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1. DESCRIPTION 

1.1 General 

The V o l t  and +25 Volt Voltage Regulhtor module (OIWL model Q-2619) 
i s  f o r  use i n  provtding regulated vol tages  f o r  nuclear  r eac to r  instrumen-La- 
t i o n .  The inpu-i; .to the  reg.;l.nl.ator c i r c u i t s  i s  a dc voltage in t he  range of 
1-28 t o  536 v. The regul..ator outputs have a common e l e c t r i c a l  ground. 

1.2 Construction 

'The 4-15 Voli; and +25 Volt Voltage Regd.ator.s a r e  contained i n  a 
sing1.e module 5.63 i n .  wide, 4.72 i n .  high, and 1-1.90 i n .  deep. It i s  a 
standard "1L-unit" pl-ug-in modul.e of t he  ORNL Modular Reactor Instrumentation 
serj-es depicted on ORNL drawings Q-2600-1 through &-2600-5. 

FAch regula tor  c i r c u i t  i s  constructed on a. pr in t ed  c i r c u i t  board 
mounted wit'nirn the niodul e and i s  ims'nielded . 

1.3 Application 

The +l.C, Volt and ".25 Volt Voltage Regulators are used -to provide 
sources of well-regul-ated voJ-tage to  any instriiment requi-ring e i the r  1-15 
o r  +25 v de wi-thin -tile cur ren t  ratilng of the regula tors .  me input to 
t h e  regu1,ators i s  normally a bank of 32-v b a t t e r i e s ;  however, the  b a t -  
tery-bank terminal voltage can vary from 28 to 36 v2 depending upon t h e  
charge condition of t he  b a t t e r y  bank- 

1.4 Specif icat ions 

1 . l c . l  +15 Volt Vo?.tage Regulator 

1. 
2. 
3. 
4. 
5 .  
6. 
7. 
8. 

h p u t  v-oltage : 
Output voltage : 
Maximum output current :  
Ambient temperature range : 
b a d  r e g u h t i o n :  
Line regi:ln?.ation : 
Maximum temperature coe f f i c i en t :  
Long-term s.tabil.ity: 

528 v de to -i-$ v de. 

1 . 5  amp. 
+15 v de. 

1.0 Lo 5 5 O C .  
O.OI.%. 
0.01%. 
o.ooj%/oc. 
0.01$/24 hours.  



1.4.2 i-25 Volt FkguLator 

1. Input vol.tage: +28 t o  +36 v dc. 
2. Output voltage: +25 v ac. 

4. lknbieiit temperature mnge : 10 t o  55OC. 
5. Line regulat ion:  0.01%. 
6. Load regulat ion:  0.01%. 
7. wimuiii temperature coef f ic ien t :  o . o o ~ $ / ~ c .  
8. Long-term s t a b i l i t y :  0.01$/24 hours. 

3. Maximuni output current :  750 m a .  

1 .5  Applicable Drawings 

The following L i s t  gives t h e  drawing numbers (ORT\pL Instrumentation 
and Controls Division drawing ilUMbers ) and s u b t i t l e s  and the  f a b r i c a t i o n  
s p e c i f i c a t i o n  number f o r  t he  "1-5 Volt and t h e  4-25 Volt Voltage Fkgulators: 

I. Q-2619-1 
2 .  Q-2619-2 

4. &-26lg-1+ 
5. 61-2619-5 
6. Q-2619-6 

3. Q-2619-3 

7. SF-249 

C i rcu i t .  
Details. 
Metalplioto Panel. 
Printed Ci rcu i t  Board. 
Assembly. 
Par t s  L i s t .  
Fabricat ion Specif icat ion.  

%e following l i s t  gives t h e  drawing numbers and s u b t i t l e s  for t he  
Plug-In Chassis System. 

1. Q-2600-1 
2. Q-2600-2 
3. Q-2600-3 
4. Q-2600-4 
5. Q-2600-5 

Assembly . 
Details e 

Details. 
Details. 
Details. 

2. THEORY OF OPERllTION 

2 .1  General 

The f25 Volt Voltage Regulator and the  +15 Volt Voltage Regulator are 
t r a n s i s t o r i z e d  ser ies -vol tage  regula tors .  
high-gain feedback 8mplif iers .  
voltage when e i t h e r  t h e  input voltage o r  t he  output cur ren t  i s  var ied over 
t he  range for which each was designed. 

These regula tors  a r e  e s s e n t i a l l y  
Each regula tor  provides a s t ab le  output 
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2*2 Circui t  &sc r ip t ion  

T h i s  c i rcu i - t  descrip'bion appl ies  -Lo the  +25 'Volt Voltage Hegulator 
and t o  t'ne +l5 V o l t  Vol_'cage Regulator. 

PiguSue 1 ,  a diagram of ilie regula ior  c i r c u i t s ,  i s  included as an 
i l l u s t r a t i o n  t o  supplement t h i s  c i r c u i t  descrip ' t ion.  The complete 
c i r c u i t  diagram i s  shown i n  Fig,  2. 

Fhch regula tor  has a s ing le  -ended d i f f ' e ren t ia l  ampl i f ie r  t h a t  samples 
the output voltage n i~d  compares it w i t h  t'ne voltage drop across a teinpera- 
ture  -cortipensated reference diode. The ampl i f ie r  produces an output v o l t  - 
age proportLonal t o  .ihe d i f fe rence  between -the change i n  the reference 
voltage? and ti?? change i n  t'ne sampl..ed output voltage when a change occurs 
i n  the output voltage.  
r e s J l a t o r  axe packaged in a s ing le  TO-5 case.  These t r a n s i s t o r s  a r e  Q l 2 A  
and Q12B i n  the  +25 v regulator ,  and Q6A and Q6R rin t h e  "15 v :regulator. 
The two t r a n s i s t o r s  5.n each package are c lose ly  matched i n  t h e i r  V and 

The two d i f f e r e n t i a l  amplify-er t r a n s i s t o r s  i n  each 

BE characte:rist ics . hm 

ORST, DWG. 6 8 - 1 2 9 4  

FTg. 1. Block Diagram of +15 Volt and -@5 Volt Voltage Regulator 
Circui.-ts 
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Tne output; voltage of .tile d i f f e r e n t i a l  ampl i f i e r  is f ed  i n t o  8 h r -  
1.ington pa . i r  a m p l i f  I.es k-hich produces a l a r g e  voltage galin from tne d i f f e r -  
ent ia i l  a rnp l j . f i e r  t o  t h e  s e r i e s  r egu la t ing  cleinent, * Ilnc c o l l e c t o r s  of tile 
Darlington p a i r  are connected t o  a node t h a t  j o i n s  a current  source and 
me series regul.ating element. i l  

'i'hc serirs reuilat?ing elemcni i n  each req i la tor  i s  a Ihi-lington p a i r  
ampl i f i e r  which provides a large cur ren t  gain frooi the node t o  the  regula- 
t o r  output.  'l'hc se i - ies  regulaLing element i s  connected i n  s e r i e s  w i t h  t h o  
regulator  input  and the reg,ilator output.  'lkc output of t l i L  series ele- 
ment i s  v a r i e d  whcn e i t h e r  the input  vol tagp o r  the o u t p i t  current  i y  

changed so t h a l  c o n s t a n  outgut vol tdge i s maintaiiied . 

3 .  OPEFATING INSTRUCTSONS 

3. I i n s t a l l a t i o n  

The +25 V0l-L and the 3-15 Volt Voltage Eegilators  a r e  contained iin a 
module o f  the OKZVL bbdular Reactor hstruinezitation series. Like t'ne o the r  
modules i n  t h i s  series,  it has standard connectors and d:imensions and bas 
a prin- and hole-code on the rear p l a t e  so .iiiat the module wil-1. no-i; be 
in se r t ed  i n  a wrong l oca t ion  i n  a d.ra.wer. Tne mod.u.1-e i s  ins- tz l ie i l  'oy 
plac ing  it i n  i t s  proper I-ocation, inserLing the  module firmly, aild ti.@ht- 
ening the thurflb screw. The module may be ~)l.ugged i n  wri.th power on with- 
out  damage. 

3.2 Cperating Controls 

T h e r e  are no operating c o n i r o l s  on tile module. 

All corinectiorss are imd:, throuai  t h e  rczr  connector Pl? when the 
mnodu1.e i s  i n s e r t e d .  

This module i s  designed t o  operate continuously with a minimur; o f  
inaintenancc 2nd no adjus knents . bhould a f a i l u r e  occui-, any p a r t  li s ted  
i n  t h e  Replaceabl-e PartL,  L i s t ,  Sec t .  5, may bp replaced. 
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4.2 Periodic Maintenance 

'There i s  no s p e c i f i c  per iodic  maintenance procedure. 

4.3 Cal ibrat ion 

Potentiometer E23 on t h e  +25 Volt Voltage Regulator card. can be ad- 
j u s t e d  t o  br ing the output voltage t o  +25 v, and potentiometer IQ.)+ on the  
+ l 5  Volt Vol-tage Regulator card can be adjusted t o  b r i n g  the output voltage 
t o  l-15 v. 
screw increases  the output  voltage, znd counterclockwise rotation de- 
creases  the output voltage.  

Por both potentiorneters, clockwise r o t a t i o n  of  t he  adjustment 

4.4 Trouble Shooting 

!The most l i k e l y  source of  t rouble  i s  an open fuse i n  the  input  c i r -  
c u i t .  The input  fuse  i n  the  4-15 v regula tor  i s  Fl, and t he  input  fuse i n  
t h e  4-25 v regula tor  i s  
junct ions could become f a u l t y  under c e r t a i n  load conditions.  

Ln addi t ion,  any of t h e  t r a n s i s t o r  or dlode 

4.5 Transistor Voltage Chart 

The voltages of a U  t rans is tors  are 

Table 1. Transis tor  

l is ted in Table 1. 

1 
Voltage Chart; 

Transis tor  Emitter - Base Collector 
Ql 25.93 25.26 16.05 

@ 15.58 16.05 31.84 
Q3 15 .OO 15.59 31.84 
G 10 69 u.40 16.00 

Q5 11.40 11.92 16.00 
Q6A 8.61 9.17 11.92 
Q6B 8.61 9.21 15.00 
QY 31.10 30.43 26.11 

26.11 32.01 Q8 25.59 

Q9 25.00 25.59 32.01 

QJ-0 19.34 20.04 26.11 

Q1l 20.04 20.57 26.11 
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Table 1. 'Transistor Voltage Chart (Continued 

Trans is tor  -_.>- E m i t t e r  
_I- 

QL2A 12.71 

Q2.2 H 1.2.91 

Collector ..-- Uase ...-- 

13 * 49 

13.49 

20.57 

25.00 

'AS]. voltages were measured. w i t 1 1  respect  t o  %round w i t i i  a cubic v-85 
d.t@..h,l. voltmeter.  
was unloaded. 

'The regula tor  input  voltage was 32 v de and the  output 

A description and an ORNL stores number for a l l  replaceable p a r t s  
aye given i n  Table 2. 

Table 2 .  Replaceable Parts L i s t  

-..-_.- Pd1-t No. OmIL Stores  No. ._.... - __ De B 1: 1" i p 1; i on  ._..... - 
@6 capc-i-tor, 1000 Rlln3 -10 to +loo,', 20 v 

dc T J J ,  -10 to 185°C operating temperature, 
0.750 in. ida,  by 2.0 in. long, type PdD, 
Callins Industries, Iix. 

610 

c'7 06-802-0390 
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Part No. 

R19 

Rl4, R23 

R4, R 5  

R2, R35 

R3, R7, 88, 
R18 

,523, R21 

R20, R25 

ORKL Stores No. 

06-932-0099 

06-930-8204 

06-934-0684 

06-936-0665 

06-036-0670 

06-936-0675 

06-936-0660 

R11, FU.6, B22, 06-936-0680 
824, 827 

Et., R17, R29 06-936-0685 

R10 06-936-0692 

R12, R26 06-936-0695 

R9, R 2 8  06-936-0700 

a 9  QT 06-996-1710 

Description 
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Table 2 (continued) 

m n  
-,--__13. 

Pd?% No. OFdiS Stores No. 

Q'+, q5,  $bO, 06-996-L860 Transistor, WHY, silicon, type 2E1279, 

..--___I_ 

Q11 

Q3, Q9 

Q8 

Q2 

Q6, a2 

R6 

Di, D6 

I%, D5, D7, 

132 

D 3  

D11 

D8 

F2 

u3, D I O  

F1 

06-996-1986 

06-996-19 85 

06-996-1994 

06-935-6244 

06-995-5820 

06-995-62 5G 

06-995-6230 

06.-874-~3080 

06-87A-3076 

G.E. 

Transistor, UPN, silicon9 type 2NlG9,  
Silicon Transistor Corp. 

Transistor, NPN, silicon, type 2H1479, 
RCA. 

Transis tor', PTPN, t y p e  2N1riOL, RCA. 

Transistar, dual NPN, type 2N2060, 
Fairchild, 

Resistor,  400 obis, k1/2,5, Q,I9 w at 
125"6, ww, noninductive, temp coeff not 
to exceed 20 ppm/OC, ihv-cn -tu& me 1273. 

lN75dA, Motorola. 

Diode, silicon, type 1N457A, E l e c t s i c a l  
Ind. Assoc. 

mode, zeiiw, 10.0 v, *5$, 400 mw, type 
1N75811, Motorola. 

Diode, zener,  9.0 v, tempmature cou- 
peansated, type 3D939, Motorola, 

Diode, zener, 11.7 v, texiperatue cam- 
pensated, type  1x345, Motorola. 

Diode, zener, 5.6 v, t5 ;, 400 mwF type 
1 N 7 5 2 A Y  Motorola. 

Fuse, micro, 3 amp, Littelfuse No. 
273003 

mode, zetler, 6 d  V, +s%, 400 m ~ ,  -t.ylJe 

Fuse, micro, 1.5 amp, Liktelfuse No. 
27301 5 .  



6. ACCEFTANCE TEST PROCEDURE 

6.1 Test Equipment 

Th-e €allowing t e s t  equipment i s  required: 
1. 

2. 
3. A d i f f e r e n t i a l  voltmeter capable of resoLvFng v with inputs  

I+. A temperature t e s t  chamber. 
5. 

A de regulated power supply ad jus t ab le  from 28 t o  36 v de and 

An osc i l loscope ,  dc t o  10 Me, 1 mv/cm s e n s i t i v i t y  
capzble of supplying 2.5 amp. 

from 10 t o  25 v de. 

A 33-ohm, 25-w r e s i s t o r  and a 10-ohm, 25-w r e s i s t o r  f o r  dummy loads.  

6.2 Acceptance Test 

1. Adjust the power supply f o r  32 v de output .  Connect t h e  pos i t i ve  
te rmina l  of  the power supply t o  p in  9 of t h e  r egu la to r  connectors, and t h e  
negat ive te rmina l  t o  p in  15 of the  regula tor  connector (~15). 

t h e  d i f fe renLia1  voltmeter,  and. p in  2 o f  the  r egu la to r  t o  the  negdtive i n -  
pu t  terminal  of t h e  voltmeter.  

3. Adjust potentiometer R23 u n t i l  t h e  voltmeter reads 25.000 v. 
4. 

2 .  Connect p in  8 of the r egu la to r  t o  t h e  p o s i t i v e  input terminal  of 

Connect t h e  osci l loscope probe to p in  8 of t he  regula tor ,  and 
connect t he  probe ground lead  t o  p i n  2 of t he  regula tor  connector. Ob- 
serve t h e  osci l loscope t r a c e  f o r  any evidence of o s c i l l a t i o n s  with t h e  
osc i l loscope  s e n s i t i v i t y  a t  1 mv/cm. 

t o  28 v dc and observe t h e  osci l loscope t r a c e  f o r  evidence of oc'" L L l l a  - 
t i o n s .  Next, whFle observing both t h e  d i f f e r e n t i a l  voltmeter f o r  changes 
i n  regula tor  output vol tage and the  osc i l loscope  t r a c e  f o r  o s c i l l a t i o n s ,  
a d j u s t  t h e  power supply vol tage slowly u n t i l  36 v de output  i s  reached. 
The change i n  regula tor  output vol tage should not  be g rea t e r  than 2.5 mv 
from i t s  value of 25.000 v. A t y p i c a l  change i s  less than 0.25 mv. Re- 
s e t  t h e  power supply output vol tage t o  32 v de. 

Connect a 33-0hn-1, 25-w r e s i s t o r  across  p in  8 a,nd p in  2 of the  
r egu la to r  connector and observe t h e  vol tage change on the  d i f f e r e n t i a l  
voltmeter. Tlne vol tage change should not  be g r e a t e r  than 2.5 mv. The 
t y p i c a l  change i s  0.25 mv. 
dence of o s c i l l a t i o n s  while t h e  reguiator i s  loaded. 

7. 
of t h e  d i f f e r e n t i a l  voltmeter,  and p in  3 of connector P15 t o  t h e  nega- 
t i v e  input terminal  of t h e  voltmeter. 

8 .  
9 .  

5. Change t h e  power supply output  vol tage from i t s  32-v dc s e t t i n g  

6. 

Also, observe t h e  osci l loscope t r a c e  for e v i -  

Connect p in  12 of conneetor P i5  t o  t h e  pos i t i ve  input  terminal  

Adjust potentiometer Rl4 u n t i l  Yne voltmeter reads 15.000 v. 
Connect t h e  osci l loscope probe t o  p in  8 of connector P15, and 

Observe t h e  connect t h e  probe ground lead t o  p i n  3 of connector Pl5. 
scope t r a c e  f o r  any evidence of o s c i l l a t i o n s  on 1 mv/cm s e n s i t i v i t y .  

Repeat s t e p  5 of the  acceptance tes t .  
l a t o r  output vol tage should not  be g rea t e r  than 1 .5  mv. 
supply vol tage t o  32 v de. 

10. "he change i n  t'ne re@- 
Reset t he  power 
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11. Connect a l O - o h m ,  25-w r e s i s t o r  across  p in  12 and p in  3 of  
corinectos PI-5, and observe the voltage change on the d i f f e r e n t i a l  v o l t -  
-mater. The voltage change sb.oiild n o t  exceed 1.5 mv, The typical.  change 
i s  0.5 mv. Observe ’LIE oscil.?.oscope trace f o r  evidence of  oscillations 
whtle “ciie regul-atoy i s  loaded. 

12. A temperature s t a b i l i t y  t e s t  can be  made by  pl.aci.ng the module 
in a, temperatu.re contro1l.ed oven. Approxitm”ie1y 15 minutes should be 
allowed f o r  the module to reach- eqiK.j.’o-ciu.m after tile oven temperature 
i s  changed e 

The -@5 v0l.t voltage regula tor  can be t e s t e d  by making tlie connections 
indicated 3.n s teps  1, 2, and 1-L of t‘ne acceptance tes t .  
’tirace s1.iould be observed f o r  evidence of o s c i l l a t i o n s  during the t e s t .  
The output vo1’i;age 0-l” GYie -1-23 v dc voltage regula tor  should not  change 
nioye Ynan 22”5 mv from i t s  25.00 v dc value over the  temperature range 
10 t o  55OC. 

! R e  osci l loscope 

“he typical.  change i s  7 mv. 

The +15 v de voltage regula-tor can ’oe t e s t e d  by I-nakri.ng t’ne connec- 
t i o n s  indicated i n  s teps  ?., 7, and 9 ols the acceptance tes t .  Observe t h e  
oscilloscope t race  f o r  evidence of osci l la- t i_om du.ring the  t e s t .  The out -  
pu t  voltage of the .“I-‘; v de voltage regula tor  should not  change more than 
33.75 mv from i t s  1-5.000 v tic value over t h e  temperature range of  10 t o  
55OC. The t y p i c a l  change i s  12 mv. 
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