




. 

Page 

1 . DESCRIPTIGN . . . . . . . . . . . . . . . . . . . . . . . . .  l+ 

1.1 General . . . . . . . . . . . . . . . . . . . . . . . .  4 

1.2 Construction . . . . . . . . . . . . . . . . . . . . . .  4 

1.3 Application . . . . . . . . . . . . . . . . . . . . . . .  4 

1.4  Spec i f ica t ions  . . . . . . . . . . . . . . . . . . . . .  4 

1.5  A-ppl.icab1e Drawings . . . . . . . . . . . . . . . . . .  5 

2 . THEORY OF OPERATION . . . . . . . . . . . . . . . . . . . . .  5 

3 . OPERATING INSTRUCTIONS . . . . . . . . . . . . . . . . . . .  6 

3.1 I n s t a l l a t i o n  . . . . . . . . . . . . . . . . . . . . . .  6 

3.2 Operation . . . . . . . . . . . . . . . . . . . . . . .  8 

3.3 Connections . . . . . . . . . . . . . . . . . . . . . .  8 

3.4- Precautions . . . . . . . . . . . . . . . . . . . . . .  8 

4 . MAIpsTENAl'TrJE IN3I!RUCTIONS . . . . . . . . . . . . . . . . . .  8 

4.1 General  . . . . . . . . . . . . . . . . . . . . . . . .  8 

4.2 Trans is tor  Voltage Chart; . . . . . . . . . . . . . . . .  8 

5 . BEPMCWU PART3 LIST . . . . . . . . . . . . . . . . . . .  9 

6 . ACCEPTANCE TESTS . . . . . . . . . . . . . . . . . . . . . .  11 

6.1 T e s t  Quipment . . . . . . . . . . . . . . . . . . . . .  11 

6.2 Acceptance Test. . . . . . . . . . . . . . . . . . . . .  11 

3 445b 0549977 9 



4 

1.1 General 

The Ion Chamber Power Supply, OKNL model Q-2638, i s  a de-to-dc 
converter t h a t  operates  from an input of +28 t o  +36 v dc and de l ive r s  
an output OP approximately +250 v at 5 ma. 

1.2 Construction 

The power supply i s  constructed i n  a module 2.83 i n .  wide, 4.72 i n .  
high, and 11.90 i n .  deep. It i s  a standard "2-unit" plug-in module of 
t h e  Modular Reactor Instrumentation s e r i e s  depicted on ORNL drawings 
Q-2600 -1 through Q-2600 -6. 

1.3 Application 

The power supply provides a voltage o f  '250 v f o r  po lar iz ing  an 
ion chamber from a nominal. power source of f32 v. 
output  voltage f o r  loads up t o  1 m a  and i s  completely overload-proof, 
de l ive r ing  a t  l e a s t  1 m a  i n t o  a sho r t  c i r c u i t .  

It de l ive r s  f u l l  

1 . 4  Specif icat ions 

1. Output, voltage: 

2 ,  Input power: 

3. Output current :  Rated 5 ma continuously; w i l l  d e l i v e r  .- 50 

-F25gc\ k 25 v de a t  1 m a  (up t o  300 v a t  no 
load i s  acceptable ). 
+32 rt L v de and 200 ma maxinium. 

m a  inLo a 3-kilohm Load, o r  1 ma minimum 
i n t o  a sho r t  c i r c u i t .  

4. Overload pro tec t  ion: Undamaged by any overload, including a 

5. b a d  regulat ion:  Less than 155, 5 I-La t o  5 m a .  

6 .  Line regulat ion:  

s h o r t  c i r c u i t .  

Less than IO$, 28 t o  36 v dc. 

7 .  Output r ipp le :  -kss than 50 r:iv a t  5 m a  load; frequency 
i s  approximately 8 mz. 

8. Adjustments: None. 

9. S ta r t ing :  Se l f - s t a r t i ng  under any l i n e  and load con- 
d i t i o n s  within spec i f i ca t ions .  

10. Ambient temperature 
range : 0 tQ 55'c. 



1 . 5  Applicable Drawings 

The follfiwiiig l i s t  gives t h e  OKNL Instrumentation and Controls 
Division drawing numbers and s u b t i t l e s  for  t h e  Ion Lxamber Power Supply. 
The c i r c u i t  i s  an  exact dupl ica te  of the  power supply i n  the  chamber 
High Voltage Supply and Flux Anplif ier ,  ORNL model Q-2602, and reference 
i s  made t o  those drawings where appl icabie .  

1. Q-2638-1 Cicn i i t  and Details. 

SI. Q-2638-2 

3. Q-2638-3 
l%rts L i s t .  

bktslphoto Panel. 

4. Q-2602-4 Printed Ci rcu i t  Board. 

The assembly arid d e t a i l  drawings of t he  plug-in chassis  s y s t e m  are 
61-2600 -1 through Q-2600 -6. 

2 ,  THEORY OF OPEMTION 

The power supply i s  dszigned t o  operate  from a nominal 32-v s t a t i o n  
This wide b a t t e r y  with a terminal  voltage va r i a t ion  from 28 t o  36 v de.  

va r i a t ion  makes neces:;ary a voltage preregulatos  cons is t ing  of  t r a n s  - 
i s tors  Q1, Q2, Q3, and 614. 

The preregula tor  output voltage is  sensed by r e s i s t o r s  FJ' and I38 
and appl ied t o  t h e  base of amplif ier  stage Q3. 
(16.8 v) generated by zener diode string E, D3, and Ilb i s  appl ied t o  
t h e  emitter of  613. The amplified difference appears a t  t h e  c o l l e c t o r  
of Q3 and i s  appl ied t o  d r i v e r  Q2 and pass t r a n s i s t o r  Q1-c. A constant 
c o l l e c t o r  cur ren t  i s  provided f o r  Q3 b y  t r a n s i s t o r  0-1, zener diode Dl, 
and t h e  associated network. 

A reference vol tage 

Tlze preregulator  output ( t e s t  pojrit TPl) i s  f i l t e r e d  by Cl, C2, and 
Rg and i s  appl ied t o  t h e  dc-to-dc converter.  

Q5, Q6, T1, and the  associated c i r c u i t r y  comprise 3 free--running 
square-wave o s c i l l a t o r .  
both s e l f  -protect ing and s e l f - s t a r t i n g .  
edges of the square -wave somewhat, t o  avoid t h ?  general;ion of sharp, high- 
frequency spikes  which may be coupled t o  o the r  c i r c u i t s .  

D5, 6, and Dl assure  t h a t  t h e  c i r c u i t  w i l l  be 
Capacitors ClC and C5 round the 

A square wave of  qproxin ia te ly  250 v peak-to-peak amplitude and 

This voltage i s  rcctif-ied by diode br idge D 8 - D l l  and i s  filtered 
The output i s  

frequency of approximately 8 kHz sppears  on winding 1-3 of transformer 
T1. 
by  a p i - sec t ion  RC f i l t e r  composed of ~ 6 ,  C7, and R14. 
approximately 250 v d c w i t h  l e s s  than 50 mv of 8 o r  16 kHz r ipp le .  



“he output voltage vs load cur ren t  i s  shown i n  Fig. 1. khen t h e  
output i s  shor t -c i rcu i ted ,  t h e  c i r c u i t  continues t o  o s c i l l a t e  a t  a very  
low amplitude and supplies about 1 ma o f  curren t .  The c i r c u i t  w i l l  
recover undamaged upon reuioval af tlie :;hart c i r c u i t  o r  overload. 
complete c i r c u i t  diagram i s  shown in Fig. 2 .  

The 

3.  OPERATING INSTRUCTIONS 

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

The Ion Chamber Power Supply i s  a module i n  the  ORNL Modular Reactor 
Pnstrumentation series. Like the  o-tlier modules i n  t h i s  ser-ies, it has 
standard connectors and dimensions and has a p in-  and hole-code on t h e  
rear p l a t e  so t h a t  t h e  module w i l l  not be in se r t ed  i n  a wrong loca t ion  i n  
a drawer. The module i s  i n s t a l l e d  by p l ac ing  it i n  i t s  proper loca t ion ,  
i n s e r t i n g  t h e  module firmly, and t igh ten ing  t h e  thumb screw. The module 
may be plugged i n  with power on without damage. 

Fig. 1. Output Voltage vs b a d  Current f o r  Chardoer Hip&-Voltage 
Supply, ORNL %de1 Q-2602’. 
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3.2 Operation 

There a r e  no operat ing cont ro ls  o r  adjustments. 

3.3 Connections 

A l l  connections a r e  made through the  r e a r  conncctor 1'32 when the 
module i s  inser ted .  A jumper between pins  2 and 3 i s  provided so t h a t ,  
i f  t he  module i s  removed from a drawer, a warning s i -pa l  may be given. 

3.4 Precautions 

Since the  output of t h e  high-voltage supply can be l e t h a l ,  care 
should be taken not t o  place f inge r s  i n  the  module while it i s  operat ing.  

4. MALNTENANCE UVSTRUCTIONS 

4.1 General 

This module i s  designed t o  operate continuously with a minirnum of 
maintenance and no adjustment. Test po in ts  a r e  access ib le  from the top  
of t he  module f o r  checking the  preregula tor  outpu-t, gmy, v, and t h e  
high voltage output,  red,  +250 v. Should a f a i l u r e  occur, any p a r t  
l i s t e d  i n  the Replaceable Parts L i s t ,  & e t .  5, may be replaced. 

)+ .2 Trans is 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.. 

Table 1. Trans is tor  Voltage Chart" 

Trans i s t o r  E h i t t e r  Base Collector  

Ql 30.3 30.0 25.6 
Q2 25.8 26.6 3'2 .o 
QS 16.8 17 .O 25.6 
&IC 25.0 25.8 32.0 
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Table 1. (continued) 

Trans i s t o r  Em it t e r h s c  Co 1 le c to r 

Q5 50.0 acb 25.0 dc/>6.o ac 28.0 ac 
Q6 50.0 ac 25.0 dcl56.0 RC 28.0 ac 

" A l l  dc voltages were measured with respect  t o  ground wi.tl.1 a 
20,000 ohm/v voltmeter ( T r i p l e t t  630)~ and a l l  measurenients were taken 
with a 300-kilohm load on the  hi.@ voltage output .  
measured with a 5000 ohm/v meter, " r i p l e t t  Model 630. 

A l l  ae voltages were 

bThe ac  frequency was approximte ly  8 kHz square wave. 

5. KEPLACFaIIE: PABTS LIST 

A descr ip t ion  and an ORNL Stores number f o r  a11 replaceable  p a r t s  
are given i n  Table 2. 

Table 2. Replaceable Par t s  L i s t  

Part No. 

&1 

Q2 

Q3 

Q4 

Q5 and Q6 

D1 

E, D3, and D4 

- ORNI, Stores No. 

06 -996 -1960 

06 -996-1985 

06-996-1940 

06 -996 -1986 

06 -996 -1990 

06 -995 -7910 

06-995 -791-0 

06 -995 -712k 

De s c r i p  t ion 

Transis tor ,  gemmlum, PNP, type 

Trans is tor ,  s i l i c o n ,  NEW, type 2N1479, 

Trans is tor ,  germanium, NPN, type 

Transis tor ,  s i l i co i i ,  NPN, type 2N1489, 

Trans is t o r ,  germaniimi, PNP, type 

Diode, zener ,  12.0 v 5 5%) 250 mw, 

Diode, zener, 5.6 v 5 5$, 400 mw, type 

Rec t i f i e r ,  s i l i c o n ,  type LN3254-, 

2FJ1307, T.I. 

RCA . 
2~1306, T.I. 

S i l icon  Trans is tor  Corp. 

2 N l 5 O l ,  Honeywell. 

Hugnes Aircraf t  Co. No. HZ-8380. 

1IVj'52AY Motorola. 

c l e a r  p l a s t i c  i n su la t ing  s leeve,  
IiCA . 

Ca..pacitor, 100 bf -LO t o  +~oo$, 35 
v dc working, -10 t o  +85OC opera t ing  
tenperature  , type PSD, Cal l ins  
Tndustries, Inc.  
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Fable 2. (continued ) 
.- 

Part No. ; &scr ip t ion  

- - -  

06 -002 -0090 

06-816-301to 

06-80~+-3015 

06 -932 -0123 
06 -9 32 -111 3 

06-932-0147 
06 -932 -0089 
06 -932 -onF( 
06-932 -0037 

06 -9 3 3 -61 30 

06-932-0114 

- - -  

06 -933 -6300 

06-9320113 

- - -  

Capacitor, 500 ~-lf -10 t o  ~-J.OO$, 35 
v d.c working, -10 t o  + 8 5 O C  
operat ing temperature , type PSD, 
Call ins  k d u s t r i e s  , h c  . 
working, ceramic , monol-ithic, 
Sprague, No. 5Cl3. 

Capacitor, 220 iJ.f ' 2  lo$, 10 v de 
working, tantalum, c l e a r  p l a s t i c  
i n s u l a t i n g  s leeve , Sprague , No. 

Capacitor, 10 Pf -10 t u  '504'0, 1+50 
v dc working, Mallory, TC-72. 

lksis tor ,  3 kilohm * 1%. 
Resistor,  2 kilohm -L 1%. 

Resis tor ,  1.0 kilohm L 1%. 

Resistor,  '750 ohm 2 1$1% 

Resistor,  21400 ohm f I-$. 

&ri .s tor ,  1000 ohm t 1%. 

Fksis tor ,  2160 ohm * 1%. 
Resis tor ,  3 ohm .t 5$, 3 w, WW, 

a x i a l  leads,  Ohmite, code 
7116-A-54-F. 

a x i a l  leads,  Ohmite, code 

Capacitor, 1 pf t- 2 ~ $ ,  25 v dc 

150~ q x  g o i o s .  

I ies i s tor ,  250 ohm i 55, 3 w, ww, 

7 /16 -A - 5 14- -F . 
I k s i s t o r ,  500C ohm 1 5$, 3 ~ r 7 ,  ww, 

a x i a l  leads,  Ohmite, code 
, (/ 16 -A- 54 - F . 

&;;istor,  100 ohm F 5$, 1/2 w, 
composition carbon , Allen- 
Bradley, type EB. 

Transformer, epoxy molded, t o r o i d a l  , 
28 v d.c. input,  250/125 dc output,  
Triad, type TY-88. 

A l l  resistors i n  t h i s  group from F;I t o  KL4 are carbon f i l m ,  ";tZ@Id4," a 

doubly impregnated with high temperature vtirnish,  and are 0.5 w, t ype  SIL%. 
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6. ACCEPTANCE TESTS 

6.1 Test Equipment 

The following tes t  equipment i s  required: 
1. 
2. One high impedance dc vol tne te r ,  10 megohui, 0-300 v. 
3. Oscilloscope, general  purpose. 

One dc power supppy, ad jus tab le  28 t o  36 v a t  0.5 amp. 

6.2 Acceptance Teat 

6.2.1 Output Voltage 

Connect a var iab le  vol tage supply (28 t o  +36 v )  from pin  9 t o  p in  
15 (ground). 
be f250 f 25 v. 

With t h e  input adjusted t o  +32 v, t h e  output p in  7 should 

6.2.2 Self Sta r t ing  

Disconnect t he  pos i t i ve  s ide  of the  supply voltage from p in  9. Add 
a 300-kilohm load on the  high-voltage output and reduce the  supply voltage 
t o  4-28 v. 
volttneter. 
t o  approximately f25O v de.  

Reconnect t h e  supply and measure the output voltage with a 
With no appreciable delay the  high-voltage output should r ise 

6.2.3 Load Regulation 

With the  28- t o  36-v dc supply s e t  a t  +32 v and with a 50-kilohm 
load on t h e  high voltage output,  measure the  output voltage with a h i g h  
impedance voltmeter. 
with no load. The d i f fe rence  should not be more than 25 v. 

Hemove the  50-kilohm load and measure the  output 

6.2.1+ h p u t  Regulation 

With a 300-kilohm load on t h e  output,  vary the  input f r o m  f28 t o  
+3G v. The chsnge i n  t h e  output should be l e s s  than 25 v. 

6.2.5 Ripple 

With a 50-kil-ohm load, connect an osci l loscope t o  t h e  output and 
measure the  - 8 kHz r i p p l e  present.  The spikes  should be lea:; than 50 
mv peak. 
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