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1. DESCRIPTION 

1.1 General 

The MSRE Test Module i s  a special. purpose u n i t  designed t o  supply 
c a l i b r a t i o n  s i g n a l s  for. t e s t i n g  t h e  response of p a r t s  of t h e  s a f e t y  sys- 
tem of t h e  Molten-Salt Reactor Experiment. The module pr.ovid.es two 
c a l i b r a t e d  cu r ren t  ramps a t  d i f f e r e n t  r a t e s  t o  check t h e  response and 
approximate c a l i b r a t i o n  of t h e  flux ampl i f ie r  and assoc ia ted  .Cast-tr ip 
comparators. An ad jus t ab le  s t eady- s t a t e  cur ren t  can be s u b s t i t u t e d  f o r  
t h e  ramps f o r  more p r e c i s e  ca l ib ra , t i on .  I n  addi t ion ,  t h e  module provides 
two s t eady- s t a t e  cu r ren t s  f o r  c a l i b r a t i o n  of t h e  "log cur ren t"  po r t ion  
of Lhe peri.od s a f e t y  module, and two vol tage  ramps Cor c a l i b r a t i o n  of t h e  
"period" po r t ion  of the period s a f e t y  module and assoc ia ted  f a s t - t r i p  
comparator. An ion iza t ion  chamber undervoltage monitoring c i r c u i t  i s  
provided i n  t h i s  modid-e. 

A l l  of t hese  a r e  i n i t i a k d  by pushbuttoas from t h e  module f r o n t  
panel.  

I .2 Construction 

The MSRE Test Module i s  2.83 i n .  wide, 4-72 i n .  high, and 11.90 i n .  
deep. It i s  a staiiilard "two-unit" p lug- in  modu1.e of t h e  ORNL Modular 
Reactor Instrumentation Se r i e s  depicted on drabrings Q-2600-1- through 
Q-2600-5. 

The c i r c u i t r y  i s  constructed on two l a r g e  p r in t ed -c i - r cu i t  boards 
mounted witl-lin t h e  module. 

1 .3  Applicat ion 

'The MSRE: 'Test Module i s  intended t o  supply s i g n a l s  f o r  both p re -  
ope ra t iona l  and on-line t e s t i n g  of t h e  nuclear s a f e t y  system of t h e  ORNL 
Molten-Salt Reactor Experiment. Although the  s i g n a l  types and c i r c u i t r y  
used a r e  gene ra l ly  appl icable  t o  any r eac to r  s a f e t y  system employing the  
OEWL Modular Reactor Tnstrumentation Se r i e s ,  t he  s i g n a l  l e v e l s  and r a t e s  
f o r  t h i s  module Q-263'1 a r e  t a i l o r e d  e s p e c i a l l y  f o r  t h e  MSRE. 

1.J-i- Spec i f i ca t ions  

1.4.1 Outnut R a m m  

'The b a s i c  ramp generator suppl ies  a vol tage  ramp OP 0 t o  +1)-1 v 
with  a r a t e  +1 v/sec.  
r e s i s t o r s  t o  obta in  t h e  required cilrrent ramp. The output cur ren ts  a r e :  

This rami) vol tage  i s  applied t o  s u i t a b l e  m u l t i p l i e r  
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High r a t e  (300 kilohms) o t o  46.7 x amp. 

Low r a t e  (300 megohms ) o t o  46.7 x amp . 

1.4.2 Outnut Currents.  Steadv S t a t e  

The outpwt cu r ren t s  a r e  ad jus t ab le  with a 10-turn precisi-on po ten t io -  
meter on t h e  f r o n t  pane l  ca.librated t o  be d i r e c t  reading from 0 t o  100. 
The output cu r ren t s  a r e ;  

tligh cur ren t  (200 kilohms ) o t o  LOO x amp. 

Z0.d cur ren t  (2CO megohms ) o t o  100 x IO-" amp. 

l.14..3 Log Current, Steady S t a t e  

Two c a l i b r a t i o n  cu r ren t s  a r e  der ived  from t h e  ion iza t ion  chamber 
high vol tage  by s u i t a b l e  m u l t i p l i e r  r e s i s t o r s  f o r  cur ren t  c a l i b r a t i o n  of 
t h e  per iod s a f e t y  module. They a r e :  

High (25 megohms) amn. 

LOT. (250,000 megohms ) amp. 

L.lt.4 Period Ca l ib ra t ion  

The +1 v/sec ramp i s  appl ied  t o  t h e  log-cur ren t  ampl i f ie r  i n  t h e  
per iod  s a f e t y  module through a s u i t a b l e  input  r e s i s t o r .  This produces a 
constant output a t  Yne period. amplii'ier f o r  c a l i b r a t i o n  purposes. Two 
approximate c a l i b r a t i o n  p o i n t s  a r e  provided.: 
and 42 sec per iod  (1 megohm). 

+1 see period (500 kilohms) 

1.4.5 Undervoltage Monitor 

The c i r c u i t  cont inuously monitors t h e  po la r i z ing  vol tage  of t he  
i o n i z a t i o n  chamber on a r e t u r n  l ead  from t h e  chamber. When the chamber 
vol tage  i s  g r e a t e r  t han  200 -C 10 v, a green l i g h t  labe led  l'Normalll on 
t h e  f r o n t  pane l  i s  lit. When t h e  chamber vol tage  ?or any reason drops 
below 200 k 10 v, t h e  circu-it  changes s t a t e  and l i g h t s  both a red ''LOW'' 
i n d i c a t o r  lamp and a yellow "Latch" i n d i c a t o r  lamp. 
r e s to red ,  t h e  "Low" i n d i c a t o r  i s  extinguished, and the  "Normal" l i g h t  
again comes on. The "Latch" l i g h t  remains on u n t i l  t h e  f r o n t  pane l  
"iieset" pushbutton i s  depressed. The r e l a y  t h a t  a c t u a t e s  t h e  indicator- 
lamps has a d d l t i o n a l  s ing le-pole ,  double-throw contac ts  for. use i.n ex- 
t e r n a l  c i r c u i t s .  An a d d i t i o n a l  f ront -panel  pushbutton labe led  "Test" 
s imula tes  a loit-voltage condition t o  the  monitor circuri.t withoui; a f f e c t i n g  
a c t u a l  chamber lioltage 

When t h e  vol tage  i s  



6 

1 . 4  .'7 Ambient Temperature Iiange 

The ambient tempel-ature range is 10 t o  55°C. 

1. .5 Applicable Drawings 

The following l i s t  gives  the drawing nwnbers (ORNL Ins  t runenta t ion  
arid Controls Divisi.on drawring numbers) and. s u b t i t l e s  f o r  t h e  MS?.E Test  
Module : 

1. ~ - 2 6 3 J + - 1  

2.  Q-2634-2 

3.  &-2634-3 

4. ~ - 2 6 3 W t  

5. &-2634-5 

6. Q-263)~-6 

Ci-rcuit  . 
D e t a i l s .  

Metal.piioto Panel-. 

Pr in ted  C i rcu i t  Boards. 

Assembly. 

P a r t s  L i s t .  

The fol.l.owing l i s t  gives  t h e  drawing numbers and subt i t l -es  for 
'thc Plug-In Chassis System: 

1. Q-2600-1 

2-  Q-2600-2 

3. Q-2600-3 

4. Q-2;OO-4 

5. Q-2600-5 

Assembly . 
Detai ls .  

D e t a i l s .  

Detai ls .  

D e t a i l s .  

2. THEORY OF OPERATIOLU 

2 . 1  General 

The MSRE Test  Module i s  a s p e c i a l  purpose module designed t o  pro- 
vide s igna l s  t o  t e s t  p a r t s  of the nuclear  s a f e t y  system of the  Molten-Salt 
Reactor Experjment . Although it was o r i g i n a l l y  intended t o  have a genera l  



pirpose tes'c iiiodule which would be a,ppll.cable t o  s e v e r a l  r eac to r s ,  and- 
such a module &-2601 was designed, i t  soon developed t h a t  a s i n g l e  t es t  
module would not, s u f f i c e  because of t h e  d i fPe ren t  instrument s e n s i t i v i t i e s  
and. var ied  func t ions  of t h e  s e v e r a l  r eac to r  systerns under design.  Con- 
sequent ly ,  a separa te  t e s t  module was designed for each r eac to r  t h a t  uses  
t h i s  type of ins t rumenta t ion .  I n  s p i t e  of t h c  m t q u e  p r o j e c t  app l i ca t ion  
of the module and because of t h e  general a p p l i c a b i l i t y  of t h e  c i r c u i t s  
used. i n  t h e  module, a "Q" number was assigned t o  t h e  DERE Tes t  Module f o r  
tile convenience of designers  of f u t u r e  systems. 

2.2 C i r c u i t  Descr ip t ion  

2 . 2 . 1  Ramp Generator 

A Linear vo l tage  ra-ml, i.s generated by charging a capac i tor  wtth a 
constant  cu r ren t .  
base of t r a n s i s t o r  &I.. i s  held at, a constant  p o t e n t i a l  wi th  respec t  'io t h e  
+25 v supply by Zener diode DI.. This,  i n  t u rn ,  causes the eini t ter  vo l tage  
of QI. t o  be constant  across  a f i x e d  r e s i s t o r  R 2 ,  e s t a b l i s h i n g  constant  
emi t te r  cu r ren t .  To a f i r s t  ayproxi.mation, t r a n s i s t o r  collector c u n e n t  
is equal  t o  emi t te r  cur ren t  regard less  of c o l l e c t o r  vo l tage  u n t i l  satur- 
a t i o n  i s  reached, t h a t  is, imtil.. t h e  c o l l e c t o r  vo l tage  equals  t h e  emi t te r  
vo l tage .  Thus, t h e  c o l l e c t o r  c w r e n t  of Ql is  constant  and flows i n t o  
capac i to r  C1. 

I n  t h e  c i r c u i t  diagram (Fj-g. 1.) it i s  seen t h a t  t h e  

In t h e  standby condiltion, t h e  capac i tor  i s  shor t  c i r c u i t e d  by 
con.tacts of r e l ays  K l  and K2 and by contac ts  of pushbu'itons S7 and ~ 8 .  
W h n  any one of t hese  contac ts  opens, t h e  capac i tor  begi-ns t o  charge.  
The ra te  of change of vo l tage  ac ross ' t he  capac i tor  i s  determined by t h e  
magnitude of Lhe cur ren t  and the s i z e  of t h e  capacitol- .  I n  t h i s  case:  

The vol tage  across  CL i s  sensed by a very-hi-gh-beta, Darl ington-pair  
emi t te r  fol lower Q;? and Q,3. 
by s a t u r a t i o n  of Q1 and Zener di-ode D 1  t o  about 15; v across  C1 or t o  about 
1.h v a t  t h e  emi t t e r  of Q3. 

The m a x i m u m  amplitude of t h e  ramp i s  l i m i t e d  

2 "2.2 Current Switching 

T h e  MS€?X Tes t  Module i s  designed t o  provide t e s t  cu r ren t s  for both 
the flux ampljf'ier module and t h e  per iod s a f e t y  module. 
the flux ampl i f i e r  i s  i n  s e r i e s  w i th  t h e  l o g  diode of t h e  per iod  s a f e t y  
moduLe, any tes t  cur ren t  w i l l  be  sensed and ind ica ted  by both instruments .  
Since t h e  flux ampl i f i e r  has 10% feedback t o  t h e  input  terminal ,  t h e r e  i s  

Since t h e  input  of 
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no inpu t  vo l tage  o f f s e t .  This means t h a t  a r e l a t i v e l y  low-voltage cur- 
r e n t  source i s  adequate :for genera t ion  of its t e s t  c u r r e n t s .  For 
app l i ca t ion  t o  t h e  per iod s a f e t y  module, a b e t t e r  cu r ren t  souxct? i s  
required., s ince  t h e  vol tage  across  t h e  log di0d.e i s  not, constant but 
changes with  inpu t  c u r r e n t .  To this end t h e  c a l i b r a t i o n  cixrren.ts f o r  %he 
per iod s a f e t y  module a r e  produced by u s k g  t h e  chamber high-voltage supply 
and s u i t a b l e  m u l t i p l i e r  r e s i s t o r s .  The "Rate" t e s t  cu r ren t s  and t h e  
"Adjustable1' t e s t  cu r ren t s  a r e  intended f o r  use wi th  t h e  flux a,mpliFier 
only; ?ur ther ,  app l i ca t ion  of e i t h e r  of t hese  cu r ren t s  calxes t'ne per iod 
s a f e t y  t o  i n d i c a t e  an i n c o r r e c t  cu r ren t ,  which should be ignored. 

Since a l l  t e s t  cu r ren t s  a r e  applied. by way of a second i-onization- 
chamber s i g n a l  lead,  which i s  sepa ra t e  a l l  t h e  way t o  the chamber p l a t e s ,  
a t e s t  s i g n a l  must t r a v e l  t o  t h e  ellamber. and back t o  t h e  s a f e t y  channel 
inpv-t. I n  t h i s  way, a success fu l  cu r ren t  t e s t  v e r i f i e s  t h a t  t he  chariber 
i s  connected. 

2.2 .3 Flux Amplifier 

For s t eady- s t a t e  c a l i b r a t i o n  o r  checks, a vol tage  ad jus t ab le  from 
0 t o  20 v by a f ron t -pane l  Helipot can be appl ied  through e i t h e r  a 200- 
liilohm o r  a 200-megohm r e s i s t o r  t o  t h e  ampl i f i e r  inpint by enevgizing r e l a y  
K4 o r  K3 r e s p e c t i v e l y .  
0 t o  100 nanoamperes ( n a ) .  
read d i r e c t l y  from 0 t o  100 u n i t s .  

The corresponding cu r ren t s  a r e  0 t o  100 pa and 
The Helipot d i a l  la'oeled "Current Adjust" i s  

The vol tage  mmp described in Sec t .  2 .2 .1  can be ayplied through a 
300-kilohm or a .30i)-megolm r e s i s t o r  by energ iz ing  r e l a y  K l  o r  K2 res-pec- 
t i v e l y ,  r e s u l t t n g  i n  cu r ren t  ramps ranging from 0 t o  46.7 pa and 0 t o  k6.'7 
ria.  The ramp i s  i n i t i a t e d  by a second. contac t  of YJ and K2 which removes 
t h e  s h o r t  c i r c u i t  from capae i tor  CZ. 

2.2.)~ Period. Safe ty  

Fixed c a l i b r a t i o n  c u r r e n t s  Tor the per?'..od s a f e t y  module are 
generated by applying t h e  chamber high vo l t age  (approximately 250 v)  
through e i t h e r  a 25-mego:m- o r  a 25O,ODO-megoh-m r e s i s t o r ,  r e s u l t i n g  I.n 
cu r ren t s  of 
r e l a y s  K5 and K6 r e s p e c t i v e l y .  

o r  lo-" amp. These cu r ren t s  a r e  i n i t i a t e d  by energizing 

To check thiS c a l i b r a t i o n  of t h e  per iod  amplffier, t h e  vel-tage ramp 
i s  applied. t o  t h e  inpu t  ( t e rmina l  6 )  of the  log  cu r ren t  mipliYier.  Sub- 
sequent differentS.atj.on i n  t h e  period ampl i f i e r  r e s u l t s  i n  a constant 
vo l tage  output (cons tan t  i nd ica t ed  pe r iod )  whose magnitude i s  determined 
by t h e  generated z.my r a t e  and t h e  ga in  of t h e  l o g  cu r ren t  ampliCier. 
c a l i b r a t i o n  p o i n t s  a r e  provided by applying t h e  vol tage  ramp through e i t h e r  
a 5OO-liilohm o r  a 1-megohm r e s i s t o r ;  t h e  r e s u l t  i s  a period indicat.i.on of 
about 1. sec  and 2 sec r e s p e c t i v e l y .  Actually,  tlie 1-sec per iod  t e s t  shoixld 
always genera te  a per iod s l i g h t l y  l .ess than  1 see,  s o  t h a t  t h e  I - sec  fast-  
t r i p  comparator will t r i p  s These t e s t s  a r e  i n i t i a t e d  by depressjng 
pushbuttons S7 or S8 t o  generate tlie 1-see  o r  2-see per iod .  

Two 
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2 -2.5 Chamber Voltage Monitor ---_- 

In a manner simi.I.ar t o  t h e  s i g n a l  lead,  a separa te  high vol tage  
i s  returned from t h e  p l a t e s  of t h e  ion iza t ion  chamher. This vol tage i s  
coiitinuousI-y monitored by a c i r c u i t  cons is t ing  of t r a n s i s t o r s  &4 thr.oi,xgh 
Q8. If the  vol tage,  iiormally 250 v, i s  iiitei-riipted o r  reduced below 
approximately 200 v, an undervoltage alarm occii.rs. 

The sensed vel-tage i s  reduced from 250 t o  100 v a t  R 5  by two Zener 
diodes D 2  and D 3 .  The vol tage  i s  f u r t h e r  reduced to 20 v a t  tine base of 
&'-I- by t h e  divi-ding a c t i o n  of R 5  and R 6 .  
10 v so  that t h e  t r a n s i s t o r  i s  reverse  biased and not conducting under 
normal condi t ions .  
t h e  Darl-ington emit ter-fol lower Q5 and Q6 and t h e  r e l a y  d r i v e r s  Q7 and 
Q8, d r iven  by t h e  emit ter-fol lower output,, a r e  a l s o  not conducting. A 
normally el-osed contact  of K 7  energizes  the  green lamp on t h e  
f r o n t  panel .  

The emit-ter of Q4 i s  'oiased. a t  

Since the  col lector .  of Q4 i s  near grouind p o t e n t i a l ,  

When t h e  input  vo l tage  drops below 200 v, Lhe &4 base vol tage i s  
reduced t;o below 10 v,  and. Q4 conducts.  The c o l l e c t o r  vol tage of Q4 i n -  
creases  t o  1.0 v, tu rn ing  on Q5, ~ 6 ,  Q7, and Q8 and ene rg i - zhg  both K7 and 
K 8 .  
chamber vol-tage lamp. A second s e t  of K 7  contac ts  cont ro ls  e x t e r n a l  ci.r- 
c u t t s .  
lamp untj.1- t h e  input  vol tage i s  r e s to red  and "Reset;" bu t ton  52 i.s depressed. 
This enables t h e  operators  t o  i d e n t i f y  a momentary chamber vol tage f a u l t .  

The contac ts  of K 7  ex t inguish  t h e  l'r\jormalll lamp and l - igbt  t h e  red "Low" 

K 8  s e a l s  i t s e l f  i n  and w i l l  remain energized, l i g h t i n g  the  "Latch" 

'The voltage monitor c i r c u i t  i s  t e s t e d  by press ing  "Test" pushbutton 
S1 on t h e  f r o n t  panel .  This reduces t h e  vol tage a t  t h e  base of Q'c, simu- 
l a t i n g  a low input  condi t ion without; causing s i g n i f i c a n t  reduct ion of t he  
chani'oer vol tage i t s e l f .  

3. OPERATING INSTRUCTIONS 

3.1 I n s t a l l a t i o n  

The MSRE Test Module i s  one of the  OWL Modular Reactor I n s t r u -  
mentation S e r i e s .  Like t h e  o ther  mod-ules i n  t h i s  s e r i e s ,  it has standard 
connections and dimensions and has a p in-  and hole-code on t h e  r e a r  p l a t e  
so t h a t  t h e  module w i l l  no-'i be i n s e r t e d  i n  a wrong loca. t ion i n  a drawer. 
The modid-e i s  instal.l.ed by p lac ing  i t  i n  i.ts proper loca t ion ,  i n s e r t i n g  
t h e  module f i rmly,  and t i gh ten ing  t h e  thimb screw. The module may be 
plugged i n  with power oii withoiit damage. 

3.2 Operating Controls on Panel 

3 .2 .1  Chamber Voltage Monitor 



grecn llnTormal'r l i g h t  i s  on when t h e  vol tage  i s  g r e a t e r  than 2CO v. The 
red "Low" l i g h t  i s  on when t h e  vol tage  i s  less  than  200 v. The amber 
"Latch" l i g h t  comes on when the vol tage  drops below 200 v and remains on 
u n t i l  t h e  "Reset" bu t ton  i s  pressed .  
causes a simulated low voltage to t e s t  t h e  monitor. 

The "Test" bu t ton  when depresscd 

3.2.2 Kigh Rate 

When t h e  "High Rate" but ton  i s  depressed, a cur ren t  ramp of 3.33 
palsee i s  appl ied  t o  t h e  s a f e t y  channel i npu t .  

3.2.3 Low Rate 

When t h e  "Low Rate" bu t ton  i s  depressed, a current, ramp of 3.333 
na/sec i s  applied to t h e  s a f e t y  channel i npu t .  

3.2.4 High Current 

When t h e  "High Current" bu t ton  i s  depressed, a cur ren t  adJus tab le  
from 0 to 100 pa by t h e  "Current Adjust" potent iometer  i s  appl ied  t o  t h e  
s a f e t y  channel i n p u t .  

3.2.5 Low Current 

When t h e  "Low Current" bu t ton  i s  depressed, a cur ren t  adSustable 
from 0 t o  100 na by the "Current Adjust" potent iometer  i s  appl ied  Lo t h e  

' s a f e t y  channel i npu t .  

3.2.6 High Log Current 

When the  "High Log Current' '  bu t ton  i s  depressed, a cwven t  of lo-" 
amp i s  appl ied  to t h e  s a f e t y  channel i n p u t .  

3.2.7 Low Log Current 

When t h e  "Low Log Current" bu t ton  i s  depressed, a current, of lo-" 
amp i s  appl ied  to t h e  s a f e t y  channel i n p u t .  

3.2.8 1-Second Period 

When the "1-Second Period" but ton  i s  depressed, a vol tage  ramp i s  
applied t o  the period s a f e t y  module, r e s u l t i n g  i n  an output ind.:ication of 
approximately a I.-sec period.. 
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3.2.9 2-Second Period 

When t h e  "2-Second Period" but ton  i s  depressed, a vol tage  ramp i s  
appl ied  t o  the pertod sa€e ty  module, r e s u l t i n g  i n  an output indi-cation of 
approximately a 2-see per iod .  

3.3 Connections 

A l l  connections are made through t h e  r e a r  connector P28 when the 
module t s  i n s e r t e d .  
t h e  module i s  removed from a drawer, a warning sl.gnal may be given. 

A jumper between p ins  4 and 12 i s  provided so t h a t  if  

3.4 Operating Procedures 

A l l  t e s t s  a r e  i .n i t ia ted  simply by depressing t h e  proper pushbutton 
on t h e  f r o n t  pane l .  

4. MAINTENANCE INSTRUCTIONS 

I+. 1 General 

This module i s  designed t o  operate con?l-tinuously with a minimum oP 
maintenaace and no adjustments. Should a Pail-ure occur, any par t  l i-sted 
i n  t h e  Replaceable P a r t s  List, Sec t .  5, may be replaced. 

14.2 Per iodic  Maintenance 

No period-ic maintenance i s  expected t o  be r equ i r ed .  

4.3 Ca l ib ra t ion  Procedures 

T'nere are no c a l i b r a t i o n  procedures. Testing f o r  proper performance 
i s  descril?ed i n  Sec t .  6, Acceptance Tes t s .  

5. REPLACEABLE PARTS LIST 

A desc r ip t ion  and an ORNL Stores  number f o r  rep laceable  p a r t s  a r e  
given i n  Table 1. A compleLc p a r t s  l i s t  i.s given on ORNL Drawing Q-2634-6. 



Table 1. Replaceable Pas ts  L i s t  

O R X  Stores  
Part No. Kumb e r lk s c r i y t  ion 

R8 06-930-1122 Potentiometer, 2000 ohms, +3$, L inea r i ty  iO.d5$, 
lO-turn,  1 . 5  w@ 4OoC, 11/4 in. s h a f t ,  3/8-22 

06 -933 -62 30 

06-933-6250 

06 -93d -0417 

06-932-4538 

06 -932 -45 36 

06 -931 -4580 

06 -932 -0079 

06 -932 -0097 

0 6 - 9 3  -0113 

06 -932 -0131 

06-932-0121 

06-932 -0155 

06 -932 -018; 

06 -9 32 -0189 

06 -9 32 -01-99 

06-932 -0209 

06-932-0219 

06-932-0251. 

bushing; Rel ipot  model 7216RZKL.25.. 

code 7/16-A-54-F. 

cocie 7/16-A-54-F. 

Res is tor ,  100 ohms, 3 w, ww, axial  lead.s, O h m i t e  

Resis tor ,  300 ohms, 3 w, W'J, a x i a l  l eads ,  Ohmite 

Res is tor ,  470 ohms, +S$, 1 w, AB. 
I ies is tor ,  1.000 ohms, +5$, 1 w, AB. 
Res is tor ,  50 megohms, +l$, 1/2 w, carbon f i l m ,  

Pyrofilm type PTlOOO. 
Res is tor ,  300 megohms, Ll$, 1/'2 w, carbon f i lm,  

Victoreen type RX-1. 
Resis tor ,  200 megohms, *1$, 1/2 w, carbon f i l m ,  

Victoreen type  RX-1, 
Resis tor ,  500,000 megohms, *l$, l/2 w, carbon J'il:m, 

Victoreen type RX-1. 

Res is tor ,  500 ohms, I$, 1 / 2  w ,  carbon T i l r n ,  Steriiag 
SWL 

Res is tor ,  1000 ohm,  l$y l/2 w ,  carbon €Tim, 

Res is tor ,  2000 ohms, 1$, 1/2 w,  carbon film, 

Res is tor ,  'c.7 kilohms, l$, 1/2w, carbon f i lm,  

Res is tor ,  2.i.700 ohms, l$, 1/22 w, carbon f i l m ,  Stemag 

Res is tor ,  20 kilohms, 1$, 1/2 w, carbon f i l m ,  

Res is tor ,  80 kilohms, 19, 1/2 T ~ T ~  carbon f i lm,  

Res is tor ,  100 kilohms, l%, 1/2 w, carbon f i l - m ,  

Res is tor ,  200 kil.ohms, 14, 1./2 w, carbon f i l m ,  

Res is tor ,  300 kilohms, l$, 1/2 $7, carbon fi lm, 

Res is tor ,  500 kilohms, I$, 1/2 w ,  carbon Iilm, 

Resis tor ,  1 me ohms, 18, 1/2 w, carbon f i lm,  

Stemag SLAK.~ 

Stemag SLAK.1 

Stemag S M K . ~  

SLAK. 

Stemag, S L A K . ~  

Stemag SLAK.~ 

Stemag S L A K . ~  

Stemag S M K . ~  

Sternag ~m.1 
Stemag SLAK. 1 

B Stemag SLAK. 
- 

lAl1 caxbon f i l m  r e s i s t o r s  , "Stemag, " double high-temperature varnish 
coated,  Vendor: H. E. B i e s b e r  Gorp., Scarsdale,  N. Y. (ORNL s u p p l i e d ) .  



Table 1 (cont inued)  .- .._ 
ORPSL S tores  

Pa r t  No. Xulik e r lks c r i p t  ion 
--.-----. .-- 

> D3 J D4, 
D5, W ,  D10, 
Dll, D12 06 -995 -6160 
DI 06 -99 5 -7900 
~8 06 -99 5 -7094 

D6 06 -99 5 -7112 

C l  06-812 -6027 

Ci' 06 -802 -0087 

DI 06-995-71 18 
Q2 06 -996 -1 654 

&/,&a 06-996-161 o 
Ql 06-996-1 710 
Q4 06 -996 -1960 

06 -944 -0669 

Q 3, Q? Q L ~  

K l ,  K2 

K3, K4, K5, 
K6 

I3 06-918-21-50 

11. 06 -918 -2147 

I2 06-918 -2149 

I I , ~ ,  13 06-916-2576 

Diode, r e c t i f i e r ,  200 v piv,  140 v ms, type 3.N679. 
Diode, zener, 10 v, type HZ-8379, 250 mw, Hughes. 
Diode, zener, 10 v, t5$, 1 w ,  type lN3O2OB, 

Diode, zener, 51 vJ 1. w, type lN3037B, Motorola. 

Capacito.r, 20 pf, +lo$, 1-00 v de w, 1.0 i n .  d i a -  
meter by 3-9/16 i n .  long, 1/2-28 thread mtg. 
stu-d, comple-Le with No. 6 - 1 2 0 ~  nut  and No. 2- 
54B lockwasher, ;Io. 118R0691~5, Sprague 
E l e c t i - i c  Co. 

Capacitor,  0 .1  u f ,  @O$, 25 v de w, monol.i.thic, 
f o m u l a t i o a  C23, 30. 3 C P l J  Sprague El-ectr ic  Co. 

Diode, zener, 100 v,  1. w, type l€T30hABJ Motorola. 

Trans i s to r ,  silicon, IJPN, type 211930, Texas hstr ,  

Trans is tor ,  s i l i c o n ,  XPX, type 2 ~ 6 9 6 ,  Texas I n s t r .  
Trans is tor ,  s i l - icon,  PTJP, type 2TJll3ly Texas hs t r .  
Trans is tor ,  germanium, PXP, type 2N130'1, Texas Tnstr .  

Iielay, de, microminiature, dpdt contac ts ,  coi.1 
26.5 v dc, type VRSC675D-24, Elgin, Advance 
Electric Co. 

Relay, reed type,  one form "A" contact, and. one 
i'orm "B" contac t ,  15 va max, 930 ohm c o i l ,  
f o r  PC board mounting, C.P. Clare No. CR2M-3-940. 

Relay, reed type,  one form "A" contac t ,  15 va 
inax, 1650 oh11 c o i l ,  f o r  PC board mounting, 
C.P. Cll..are No. CRM-1913. 

Lens, holder ,  amber, f o r  use with T-1.-3/4 
incandescent lamp, Dialco No. 101-973. 

Lens, holder, green, t r ans lucen t ,  for use with 
T-1-3/4 incandescent lamp, Dialco No. 101-9'[2 a 

Lens, holder ,  red,  t r ans lucen t ,  f o r  use wi-i;h 
T-1-3/h incandescent lamp, Dia?.co No. lOl-97'1. 

Lamp, incandescent,  28 v a t  40 m a ,  type 327, 
General E l e c t r i c  Co. 

Motorola. 



6. RCCEPTA-NCE TEST PROCEDm 

6.1 Tesd; Equipment 

The fol lowing t e s t  equi.pment i s  required : 

1. A power supply, de unregulated,  32 -fr 4 v, up t o  1 amp. 

2. A power suppl .~,  de regula ted ,  25 -fr 1 v regu la t ion  ? O.l$ 
t o  50 m a .  

3 .  P. vol tmeter ,  de, o "5% accuracy, multirange. 

I-{. 

5.  

A power supply, de, 0 t o  250 v ad jus t ab le ,  10 m a .  

A picoammeter, de, 3% accuracy multirange. 

6.2 ~ c c e p t a n c e  T e s t  

6.2.1 Ramp Generator 

1. Connect the +25 v dc supply t o  p in  2 and the  negative t o  p in  3 .  
Connect an accura te  de voltmeter  t o  measure t h e  ramp generator ou.t-put on 
emi t t e r  of &3 with  r e spec t  t o  h igh-qual i ty  ground, p i n  3 .  
should r i s e  from 0 t o  +I4 I 1 v i n  1 4  i- 1 s e e .  
r i s e  h igher  than  1-5 v .  

The vol tage  
The vol tage  should not 

2 .  To i n i t i a t e  t h e  ramp, depress the "High Eiate" pushbutton SI 
and observe t h e  l i n e a r  i nc rease  on t h e  meter. 

Repeat t h e  t e s t  by depressing t h e  "Low Rate" pushbutton S2, t h e  
"1-Second Period" pushbutton S7, and t h e  "2-Second Period" pushbut;ton ~ 8 .  

6.2.2 Current 

Connect t h e  p i c o a m e t e r  input  t o  F in  13. S e t  the: "Current Adjust" 
potent iometer  d i a l  t o  50. Measure t h e  cur ren t  wi th  the "Low Current" and 
"High Current" pushbuttons depressed. 
and 50 x amp r e s p e c t i v e l y .  

The cu r ren t s  shoul-d be 50 x IO-' 

Measure t h e  cu r ren t  wi th  t h e  " H i g h  Log Current'' arid ''110~~ Log 
Current" pushbuttons depressed. The cu r ren t s  should be and lo-' amp 
re spec t ive ly .  

Depress t h e  "High Rate" pushbutton and observe t h e  l i n e a r  cu r ren t  
i nc rease  from 0 t o  ic6.7 x 
but ton  depressed. The cur ren t  should r i s e  t o  46.7 x amp. 

amp. Repeat wi th  the "Low Fate" push- 



1. Connect the 0- t o  250-v supply p o s i t i v e  t o  p in  1 and t h e  
iiegati.ve t o  p i n  3. 
terminals  . Connect an accura te  voltmeter across  t h e  300-v supply 

2 .  Increase tlie supp1.y vol tage t o  approximately 250 v, and press  
-the "Reset" but ton  0x1 Lhe module f r o n t  panel .  
lamp should be l it .  
vol tage when t h e  red "Low" lamp just, l i g h t s .  
I- 10 v. 

Only tlie green "Normal." 
Slowly decrease t h e  supply vol tage and observe t h e  

The vol tage shou1.d be 200 

3. Increase t h e  vol.tage t o  250 v. The ' r L ~ ~ l l  lamp should ext inguish,  
and t h e  "Normal" lamp shoir1.d come back on. 
on si.muu_ltaneousI.y with t h e  "Low" l i g h t ,  and s'noi1.l.d remain on i m t i l  t h e  
"Reset" bu t ton  i s  depressed. 

The "Latch" l i g h t  should come 

!L. Press  the 1-ow vol tage ''Test'' bu t ton .  The c i r c u i t  should responrl 
the same as if t h e  vol tage were r d u c e d  below 200 v, 
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