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1 nESCRTPTLON 

1.1 General 

The 32-v de t o  60-cycle ac i n v e r t e r ,  ORNT, Model Q-2625, i s  a de-to-ac 
i n v e r t e r  t h a t  operates from an input of +28 t o  +36 v de and. &l ive r s  out-  
pu t s  of 11-5 v and 6.3 v, rms, square wave, 60 Hz. The 115-v output has a 
25-w capaci ty  and t h e  6.3-v output i s  rated. a t  10 w. 

1 .2 Construct i. on 

The dc-to-ac i n v e r t e r  i s  constructed i n  a module 11-25 i n .  wide, 11.72 
i n .  high, and 11.90 i n .  deep. It i s  a standard " three-uni t"  p l q - j n  module 
of t h e  Modular Reactor Instrumentatj  on Ser ies  depicted on Om?L drawing 
Q-,3600-1 Lhrough Q-7600-6. 

1.3 Application 

The de-to-ac i n v e r t e r  provides 115 v and 6.3 v, 60 Hz, from a nominal 
32-v s t a t i o n  b a t t e r y  system t o  siqply v i t a l  instruments when normal ac  
power i s  lost. No ou-lput f i lLerir ig  i.s employed, an. app l i ca t ion  i s  l imited 
t o  loads which can t o l e r a t e  square-wave form. 
ca t ions  were t o  power s t r i p - c h a r t  r e c o r d w s  an% t h e i r  s f p a l  amplif iers  
whose operat ion during ac, power ou'iage i s  v i - t a l  (115 v )  arid to dr ive  t'ne 
mechan-j.cal choppers of a number of v i t a l  operati-onal amplif iers  i n  r eac to r  
s a f e t y  and c o n t r o l  systems e 

The i n i t i a l .  i-ntended app l i -  

'The i n v e r t e r  supply has good line regul.atj.on, rnoderatn load. regti.l.ati.on, 
and i s  short - c i r c u i t  proof .  

1 .4  Speci1"ications 

1. Output vol.tages : 117 + 10 v r.ms, 25 w, 60 Hz (square wave); 
6.3 t- 0.6 v rim, 10 w, 60 HZ (square wave). 

2 .  Input power.: +32 4 v de, 2.1 amp maximum. 

3. Overload p ro tec t ion :  Undamaged by and self-recovering rrom shor t - c i r cu i t ed  
output.  

4 .  I,i.ne r egu la t i  on: Less than *2%, 28 t o  36 v de. 

5. I ~ a d  regulat ion:  Less than ?5%, 0 t o  35 w t o t a l .  

6. Waveform: Nominal square wave, f r e e  of excessive ringing 
o r  sharp sp ikes .  

7. Adjustuients : None 
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8.  S ta r t ing :  S e l f - s t a r t i n g  under any l i n e  and load condittons 
within s p e c i f i c a t i o n s .  

9. Ambient temperature 0 t o  55°C. 
range : 

1.5 Applicable Dyawings 

The following list gives t h e  ORNL Instrumentation and. Controls Divis ion 
drawing numbers and s u b t i t l e s  f o r  t h e  32 v dc t o  ll5/6.3 v, 60 cycle Inve r t e r .  

1. Q-2625-1 C i r c u i t .  

2. Q-2425-2 Deta i l s .  

3. Q-2625-3 Metalphoto Panel. 

4. Q-2625-4 Pr in ted  C i rcu i t  Board.. 

5. Q-2652-9 Assembly. 

6. Q-2625-6 Transformer Spec i f i ca t ion .  

7. Q-2625-7 P a r t s  L i s t .  

The assembly and d e t a i l  drawings of t h e  plug-in chass i s  system a r e  
Q-2600-1 through Q-2600-6 a 

2. THEORY OF OPERATION 

This dc-to-ac i n v e r t e r  i s  made up of two bas ic  c i r c u i t s ,  a de pre-  
regula tor  and an o s c i l l a t i n g  converter .  The module i s  designed t o  operate 
from a nominal 32-v s t a t i o n  b a t t e r y  v i t h  a t e rmina l  vol tage v a r i a t i o n  from. 
28 t o  36 v dc .  
regula tor ,  which cons is t s  of t r a n s i s t o r s  &I, Q2, and Q3 (F ig .  I).  

This wide va-t-iation makes necessary a de volkage pre-  

R s t a b l e  reference vol tage of 22 v f o r  t h e  preregixlator i s  generated 
by passing a constant cur ren t  through Zener diodes D2 and D 3 .  This 22-v 
reference appears a t  t h e  base of t r a n s i s t o r  Q2. Trans is tors  Q2 and Q3 
form a Darlington-pair  emi t te r  follower,  and t h e  vol tage  of’ t he  emi t te r  of 
Q3 i s  held coiistan-t a t  +21 v. F i l t e r i n g  and high-freqinency regula t ion  are 
provided by capaci tors  C1 and C 2 .  Trans is tor  QS, diode D1, and associated 
r e s i s t o r s  comprise t h e  constant cur ren t  c i r c u i t  f o r  t h e  22-v reference 
diodes.  

Test  po in t s  TPG and TP5 a r e  provided f o r  measuring the preregul-ator 
output .  
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Fig. 1. 32 v dc to 115/6.3 v, 60 cycle Inverter ,  ORNL Model Q-2625. 
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Q4, Q5, T1, and their associated circuits comprise a free-running 
square-wave oscillator” inverter. Networks consisting of C4, Cg, and R 1 0 ,  
and ~ 6 ,  C7, and R 1 1  along with C5 round the edges of the square wave some- 
what to avoid the generation of sharp, high-frequency spikes which may be 
coupled to other circuits. Diodes D4 and D5 protect Q 4  and &5 f r o m  damage 
by spikes which may occur as a result of sudden load changes. 

A voltage divider, R 6  and R‘f, biases the bases of Q5 ani1 &/; into con- 
duction. 
condition to a little less than the oscillating currents. If a short 
circuit or heavy overload occurs on the output (transformer secondary), the 
oscillations will cease and currents w i l l  be limited to safe values for all 
components. When the overload is removed, the forward bias sssures self- 
s tarting . 

R8 and Rg limit the transistor currenks in the nonoscillating 

3 OPERATING INSTRUCTIOIiS 

3.1 Installation 

The 32 v de to 115/6.3 v, 60 cycle Inverter is a module in the OETSL 
Modular Reactor Instrumentation Series. Like -the other modules 4n this 
series, it has standard connectors and dimensions and has a pin- and hole- 
code on the rear plate so that the modxle will not; be inserted in a wrong 
location in a drawer. The module is installed by placing it i.n its proper 
location, inserting the module firmly, and tightening the thumb screw. The 
module may be plugged in wit‘n power on without damage to the circuit; how- 
ever, the output may be lethal and care should be exercised to avoid contact; 
with exposed wiring. 

3.2 Operation 

There are no operating controls or adjustrwnts . 

3.3 Connections 

A l l  connections are made through the rear connector P18 when the 
module is inserted. A jwnTer between 2 and 3 is provided so tha-t, if the 
module is removed from a drawer, a warning signal will be given. 

3.4 Precautions 

Since the output of the inverter can be lethal, care should be taken 
not  to place fingers in the module while it is operating. 
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4. MAIITENANCE INWKUCTIONS 

1~1.1 General 

This module i s  desi-gned t o  operate con'iinu.ous1.y with a minimurn of 
maintenance and no adjustment. Test  po in ts  a r e  access ib le  fl-om the  top  of 
t he  module f o r  checking -the preregixl-ator output and both secondary vol tages .  
The preregulator  output test, po in t  T P ~  i s  red,  and. t h e  d.c ground r e tu rn  TP5 
i s  white.  The 115-v dc: secondary t e s t  points TP3 and TP4 a re  bro~m,  and IAi? 
6.3-v ac t e s t  po in ts  TP1 and TP2 a r e  black.  
p a r t  l i s t e d  i n  t h e  Replaceable Par t s  List, Sec t .  $, niay 'oe replaced.  

Shou.ld a fa i - lure  occur, any 

4.2 Transist,or Voltage Chart 

The vol tages  of a1.l t r a n s i s t o r s  a.re l i s t e d  i n  Table 1. 

a 
Table 1. Trans is tor  Voltage Chart 

Trans i st or  E m i t  t e r  

QI 30 -7 

Q2 2l. 5 

Q3 2.1. .o 

Q4 - 

Q5 - 

Base 

30.2 

Collect  or 

22 .o 

22 .o 3.1.6 

21.5 32 .0 

2.1. p-p ac 38 P-p 

.~ ~ - 
a 
All dc vol tages  were meaPurzd with respect  t o  ground with a 20,000 

ohm/v voltmeter. ( T r i p l e t t  63O), and a l l  measurements we re taken with maxj mim 
ra t ed  load on the  outputs .  
osci l loscope,  Tektronix model 531. 

All ac voltaqes were measured with a ca l ib ra t ed  

5. RXPLACEABLE PmTS LiST 

A descr ip t ion  and an O P N ,  Storzs number f o r  a l l  replac3able p a r t s  a r e  
give11 i n  TabJ-e 2 .  
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Table 2 .  Replaceable P a r t s  List 

P a r t  Mo . 
Ql 

Q2 

Q3 

QJ-!.J Q5 

D1, D2 

D4J D5 

D 3  

T1 

c1, c2 

c3, c4, c6 

C5 

R6 

R7 

R 8 ,  R? 

ORNL S t z r r s  No. Descrint ion 

06-996-1710 

06-996-1983 

06-995 -7096 

06-995-7112 

06-995 4 0 9 4  

06 - 812 - 3 5 13 8 

06-812 -0958 

06-933-6160 

06-933 -6190 

06-934-0719 

06-933-6030 

Trans i s to r ,  PNP, type 2N1131, T . I .  

T rans i s to r ,  NPN, type 2N1483, RCA. 

Trans is tor ,  WPN, type 2Nl015B, S i 1  ' imns .  

T rans i s to r ,  PNP, tyye 2N1912, KCA o r  
Delco. 

Diode, Zener, 1 2  v, +-57$, t y p e  1S'J3022R7 
Motorola. 

Diode, Zener, 51 v, ?5$, type lX3037B, 
Motorola. 

Diode, Zener, 10 v, +5$, % m e  1N302OB, 
Motorola. 

Transformer, power, pe r  s p e c i f i c a t i o n  
dwg . Q-2625-6~1. 

capac i tor ,  LOO yf, -10 + lo%, 3 v dew, 
-10 + 8 5 O ~  operat ing temp., 0.875 2.n. 
diam. x 2.50  i n .  long, type ED, 
Cal l in s  Indus t r i e s ,  Inc . 

Capacitor,  1 \if, fl$, 50 v dew, metalized 
paper, Astron No. MQZF.5 - U4-10, or  
Gudeman No. ~w88-~105. 

Capacitor,  4 pf, ?x$~, ~ C O  v dcw, metalized 
paper, c l e a r  p l a s t i c  i n s u l a t i n g  sleeve, 
Sprague No. 121PbO59254. 

I ies i s tor ,  7.5 ohms, +5$ 3 w, WJT, vitre0u.s 
enamel in su la t ion ,  Ohmite code 7/16- 
A - 5 b F .  

Res i s to r ,  20 ohms, O h m i t e  co&e '7/16-~- 
'jl4-F. 

Res is tor ,  100 ohms , Ohmite code 7/16-A- 
54-F . 

54-F. 
Res is tor ,  0.5 ohm, Ohmite code 7/16-A- 



Table 2 .  (continued) 

pa-& No e OFNL Stores  No. Des c r  ip t ion  

K10, R I I  Res is tor ,  100 ohms, +5$, 1/2 W ,  A-B.  

R3 Kesistoi- ,  820 ohms, +5%, 2 w,  A-B. 

R2 

06-932-003'7 Resis tor ,  62 ohms, tl$, 1/2 w, carbon 
film, Stemag, type STAK. 

0 6 - 93 2 - 00 47 Resistor, 100 oloms, +1$, 1/2 w, carbon 
film, Stemag, type STAK. 

06-932-0081 Resis tor ,  560 ohms, ?I.%, 1_/2 w, carbon 
fi-lm, Stemsg, tyye STAK. 

FI 06 -874- 3c80 Fuse, micro, 3 amp, Lil;tI-efiise No. 273C03. 

6 .  ACCEPTAKCE TESTS 

6 .1  Test EquiFment 

The following t e s t  equipment i.s required: 

1. One de power supply, ad jus tab le  28 t o  36 v at 2 amp. 

2. One 625-0hm, 25-w res i - s tor .  

3 -  One  ohm, 10-w res i -s tor  . 
4 .  One average-readi ng ac voltmeter ca l ibra ted  i n  r m s  

5. One multirange tic voltmeter with +I-% accuracy. 

6.  One osci l loscope,  general. purpose, with accurate  timebase. 

6.2 Description 

This u n i t  takes  an. iinregulated b a t t e r y  vol tage,  nominal-3-y +32 v de 
and converts, or  i nve r t s ,  i t  t o  115 v and 6.3 v ac,  60 cyc les .  
waveform is an un f i l t e r ed  square wave. There are two sec t ions  t o  t h e  
c i r c u i t .  Q1, Q2, and &3 comprise a preregulator  which permits an inpu-t; 
var ia t3on of 28 t o  36 v while maintaj-ning t h e  input t o  t h e  a c t u a l  i nve r t e r  
Q4 and &5 at, a constant 2 1  v .  
free-running multivi 'orator whose output vol tage and frequency are determined 
primarj-ly by t h e  transf'ormer c h a r a c t e r i s t i c s  and the input vo l tage .  

The output, 

The inve r t e r  i.tse7-1-' i s  a transformer-coupled 
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6.3 Acceptance Test 

The acceptance t e s t  procedure i s  as  follows: 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8 .  

Connect a 625-ohm, 25-w load from pin  4 t o  p i n  5.  
10-w load from p i n  11 t o  p in  14 .  
s a t i s f a c t o r y  f o r  t h e  25-w load .  

Connect a )-r--ohm, 
A standard 25-w l i g h t  bulk i.s 

Connect a c32 v dc ad jus t ab le  power supply from p i n  9 t o  pin 1 5  
and adJust  t h e  vol tage t o  t32.O v. 

Measure t h e  vol tage a t  t h e  output of t h e  preregula tor  ( t e s t  po in t  
6 )  with respec t  t o  ground ( t e s t  point, 5 ) .  
21.0 f 1..2 v dc. 

The voltage s'nould be 

Vary the  input  vo l tage  from 28 t o  36 v .  
should vary not more than k 0.5 v .  

The greregula tor  outputs 

Measure t h e  output voltage from t e s t  po in t  3 t o  t e s t  po in t  4 w i t h  
an average-reading ac  voltmeter. Cali-brated i n  r m s  . The voltage 
should be 115 4 10 v .  

Measure t h e  output vo l tage  from t e s t  po in t  I t o  t e s t  po in t  2 writ11 
t h e  same meter used i n  s t e p  5 .  The vol tage should be 6.3 _+ 0.6 v .  

With an osc i l loscope  having an accurate  t i m e  base, measure the  out- 
put period (t ime f o r  one complete cyc le )  on e i t h e r  output winding. 
The period should be 16.7 i- 1.7 msec. 

Observe t h e  output waveform. The shape should be a symmetrtcal. 
square wave with clean spikes  on t h e  leading edges of not more than 
1% of t h e  peak t o  peak amplitude. 
t h e  spikes  a r e  l a r g e r  o r  mul t ip le  r inging occu.~"s. 

The un i t  should be r e j ec t ed  i f '  
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