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PP-7274/A (NSN 6125-00-148-8342) AND

P P - 7 2 7 4 A / A  ( N S N  6 1 3 0 - 0 1 - 0 9 3 - 3 0 7 7 )

TM 11-6130-385-34, 19 March 1976 is changed as follows:

1. Title is changed as shown above.
2. New or changed materials indicated by a vertical bar in the margin. An illustration change is

indicated by  a  miniature  paint ing hand.
3. Added or revised illustrations are indicated.
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W A R N I N G

Dangerous voltages exist in this equipment (115 volts AC). Serious injury or
DEATH may resul t  f rom contact  with  terminals  carry ing  these  vo l tages .
Make sure all switches or circuit breakers supplying power to the PP-7274
(#)/U are in the “OFF” position before connecting or disconnecting the input
o r  o u t p u t  p o w e r  c a b l e s  f r o m  t h e  u n i t  o r  s t a r t i n g  a n y  m a i n t e n a n c e
procedures .  Do  not  attempt  internal  serv ice  or  ad justment  unless  another
person capable of rendering first aid and resuscitation is present. Follow the
five emergency steps for electric shock.

Change 1    A
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I S  T H E  V I C T I M  O F  E L E C T R I C A L  S H O C K

D O  N O T  T R Y  T O  P U L L  O R  G R A B  T H E  I N D I V I D U A L

I F  P O S S I B L E,  T U R N  O F F  T H E  E L E C T R I C A L  P O W E R

I F  Y O U  C A N N O T  T U R N  O F F  T H E  E L E C T R I C A L

P O W E R ,  P U L L ,  P U S H ,  O R  L I F T  T H E  P E R S O N  T O

S A F E T Y  U S I N G  A  W O O D E N  P O L E  O R  A  R O P E  O R

S O M E  O T H E R  I N S U L A T I N G  M A T E R I A L

S E N D  F O R  H E L P  A S  S O O N  A S  P O S S I B L E.

A F T E R  T H E  I N J U R E D  P E R S O N  I S  F R E E  O F

C O N T A C T  W I T H  T H E  S O U R C E  O F  E L E C T R I C A L

S H O C K ,  M O V E  T H E  P E R S O N  A  S H O R T  D I S T A N C E

A W A Y  A N D  I M M E D I A T E L Y  S T A R T  A R T I F I C I A L

R E S U S C I T A T I O N
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C H A P T E R

Section
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Section

A P P E N D I X

H E A D Q U A R T E R S
D E P A R T M E N T  O F  T H E  A R M Y
W A S H I N G T O N , DC, 19 March 1976

D i r e c t  S u p p o r t  a n d  G e n e r a l  S u p p o r t  M a i n t e n a n c e  M a n u a l

I N V E R T E R ,  S T A T I C  P O W E R  P P - 7 2 7 4 / A

( N S N  6 1 2 5 - 0 0 - 1 4 8 - 8 3 4 2 )  A N D

P P - 7 2 7 4 A / A  ( N S N  6 1 3 0 - 0 1 - 0 9 3 - 2 0 7 7 )

REPORTING OF ERRORS

You can help improve this manual by calling attention to errors and by
recommending improvements and stating your reasons for the
recommendations. Your letter or DA Form 2028 (Recommended
Changes to Publications and Blank Forms) should be mailed direct to
the Commander, US Army Electronics Command, ATTN: DRSEL-

ME-MQ, Fort Monmouth NJ 07703. A reply will be furnished direct to
you.
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CHAPTER 1
INTRODUCTION

Section 1. GENERAL

1-1. scope
T h i s  m a n u a l  c o n t a i n s  i n f o r m a t i o n  f o r  d i r e c t

s u p p o r t  a n d  g e n e r a l  s u p p o r t  m a i n t e n a n c e  o f

Static Power Inverter PP-72741A and PP-7274A/A
(stat ic  inverter) .  The unit  is  a  750-va,  3-phase
inverter which converts a nominal 28-vdc input to
a  r e g u l a t e d  1 1 5 - v a c ,  4 0 0 - H z  p o w e r  f o r  u s e  i n
aircraft .  The maintenance  al locat ion chart  (MAC)
for  the  stat ic  inverter  is  located in  TM 11-1520-
221-20 and TM 11-1520-236-20.

NOTE
Throughout the manual, reference to the
PP-7274/A also  refers  to  the  PP-7274A/A
unless  otherwise  indicated .

1-2. Indexes of Publications
a. DA Pam 310-4. Refer to the latest issue of DA

Pam 310-4  to  determine  whether  there  are  new
edit ions ,  changes ,  or  addit ional  publ icat ions  per-
ta ining  to  the  equipment .

b ,  D A  P a m  3 1 0 - 7 .  R e f e r  t o  D A  P a m  3 1 0 - 7  t o
d e t e r m i n e  w h e t h e r  t h e r e  a r e  m o d i f i c a t i o n  w o r k
orders  (MWO's )  perta ining  to  the  equipment .

1-3. Forms and Records

a. Reports  o f  Maintenance  and Unsat is fac tory

E q u i p m e n t .  Maintenance  forms,  records ,  and re -
p o r t s  w h i c h  a r e  t o  b e  u s e d  b y  m a i n t e n a n c e
personnel  at  a l l  maintenance  levels  are  l i s ted  in
and prescribed by TM 38-750.

b.  Report  o f  Packaging  and Handl ing  Def ic i en-

c i e s .  F i l l  o u t  a n d  f o r w a r d  S F  3 6 4  ( R e p o r t  o f
Discrepancy  (ROD)  as  prescr ibed  in  AR 735-11-2 /
D L A R  4 1 4 0 . 5 5 / N A V M A T I N S T  4 3 5 5 . 7 3 / A F R  4 0 0 -

54/MCO 4430.3E.
c. D i s c r e p a n c y  i n .  S h i p m e n t  R e p o r t  ( D I S R E P )

( S F  3 6 1 ) .  F i l l  o u t  a n d  f o r w a r d  D i s c r e p a n c y  i n

Shipment Report (DISREP) (SF 361) as prescribed
i n  A R  5 5 - 3 8 / N A V S U P I N S T  4 6 1 0 . 3 3 B / A F R  7 5 - 1 8 /

MCO P4610.19C, and DLAR 4500.15.

1-4. Destruction of Army Materiel
Refer to TM 750-244-2 for procedure to be used for

this  equipment .

1-5. Reporting Equipment Improvement
Recommendations (EIR)

E q u i p m e n t  I m p r o v e m e n t  R e c o m m e n d a t i o n s

(EIR) can and must be submitted by anyone who is
a w a r e  o f  a n  u n s a t i s f a c t o r y  c o n d i t i o n  w i t h  t h e
equipment  des ign or  use .  I t  i s  not  necessary  to
show a new design or list a better way to perform a
p r o c e d u r e ;  j u s t  s i m p l y  t e l l  w h y  t h e  d e s i g n  i s
u n f a v o r a b l e  o r  w h y  a  p r o c e d u r e  i s  d i f f i c u l t .
E q u i p m e n t  I m p r o v e m e n t  R e c o m m e n d a t i o n s  E I R
may be  submitted on SF 368 (Qual i ty  Def ic iency
R e p o r t ) .  M a i l  d i r e c t  t o  C o m m a n d e r ,  U S  A r m y

Communicat ions  and Electronics  Mater ie l  Readi -
n e s s  C o m m a n d ,  A T T N :  D R S E L - M E - M Q ,  F o r t
Monmouth, NJ 07703. A reply will be furnished to
y o u .

Section Il. DESCRIPTION AND DATA

1-6. Description inverter is designed for use in aircraft.

Static inverter (fig. 1-1) converts a nominal +28 dc
input to a regulated 115-volt ac, 400 ±7 Hz, 3-phase 1-7. Technical Data
output. The unit provides output power of 750-va, The e lectr ical  and physical  character ist ics  o f  the
3 - p h a s e ,  2 5 0 - v a  p e r  p h a s e  a t  4 1  a m p e r e s .  T h e static inverter are given in tables 1-1 and 1-2.

Change 1   1-1
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Table 1-1. Electrical Characteristics

I n p u t  V o l t a g e :

Input Current:

o u t p u t  V o l t a g e :

 O u t p u t  P o w e r :

O u t p u t  F r e q u e n c y :

o u t p u t  D i s t o r t i o n :

L o a d  P o w e r  F a c t o r :

o v e r l o a d :

Short  Circuit :

Parameters and conditions

N o m i n a l .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  .  

N o r m a l  O p e r a t i o n . . .  .  .  .  .  .  .  .  .  . .  .  .  .

A t  2 8  v d c ,  f u l l  l o a d .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

Nominal. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. 

27  to  30  vdc  input ,  uni ty  PF,  +  .85  PF,  –  .95  PF,  0  to

3 0 , 0 0 0  f e e t , – 5 5 °  C .  t o  7 1 °  C .  P e r  M I L - 5 7 D - 8 1 0

Notice  4 ,  Method 507,  508,  509,  510,  and 511

Maximum cont inuous  operat ion . . .  .  .  .  .  .  .  .  .  .  .  .  .  . .  .

2 4 - 3 0  v d c  i n p u t ,  u n i t y  P F ,  +  . 8 5  P F ,  –  . 9 5  P F ,  0  t o

3 0 , 0 0 0  f e e t ,  – 5 5 °  C .  t o  7 1 °  c .

N o r m a l  o p e r a t i n g  c o n d i t i o n s  o f  2 8  v d c  i n p u t ,  u n i t y  P F ,

sea  level  and 25°  C.  ±15°  C.

(For 5% max total harmonic distortion)  . . . . . . . . . . . . . . . . .. .

,t 200% rated current for 5 seconds... . . . . . . . . . . . . . . . . . .. . ..

Internal  protect ion  i s  prov ided  at  250% rated  current  for

5  s e c o n d s  m i n i m u m  i n t o  a  s h o r t  c i r c u i t ,  a u t o m a t i c

current  l imit ing  then  occurs

R e d u c e d  I n p u t  V o l t a g e : 18-23 vdc. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .

0-23 vdc. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

E x c e s s i v e  I n p u t  V o l t a g e : 29-32 vdc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .

Values

28 v d c

2 4 - 3 0  v d c

41  amp  max

115 vac true rms

112.5 -117.5 vac

7 5 0  V A  3 Ø ,  2 5 0  V A  p e r  Ø  a t  4 1  a m p

and 28 vdc  input

400 ± 7 hertz

5  % tota l  harmonic  d istort ion  max

0 . 9 5  l e a d i n g  ( m i n )  t o  0 . 8 5  l a g g i n g

( m i n )

50 vac min

W i l l  n o t  d a m a g e  u n i t .  U n i t  w i l l

r e c o v e r  a u t o m a t i c a l l y  ( i n t o  a n y

r a t e d  l o a d )  w i t h i n  2  s e c o n d s  u p o n

r e m o v a l  o f s h o r t c i r c u i t  ( o r

o v e r l o a d )

U n i t  w i l l  p r o v i d e  1 0 0 - 1 1 7 . 5  v a c  ( a t

any rated load)

Unit  wi l l  not  be  damaged

N o  d a m a g e  w i t h  f u l l  l o a d  f o r  5 -

m i n u t e  p e r i o d .

Table 1-2. Physical Characteristics

Parameters and conditions Specifications

O v e r a l l  D i m e n s i o n s : Height :  8 .00  in .  max

W i d t h :  5 . 5 0  i n .  m a x

L e n g t h :  1 1 . 5 0  i n .  m a x

W e i g h t : 2 3 . 6  l b .  m a x

O p e r a t i n g  T e m p e r a t u r e  R a n g e : –55 °C.  to  71°  C.

C o o l i n g : Internal  fan

1 - 2 C h a n g e  1
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C H A P T E R  2

F U N C T I O N I N G  O F  E Q U I P M E N T

2-1. Dc Power

(fig. 2-1)

Dc power is applied to the input filter which at-
tenuates ripple voltage from the power source and
eliminates radio magnetic interference emitting from
the power supply. Power from the input filter is fed
to a capacitor bank which provides power to the dc
v o l t a g e  r e g u l a t o r  b o a r d  t o  o b t a i n  r e g u l a t e d  d c
supply for the various circuits throughout the unit.

2-2. Oscillator Function

The oscillator signal is applied to countdown circuits

to develop high frequency square waves and 400-Hz
sine waves. The square and sine waves are directed
to the modulator boards and the sine wave is also

conducted to the recovery drive circuits.

2-3. Modulator Function

The modulator boards receive the high frequency
square wave and process it through a ramp generator
and a  square  wave generator .  These  inputs  are
processed through the modulator circuit and a data
generator circuit to produce the data output. The
modulator boards also receive a 400-Hz sine wave
feedback from the output filter.

2-4. Overcurrent Sense and Foldback Function

The A phase  modulator  board  provides  an  over -
current sense and foldback circuit to limit the output

short  c ircuit  current .  This  c ircuit  fo lds  back the
current to a safe level if overloads persist in excess of
5 seconds.

F i g u r e  2 - 1 .  S i m p l i f i e d  b l o c k  d i a g r a m

2-1
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2-5. Dc Voltage Regulator

a. The dc voltage regulator board provides 8-volt,
2.5- and 5-volt regulators and a negative 3.4-signal
for  negat ive  b ias .  A high and low input  vol tage

detector circuit senses high and low input voltages
and disables the system output when required.

b. The dc regulator board also receives data from
the modulator boards which is augmented in the
output  dr ive  c i rcui t  and conducted  to  the  power
switch boards. Data from the dc regulator board is
rece ived  on  the  base  dr ive  c i rcui ts  o f  the  power

switch boards.

2-6. Power Switch Function

On the three power switch boards, transistor power
switches conduct the signal through an inductor to
the power transformer and then out to the filter.
There are boards for A phase, B phase, and C phase.

2-7. Modulator Circuit Description

a. The modulator circuit functions as follows: The
high frequency  6 .4 -kHz square  wave  s ignal  f rom
oscillator board A 1 enters B phase modulator board
A3 as two square waves 180° out of phase (fig. 3-23),
They are capacitor-coupled to differentiate for the
summing diode circuit CR305, CR306. The resultant
12 .8-kHz signal is introduced to the ramp generator
(U305) and initiates the output data (ramp) to the
o u t p u t  d r i v e  b o a r d .  R a m p  g e n e r a t o r  U 3 0 5  a l s o
delivers a ramp reset blanking signal to Q309, Q310.

b. A 400-Hz sine wave feedback signal from the
output filter is directed to the output voltage con-
trol. The feedback signal is also connected to a turn
on sense output (at terminal 20) which is coupled to
the overcurrent sense and foldback circuit on the A
phase modulator board.

c. The output voltage control circuit (fig. 3-18)
receives the feedback signal, Potentiometer R356

and the temperature compensator unit U310 develop
the signal. The signal is then delivered, with dc
input, to comparator U306. Transistor Q304 func-

tions as an integrating amplifier with dc output and
is applied to field effect transistor Q306 gate which
controls amplitude of the sine wave input to the
modulator and square wave generator circuit. FET
Q306 functions as a voltage impedance device. Gate
voltage impedance is as follows:

Gate voltage Impedance
+2.5v . . . . . . . . . . ..100 ohms

–3.4v . . . . . . . . . ..2 megohms

d. The square wave generator and modulator (fig.
3-25)  compare ramp s ignal  with s ine  wave and
modulator output pulse length in accordance with
relative amplitude of these signals. The outputs go
to the data generator. The data generator (fig. 3-20)
corre lates  the  information for  transmittal  to  the
output drive board. Transistors Q309, Q310 disable
output data during reset of ramp generator.

2-2
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CHAPTER 3

DIRECT AND GENERAL SUPPORT MAINTENANCE INSTRUCTIONS

Section 1. GENERAL

3-1. Description

The inverter converts a nominal +28 vdc input to a
regulated 115-vac, 400 ±7 Hz, 3-phase output
through use of a pulse-width modulation technique.
This static inverter is a solid state design and em-
ploys no moving parts except for an internal cooling
fan.

3-2. Block Diagram and Schematic Diagrams
Figure FO-1 shows the sequential operation of the
unit, the signal frequencies, waveforms, and test
points. The schematic diagrams of the individual
printed circuit boards are shown on the following
figures:

Figure FO-2. Oscillator PCB Schematic
Diagram (Al)

Figure FO-3. AØ Modulator PCB Schematic
Diagram (A2)

Figure FO-4. BØ , CØ Modulator PCB
Schematic Diagram (A3)

Figure FO-5. Dc Voltage Regulator PCB
Schematic Diagram (A4)

Figure FO-6. Power Switch PCB Schematic
Diagram (A7)

Figure FO-7. Interconnection Diagram
shows all the wiring required for connecting the
modules within the Inverter.

3-3. Numbering System Used in Design of Inverter

For the sake of clarity, the following numbering
system is used. Discrete components on major
module A1 are given a three digit number, for
example R101, indicating R1 of major module Al
(for A1R1 ). The next resistor on the A1 major
module would be R102 (for A1R2). For major module
A2 the first resistor is R201 (for A2R1), etc.

3-4. Continuity Tests
For continuity tests, refer to the following tables:

a. Table 3-1. Main Harness Wiring Data.
b. Table 3-2. Power Switch Wiring Data.
c. Table 3-3. Power Transformer to Filter Wiring

Data.
d. Table 3-4. Power Harness Wiring Data.

Tab le  3 -1 .  Ma in  Harness  Wir ing  Data

C h a n g e  1 3 - 1
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Table 3-1 Main Harness Wiring Data- Continued

3-2
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Table 3-1. Main Harness Wiring Data- Continued

Table 3-2. Power Switch Wiring Data

3 - 3
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Table 3-2.  Power Switch Wiring Data- Continued

Table 3-3.  Power Transformer to Filter Wiring Data

Table 3-4. Power Harness Wiring Data

3-5. Tools and Test Equipment tenance of the inverter are listed in table 3-5. No
The tools and test equipment required for main- special test equipment  is needed.

Table 3-4. Power Harness Wiring Data

3-4
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T a b l e  3 - 5 .  T e s t  E q u i p m e n t  -  C o n t i n u e d

P a r t  n u m b e r M a n u f a c t u r e r N a m e A r m y  d e s i g n a t i o n

n u m b e r

C o m m e r c i a l . . . . . . . . . . . . . .. Resistor, 52.9± 1% ohm, 250w (qty 6) . . . . . . . . . . . . . . . . .

C o m m e r c i a l . . . . . . . . . . . . . .. Resistor, 55.7± 1% ohm, 250w (qty 3) . . . . . . . . . . . . . . . . .

Commercial . . . . . . . . . . . . . . . Inductor, 32 ± 3% mh (qty 3) . . . . . . . . . . . . . . . . . . . . . . . . . .

C o m m e r c i a l . . . . . . . . . . . . . .. Capacitor, 2.3 ± 3% µ f, 150 vac (qty 3) . . . . . . . . . . . . . . . . .

S e c t i o n  I l .  T R O U B L E S H O O T I N G

3 - 6 .  G e n e r a l

a. Troubleshooting of the static inverter shall be
i n  a c c o r d a n c e  w i t h  t a b l e s  3 - 6  a n d  3 - 7  a n d  t h e
waveforms shown on figure FO-1. Troubleshooting

wil l  be  performed with a  variable  0  to  +40 vdc
power supply source and with a dc voltmeter and a
dc  ammeter  connected  between the  power  supply
a n d  c o n n e c t o r  J 2  o f  t h e  s t a t i c  i n v e r t e r .  F o r  a
complete listing of test equipment, refer to table

3-5.
W A R N I N G

Make sure all switches and circuit break-

ers supplying power to the PP-7274/A are
in the OFF position before connecting or
disconnecting the input and output power
cables  f rom the  unit  or  before  start ing
any maintenance  procedure .

C A U T I O N
Although vol tages  in  the  stat ic  inverter

are relatively low (e.g., ± 28 vdc and 115
vac) ,  current  leve ls  are  h igh  (up  to  41

amperes  in  normal  operat ion ,  and much
higher  in  short  c ircuit  s i tuat ions  where
the input  capacitor  bank can discharge
through the  short ) .  As  a  result ,  fa i lures

are  o f ten  catastrophic ;  there fore ,  unless
the symptoms of a failure are known, be
extremely  careful  when troubleshoot ing
t h e  s t a t i c  i n v e r t e r .  B e  s u r e  t o  a p p l y
careful ly  monitored  low vol tages  to  the
unit to insure that no further damage will
o c c u r .  E x a m i n e  a n d  t e s t  t h e  o u t s i d e
power supply source. Check to see that the

outside power source will apply 0 to +31
vol tages  evenly  as  required .

b. Check the  uni t  with  covers  intact  per  para-
g r a p h s  3 - 4 1  t h r o u g h  3 - 5 1  b e f o r e  r e m o v i n g  t h e
covers  and  proceeding  with  the  fo l lowing  proce -
d u r e s .  A f t e r  t h e  u n i t  h a s  b e e n  e x a m i n e d  a n d

tested with covers on as noted, open and visually
i n s p e c t  i t  f o r  b u r n e d  o r  o t h e r w i s e  d a m a g e d
components. Where failed components are located,
res is tance  and cont inuity  checks  should  be  per -

formed to isolate the faulty circuits and to identify
the  cause  o f  the  fa i lure .  I t  wi l l  be  necessary  to
r e m o v e  p r o t e c t i v e  c o a t i n g  f r o m  l e a d s  t o  t a k e
r e a d i n g s .  W h e r e  c e r t a i n  p r o b l e m s  a r e  a p p a r e n t

during  test ing ,  proceed in  accordance  with  table
3-6.

3 - 7 .  D e t a i l  N e t w o r k  T r o u b l e s h o o t i n g  L o c a -

t i o n

The following is an abstract of data in table 3-7 to
aid  in  locat ing the  various  detai l  troubleshoot ing
p r o c e d u r e s .

Table  3 -7  Sequence  No. N e t w o r k

. . . . . .. . . . . . . ..5.1v regulator (A4)1 ..

2 . . . . . . . . . . . . . . . . ..2.5v regulator (A4)

3 . . . . . . . . . . . . . . . . . . Excessive input current (A6) (A4)

( A 5 )

4 . . . . . . . . . . . . . . . . .. Hf oscillator (A1)

5 . . . . . . . . . . . . . . . . . . 3 Ø  s i n e  w a v e  g e n e r a t o r  ( A 1 )

6 . . . . . . . . . . . . . . . . ..8 vdc Regulator (A4)

7 . . . . . . . . . . . . . . . . .. Recovery Drive (A1) (A9)(A7)

8 . . . . . . . . . . . . . . . . . . A0 feedback and control (typical)

(A2 )  (A5 )

9 . . . . . . . . . . . . . . . . . . Output  dr ive  (A4)  (A7)  (A4)  L O S S  o f

regulat ion ,  output ,  or  h igh  d is tor t ion ,

o n e  o r  m o r e  p h a s e s

10 . . . . . . . . . . . . . . . . . . . P o w e r  s w i t c h  c i r c u i t s  ( A 7 )

11 . . . . . . . . . . . . . . . . . . . Low or high output voltage (unit)

d i s t o r t i o n  a n d  r e g u l a t i o n  w i t h i n

spec i f ied  l imits

Change 1   3-5
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3-8. Procedure Steps in Troubleshooting

E x a m i n e  e a c h  c i r c u i t  b o a r d  a n d  m o d u l e  f o r  l o o s e  o r

b r o k e n  c o m p o n e n t s ,  f o r e i g n  m a t e r i a l s ,  e t c .  C h e c k

w i r e  t e r m i n a t i o n s  f o r  b r e a k a g e  o r  l o o s e  s o l d e r i n g .

T h e  r e d  w i r e  t o  p i n  7  o f  e a c h  p o w e r  s w i t c h  b o a r d

( A 7 ) ,  i n d u c t o r  L 9 0 1 ,  a n d  t h e  p r i m a r y  o f  t h e  o u t p u t

t r a n s f o r m e r  ( T 1 )  s h o u l d  b e  d i s c o n n e c t e d  a t  t h i s

t i m e .

3-9. Ohmmeter Tests

a .  M e a s u r e  d c  i n p u t  l e a d s  w i t h  o h m m e t e r .  T h e

c o r r e c t  p o l a r i t y  s h o u l d  m e a s u r e  g r e a t e r  t h a n  3 5 0

o h m s .  S e e  p a r a g r a p h  3 - 2 4 .

b .  R e v e r s e  p o l a r i t y  s h o u l d  m e a s u r e  l o w  r e s i s t a n c e

( b u t  g r e a t e r  t h a n  1  o h m ) .  T h i s  i s  m e a s u r e d  a t  f o r -

w a r d  i m p e d a n c e  ( Z )  o f  C R 5 0 1  ( A 5 ) .

c .  D i s c o n n e c t  J 5 0 3 ,  m e a s u r e  r e s i s t a n c e  o f  T 5 0 1 ,

T 5 0 2 ,  a n d  T 5 0 3  s e c o n d a r y  w i n d i n g s  ( c e n t e r  t a p  t o

e a c h  s i d e ) .  R e s i s t a n c e  s h o u l d  b e  a p p r o x i m a t e l y  2 5

o h m s  o n  e a c h  s i d e .  I f  n o t ,  r e p l a c e  f i l t e r  m o d u l e  ( A 5 ) .

R e c o n n e c t  J 5 0 3 .

d .  M e a s u r e  p o w e r  t r a n s i s t o r s  ( Q 7 0 3 ,  Q 7 0 4 ,  Q 7 0 8 ,

Q 7 0 9 ,  Q 7 1 0 ,  Q 7 1 1 )  f o r  c a s e  t o  h e a t s i n k  s h o r t s .  T h e s e

m e a s u r e m e n t s  a r e  m a d e  o n  t h e  A 7  m o d u l e .

3-10. Power Applied Tests

C A U T I O N
P o s i t i o n  a l l  l o o s e  w i r e s  s o  t h a t  t h e y  w i l l  n o t

c o m e  i n  c o n t a c t  w i t h  c o n d u c t i v e  e l e m e n t s .

C h e c k  t o  s e e  t h a t  t h e  r e d  w i r e  t o  p i n  7  o f  e a c h

p o w e r  s w i t c h  b o a r d  ( A 7 ) ,  i n d u c t o r  L 9 0 1  a n d

t h e  p r i m a r y  o f  t h e  o u t p u t  t r a n s f o r m e r  ( T 1 )  i s

d i s c o n n e c t e d .

a .  T e s t  E q u i p m e n t  S e t u p .

( 1 )  C o n n e c t  d e c a d e  r e s i s t a n c e  b o x  ( s e t  a t  8 2 0

o h m s )  i n  p l a c e  o f  R 4 4 2  c m  A 4  b o a r d .

( 2 )  C o n n e c t  o s c i l l o s c o p e  o r  d c  v o l t m e t e r  b e -

tween terminals 1 (+5v) and 2 (GND) of A1 board.

( 3 )  C o n n e c t  o s c i l l o s c o p e  o r  d c  v o l t m e t e r  b e -

t w e e n  t e r m i n a l s  9  (  2 .  5  v  r e f e r e n c e )  a n d  2  ( G N D )  o f  A 1

b o a r d .

( 4 )  C o n n e c t  d c  p o w e r  s o u r c e  t o  i n p u t  c o n n e c t o r

J 1 .

b .  P o w e r  T e s t s .

( 1 )  W h i l e  m o n i t o r i n g  d c  i n p u t  c u r r e n t ,  s l o w l y

i n c r e a s e  i n p u t  v o l t a g e  t o  +  5  v .  I f  i n p u t  c u r r e n t  d o e s

n o t  e x c e e d  1  a m p ,  c o n t i n u e  i n c r e a s i n g  i n p u t  v o l t a g e

t o  +  8  V  w h i l e  o b s e r v i n g  +  5  V  m o n i t o r .  T h e  +  5  V

r e g u l a t o r  c i r c u i t  o n  t h e  A 4  b o a r d  s h o u l d  b e  5  v  ±  . 5 .

I f  o u t p u t  i s  i n c o r r e c t ,  r e p a i r  s a m e  b e f o r e  p r o c e e d i n g .

S e e  t a b l e  3 - 7 ,  s e q u e n c e  1 .

( 2 )  M o n i t o r  2  . 5  v  r e f e r e n c e  v o l t a g e  a t  t e r m i n a l  9

o f  A 1  b o a r d  f o r  2 . 5  v  ±  0 . 2 5 .  I f  o u t p u t  i s  i n c o r r e c t ,

r e p a i r  b e f o r e  p r o c e e d i n g .  S e e  t a b l e  3 - 7 ,  s e q u e n c e  2 .

( 3 )  I f  5  a n d  2  . 5  v  r e g u l a t o r s  a p p e a r  t o  f u n c t i o n

p r o p e r l y ,  i n c r e a s e  i n p u t  v o l t a g e  t o  2 8  v d c .  I f  i n p u t

c u r r e n t  e x c e e d s  2  a m p e r e s ,  l o c a t e  a n d  r e p a i r  f a u l t .

S e e  t a b l e  3 - 7 ,  s e q u e n c e  3 .

3-11. A1 Board Test

a .  M o n i t o r t e r m i n a l s 3  t h r o u g h 8 with

o s c i l l o s c o p e  f o r  s q u a r e  w a v e  o f  a p p r o x i m a t e l y  3 . 5  v

p e a k  a t  6 . 2  k H z .  I f  s i g n a l s  a r e  n o t  p r e s e n t ,  r e p a i r

b e f o r e  p r o c e e d i n g .  S e e  t a b l e  3 - 7 ,  s e q u e n c e  4 .

b .  M o n i t o r  t e r m i n a l s  1 0  t h r o u g h  1 5  w i t h

o s c i l l o s c o p e  f o r  a  4 0 0 - H z  s i n e  w a v e  o f  a p p r o x i m a t e l y

1 .  2  V  p e a k  t o  p e a k .  I f  s i g n a l s  a r e  n o t  p r e s e n t ,  r e p a i r

b e f o r e  p r o c e e d i n g .  S e e  t a b l e  3 - 7 ,  s e q u e n c e  5 .

c .  W h e n  a l l  t h e  a b o v e  c o n d i t i o n s  h a v e  b e e n  m e t ,

r e m o v e  p o w e r  a n d  c o n n e c t  L 9 0 1  t o  t e r m i n a l s  3 4  a n d

3 5  o f  A 4  b o a r d .  C o n n e c t  o s c i l l o s c o p e  o r  d c  v o l t m e t e r

b e t w e e n  t e r m i n a l  3 5  ( + 8  t o  1 2 v )  o f  A 4  b o a r d  a n d  2

( G N D )  o f  A 4  b o a r d .  I n c r e a s e  i n p u t  v o l t a g e  t o  +  1 5  v

w h i l e  o b s e r v i n g  t h e  +  8  t o  1 2  v  m o n i t o r .  I f  t h e

o b s e r v e d  v o l t a g e  e x c e e d s  +  1 3  v ,  r e p a i r  r e g u l a t o r

c i r c u i t  b e f o r e  p r o c e e d i n g .  S e e  t a b l e  3 - 7 ,  s e q u e n c e  6 .

d .  C o n t i n u e  i n c r e a s i n g  i n p u t  v o l t a g e  t o  +  2 8  v d c

w h i l e  o b s e r v i n g + 8  t o  1 2  v  m o n i t o r .  R e g u l a t o r

s h o u l d  m a i n t a i n  8  ±  1V  a t  o u t p u t .  I f  n o t  c o r r e c t ,

r e p a i r  b e f o r e  p r o c e e d i n g .  S e e  t a b l e  3 - 7 ,  s e q u e n c e  6 .

e .  M o n i t o r  p i n s  1 7  t h r o u g h  2 1  o n  t h e  A  1  b o a r d  f o r

a n  a p p r o x i m a t e l y  1 5  v .  4 0 0  H z  s q u a r e  w a v e  o u t p u t .  I f

s i g n a l s  a r e  n o t  p r e s e n t ,  r e p a i r  b e f o r e  p r o c e e d i n g .  S e e

t a b l e  3 - 7 ,  s e q u e n c e  7 .

3-12. Phase Adjustments Al Board

NOTE
T h i s  p r o c e d u r e  i s  a p p l i c a b l e  o n l y  w h e n  T 1 0 1  -

3  o r  a s s o c i a t e d  c o m p o n e n t s  h a v e  b e e n

c h a n g e d .

a .  F o r  p h a s e  A ,  c o n n e c t  c a p a c i t a n c e  d e c a d e  b o x  i n

p a r a l l e l  w i t h  T 1 0 1  t e r m i n a l s  1  a n d  2 .

( 1 )  M o n i t o r  T 1 0 1  t e r m i n a l  1  a n d  U 1 0 5  p i n  5  ( a t

R 1 0 6 )  w i t h  d u a l  t r a c e  o s c i l l o s c o p e .

( 2 )  A d j u s t  d e c a d e  b o x  c a p a c i t a n c e  u n t i l  t h e

s q u a r e  w a v e  a t  U 1 0 5  i s  i n  p h a s e  w i t h  s i n e  w a v e  a t

T 1 0 1  ( ±  4 . 0 °  m a x i m u m  d e v i a t i o n ) .

( 3 )  S e l e c t  c a p a c i t o r s  C 1 1 0  a n d  C 1 1 3  t o  e q u a l  t h e

v a l u e  i n d i c a t e d  b y  t h e  d e c a d e  b o x .

b .  F o r  p h a s e  B  s e l e c t  C 1 1 1  a n d  C 1 1 4  a s  i n  A  p h a s e

a b o v e ,  u s i n g  t e s t  p o i n t s  a p p l i c a b l e  t o  p h a s e  B .  F o r

p h a s e  C ,  s e l e c t  C 1 1 2  a n d  C 1 1 5  a s  i n  A  p h a s e  a b o v e

u s i n g  t e s t  p o i n t s  a p p l i c a b l e  t o  p h a s e  C .

3-13. A2 Board Test

F o r  A  p h a s e  d a t a  o u t p u t ,  m o n i t o r  b o a r d  t e r m i n a l s

1 5  a n d  1 7  w i t h  d u a l  t r a c e  o s c i l l o s c o p e  f o r  g r o u p s  o f

1 5 ,  a  +  5  V  l e v e l  w i t h  4  V  n e g a t i v e - g o i n g  p u l s e s  a t  a

4 0 0 - H z  g r o u p  r e p e t i t i o n  r a t e .  T h e  s i g n a l  a t  t e r m i n a l

1 5  s h o u l d  o c c u r  1 8 0 °  o u t  o f  p h a s e  w i t h  t h a t  a t

t e r m i n a l  1 7 .  I f  s i g n a l s  a r e  n o t  p r e s e n t ,  r e p a i r  b e f o r e

p r o c e e d i n g .  S e e  t a b l e  3 - 7 ,  s e q u e n c e  8 .

3-14. A3 Board Test

F o r  C  p h a s e  d a t a  o u t p u t ,  m o n i t o r  t e r m i n a l s  1 3  a n d  6

a s  i n  A  p h a s e  ( p a r a  3 - 1 3 ) .  F o r  B  p h a s e  d a t a  o u p u t ,

3-15



TM 11-6130-385-34

monitor terminals 22 and 18 as in A phase (para 3-
13).

3-15. A4 Board Test

a. For C phase data, monitor terminals 8 through
11 with dual trace oscilloscope, for complementary

pulse groups at a group repetition rate of 400 Hz. If
either signal is not present, repair before proceeding.
See table 3-7. sequence 9.

b.  P r o c e e d  a s  i n  a  a b o v e  f o r  t h e  f o l l o w i n g
remaining tests:

(1) For B phase data, monitor terminals 14, 15,
24, and 25 as in C phase data.

(2 )  For  A phase  data ,  monitor  terminals  26

through 29 as in C phase data.

(3) For A phase data, monitor terminals 28 and
29 as in C phase data.

(4) Remove dc input power.

3-16. Module A7 Tests

Repeat this procedure for each phase.

a. Use clip leads to connect a resistor of 10 ohms
greater than 2 watts in series with pin E7 and +8
vdc  power  lead  ( red) .  Apply  28-vdc  input  power .

b. Monitor terminals 7 and 8 of T701A with dual
trace oscilloscope for presence of push-pull drive. If
e i ther  s ignal  i s  not  present ,  repair  appropriate
circuit. See table 3-7, sequence 10. See waveform on
figure 3-32.

(1) Monitor terminals 4 and 5 of T701B.
( 2 )  M o n i t o r  p o s i t i v e  t e r m i n a l s  o f  C 7 0 6  f o r

rectified output of T701. If signal is not present,
repair before proceeding. See table 3-7, sequence
10.4.

(3) Monitor positive terminal of C707 as in (2)
above .

(4) Remove power, remove resistor from +8 v
power source, clip + 8 V direct  to  pin 7 .  Reapply
power and repeat (2) and (3) above. Upon completion
of tests remove power.

c. Repeat a and b above for other A7 modules.

3-17. Single Phase Closed Lop Test

a. For this test, make the following connections:
(1) Connect +8 vdc to pin E7 fo A7 phase A

with clip lead.
(2 )  Connect  appropr iate  pr imary  winding  o f

T101 to output terminals 6 and 7 of A7 with clip
leads (fig. FO-7).

b. Monitor  anodes  o f  CR703 and CR0704 with
osc i l loscope .  S lowly  increase  input  vo l tage  whi le
observing input current and output voltage meters.
Input  current  should  fo ld  back at  less  than 10
amperes  and output  vo l tage  should  regulate  at
a p p r o x i m a t e l y  1 1 0  v a c .  I f  n o t ,  r e p a i r  b e f o r e
proceeding. See table 3-7, sequence 10.3.

c. The waveform should approximate that shown
in figure FO- 1 for anode of CR703.

(1) Measure and record distortion. Distortion
should be less than 6 percent.

( 2 )  A p p l y  1 2 5 - w a t t  l o a d .  D i s t o r t i o n  s h o u l d
remain under 6 percent.

( 3 )  A p p l y  2 5 0 - w a t t  l o a d .  D i s t o r t i o n  s h o u l d
remain  under  6  percent .  Remove  power  and c l ip
leads.

d. Test phase B and phase C as in A phase (a, b,

a n d  c above) .  I f  d is tort ion  readings  exceeded  6
percent,refer to table 3-7, sequence 10.3. Replace all
wiring.

3-18. Systems Test Procedure

NOTE

See paragraphs 3-41 through 3-51 on unit
checkout.

a. Slowly increase input voltage to 28 vdc while
visually scanning test monitors.

(1 )  Dc  input  current  should  increase  to  ap-
proximately 10 amperes then drop as input voltage is
increased.

(2) Ac output voltages should increase evenly
to approximately 110 ac and then stabilize.

b. After  a  5-minute  warmup period  at  28-vdc
input voltage, adjust output voltage controls for 116
v .

(1) Adjust R228 on A2 board for phase A.
(2) Adjust R309 on A3 board for phase C.
(3) Adjust R356 on A3 board for phase B.

c. Test static inverter as follows:
(1) If distortion is out of specified limits or

gross ly  d i f ferent  phase  to  phase ,  adjust  decade
resistance (in place of R442) for minimum distortion
within a voltage range of + 6.5 to 8 vdc out of the dc
regulator circuit.

(2) If distortion is still out of specified limits,
connect capacitance trimmer fixture (para 3-41) in
place of C617, C618, and C619 (fig. FO-1). Adjust
trimmer for approximately 4 percent distortion and
minimal dc input current but do not exceed 0.5
difference between phases of 40-ampere input at full
load (resistive) and 28 v.

( 3 )  I f  t r i m m e r  c a p a c i t o r s  m u s t  b e  u s e d ,
readjust output voltage as required (b above).

d. Instal l  tr immer capacitors  C617,  C618,  and
C619 in  accordance  with  se lect ion  made in  c ( 2 )
above. Install R442 in accordance with requirement
a s  i n d i c a t e d  b y  r e s i s t a n c e  d e c a d e  b o x  s e t t i n g .
Remove power.

3-19. Module Level Troubleshooting Summary

If requirements of preceding paragraphs have been
met , t h e  m a j o r  m o d u l e  t r o u b l e s h o o t i n g  t e s t
procedure is complete. If not, correct deficient areas
i n  a c c o r d a n c e  w i t h  d e t a i l e d  t r o u b l e s h o o t i n g
techniques as shown in table 3-7.
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S e c t i o n  I I I .  D I S A S S E M B L Y  A N D  R E A S S E M B L Y

3-20. Disassembly and Reassembly Procedures

a. Disassembly. For rapid and efficient access to
various modules, proceed as follows:

(1) Remove the two covers.
(2) Remove filter (A5).
( 3 )  R e m o v e  p o w e r  s w i t c h  b o a r d s  ( A 7 )  a n d

hookup wiring.
(4) Remove wiring harness (W1).
(5 )  Remove  PCB deck  (A2  through A4) .

(6 )  Remove capac i tor  assembly  (A6) .
(7) Remove wire assemblies (W2 and W3).
(8) Remove fan bulkhead assembly (A9).

(9) Remove power transformer (T1).

b.  Reassembly .  Te reassembly  sequence  is  the
reverse of disassembly (a a b o v e ) .

3-21. Parts Location

Refer to figures 3-1 through 3-9 for parts location
and identity. Refer to figure 3-1 (2 sheets) for ex-
p l o d e d  v i e w  o f  u n i t  a n d  a t t a c h i n g  p a r t s .
Disassemble the static inverter in the sequence of

index numbers which follow and as shown on figure

2-1.
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Cal louts  for  f ig .  3 -1 :

1  S c r e w 15 Regulator board 2 9  W i r e  a s s y

2  C o v e r 16 Spacer 3 0  L u g

3  L a b e l 17 BØ,  CØ board 3 1  L u g

4  S c r e w 18 Spacer 3 2  L u g

5  P a n e l 1 9  A Ø  b o a r d 3 3  S c r e w

6  F i l t e r 20 Insulator 34 Capacitor  assy

7  N u t 2 1  N u t 3 5  S c r e w

8 Screw 2 2  S t u d 36 Transformer

9 Lockwasher 2 3  S c r e w 37 Screw 

10 Screw 2 4  S p a c e r 38 Washer

11 Power switch module 25 Oscillator board 3 9  B u s

12 Truss 26 Fan-capacitor assy 4 0  B a s e

*13 Thermostat 2 7  W i r e  a s s y 41 Capacitor

14 Harness assy 28 Washer

*Not used in PP-7274/A. Not part of PP-7274A/A.
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Figure  3 -1  ①  . General  assembly  o f  s ta t i c  inver ter  ( shee t  1  o f  2 ) .
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Figure 3-1   General  assembly of  static  inverter  (sheet  2  of  2) .
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Figure  3 -2   . .  Osc i l la tor  pr in ted  c i r cu i t  board  assembly  (A1  )  ( shee t  1  o f  2 ) .

3 -21



TM 11-6130-385-34

F i g u r e  3-2   .  Osc i l la tor  pr inted  c i rcui t  board  assembly  (A1) (sheet 2 of 2).
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Figure  3 -3   .  AØ modulator  and  current  s ense  pr in ted  c i r cu i t  board  assembly  (A2)  ( shee t  1  o f  2 ) .
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R

Figure  3 -3   . AØ modulator  and  current  s ense  pr in ted  c i r cu i t  board  assembly  (A2)  ( shee t  2  o f  2 ) .
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Figure  3 -4   .  BØ CØ modulator  pr inted  c i rcui t  board  assembly  (A3)  ( shee t  1  o f  2 ) .
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Figure  3 -4   .  BØ,  CØ modulator  pr inted  c i rcui t  board  assembly  (A3)  ( shee t  2  o f  2 ) .

3-26



TM 11-6130-385-34

Figure  3 -5   . .  Dc  vo l tage  regulator  and data  dr ive  pr inted  c i rcui t  board  assembly  (A4)  ( shee t  1  o f  2 ) .
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Figure  3 -5     Dc  vo l tage  regulator  and data  dr ive  pr inted  c i rcui t  board  assembly  (A4)  ( shee t  2  o f  2 ) .
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F i g u r e  3 - 6 .  C a p a c i t o r  a s s e m b l y  ( A 6 ) .
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Figure  3 -7     Power  swi tch  module  (A7)  ( shee t  1  o f  2 ) .
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Figure 3-7       Power switch module (A 7) (sheet 2 of 2).
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Figure  3 -8 .  Power  swi tch  pr inted  c i rcui t  board  assembly  (A7) .
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Figure 3-9 Fan bulkhead (A9).

S e c t i o n  I V .  M A I N T E N A N C E  O F  D E T A I L  N E T W O R K S

3-22. General

T h e r e  a r e  n o  c o n t r o l s  o r  i n d i c a t o r s  o n  t h e  s t a t i c

i n v e r t e r ;  t h e r e f o r e ,  p e r f o r m a n c e  i n d i c a t i o n s  m u s t  b e

m e a s u r e d  w i t h  t h e  i n v e r t e r  c o v e r s  r e m o v e d  a n d  t h e

i n v e r t e r  p l a c e d  o n  t h e  t e s t  b e n c h .

C A U T I O N

A l t h o u g h  v o l t a g e s  i n  t h e  s t a t i c  i n v e r t e r  a r e

r e l a t i v e l y  l o w  ( e . g . , + 2 8  v d c  a n d  1 1 5  v a c ) ,

c u r r e n t  l e v e l s  a r e  h i g h  ( u p  t o  4 1  a m p e r e s  i n

n o r m a l  o p e r a t i o n ,  a n d  m u c h  h i g h e r  i n  s h o r t

c i r c u i t  s i t u a t i o n s ) .  A s  a  r e s u l t  f a i l u r e s  a r e

o f t e n  c a t a s t r o p h i c ;  t h e r e f o r e ,  u n l e s s  t h e

s y m p t o m s  o f  a  f a i l u r e  a r e  k n o w n ,  b e  e x -

t r e m e l y  c a r e f u l  w h e n  t r o u b l e s h o o t i n g  t h e

s t a t i c  i n v e r t e r .  N o  v o l t a g e s  s h o u l d  b e  a p -

p l i e d  t o  t h e  u n i t  u n t i l  i t  h a s  b e e n  o p e n e d  a n d

v i d u a l l y  i n s p e c t e d  f o r  b u r n e d  o r  o t h e r w i s e

d a m a g e d  c o m p o n e n t s .  W h e r e  f a i l e d  c o m -

p o n e n t s  a r e  l o c a t e d ,  r e s i s t a n c e  a n d  c o n -

t i n u i t y  c h e c k s  s h o u l d  b e  p e r f o r m e d  t o  i s o l a t e

t h e  f a u l t y  c i r c u i t s  a n d  t o  i d e n t i f y  t h e  c a u s e

o f  t h e  f a i l u r e .  I t  w i l l  b e  n e c e s s a r y  t o  r e m o v e

p r o t e c t i v e  c o a t i n g  f r o m  l e a d s  t o  t a k e

r e a d i n g s .

3 - 2 3 .  C h e c k i n g  P r o c e d u r e

C h e c k  t h e  d e t a i l e d  n e t w o r k s  a s  d e s c r i b e d  i n  t a b l e  3 -

7 .  R e f e r  t o  t a b l e  3 - 7  a n d  f i g u r e  F O - 1  t o  s u p p l e m e n t

t h i s  d a t a .

Section V. INPUT FILTER AND CAPACITOR BANK

3 - 2 4 .  I n p u t  F i l t e r

( f i g .  3 - 1 0 )

Nominal +28 vdc is applied through pin C of con-
nector A5J501 to the encapsulated filter A5. This
low pass input filter is capable of receiving a variable
input of from +18 to +32 vdc and can supply input
load currents of up to 41 amperes at +28 vdc. The
encapsulated filter contains a high frequency choke
which presents a high impedance to voltage spikes or

r f  i m p u l s e  n o i s e  t h a t  m a y  b e  i n d u c e d  o n  t h e  2 8  v d c

b u s .  A  l o w  f r e q u e n c y ,  s e r i e s  c o n n e c t e d  c h o k e  w i t h i n

t h e  f i l t e r  p r e s e n t s  a  h i g h  i m p e d a n c e  t o  4 0 0 - H z

s i g n a l s  g e n e r a t e d  w i t h i n  t h e  i n v e r t e r .

3-25. Capacitor Bank
( f i g .  3 - 1 0 )

T h e  i n p u t  c a p a c i t o r  b a n k  a c t s  a s  a  s t o r a g e  c e l l  f o r

t h e  i n v e r t e r .  N o m i n a l  + 2 8  v d c  i s  a p p l i e d  f r o m  t h e
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i n p u t  f i l t e r  t o  c a p a c i t o r s  C 6 0 1  t h r o u g h  C 6 1 0 .  T h e e x c e e d  t h e  c a p a c i t y  o f  t h e  +  2 8 - v d c  s o u r c e .  T h e

c a p a c i t o r  b a n k  p r o v i d e s  a n  a d d i t i o n a l  s o u r c e  o f c a p a c i t o r  b a n k  a l s o  a i d s  t h e  i n p u t  f i l t e r  i n

c u r r e n t  t o  s u p p l y  t h e  o u t p u t  d r i v e  c i r c u i t  w h e n e l i m i n a t i n g  v o l t a g e  s p i k e s  a n d  r f  n o i s e  g e n e r a t e d  b y

i n s t a n t a n e o u s  d e m a n d s  b y  t h e  p o w e r  s w i t c h  c i r c u i t s t h e  p o w e r  s w i t c h e s .

Figure 3-10. Input filter and capacitor bank.

S e c t i o n  V I .  O S C I L L A T O R  A N D  M O D U L A T O R  P R I N T E D  C I R C U I T  B O A R D S

3-26. Oscillator Circuit
( f i g .  3 - 1 1 )

a .  T h e  o s c i l l a t o r  u s e s  a  p i e z o e l e c t r i c  c r y s t a l  u n i t

( Y 1 0 1 )  t o  g e n e r a t e  a  h i g h  p r e c i s i o n  o s c i l l a t i o n  o f

2 . 4 5 7 6  M H z  w h e n  a  + 5 - v o l t  i n p u t  i s  a p p l i e d .  T h e

o s c i l l a t o r  ( Y 1 0 1 ,  U 1 0 1 )  p r o v i d e s  t h e  2 . 4 5 7 6  M H z

s q u a r e  w a v e  t o  c o u n t d o w n  u n i t  U 1 0 2  w h i c h  d i r e c t s  a

3 8 . 4 - k H z  s i g n a l  t o  Q 1 0 1 B .  T h i s  i s  c o n d u c t e d  t o  a

d i v d e - b y - 6  c i r c u i t  ( U 1 0 3 ,  U 1 0 4 )  t o  p r o d u c e  t h r e e  6 . 4 -

k H z  h i g h  f r e q u e n c y  s q u a r e  w a v e  p u l s e s  f o r  t h e  t h r e e

p h a s e s  t o  u s e  o n  t h e  m o d u l a t o r  b o a r d s  ( f i g .  3 - 1 2 ) .

b .  T h e  o s c i l l a t o r  c o u n t d o w n  m o d u l e  ( U 1 0 2 )

s u p p l i e s  a  2  . 4 - k H z  s i g n a l  t o  Q 1 0 2 B ,  w h i c h  i s  r o u t e d

t o  a n o t h e r  d i v i d e - b y  6  c o u n t e r  ( U 1 0 4 ,  U 1 0 5 )  ( f i g .  3 -

1 4 ) ,  a n d  w h i c h  p r o d u c e s  t h r e e  4 0 0 - H z  s q u a r e  w a v e

o u t p u t s .  T h e  t h r e e  4 0 0 - H z  s q u a r e  w a v e s  a r e  d i r e c t e d

t o  t h r e e  t u n e d  t r a n s f o r m e r s  ( f i g .  3 - 1 4 ) ,  w h i c h

d e v e l o p  a  3 - p h a s e ,  4 0 0 - H z  s i n e  w a v e  s i g n a l  f o r  u s e

o n  t h e  m o d u l a t o r  b o a r d s .  T h e  t h r e e  4 0 0 - H z  s i n e

w a v e  s i g n a l s  a r e  a l s o  r o u t e d  t o  t h e  r e c o v e r y  d r i v e

c i r c u i t  ( f i g .  3 - 1 5 ) .  T h e s e  s i g n a l s  a r e  p r o c e s s e d  i n  t h e

r e c o v e r y  d r i v e  c i r c u i t  b y  c o m p a r a t o r  a m p l i f i e r s

( U 1 0 6 ,  U 1 0 7 )  a n d  d r i v e r s  ( U 1 0 8 )  t h r o u g h  p u s h - p u l l

t r a n s i s t o r s ,  t h e  o u t p u t  o f  w h i c h  i s  a  4 0 0 - H z  s q u a r e

w a v e  o f  1 4  v o l t s  p e a k  t o  p e a k .
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Figure 3-11. Crystal oscillator.

F i g u r e  3 - 1 2 .  D i v i d e - b y - 6  c o u n t e r  Q 1 0 1 .
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F i g u r e  3 - 1 3 .  D i v i d e - b y - 6  c o u n t e r  Q 1 0 2 .
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F i g u r e  3 - 1 4 .  T h r e e - p h a s e  t u n e d  t r a n s f o r m e r .
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F i g u r e  3 - 1 5 .  R e c o v e r y  d r i v e

3-27. Modulator Circuit o u t p u t  f i l t e r  i s  d i r e c t e d  t o  t h e  o u t p u t  v o l t a g e  c o n -

( f i g .  3 - 1 6 ) t r o l .  T h e  f e e d b a c k  s i g n a l  i s  a l s o  c o n n e c t e d  t o  a  t u r n

a .  T h e  h i g h  f r e q u e n c y  6 . 4 - k H z  s q u a r e  w a v e  s i g n a l o n  s e n s e  o u t p u t  ( a t  t e r m i n a l  2 0 )  w h i c h  i s  c o u p l e d  t o

f r o m  t h e  o s c i l l a t o r  b o a r d  e n t e r s  t h e  m o d u l a t o r  b o a r d t h e  o v e r c u r r e n t  s e n s e  a n d  f o l d b a c k  c i r c u i t  o n  t h e  A

a s  t w o  s q u a r e  w a v e s  1 8 0  d e g r e e s  o u t  o f  p h a s e .  T h e y p h a s e  m o d u l a t o r  b o a r d .

a r e  c a p a c i t o r - c o u p l e d  t o  d i f f e r e n t i a t e  f o r  t h e  s u m - c .  T h e  o u t p u t  v o l t a g e  c o n t r o l  c i r c u i t  ( f i g .  3 - 1 7 )

m i n g  d i o d e  c i r c u i t  C R 3 0 5 ,  C R 3 0 6 .  T h e  r e s u l t a n t r e c e i v e s  t h e  f e e d b a c k  s i g n a l .  P o t e n t i o m e t e r  R 3 5 6

1 2 . 8 - k H z  s i g n a l  i s  i n t r o d u c e d  t o  t h e  r a m p  g e n e r a t o r a n d  t e m p e r a t u r e  c o m p e n s a t o r  u n i t  U 3 1 0  d e v e l o p  t h e

( U 3 0 5 )  a n d  i n i t i a t e s  t h e  o u t p u t  d a t a  ( r a m p )  t o  t h e s i g n a l .  T h e  s i g n a l  i s  t h e n  d e l i v e r e d ,  w i t h  d c  i n p u t ,  t o

o u t p u t  d r i v e  b o a r d .  R a m p  g e n e r a t o r  U 3 0 5  a l s o c o m p a r a t o r  U 3 0 6 .  T r a n s i s t o r  Q 3 0 4  f u n c t i o n s  a s  a n

d e l i v e r s  a  r a m p  r e s e t  b l a n k i n g  s i g n a l  t o  Q 3 0 9 ,  Q 3 1 0 . i n t e g r a t i n g  a m p l i f i e r  w i t h  d c  o u t p u t  a n d  i s  a p p l i e d  t o

b .  A  4 0 0 - H z  s i n e  w a v e  f e e d b a c k  s i g n a l  f r o m  t h e f i e l d  e f f e c t  t r a n s i s t o r  Q 3 0 6  w h i c h  c o n t r o l s  a m p l i t u d e
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o f  t h e  s i n e  w a v e  i n p u t  t o  t h e  m o d u l a t o r  a n d  s q u a r e d .  T h e  s q u a r e  w a v e  g e n e r a t o r  a n d  m o d u l a t o r  ( f i g .

w a v e  g e n e r a t o r  c i r c u i t .  F E T  Q 3 0 6  f u n c t i o n s  a s  a 3 - 1 8 )  c o m p a r e  r a m p  s i g n a l  w i t h  s i n e  w a v e  a n d

v o l t a g e  i m p e d a n c e  d e v i c e .  G a t e  v o l t a g e  i m p e d a n c e m o d u l a t o r  o u t p u t  p u l s e  l e n g t h  i n  a c c o r d a n c e  w i t h

i s  a s  f o l l o w s : r e l a t i v e  a m p l i t u d e  o f  t h e s e  s i g n a l s .  F i g u r e  3 - 1 8

G a t e  v o l t a g e I m p e d a n c e s h o w s  s q u a r e  w a v e  g e n e r a t o r  a n d  m o d u l a t o r ,  B

+2.5v . . . . . . . . . . . . . . . . . . 100 ohms

–3.4v . . . . . . . . . . . . . . . . . . . . . . . . .. .2megohms
p h a s e  a n d  C  p h a s e  ( b o a r d  A 3 ) .  A  s i m i l a r  c i r c u i t  f o r  A

p h a s e  m o d u l a t o r  ( b o a r d  A 2 )  i s  s h o w n  i n  f i g u r e  F O - 3 .

F i g u r e  3 - 1 6 .  R a m p  g e n e r a t o r – B  p h a s e .
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Figure 3-17. Output voltage control - B phase and C phase.

F i g u r e  3 - 1 8 .  S q u a r e  w a v e  g e n e r a t o r  a n d  m o d u l a t o r - B  p h a s e .

e .  T h e  d a t a  g e n e r a t o r  ( f i g .  3 - 1 9 )  c o r r e l a t e s  t h e d a t a  g e n e r a t o r – B  p h a s e  a n d  C  p h a s e  ( B o a r d  A 3 ) .

i n f o r m a t i o n  f o r  t r a n s m i t t a l  t o  t h e  o u t p u t  d r i v e R e f e r  t o  f i g u r e  F O - 3  f o r  d a t a  g e n e r a t o r  A  p h a s e

b o a r d .  T r a n s i s t o r s  Q 3 0 9 ,  Q 3 1 0  d i s a b l e  o u t p u t  d a t a ( b o a r d  A 2 ) .

d u r i n g  r e s e t  o f  r a m p  g e n e r a t o r .  F i g u r e  3 - 1 9  s h o w s
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3-28. Overcurrent Sense and Foldback Circuit
( f ig .  3-20)

T h e  o v e r c u r r e n t  s e n s e  a n d  f o l d b a c k  c i r c u i t  i s  l o c a t e d

o n  t h e  A  p h a s e  m o d u l a t o r  b o a r d .  T h e  c u r r e n t  s e n s e

s i g n a l  a t  p i n s  7  a n d  9  i s  o b t a i n e d  f r o m  t h e  p o w e r

s w i t c h  b o a r d .  C o m p a r a t o r  a m p l i f i e r  U 2 0 2 - 1  f u n c -

t i o n s  a s  a  l e v e l  d e t e c t o r  a n d  f o r w a r d s  t h e  s i g n a l  t o  a n

i n t e g r a t i n g  c i r c u i t  U 2 0 2 - 1 3 .  S e v e n - s e c o n d  t i m e

c i r c u i t  U 2 0 2 - 2  i s  m o n i t o r e d  b y  1 - s e c o n d  r e s e t  c i r c u i t

U 2 0 2 -  1 4 .  T r a n s i s t o r  Q 2 0 1  f u n c t i o n s  a s  t h e  d r i v e r  f o r

Q 2 0 2  w h i c h ,  w h e n  p o s i t i v e ,  p e r f o r m s  a  d u m p  r e s e t

a c t i o n  o n  t h e  1 - s e c o n d  r e s e t  c i r c u i t .  Q 2 0 6  d e l a y s  t h e

d u m p  r e s e t  c i r c u i t  t o  i n s u r e  e n g a g e m e n t .  R e s i s t o r

R 2 1 5  p r o v i d e s  t h e  s h o r t  c i r c u i t  c u r r e n t  s e t t i n g ,

w h i c h  i s  a d j u s t e d  a t  t h e  f a c t o r y .  T h e  k i l l  l i n e  c o n t r o l

( p i n  4 )  t r a n s m i t s  o v e r c u r r e n t  s i g n a l s  t o  t h e  d u a l

f u n c t i o n ,  k i l l  c o n t r o l ,  a n d  h i g h  i n p u t  v o l t a g e

c o m p a r a t o r  U 4 0 1 .

I

Figure  3 -19 .  Data  generator—B phase  and C phase .
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S e c t i o n  V I I .  D C  V O L T A G E  R E G U L A T O R  A N D  D A T A  O U T P U T  P R I N T E D  C I R C U I T  B O A R D

3-29.  General

The Dc Voltage Regulator and Data Output board
also provides a high and low voltage detector circuit,
a negative bias source, and a 12-volt booster. Each
network is illustrated and detailed in this section.

3-30. 8-Volt and 12-Volt Regulator Circuit

(fig. 3-21)

The 8-volt and 12-volt regulator receives 18-32 vdc

from the capacitor bank supply and provides a

regulated +8 - to 12-volt nominal output as required

by the various other circuits of the unit. Also see

figure FO-1.

3-31. Voltage Regulator Circuits, 2.5 and 5.0

(fig. 3-22)

The 2.5- and 5 .0-voltage regulators are emitter

follower types composed of transistors (Q405, Q406)

and Zener diodes (CR402, CR405) which supply + 5V

low power and logic circuitry. The + 2.5v is the basic

reference for  log ic  c ircuit  decis ions and + 8v

regulator.

3-32.  High and Low Voltage Detector  Circui t
(fig. 3-23)

The high and low voltage detector responds to levels

above 33v (at U401-8) and below 8V (at U401-7).

High or low input voltage activates the kill control

which disables output via logic circuitry.

3-33. Negative Bias Circuit
(fig. 3-24)

The input to the negative bias circuit is fed from the

switching modulator. Negative bias is supplied to

the modulator circuits on printed circuit boards A2

and A3 by the — 3 .4v regulator.
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Figure  3 -22 .  2 .5 -  and 5 .O-vo l tage  regulators .

Figure  3 -23 .  High  and low vo l tage  de tec tor .
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Figure 3-24. –3.4-voltage regulator.

3-34. Data Output Circuit
(fig. 3-25)

The data output drive receives phase data from the

modulator circuit and square wave 6.4 kHz input
from the oscillator board. The signal is augmented
by a + 5v-source from the +5v-regulator circuit and
transmitted to the base drive circuit on the power
switch board.
3-35. Base Drive Circuit

(fig. FO-9)
The base drive circuit is shown as a typical half
circuit for clarity. Darlington pairs (one mounted on
the PCB and the other on the A7 chassis) deliver a 7-
to 8.5v-push-pull signal to the driving transformer
(T701) which produces a 4V peak-to-peak secondary
signal (12.8 kHz) for the power switch base input
rectifiers.

Figure 3-25. Data output drive–C phase.

S e c t i o n  V I I I .  P O W E R  S W I T C H  P R I N T E D  C I R C U I T  B O A R D

3-36. Base and Current Sense Circuits
(fig. 3-26)

The base and current sense circuits are located on the
chassis part of the A7 module. The driving trans-
former (T701) output is received by the summing

diodes  (CR708,  CR715)  in  the  base  c ircuit  and
delivered to the power switch circuit.  The current
s e n s e  c i r c u i t  a p p l i e s  t h e  i n d u c t o r  L 7 0 1  s i g n a l
through terminal E 1 to the overcurrent circuit on
P C B  A 2 .

3-37. Power Switch Circuit
(fig. 3-27)

The power switch circuit also includes the recovery
circuit and pulser inductor L701. The phase data
from the summing diodes is applied to the power

switches  (Q708,  Q709)  and then to  the  pulser-
inductor (L701). The recovery circuit receives 400-
Hz phase input from its driving transformer (T901)
on the  A9 module .  Output  is  d irected  to  power
transformer T1 from pulser-inductor L701-7.
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Figure  3 -26 .  Base  and  current  s ense .
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I

Figure  3 -27 .  Power  swi tch .

S e c t i o n  I X .  R E C O V E R Y  D R I V E  A N D  P O W E R  T R A N S F O R M E R S

3-38. Recovery Drive Circuit
(fig. 3-28)

The  recovery  dr ive  t rans formers  are  located  on
Module A9. Input from the recovery drive circuit on
the oscillator board (A1) is applied and transferred
as 2V signals to the recovery drive circuit on module
A7 chassis.

3-39. Power Transformer Circuit
(fig. 3-29)

The power transformer (T1) and capacitors (C611
through C619) provide a step-up of 30 vac to 115 vac
at 400 Hz, 3 phase, to the output filter. Capacitors

C617,  C618,  and C619 are  se lected tuning com-
ponents and are not used unless required. Capacitors
C601 through C610 act as a storage cell for the dc
input to the unit and provide an additional source of
current to supply the circuits when instantaneous
demands exceed the 28-vdc source.

3-40. Output Filter
(fig. 3-30)

The output  f i l ter  i s  an encapsulated unit  and is
illustrated for circuit continuity purposes only. Do
not make any repairs to this unit.
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F i g u r e  3 - 2 8 .  R e c o v e r y  d r i v e  t r a n s f o r m e r s .
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Figure  3 -29 .  Power  t rans former  and capac i tors .

3 - 5 0



TM 11-6130-385-34

Figure  3 -30 .  Output  f i l t er .
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Section X. UNIT TESTING

3-41. General
C A U T I O N

The procedures  in  this  sect ion  are  to  be

performed only after preceding sections of
this chapter have been performed. This will
p r e v e n t  f u r t h e r  d a m a g e  t o  o t h e r  f a u l t y
circuits that may be present in a unit not
p r o c e s s e d t h r o u g h t r o u b l e s h o o t i n g

procedures.
This section covers testing procedures for use by
direct support maintenance personnel to determine
whether the performance of repaired equipment is
satisfactory for return to users. See table 3-5 and
f igure  FO-8 for  test  setup.  Use  f igure  3-31  for

distortion testing. Testing shall be in the order given
in this section to insure a logical, sequential method
of testing. Table 3-8 sets forth the order of procedure
to insure conformance with the specified parameters.
Data may be reocrded on form as shown in table 3-9.

a.

PROCEDURES

3-42. Test Equipment Setup
Preliminary Setup.

( 1 ) Connect dc power supply to unit under test.
(2) Apply power to all test equipment.
(3) Adjust each phase load to zero.
(4) Insure that the load is Y-connected.

b. Setup Limits and Recording Accuracy.

(1) Ac and dc volts. ± . 1 v .

(2) Ac power ± 3 . 7 5  w .

(3) Dc ± . 1  A .

(4) Frequency ±  H z .

(5) Power factor Preset.

(6) Distortion Nearest  .1%.

(7) Efficiency Nearest  .1%.

c. Performance Tests. Record required readings as
shown on table  3-9 .  This  form,  i f  used,  must  be
prepared by the maintenance technician.

F i g u r e  3 - 3 1 .  T r i m m e r  f i x t u r e

3-43. No-Load Test Procedure N O T E

a. Set equipment as follows: The wattmeter and monitor selectors are
(1) Load settings 0. changed as required to monitor or adjust the
(2) Load function No load. particular parameter being tested.
(3) Wattmeter selector AØ b. Observing the direct current, turn the dc power
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on and raise the input voltage to 24 vdc. If direct
c u r r e n t e x c e e d s 6  a m p e r e s , p r o c e e d  t o

troubleshooting section of this manual. Observe and
record voltage output, distortion, and frequency as
required by table 3-9. If the parameters are outside

the established limits as shown on table 3-8, proceed
to troubleshooting section.

c. Repeat b above at 27 and 30 vdc and record.

3-44. Load Test Procedure

a.  Equipment  Setup.

(1) L o a d On.
(2) Load function Unity  PF.
(3) Wattmeter selector AØ .

(4) Monitor selector V d c .

b. Testing Procedure Sequence.

(1) Begin with all loads at zero.
(2) Raise input voltage to required value.

(3) Select wattmeter AØ and monitor selector
as required.

( 4 )  A d j u s t  A Ø f o r  w a t t s  r e q u i r e d  b y  t h e

particular setup on table 3-9.

(5) Readjust input voltage as required.
(6) Repeat (3), (4), and (5) above for BØ .
(7) Repeat (3), (4), and (5) above for CØ .

c. Special Loads. Repeat b above as required for a
particular load.

3-45. Unity Power Factor Load Test Procedure

a. 30- Vdc---l25-Watt Test. With the input voltage
and output  power  set  to  30  vdc  and 125 watts ,
respectively, r e c o r d  t h e  d i r e c t  c u r r e n t , output
voltage, distortion, and frequency as required on
table 3-9. Repeat this procedure as required for a
particular load.

b. 27- Vdc –125- Watt
and record.

c. 24- Vdc —125- Watt
and record.

d. 24- Vdc –2.50- Watt
and record.

e. 27- Vdc--250- Watt
and record.

f. 30- Vdc–250- Watt
and record.

Test. Proceed as in a above

Test. Proceed as in a above

Test. Proceed as in a above

Test. Proceed as in a above

Test. Proceed as in a above

3-46. Capacitive Power Factor Tests

a. Equipment Settings.
(1) Load On.
(2) Load function Capacitive P. F. (–.95).
(3) Wattmeter selector AØ .
(4) Monitor selector Vdc.

b. Capacitive PF (–.95) Tests.
(1) 30-vdc–237.5-watt test. With the input

voltage at 30 vdc and output power at 237.5 watts,
record direct current, output voltage, and distortion
as required on table 3-9. Repeat this procedure as
required for a particular load.

(2 )  27-vdc-237.5-watt  t es t .  Proceed  as  in  (1 )

above and record.
(3) 24-vdc–237.5-watt  t es t .  Proceed as in (1)

above and record.
(4) 24-vdc–118.5-watt  t es t .  Proceed as in (1)

above and record.
(5) 27-vdc–118.5-watt  t es t .  Proceed as in (1)

above and record.

(6) 30-vdc-118.5-watt  t es t .  Proceed  as  in  (1 )
above and record.

3-47. Inductive Power Factor Test

a.  Equipment  Setup.
(1) L o a d On.

(2) Load function Inductive P. F. (+.85).

(3) Wattmeter selector AØ .

(4) Monitor selector V d c .

b. Inductive P. F./ ( + .85 ) Tests.

(1) 30- vdc – 106.3-watt test. With input voltage
at 30 vdc and output power at 106.3 watts, record
direct  current ,  output  vo l tage ,
required per  table  3-9 .  Repeat
required for a particular load.

(2) 2 7 - v d c – 1 0 6 . 3 - w a t t  t e s t .
above and record.

(3) 24-vdc–106.3-watt test.

above and record.

(4) 2 4 - v d c – 2 1 2 . 5 - w a t t  t e s t .
above and record.

(5) 2 7 - v d c – 2 1 2 . 5 - w a t t  t e s t .

above and record.
(6) 30-vdc-–212.5-watt  t es t .

above and record.

and distort ion  as
this  procedure  as

Proceed as in (1)

Proceed as in (1)

Proceed as in (1)

Proceed as in (1)

Proceed as in (1)

3-48. Overload and Efficiency Tests

a. Preliminary Test Settings.

(1) L o a d O n .

(2) Load function Over load .
(3) Wattmeter selector AØ .

(4) Monitor selector V d c .

b. Test Procedure. Set the input voltage to 18 vdc
a n d  o u t p u t  p o w e r  t o  2 1 8  w a t t s .  R e p e a t  t h i s
procedure as required for a particular load. Record

direct  current ,  output  vo l tage ,  and  f requency  on
table 3-9.

3-49. Overload Test

a.  Equipment  Setup.
(1) L o a d On and off.
(2) Load function Over load .

(3) Wattmeter selector AØ .

(4) Monitor selector V d c .

b. Test Procedure.
(1) With the load off, adjust the input voltage to

26 vdc. Adjust each load to 4.36 amperes. With load
on, allow the unit to be overloaded 5 seconds. Record
the direct current and output voltage on table 3-9.

(2) Turn the load to on and adjust load for 250
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watts .  Repeat  th is  procedure  as  required  for  a
particular load. Record direct current and output
voltage after circuit stabilization for 15 minutes.

3-50. Short Circuit Test

a.  Equipment  Setup.
(1) Load On.

(2) Load function Load, unity P. F.

(3) Wattmeter selector AØ .
(4) Monitor selector V d c .

b. Test Procedure.

(1) Set input voltage to 26 vdc and output power
to 250 watts. Repeat this procedure as required for a
particular load.

(2 )  Depress  short  switch  and record  dc  and
output currents; then allow unit to foldback, which
should be between 5 and 10 seconds.

(3) Release the short switch and record time
required to recover to full output voltage.

(4)  Al low unit  to  stabi l ize  for  1  minute  and
r e c o r d  d c ,  o u t p u t  v o l t a g e s ,  a n d  f r e q u e n c i e s  a s
required table 3-9.

3-51. Efficiency Test

a.  Equipment  Setup.

(1) L o a d O n .
(2) Load function Load, unity P. F.

(3) Wattmeter selector AØ .
(4) Monitor selector V D C .

b. Test Procedure.
(1) Set input voltage to 28 vdc and adjust power

for 250 w. Repeat this procedure as required on table

3-8.
(2) Record dc, output voltages, and frequencies

as required.
(3) Compute efficiency by using the following

formulas and record in the appropriate block.

INPUT POWER=E IN X IIN

TOTAL OUTPUT POWER =3 X 250.0

EFFICIENCY = TOTAL OUTPUT POWER
INPUT POWER
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T a b l e  3 - 8 .  P a r a m e t e r  L i m i t s
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T a b l e  3 - 8 .  P a r a m e t e r  L i m i t s — C o n t i n u e d
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T a b l e  3 - 9 .  D a t a  R e c o r d  S h e e t
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T a b l e  3 - 9 .  D a t a  R e c o r d  S h e e t — C o n t i n u e d
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