea t e r  i n  magnitude than 
t h e  re ference .  'The f i f t h  column i s  headed "Neg. Signal, Low Trip," which 
means t h a t  t h e  s i g n a l  range i.s 0 t o  -10 v, and t h a t  t r i p  occurs when the  
s i g n a l  i s  smaller i n  magnitude than t h e  re ference .  
under t h e  se lec ted  heading show the voltage o r  des t ina t ion  f o r  t h e  p in  or 
terminal i n  the  same row of colimn 1 on the  l e f t .  

The column e n t r i e s  

The preceding discusston of t he  second column labeled "Pos. Signal, 
High Trip," i s  continued. 
Pin M connects -to t e rmina l  I, which i s  the  wiper of t h e  reference potentio- 
me-Ler. 
f ixed  t r i p  point i.s des i r ed .  Pin L connects t o  +10 v t o  provide the  proper 
t e s t  vo l tage .  Pin A i s  jurripered t o  p in  K t o  provide proper d r ive  t o  Q8. 
Pin J i s  jumpered t o  p in  Z t o  provide proper d r ive  t o  Q,g and i s  a l s o  t h e  
cor rec t  l og ic  l e v e l  output for dr iv ing  ex-Lernal c i rcuTts .  

The f irst  row shows p in  T a s  -tile s igna l  i npu t .  

Pin M could go ins tead  t o  the  pick-off t a p  of a fixed d iv ider  i f  a 

3 .4 .4  Latching 

Latching in s t ruc t ions  a re  not shown i n  t h e  t ab le ,  but they are shown 
at  t h e  appropriate connector p ins  on the  c i r c u i t  diagram. With no la tch ing ,  

KI, K2,  and the  log ic  l e v e l  outputs w i l l  a l l  i nd ica t e  the  immediate state 
of t h e  comparator. Connecting p in  d t o  b a t t e r y  ground causes only K1. t o  
l a t c h ,  t h a t  i s ,  t o  remain i n  the  t r i p  s t a t e ,  a f t e r  a t r i p  s i g n a l  has 
cleared, u n t i l  t h e  r e s e t  button i s  pressed. 

If it i s  des i red  t o  a l s o  l a t c h  t h e  l o g i c  l e v e l  outputs i n  t he  same 
manner, it i s  necessazy t o  jumper p in  b t o  p in  B and connect a n  appropriate 
voltage t o  p in  F as shown i n  the  t a b l e .  I n  t h i s  condition, a l l  outputs, 

K1, K2, and both l o g i c  l e v e l s  w i l l  l a t c h  and remain i n  t h e  t r i p  s t a t e  a f t e r  
a t r i p - l e v e l  s i g n a l  occiirs. 



3.5 Frecautions 

3.5.1 Relay Contacts 

The contacts of the relays used in the Fast Trip Comparator circuit 
are rated for resistive loads only. If inductive loads are necessary, 
appropriate contact-arc-suppression techniques should be employed. 

3.5.2 Transistors 

Some of the transistors used in the circuit unavoidably have small 
reverse base-emitter voltage ratings. Most ordinary laboratory-type ohm- 
meters, such as the Triplett 630 or the Simpson 260, have sufficiently 
high voltage on some resistance scales to permanently damage these tran- 
sistors. The common practice of using an o'meter to check transistors 
when troubleshooting should be avoided in this unit. 

3.5.3 Trip Point Near Zero Volts 

The trip-point accuracy specifications do not apply at trip voltages 
near zero. Due to possible inaccuracy, trip points between -1 and + 1 v  
should be avoided. 

4 MAINTENAMCE INSTRUCTIONS 

4.1 General 

This module is designed to operate continuously wiLh a minimum of 
maintenance and adjustment. No periodic adjustments are required. The 
two internal trimming potentiometers should be adjusted only during initial 
calibration or during subsequent recalibrations after circuit damage or 
failure has occurred. Should a failure occur, any part listed in the 
Replaceable Parts List, Sect. 5, may be replaced. The calibration should 
be checked after any circuit repair. 

4.2 Periodic Maintenance 

No specific periodic maintenance is required. It is presumed that 
the accuracy of the trip point (external reference) and the operability of 
the Fast Trip Comparator w i l l  be checked periodically as part of the 
routine tests of the  system, of which the Comparator is a part. 



4.3 Cal ibrat ion 

4.3.1 Instrunents  Required 

The i”ol1owing spec ia l  insl;rumenLs a r e  required t o  c a l i b r a t e  t he  
Fast  Tr ip  Comparator: 

I-. Power suppl ies  for +32 + 4 v dc and. -32 t 4 v dc; and a Power 
Supply Drawer &-2626-7A, complete with voltage-regulator modules Q-2619, 
Q-2620, and Q-2621.. 

The power suy,plies of t he  Modular Reac t o r  Instr imentat ion 
Ser ies  should normally be used with t h e  Fas t  ‘Trip Comparator. It i s  
recommended t h a t  these  suppl ies  be used t o  ca l ib ra t e  the  Comparator ; how- 
ever, the  use of these suppl ies  i s  not absolutely necessary, and the  
required voltages may be obtained from su i t ab le  general  purpose suppl ies .  
The voltages required are:  

a .  t10 ? 0 .1  v dc, regulat ion O.l‘$,; 

b .  -LO + 0.1 v dc, regulat ion 0.1%; 

c .  -1-15 f 0.25 v dc, regulat ion 0.1%; 

d .  -15 ? 0.25 v dc, regula t ion  0.1‘; 

e .  -32 t 1-1 v dc, unregulated. 

2 .  D i g i t a l  voltmeter with s e n s i t i v i t y  and absolute accuracy of 
1 mv or b e t t e r ,  Cub-ic Corporation, model V-’71,  or equal.. 

3. T r i p  Circu7.t Tester ,  a spec ia l  t e s t  j i g  shown schematically i n  
F igs .  2 and 3 .  

4.3.2 Cal ibrat ion Procedure 

1. 
Trimpot) wiper. 
R2. Resolder 3. short piece of wire to t he  wipw of 1-72. 

Remove the jumper between the  base of !2JA and R2 (2-kilohm 
Disconnect t he  ends of R 3 6  and C 5  t h a t  a r e  connected Lo 

2 .  Connect t he  t r i p  circuit ,  t e s t e r  as diagraimed i n  F igs .  2 and 3: 
t u r n  on the  posjer suppl-ies, and ad jus t  the voltages t o  the desired values 
as accurately as  possible ,  a s  measured with the  d ig i ta l .  voltmeter.  

3 .  Set  the  reference potentlometer on t h e  t e s t e r  t o  exact ly  500 
div is ions .  

11.. Connect the  Fas t  Tr ip  Comparator t o  be ca l ibra ted  t o  the  t e s t e r .  
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Fas t  Trip Comparator, ORNL Model Q-2609. 
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Fig. 3 .  
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5 .  Connect the digital voltmeter to the test jacks T (orange), and 
readjust the reference potentiometer until the voltmeter indicates -5.000 v. 

6. Move one digital voltmeter lead from test jack T (orange) to 
jack M (yellow), and adjust the signal potentiometer of the tester until 
the voltmeter indicates +5.OOO v. 

'7. Connect the voltmeter between the wiper of R2 (short piece of 
wire provided in Step 1) and HQ ground. 
until the voltmeter indicates 0.000 v. 

Adjust R2 (2-kilohm Trimpot) 

8. Disconnect the module from the tester, and restore all con- 
nections removed in Step 1. 

9. Reconnect t h e  module to the tester. Note that, after the 
jm-per has been resoldered, the voltage between the jumper (R2 wiper) and 
HQ ground will no longer be zero for equal input voltages owing to tran- 
sistor base current. Do not readjust to zero! 

10. Set the selector switch of the tester to position No. 1 (positive 
signal, high trip), and set the signal switch to positive. 

11. 
HQ, ground. 
+5.025 v. 
as indicated by the panel lights. 

Connect the digital voltmeter between test jack T (signal) and 

Adjust R10 (20-kilohm Trimpot) until the comyarator just trips, 
Adjust the signal potentiometer until the meter indicates 

l2. Slowly decrease the setting of the signal potentiometer on the 
tester and observe the signal voltage when the trip just clears. The 
signal voltage should be +4.975 k 0.010 Y when the trip clears. This 
represents hysteresis of from 40 to 60 mv. 

13. Increase the signal potentiometer until the comparator just 
trips again. 
slightly and recheck. Several readjustments may be required to achieve 
proper results. 
values less than 40 mv or greater than 60 mv indicate components out of 
tolerance in the amplifier stages of the comparator. 

If trip does not occur at 5.025 ? 0.003 v, readjust R10 

There is no adjustment to change the hysteresis, and 

14. Set the selector switch of the tester to position No. 2 (negative 
signal, high trip), and set the signal polarity switch to negative. 

1 5 .  Measure the voltage at test jack M, and readJust if necessary to 
+5.000 V. 

16. Measure the signal voltages (jack T) at trip and untrip as done 
previously for positive signals. 
Dropout, or untrip, should occur at -4.975 t 0.010 v. 

Trip should occur at -5.025 k 0.010 v. 

This completes the calibration procedure, but it is recommended that 
the module be given a complete acceptance test (Sect. 6) after calibration 
and before being placed in service. 



4 .I+ Transis tor  Voltage Chart 

The voltages of a l l  t r a n s i s t o r s  are l i s t e d  i n  Table 1. 

1 Table 1. Transis tor  Voltage Chart 

Trans i s t o r  

Q l A  

Q1B 

Q2A 

WB 

Q3A 

Q3B 

Q4A 

Q4B 

Q5 

Q6 

Q7 

Q8 

Q9 

Pin T 

Pin M 

Emitter 

-0.555/-0.553 

-0.555/-0.554 

-i.181+/ -1.185 

-i.1-81/ -1.186 

-0.613/ -0.603 

-0.612/ -0.601 

+4.290/+4.407 

+IC. 290/+4.407 

o / o  

o/o 

o/o 

010 

o /o  

+ 5 . 0 2 p + .  975 

-5.000/ -5 000 

Bise 

-0.0231 -0.025 

-0.027/ -0.027 

-0.551/-0.553 

-0-552/-0.553 

-0.041/ -0.010 

+0 . OOl / l -o .  001 

+3.312/+5.020 

+4.907/+2.248 

- 

-1.115/+0.665 

+0.759/-0.273 

-0.744/+0.81.7 

-0.874/+0.440 

-to. 304/ -0.829 

- 
- 

co 113 c t 0 1' 

+lo. 00/+10.00 

+lo. OO/+lO. 00 

+4.064/+4.135 

+lo. O O / + l O  . 00 
+15.00/+15 e 00 

+3.31.2/+5.020 

+11 63/+4.5&2 

+4.408/+10.99 

+7.060/-tO. 153 

-9.960/ -0.175 

-0.325/ -10.27 

-0.350/ -32 00 

-32.00/-0.1j'l 

' A l l  d c  vol.tages on Q1-Q5 were measured w i t h  respect; t o  HQ ground, 
and on &6-~9 with respect  t o  +O ba t t e ry  ground with a a i g i t a l  voltmeter 
(Cubic Corp., m d e l .  V-71, or equal). 
i s  with the  input a.djusted t o  j u s t  cause "trip." The second value i s  
with the  input reduced u n t i l  t he  c i r c u t t  just "untrips .I1 

I n  each case t h e  f i rs t  value l i s t ed  



5 .  REPw1CXABI;E PARTS LIST 

A description and an ORI'IL Stores number for replaceable parts are 
given in Table 2.  
the "Stemag," carbon-film resistors have been discontinued as ORNL Stores 
items. The presently stocked precision metal-film resistors are equal or 
superior to Stemag resistors and may be substituted. 

Since the original group of modules was manufactured 

Table 2. Replaceable Parts List 

Parts No. 

a, 2, 3 

Q4 

Q5 

Q6 

Q7 

Q8, 9 

D1, 2 

D3, 4 

D 5  

c1, 2 ,  3 

c4 

C 5  

R1, 3 

R2 

ORNL Stores N o .  

06 -996-1880 

06-996-1960 

06-996-1710 

- 
06-995 -709'1 

06-99? -6160 

06-995-5860 

06-802-0405 

06-802 -0095 

06-802 -0270 

06-932 -0195 

06-930-82 10 

Description 

Transistor, dual NPN, type 2N2060. 

Transistor, dual NPN, type 2N2223A 
(2~2060 will substitute directly). 

Transistor, NPN, type 2Nl.279. 

Transistor, PNP, type 2N1307. 

Transistor, PNP, type &1131. 

Transistor, PNP, type 2Nll32A. 

Diode, Zener, 10 v +. 5%, type lN3020B. 

Diode, Silicon, ~ 6 7 9 .  

Diode, Silicon, 7N959A. 

Capacitor, 0.0047 mf k 2q0, 1000 v fixed 
ceramic disc. 

Capacitor, 0.22 mf, k 2@, 50 v fixed 
ceramic, insulated. 

Capacitor, 10 pf f lo%, 1000 v, fixed 
ceramic, insulated. 

Resistor, 150 kilohms C 1%, 1/2 w, 
Stemag, type SLAK. 

Potentiometer, trimmer, 2000 ohms + lHo, 
1-1/2 w, conductive glass resistance 
element, "Helitrim" series 53 with 
printed circuit pins, Helipot Division 
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Table 2 .  (contliriued) 

Par t  No. 

RlOa 

811, 12 

R 1 3 ,  2 1  

~14, 16, 23 

H17, 22, 35 

~ 1 9 ,  20 

R 2 4 ,  26 

H25, 28 

R2'7, 29, 32 

ORNL Stores No. 

06-932-0155 

06-932 -0057 

06-932 -0133 

06-932 -0143 

06-932 -0189 

06 -930-8216 

06-932-0169 

06-932 -0151. 

06-932-0149 

06-932-0161 

06-932-0147 

06-932-0175 

06-932-0127 

Des cr i ~ t  ion 

Resis tor ,  20 kilohm -i- l%, 1/2 w, Stemag, 
type SLAK. 

Resis tor ,  200 ohms f l$,, 1/2 w, Stemag, 
type SUI(.  

Resis tor ,  5000 oims + I.$, L/2 w, Stemag, 
type SLAK, 

Resis tor ,  8000 ohms ?I I$, 1/2 w, S'ternag, 
t m e  STAK. 

Resis tor ,  1-00 kilohms i- l$, 1 / 2  w, Stemag, 
type SMK. 

Potentiometer trimmer, 20 kilohms + KY$, 
1-1,'~ w, conductive g l a s s  res i s tance  
element , "Helitrim" se r i e s  53 wit'n 
pr in ted  ci.rcuit pins ,  Helipat, Division. 

Resis tor ,  33 kilohms i$, 1/2 w, Stemag, 
type SLAK. 

Resis tor ,  1 5  kilohnis + I-%, 1 /2  w, Sternag, 
type SLAK. 

Resis tor ,  12.5 kilohms _C 1%, 1 / 2  w, Stemag, 
type SLAK. 

Resis tor ,  25 kilohms -t. 1%, 1/2 w, Stemag, 
t n e  SZAK. 

Resis tor ,  10 kiloiims + 1/2 w, Stemag, 
type SLAK. 

Resis tor ,  50 kilohms +. I-%, L/2 w, Skemag, 
type SLAK. 

Resis tor ,  3300 ohms f l$, 1/2 w, Stemag, 
t-ype SZAK. 

Resis tor ,  800 ohms 2 5%, 3 w, ww, v i t reous  
enamel insu la t ion ,  Ohmite code 7/16-A- 
54-F. 

Resis tor ,  47 kilohms + l$, l / 2  w, Stemag 
type SLAK. 
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Table 2. (continued) 

Part No. 

R30, 33 

R31, 34 

R36 

R37 

a, 2 

I1 

I2 

I3 

11, 2 ,  3 

ORNL Stores No. 

06-932 -0113 

06-933-62 50 

06-918-2150 

06-918-2149 

06-918-2147 

06-916-2576 

Description 

Resistor, 2000 ohms t 1%, 1/2 w, Stemag 
type SLAK. 

Resistor, 300 ohms C 5%, 3 w, ww, vitreous 
enamel insulation, Ohmite code 7/16-A- 
54-F 

Resistor, 5.6 megohms t l$, 1/2 FT, Texas 
Instruments, type CD-1/2-SR. 

Resistor, 20 megohms 2 5$, 1/2 w, carbon 
composition. 

Relay, DPDT, 2 amp at 28 v de resistive 
load, 1000-ohm coil resistance, ad- 
justment LS, silver contacts, 5 ma dc 
operate current, Sigma type 22 JNP 
3cc-looo-Ls-sIL. 

Lens cap, amber, for use with T1-3/4 
incandescent lamp, Dialco No. 101-973. 

Lens cap, red, for use tith T1-3/4 
incandescent lamp, Dialco No. 101-971. 

Lens cap, green, for  use with T1-3/4 
incandescent lamp, Dialco No. 101-972. 

Lamp, incandescent, 28 v at 40 ma, type 
327, GE. 

6. ACCEPTmCE TEST PROCEDURE 

6.1 Test Equipment 

The instruments required to perform acceptance tests of the Fast 
Trip Comparator are the same as those required f o r  calibration and listed 
in Sect. 4.3.1. In addition, a dc-coupled oscilloscope with calibrated 
time base and external trigger and a laboratory-type temperature test 
chamber are required. 
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6.2 Adjustment Procedure 

No adjustments a re  necessary except those pei-formed dining c a l i -  
b r a t i o n .  

6.3 Acceptance Test 

6.3.1 Cal ibra t ion  

Cal ibra te  t h e  Fas t  Trip Comparator according t o  t h e  procedure of 
Sec t .  4.3. 

6.3.2 Output Functions : Posi t ive  Signal, High Tr ip  

1. Connect t h e  module t o  the  t r i p  c i r c u i t  t e s t e r  and s e t  the  
se l ec to r  switch t o  position 1 and t h e  s igna l  switch t o  pos i t i ve .  'The 
l a t c h  switches should be of f  and t h e  mode switch a t  "Pot." 

2 .  Increa,se the  s i g n a l  (turn potentiometer cl-ockwise) u n t i l  t r i p  
occurs . 
module front panel should be on, i nd ica t ing  t h a t  r e l a y  K1 i s  picked up 
and- K 2  i s  dropped out .  The output contacts of K1 and K2 a r e  monitored by 
t h e  amber and red I.ights on the  t e s t e r .  The t e s t e r  l i g h t s  are  red when 
t h e  r e l ays  a re  picked up and amber when the  re lays  are dropped ou t .  These 
should be observed occasionally during t h e  subsequent tesi;i.ng t o  a sce r t a in  
t h a t  all r e l a y  contacts are making and breaking proper ly .  

The red ("Trip") l i g h t  and the amber ("Latch") l i g h t  on t h e  

3 .  Measure t h e  voltage between t e s t  j ack  A and ground. The voltage 
should be -10 t 1/2 v .  

4. Measure t h e  voltage between t e s t  jack J and ground. The vol.t,age 
should be 0 + 1/2 v. 

5. Decrease t h e  s i g n a l  t o  wel l  below the  t r t p  p o i n t .  Only the  green 
(llNormal'l) l i g h t  shoiil-d be on. 
s e t  bu t ton .  

It should not be necessary t o  press t he  r e -  

6. Again measure t h e  voltages a t  t e s t  jacks A and J. Jack A should 
now measure 0 k l / 2  v, and jack J should measure -1.0 + 1/2 v. 

6.3.3 Relay Latch 

1. Switch the "Relay Latch" switch on the  t e s t e r  t o  on and turn - 
t'ne s i g n a l  potentiometer clockwise u n t i l  t he  t r i p  occurs. The "'L'rip" and 
"Latch" l i g h t s  should be on. 

2 .  Decrease t h e  s i g n a l  t o  below the  t r i p  p o i n t .  The amber ("Latch") 
l i g h t  shoul-d remain on, t h e  red ("Trip") l i g h t  shoi~ld be of f ,  and t'ne green 
( "Norrflal" ) l i g h t  sh0ul.d be on. 



3. Measure the  voltages a t  t e s t  jacks A and J. A t  A the  vol tage 
should be 0 t 1/2 v and a t  J should be -10 k 1/2  v .  

Press the  r e s e t  but ton S2 on t h e  module, and again measure the  4. 
voltages a t  A and J .  
l i g h t  should now be out .  

They should not have changed, but  t h e  amber ("Latch") 

6.3.4 Electronic  h t c h  

1. Switch t h e  "Electronic Latch" switch t o  on and t h e  "Relay Latch" 
switch t o  - o f f ;  increase the  s i g n a l  Un t i l  t r i p   occur^ 
"Latch" l i g h t s  should be on, and the  "Normal" l i g h t  should be o f f .  

The "Trip" and 

2 .  Measinre t h e  voltages a t  t e s t  jacks A and J .  A t  A t he  voltage 
should be -10 f 1/2 v and a t  J should be 0 .S 1/2 v .  

3. Decrease t h e  s igna l  t o  wel l  below t h e  t r i p  po in t .  N o  changes 
should occur i n  e i t h e r  t he  s t a t e  of t he  l i g h t s  or  of t he  vol tages .  

4. Press the r e s e t  button on the module. Only the  green ("Normal") 
l i g h t  should be on, and t h e  voltages should have changed s t a t e  t o  A = 0 
- + 1 / 2  v and J = -10 -ir 1/2 v .  

6.3.5 Tr ip  Test 

1. Switch both l a t c h  switches t o  - of'f and ad jus t  the  s igna l  t o  wel l  
below the  t r i p  po in t .  

2 .  With a screw dr iver ,  depress t'ne "Test Trip" button SI.. The 
"Trip" and " la tch" l i g h t s  should come on. 

3. Rotate S1 one-eigh.t;li t u r n  clockwise while it i s  depressed. 
This should lock t h e  but ton i n  t h e  depressed posi t ion,  causing the  t r i p  
condition t o  p e r s i s t .  

4. Release S1 by ro t a t ing  it one-eight'n t u r n  counterclockwise and 
l e t  it spring back. 
only t h e  green l i g h t  on. 

The circu-it  cond.ition should r eve r t  t o  norrnal with 

6.3.6 Output Functions : negative Signal,  High Trip 

1. Turn the  t e s t e r  s e l ec to r  switch t o  pos i t ion  2 and the  s igna l  
p o l a r i t y  switch t o  Negative. The l a t c h  switches should-be o f f .  

2 .  Incyease the  s igna l  potentiometer u n t i l  t r i p  oecurs. Wtth the 
reference potentiometer s t i l l  s e t  a t  5.000, t r i p  should occur a t  -5.025 
k 0.010 v measured at; t e s t  jack T. I n  the  t r i p  condition, both the  red 
and t h e  amber l i g h t s  should be on, and t h e  voltage a t  t e s t  jack A should 
measire o 1/2 v .  
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3. Decrease t h e  signal. potentiometer u n t i l  t he  c i r c u i t  j u s t  
switches t o  normal (only the  glreen l i g h t  on) .  
should be -!+.975 + 0.010 v. 
check, repeat t he  pos i t ive-s igna l  h igh - t r ip  t e s t s  and check the t r i p  poin t  
accuracy and hys t e re s i s  very ca re fu l ly .  If t he  hys t e re s i s  i s  out of 
to le rance ,  c i r c u i t  r epa i r  or t r a n s i s t o r  s u b s t i t u t i o n  i s  ind ica ted .  If 
only the  t r i p  poin t  accuracy i s  out of tolerance,  r eca l ib ra t ion  should 
su f f i ce .  

The voltage a t  jack T 
If these t r i p  and recover voltages do no-t 

6.3.7 Output Functions: Pos i t ive  Signal, LOW Trip 

1. Place the  t e s t e r  s e l ec to r  switch i n  pos i t i on  3 and the  s i g n a l  
p o l a r i t y  switch t o  Fos i t i ve .  
t he  c i r c u i t  should be i n  t h e  t r i p  condition with 0 ?r 1 / 2  v a t  t e s t  jack A .  

Wtth t h e  s igna l  potentiome&r well below 5 v, 

2 .  Slowly increase Yfle s i g n a l  ( t u r n  the  potentiometer clockwise) 
u n t i l  the  c i rcu i . t  u n t r i p s .  The voltage a t  t e s t  jack T s l~ould  be +5.025 k 
0.010 v (reference = -5 .000 v) . The voltage a t  jack A should be -10 -fr 1.2 v .  

3. Now decrease the  s i g n a l  ( t u r n  counterclockwise) u n t i l  t r i p  just 
occurs. 
and l a t c h  l i g h t s  should be on. 

The voltage a t  jack T should be "4.975 + 0.020 v, and the  t r i p  

6.3.8 Output Funct,ions: Negative Signal, Low Tr ip  

1. Place t h e  t e s t e r  s e l e c t o r  switch i n  pos i t i on  4 and t h e  s igna l  
p o l a r i t y  switch t o  Negative. 
t he  ci.rcu.it should be i n  the  t r i p  condition with 0 + 1/2 v a t  t e s t  jack J .  

With the  s igna l  potentiomeger well below 5 v, 

2 .  Slowly increase the  s i g n a l  u n t i l  t he  c i r c u i t  unt,ri-ps. The v o l t -  
age a t  t e s t  jack T should be -5.025 + 0.010 v (reference = +5.000 v). 
voltage a t  jack S should be -1.0 + 1/2 v. 

The 

3 .  Now decrease the  s i g n a l  u n t i l  t r i p  occurs.  The voltage a t  jack 
T should be -4.975 5 0.010 v, and the t r i p  and 1-atch l i g h t s  should be on. 

6.3.9 Dual Signal Tr ip  

l. Place t h e  t e s t e r  selector. switch i n  pos i t i on  5 and the  s igna l  
p o l a r i t y  switch t o  Pos i t i ve .  
5 v, t h e  c i r c u i t  s t a t e  should be normal. I n  t h i s  case the  reference 
potentiometer rzpresenks s igna l  B and should be a t  -5.000 v ( j ack  M ) .  

With the  s i g n a l  potentiomeFer well below 

2 .  increase t h e  s i g n a l  u n t i l  t r i p  occu.rs. The voltage a t  jack T 
should be +5 .O25 ? 0.003 v .  

3.  Place t he  t e s t e r  s e l ec to r  switch i n  pos i t i on  6 and the  s igna l  
polar?-ty switch t o  Pos i t i ve .  
s t a t e .  

'The c i r c u i t  should now be Tn t h e  normal 



4. Decrease the  s i g n a l  until t r i p  occurs. The voltage a t  jack T 
should be +4.975 + 0.010 v. 

E 
0 '  
u) 

6.3 .LO Response Time 

1. Connect an osci l loscope w i t h  a ca l ibra ted  time base and ex terna l  
t r i g g e r  provisions t o  t h e  terminals on t h e  r e a r  oI" t he  t e s t e r  labeled 
"Signal" and "Trigger." 
s igna l  should be on Pos i t ive ,  and the  l a t c h  switches a t  - O f f .  
reference potentiometer t o  990. 

Set t h e  t e s t e r  s e l ec to r  switch t o  pos i t ion  1; the  
Adjust-the 

, 

2. Adjust the  osci l loscope t o  50 mv/cm s e n s i t i v i t y  and 50 psec/cm 
sweep, dc coupled. Depress t,he t e s t e r  pushbutton repeatedly while ad jus t -  
ing  t h e  scope t r igger ing  and centering t o  ob%ain a d isp lay  as shown i n  
Fig.  I+. 

ORNL DWG. 68-4897 

Fig ,  4. Oscilloscope Presentat ion of Time Response. 

The t r a c e  at approximately -100 mv represents  t he  response or 
storage d isp lay  of t h e  amplif ier  s tages  of t he  comparator and i s  typ ica l ly  
about 120 p e c .  The t r a n s i t i o n  from -100 to i-100 mv represents  the switch- 
ing t i m e  of t he  b i s t a b l e  s tages  of the  comparator, which i s  typ ica l ly  10 
psec. The ove ra l l  time from the  beginning of t he  t r a c e  imti l  t he  +lo0 mv 
Level i s  reached represents  t he  o v e r a l l  response t i m e  of" the  e lec t ronic ,  o r  
l og ic  l eve l ,  output of t h e  comparator and i s  t y p i c a l l y  about 130 psec. 
This  time must be l e s s  than 200 psec. 



6.3.11 Temperature and Input Range 

1. Se t  t h e  t e s t e r  s e l e c t o r  switch t o  pos i t ion  1 and the  signal.. 
p o l a r i t y  t o  Pos i t i ve .  
and t h e  l a t c h  switches should be off'. 

The s i g n a l  mode switch should be i n  t h e  Pot pos i t ion ,  
m_ 

2 * Adjust t h e  reference potentiometer u n t i l  t h e  voltage i n d i c a k d  
a t  jack M i s  exac t ly  -1.000 v.  

3. Increase the  s igna l  potentiometer adjustment from 000 un t i l  t he  
c i r c u i t  j u s t  t r i p s .  Measure and record the  s igna l  voltage as measured a t  
t e s t  jack T .  The voltage should be  1-1.025 t 0.003 v .  

4. Decrease t h e  s i g n a l  u n t i l  t he  circuit ,  j u s t  w i t r ip s ,  and measure 
and record t h e  s igna l  voltage a t  jack T .  
l e s s  than t h e  t r i p  vol tage .  

The voltage should be 40 t o  60 mv 

5 .  Repeat .the preceding procedures a.t; reference voltages of -4.000, 
-7.000, and -9.500. 

6. Place the  Fast  Trip Comparator modide i n  a temperature t e s t  
chamber and maintain the  ambient a i r  temperature a t  55 !: 3°C for a t  least 
15 min. 

' 7 .  Repeat t h e  t r i p -po in t  accuracy and hys t e re s i s  measurements as 
described previously and compare them with the  room-temperature measure- 
ments. Se lec t  t'ne l a r g e s t  negative and t h e  l a r g e s t  pos i t i ve  e r ro r s  with 
respect t o  t h e  references an? add them -toget'ner numerically. The t o t a l ,  
which represents t he  t o t a l  m a x i m u m  extreme e r r o r  of t h e  comparator, should 
be l e s s  than 50 mv. The hys t e re s i s  a t  any reference voltage between 1 and 
10 v and a t  any temperatwe between 0 and 55°C should-be more than 40 but 
l e s s  than 60 mv. 
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