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1.0 GENERAL INFORMATION

1.1 Scope

This manual contains operating instructions for the Dynamic Test
- 

- I . Facility (DTF) used for checkout and repair of interchangeable low voltage
power supplies P/N 624R629G01 and P/N 634R149G0 1 of the AN/ALQ-119(V) Elec-
tronic Countermeasures (ECM) Pod.

1.2 Arrangement

The manual describes the Dynamic Test Facility and the test philosophy
for the AN/ALQ-119(V) power supply. It also presents the theory of opera-
tion and the installation, removal, and assembly/disassembly instructions
for the Dynamic Test Set (DTS).

1.3 Descriptions

The DTF consists of the following equipment and material:

• The DTF Operating Manual

• The Dynamic Test Set (DTS)

• Supplement A - TPlOO, Test Procedure for Power Supply 624R629G01

• Supplement B - TP200, Test Procedure for Power Supply 634Rl49G0l

• Supplement C - TP300 Calibration Procedure for the DTS

• Supplement D - TP400 Maintenance for the DTS

• Supplement £ - Commercial Manuals for Internal Power Supplies,
Oscilloscope, and Differential Voltmeter

The DTS consists of the following four assembly groups:

• Equipment Rack Al

• Equipmer’t Cabinet A2
- 

- 
• Test Bench A3

• Accessory Group

These equipment groups are discussed in order in the following sections.
- I Figure 1—1 is an illustration of the DTS and its accessories.

1.3.1 Equipment Rack Al

1 . The equipment rack Al consists of the following assemblies:

• Relay assembly AlAl

• Power supply A1A2

• Card assembly A1A3
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Fi~ ur~ 1 — 2 .  OVERALL VIF:W W I T H  ALCESS~ RIES

• Blowe r assembly A I A 4

• Load panel assembly AlA S

• Line mon i t~.r assembly AlA~
• Ca l ib ra t ion  a ’ l 4 ’ ~. A1A7

• Load assembly AlAS

• Transforme r chassis assembly  A lA - ’

1.3.1.1 Relay Asse~~~~y A 1AI

Relay assembly AiM (see Fiqwe 1—2) is the p ower—switching  and junc-
tion box for the DTS. Primary power sources (115/200 v o l t s ,  400 Hz ,  3 i’hase;
28 volts dc; and 115 volts, 60 Hz, 1 phase) oriqi :i~ tc on the input connector
plate and are routed through circuit breakers to the relay assembly. The
front panel contains circuit breakers for all primary sources. A l l  relay
contacts are rated for 10 amperes. When the main powe r switch located on
the control pane l is OFF , only 28 volts dc is present at the output of the
relay assembly .
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Distribution of power from the relay assembly is controlled by the
logic circuits located on assembly A1A3.

1.3.1.2 Power Supply A1A2

Power supply A1A2 (see Figure 1—3) consists of four commercial power
units furnishing ±5-volt and ±12—volt internal sources. The frame assembly
is also a commercial unit designed for mounting of the individual power
units. On the back panel is a 24-volt regulator for driving relays and a
15—volt regulator for excitation of the logic devices. The primary power
source for the regulators on the back panel is 28 volts dc.

An integral blower assembly is provided for cooling the power supply.

1.3.1.3 Card Assembly A1A3

Card assembly A1A3 (see Figure 1-4) contains the logic board assemblies,
ac root mean square (ac—rms ) to dc converters , meter amplifiers, and meter
calibration circuits. Test points for checking all internally regulated
voltage levels are provided on the calibration chassis. A built-in means of
calibration is provided by the in ternal test selector switches , which con-
nect reference voltages and scaling resistors to the various integrated-
circuit (IC) devices and to the metering devices.

The logic portion of the circuit provides for test mode selection and
for automatic operation of the current sensors , relays, and load—enable
circuits in accordance with specific test requirements. Cabinet interlock
and personnel safety interlock circuits are also provided by the logic.
Provisions are included for expanding the capabilities of the DTS logic
system to support additional types of low voltage power supplies.

1.3.1.4 Blower Assembly A1A4

Blower assembly A1A4 (see Figure 1-5) provides a commercial blower
for cooling the cold plate assembly located in test bench A3 and for cool-
ing the solid-state load assembly A1A8 . Blower air is routed through
the cold plate assembly and returned tQ assembly Al through ductin9. The
returned air is then routed through the A1A8 load assembly and exhausted
through the cabinet top into the room. Air enters through the grillwork
located on the front panel. A reusable dust filter behind the grill may be
detached for cleaning by releasing two thumb screws located on the front
panel.

1.3.1.5 Load Panel Assembly A1A5

Load panel assembly AlAS (see Fi gure 1-6) provides load control and
current and voltage metering for the following power supply sections:

• 5—volt

- 
• A—Load (+12 Volts)

• B-Load (+28 Volts)

1_



-
~~~~

- 
-

F ~~~~~ 1 — 2 .  W~- .A ’~ . > ~ ‘ ,Y A1A1

- 
_ _ _ _ _ _ _  

_ _

~ S~
_
~’Y 1 ‘~ ~~~~~~~~ ~‘ ‘1 ~~ .-\ 1 \ 2

-

~~~~~~~~~~ 4 1
I — ~.— - —

— ~~~~~~~~

~ -~T



-- --- .~~~~-- - - . .~~~~~ - - ——-- - -

~~~~~~~~~ ._~L1 ___________ I

—
, 

- 
~~~~

.— C)

~1

~~~~~~~~~~~~~~~~~ 

I 
_a---

c u: ~~~.; .. 
- -

- — - ,. 10. ‘ , . :  H ~\ .  ~~~~~~~~ A A -~



-- ---— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
.
~~~~~~~~~~~~~~~~~~~~~

_ _ _ _ _ _

- I 
• .~~~~~~~~~~

::-
~~ : .~~--::- ,;.,~~rr- ~~~~~~~~~~~~~~~~~~~~

I 
I 

~~~~
- 

-

_ _  

1
Lfr’Q _
_ _ _ Li
_ _  - r-~~ - LI
_ _  

_ _ _ _ _  
-: 

_ _ _ _

- . 
- 4~ _ _ _ _______ 

-~~~~~~~~~~ - -~~~~~~~~ 

.- - .

• - 

. . . 
.~~.. 

.

/ ~ ‘ ‘  / - - L AD A~-~i 1 :- . A



- . - - — -.~.
- .

-
— - — -.- -—-.... - —-.— --- - -

• C—Load (—12 Volts)

• D-Load (-20 Volts)

• Short test

I Each of these control sections contains panel meters for continuous moni-
toring of output voltages and currents from the unit under test (JUT).

The control sections are arranged in load-banks, each of which is pro-
vided with a load-enable indicator. Only those banks applicable to the
test mode selected are enabled.

1.3.1.5.1 5—Volt Load Section

The ammeter in the S-volt load section is furnished with a low/high
current range selector switch. In the low range, the meter is calibrated
and scaled for 15 amperes full scale; in the high range , the meter is
calibrated and scaled for 50 amperes full scale. Range selection does not
interrupt curren t f lowing in the load .

— These are five load-bank selections , each of which is capable of load
control sufficient to adjust the current from 0 to at least 10 amperes.

• - Switches in each bank allow for sequential application of preset load-
current values. A 5-ampere pulse load circuit is also included in the 5-
volt load section.

1.3.1.5 .2 A—Load Section

The A-load section is applicable only to the ~l2-volt supply portion
of the UUT. The voltmeter reads 15 volts full scale; the ammeter reads 15
amperes full scale. I’her,’ are three load—bank circuits, each capable of
adjust ing the current  from 0 to at least 4 amperes. Switches in each bank
allow for sequential application of preset load—current values.

1.3.1.5 . 3 B-Load Section

The B-load section is applicable only to the 28-volt portion of the UUT.
The voltmeter reads 50 volts full scale ; the ammeter reads 5 amperes full
scale. There are three load-bank c ir cu i t s , each capable of adjusting the
load current from 0 to at least 2 amperes. Switches allow for sequential
application of preset current values.

1.3.1.5.4 C-Load Section

The C-load section is applicable only to the -12-volt portion of the
UUT. The voltmeter reads 15 volts full scale ; the ammeter reads 10 amperes
full scale. There are two load-bank circuits , each capable of adjusting
the current from 0 to at least 3 amperes. Switches allow for sequential
application of preset current values.

7
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1.3 1.5.5 D-Load Section

The D-load section is applicable only to the 20-volt portion of the
UUT. The voltmeter reads 30 volts full scale; the ammeter reads 1 ampere
full scale. There is one load-bank control circuit, which is capable of
adjusting the current from 0 to at least 1 ampere. A switch allows for
application of a preset current value.

1.3.1.5.6 Short Test Section

The short test section consists of three instantaneous-type switches
that activate relays and thereby short the output of the UUT. The shorting
operation is inhibited except during Test Mode 2 operation , in which the
mode enable indicator is illuminated . The three shorting switches are
applicable to the following power supply sections :

• 5—volt load

• A-load

• C—load

1.3.1.6 Line Monitor A1A6

Line monitor assembly A1A6 is illustrated in Figure 1-7. It houses
panel meters that monitor the following functions:

• Phase voltage

• Neutral current

• Line current

The phase voltage meter measures the 400—Hz, 3—phase voltage applied
to the UUT. The meter is connected ahead of the 400—Hz control relay to
permit monitoring of the input phase voltage at all times. A phase-select
switch allows any one of the three phases to be selected for voltage mon-
itoring. The voltage monitor reads 0 to 200 volts full scale.

The neutral current meter monitors the true rins neutral current portion
of the 400—Hz, 3—phase line ; it is scaled for 0 to 3 amperes.

To measure line current , current transformers sense the ac current
and a true ac rms to dc converter drives a meter. A switch permits any
one of the three 400-Hz input lines to be selected for monitoring ; selec- - 

-

tion does not interrupt the flow of current in the input lines. The meter
• is scaled for 0 to 3 amperes rms.

1.3.1.7 Calibration Assembly A1A7

The calibration assembly AIM (see Figure 1-8) is mounted behind the
panel marked CALIBRATIoN. The calibration controls are accessible when the
front panel is removed. They provide coarse adjustment of the solid-state
load currents, thereby establishing maximum limits for each load control.

8 

•~i 1 
-~~~- - - —-- - - -~~~~ 

-
~~~~--~~~.- - • ~~~~~--~~~~~~~--~~~~~~~~~~ -



- 

. 11UtL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I
I

P iq u r e  1-7. LA NE MONITOR ASSEMBLY A1A6

• Pigure 1 —s .  ~.‘ALIBRATTON P~SSEMPL’ ( MP~7 



1.3.1.8 Load Assembly A1A8

Load assembly A1A8 (see Figure 1-9) contains four heat sink assemblies
(A1A8A 1, etc.) for loading the UUT. Assembly A1A8A1 contains a heat sink
and Darlington transistors for loading the 5-volt portion of the UUT from
0 to 50 amperes and other Darlington transistors for loading the +12—volt
portion from 0 to 6 amperes. Each Darlington transistor is capable of
dissipating approximately 60 watts continuously.

Load assembly A1A8A2 is similar to the A1ABA1 assembly except that the
Darlington transistors furnish loads for the —12—volt, 28—volt, and -20-volt
portions of the IJUT. A 5-volt pulse load is included in this assembly.
Drive signals for the Darlington transistors are developed on load panel
assembly AlAS.

Two additional heat sinks are installed in the A1A8 assembly for future
use. They provide an additional dissipation capability of 1, 000 watts .

1.3.1.9 Transformer Chassis Assembly A1A9

The transformer chassis assembly A1A9 contains a variable 3—phase trans-
former ( VARIAC , Registered Trade Name of General Radio) , a 3-phase 400-Hz

• line transformer, and four current transformers to sense line current (see
Figure 1—10 ).

1.3.2 Equipment Cabinet A2

The equipment cabinet assembly A2 consists of the four assemblies
listed below and described in Subsections 1.3.2.1 through 1.3.2.4.

• Oscilloscope (scope) assembly A2A3

• Different ia l  voltmeter (DVM) assembly A2A 1

• Patch panel assembly A2A2

• Control panel assembly A2A4

1.3.2.1 Oscilloscope Assembly A2A3

The oscilloscope incorporated into oscilloscope assembly A2A3 (see
Figure 1—11) is a Tektronix , Inc . ,  model 465M, hereinafter referred to as
“scope”. Particulars of the scope are contained in the commercial manual
provided in Supplement E of the DTF.

1.3.2.2 Differential Voltmeter Assembly A2A1

The dif ferent ia l  voltmeter ( DVM ) incorporated into the differential
voltmeter assembly A2A1 (see Figure 1-12) is a John Fluke Company , Inc.,
model 893A, equipped with a rack panel kit adapter. All precision measure—
ments taken on the UUT use the DVM. Particulars of this instruipent are con-
tam ed in the commercial manual provided in Supplement E of the DTF.

10
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1. 3 .2 . 3  Patch Pane l A en’mbl~ A.’A.’

Patch panel assembly A2A2 (s e t ’ F1I~U I t ’ 1 1  ~) cent at  us t e nt  points to
which the scope and E)VM can ho connected t et measuz-inq the out put ot t he
utrr . Cables connect i nq t itese points t ~~‘ the  LJLJT a t e  shielded and not lead
bearing , permit t nq pi i ’c i se measurement:;  of vol t a~;es

1 .3 . 2 .4 u t t l .tnel Assembly A2A4

Control pane l A2A4 (see F iq u t  t ’ 1—14) contains push—button swi t ches t ha t
control all DTS operat ion:;; indicator lamps that at-c iiiteqtal with the
switches display the i~rs ~p~’ i . tt  i in; m ode . The t~N OFF sw it c h  Se  tv e s  a:; t iti’

main power switch : when t he  :;w t ch i in the OFF p 0:; i t  ion , only 28 v o l t : ;
de is avai lab 1 ’  w th in t he 1~T~; i i i  add i t ion t e t h e  vo l t  a~;es at the  i i ’ I .,v
assembly and the uti I it  y t ct-opt ~ic Ies mounted in the test bench ; when t he
switch is in the ON pe:; it I Ott , v o l t  .iqos ate supp 1 ied to operate the internal
j’ewe t supplies and coo l i in; t aits . in t Ii :; condi t i en,  no ~ o It  a~:en except
28 VI ’ I t s  do and t i t i ’  V O l t  a q t ’ .it  t iii ’ Ut  i i i  t V I t ’cept ac 1 en are avail ab it ’ at the
test  bench ot with i ii t i n ’  A. ’ e~j u I pm t ’mi t  rack . When the st audhy : TPY ) :.w i t  cli

t t ’n . t d ,  ic ~‘cl I i~ i - i t ~~
, . i ; - ~ I i - i  t o  t~.t r m  u p t ’tlu :pn:emIt cent  .iiued i t :

equipment n-~~ A.’ l’ut no v o l t  , I : ~~~- - t i c  •ippl  t ed  o t Is ’ I ’ l l’ . To t ’}’ t ’t~~i t  t ’ t h e
t I L T ,  out ’ ot  I t:~ t i ; t  ~‘‘

- 1’t~~- I b u t  t o t o -  inu: ;t  l~t~ ~h~~i t ’~.no d , I ac i ntt t in ’ ivrs iL
~‘i t i ’ o I t h  i’ee ~iVa t 1 at’ 11 ’ I . ;:o~lt ’ . lii t tie o V o l it  ~ ‘ I an t ’V , ’ t I oa~l , t he 1iT~
w i l l  au toma t ica l i v  cv~ - I c  1 c t lit ’ ovet  lead t t V l D t  moAt ’ ci ol’t ’r at ion ~i t t d
.Itmoun ct ’ t i t : : ;  ~‘on~l t ~m l v  a t 1 d  i I I uni t n at  t on 01 t H ’ OVI D - .t~- it c i t .  in  t lii
comid i t  io n , no i c  I t  ,tue i •

~~~ 
• I i - A  t o  t H ’ I I I ’ , and t n ’  1’I; . ~‘t - c i  at  ion  stay he

l t ’~; t o l t ’d t o  :~‘ t ’ t ” \  Dv ~h~~ - t  t o - ; : ; . i  t h~. ;:Vj I s :s’ t I o h .

• t . 3 Test Bench A.i

Tes t Bench A t. :; ‘e i- 1 ~i t t i  e 1— I I  cotis :-~t S 01 an at  t — cooled t ’t ’ IA p1 ~it  e
cen t i ~ ‘ i pane I ‘ i t nc t  Ion  hex , -

~ t ol aut ’ drawo t , amid m d i  ca t  et I amps t~~’ I at cA 1 o
th e LIUT . L ’)oqqin q asscnil: l i t ’ :; i t  ‘ p t o v  i dod t o t  a t  t achi  l i t ~ t he  t :t~l and sut ’—
assemblies (when renxived t rem t in ’ ma i n  chass in ) t ~‘ the ct ’ 1 A p1 a te  • The
acces sory cal: 1 en and ; i  q .inst’mb I I I ’:; a I so cam: be at t ached t o t he cold i’ l a te .
Controls mounted on t h e  t e:; t bench ai ~~’ e n n e t i t  t a  I lv i e I at  ctl 1 o test j i i q  ot t lit ’
IJLJT . The cold  p t at e  cent a t  n: ; sat ~‘ty h i t  i ’1 lock swi t cites that .  p e i m i  t [Vt’S
opt’ ration on 1~’ when sate t v iloeti:; , wit i ci; nh ~~ I A t h e  opt’ t a t  ot I t e rn  exposure
to hazardous Vo l t  .iq ’ • . 1 1 1 ’ ~~~ e p ’  t l v l i t : ;  t a l ie d .

1 . 3. .1 Accen Sot v ~11 ~;s , F ix  t it  t en , ~t t n1 l’en t Cab I en

Accessory  I C:; I i i  • I t xt uie:~ , a n d t cot  cables roqui t e d  t o  test t he
power supp 1 t t ’S are i i i  t in t  r a t e d  in  I- ’ i t i n t  e 1 — 1 ’ ’ . ApI’ I ica t  ions et t hesi.’ device:;
are dose i i  bed in  ~upi’ I ~‘rnen t A— Vt ’ I 00 and ~;upj ’ 1 ement B— ’VP200 ~ ‘ t the DTF

4 A n c i l l a ry  Etj~.mi j’mt ’nt

A FET—t\-I’t ’ mul t imoter , such i -  i. ’ s l t ’t I -I ’ ,i~-kai~ i (Ill’ ) motiol .i: ‘.; , ~~:.

• required to ~~(‘ form the  powe r upp lv  t t ’ t i nq . ‘~h i is  not fin n i she1i W i  t ii
the DTF. Whateve t such ~lev ice  I s  ii:ted it  nil:; t i tic 1 title an ohnum ’ t c i-  ~‘ot t ion

‘4



--

- 
F iqur e 1-13.  PATCH ~‘ANEL A 2A2

~ .:

~~~~~~~~~~~~~~ ~~~~~~~~~

L I :  
_

_‘ 4 -
F igure 1 - 1 4 .  CONTROL PANE L A2~ i 

~~~~ -- - ~~~~~~~~~~~~~~~~~~~ — - - ~~~~~~~~~~~~~~~~~~~~~~~~ -- ~~~~~~~ ‘- ~~~~~~~~ -- --~~~ -- ~—--~~ --~~- - - -- - -~~ -.~~~~~~~~ 
- 

~~~~~~~~~~~~~~ -- --~~~~~~—~~~~~~~



- — - -“.---—--— ——i.- - -  - - - -  ~- -—-—--—• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — - -.--——- — --—-—- —--_-- — —--_-- -; —

- 
.
~ 

-

t .  

—
~ 

. 
:- ~

1’ - ~ t — ~~~~~~~
-
~~~~~

- - - 
• -.‘

that ILlS t - -  ‘a: - - i 0 -  1-  ‘ - 
- - 1 - I 1~

or t est t o n i ;  I - - -‘ t 1 1 1 l i v .  - :. ‘ - - —

assumed.

I. S ; a t ~ ’ t v  h r  i m e : ;

‘l’1;o LYI’S l l i c o t j ~~- l i :~~:; to t : ; ’  a ‘

t rem ox~’oo;1 :‘ c v~ ‘1’ :‘ - t Ho - ‘ - - 0  I i .  I t  I n  i f l —

E~~i t a f l t  t h a t t n - 5 - ‘ I i ’  ‘ 5’ - - - . i i :  ‘ I t  I I

limi  tat i;~ t t s

When t lit ’ I’ I ;; ‘ c :-  - -  ‘ a ’ i o:;  i~~

limit e~I t o  t i t i ’  i ; . : ; t  I n :  ‘ i ; . ~~ 
• I ‘ - - ‘ - t~ ¶ 1. 1 I ‘

v o l t  , - i - ~~~~I;. • ~ - 1 i i ~~
1; - \ i ~~ - I - i t I - ‘. - ia ‘ - 

‘ .1. ~‘t ’Snc i  \~

Ut i i  I t V  l t ~~ ~ I t i c -  . l i t - I - - - I ’  - - O t  i l  0 . ‘Vt ’ 1

t~ ~‘ l t V t I I t  X i - ’ o i : t  I ’ :  :h ~- ~~-~~ ‘t - :  - - -

are c l , ’~’t l i t  i l  l v  i I  i t ’5 -k ’J - - a I i~~~t i

Volt a u  - . I i ;  - - n t  ‘i - a :  ‘ ‘ ‘ - - ;  ~“ ‘t ‘ - ‘ - 0 ‘1: - —
co I u i ~ - 

~‘ t a l  I - x t I . ;  I ‘~ -‘~t:~ 1 t I  • • ‘ - I I ‘ i t

t l t t ’  t ’tA ii  j 1  ‘flu ‘ i t t  - t - s .1 !  ‘ - t  ‘ m u  I -\ I —

I t

- - A



- — -“ —-- ‘- - --—-—‘- -‘—----‘-‘-- -- -- --- -- — - - --- —

~~~~~~~ 
- -- —-‘-- - ‘

~~~~
- -—-- —-

CAUTI ON

High Voltage. 115/208 volts ac is present within the
DTS equipment cabinets. Exposure to personnel could
result in injury or death.

Transparent hoods covering the OUT are provided to protect the operator
front exposure to the 115/208 volts. A safety interlock that prevents appli-
cation of high voltage to the ULJT if the hoods are ren~ ved is incorporated
into the logic circuits. A safety override switch located on the test
bench panel can be used to defeat this function, since some equipment measure-
ments may require removal of the protective hoods. When this safety over-
ride is used, a large red indicator located on the tes t panel portion of
the bench is illuminated .

CAU T ION

High voltage. 115/208 volts ac and 200 volts dc are
present on the unit under test. Exposure to these
voltages may result  in i n ju ry  or death . It is recom—
mended that the safety  circui t  override be used with
extreme caution and only in the presence of an observer
ready to switch the DTS to OFF and perform first aid
in case of an emergency .

2.0  TEST PHILOSOPHY

The DTF is designed to aid in the repair  and to verify the operation
of the AN/ALQ-l1)  low voltage power supp ly ,  part n umbers 624R629G0 1 and
634R 149G0 1 ( in te rchanqeable) . Section 2.1 out l ines  the features of the
powe r supp ly ;  Sections 2 . 2  and 2 . 3  describe the approach used in test pro-
cedures TP100 (Supplement  A of the DTF) and TP200 (Supp lement B of the DTF) ;
and Section 2.4 describes the DTS Operational Modes .

2.1 AN/ALQ-ll9 Low Voltage Power Supply

The primary power source for the AN/ALQ—1l9 low voltage power supply*
is 115 volts (per phase) 400 Hz , 3—phase 4 wire . From this source the
following voltages are developed :

28 volts unregulated** (output only)

12 volts regulated
in te rna l  use and output

-12 volts regulated

. 20 volts unregulated

-20 volts unregulated

Re fer  to Figures 1 through 19 of TP400.
**keguj ated in P/N 634R149GO 1.
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• S volts regulated ( for lo qic )  i n t e rna l  use only

• S volts regulated

The ~l2 volt portion of the power supply, assembly M, consists of
individual positive and neqative series regulator circuits. A 3—phase volt-
age from transformer assembly Ti is rectified in assembly A4 to drive the
positive regulating transistor ; the -20 volts developed in the Ti assembly
drives the negative regulating transistor. The control amplifier in the
positive regulator circuit uses the +20 volts from transformer assembly
Tl ; the control an~~lifier in the negative regulator uses the —20 volts from
the same source. The ‘12-volt output , there fore , is dependent on the proper
operation of the ±20—volt unregulated supplies.

The 5-volt portion of the supply consists of a 50 kHz logic control
circuit, various protection circuits , and an inverter circuit. T :verte r
assembly A 3 uses the 3-phase pr imary power di rectly to produce the 5-volt
output. Regulation is accomplished by using a constant pulse-width 50 kHz,
variable pi.lse-width control circui t. The 5-volt output is dependent on
proper performance of most other portions of the supply , as follows :

• ±20 volts unregulated

• ± 12 volts regulated

• 5 volts regulated (for logic)

• Control circuits

• Protection circuits

2.2 D’FS Monitoring Capabilities

The monitor ing elements o f the DTS are its input line monitor panel,
load panel , oscilloscope (scope), differential voltmeter (DVM), and patch
panel. All precision measurements are made with the DVM. Principal output
voltages are measured at terminals located on the patch panel.  The scope
is used to check power supply ripple and to verify various waveforms devel-
oped in the power supply.

The input line monitor panel has a voltmeter for measuring the input
voltage . A switch permits the moni te r ing  of the voltage of each of the three
phases separately. Voltmeter connections are made on the input side of the
400-Hz control relay to permit continuous monitoring of phase voltage. A
true rms line current meter and an associated phase selector switch are also
on the panel. Line current monitorinq is use ful in the iden t i f ica t ion  of - . - -

transformer and polyphase rectifier problems and as a means of setting
internal current limiting circuits. Neutral current is monitored by a true
ruts current meter mounted on the panel. This provides a simple means of
checking the operation of the various polyphase rectifiers contained in the
power supply , since an unbalanced load current results in increased neutral
current.

The load panel (see Figure 1-6) contains voltmeters for monitoring the
output voltages and ammeters for monitoring load currents. Although internally 1:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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used supplies are not met t ’r  od , sufficient information is available to
I ident i fy  problems because of the interdependence associated with the ± 12—

volt and S—volt circuits. I-’or ex~timiplt ’, failure of the internal  20—volt
supply would cause situUlttineoUs 1;t:;~ ~t the 12-volt  and 5—volt  outputs.

2.3 Test Procedures

- .  Test procedures tor the AN/ AL , — lI  I low voltage power supply are pre-
sented in Supplements A and B of the 1 FF ;  the forme r pertains to P/N
624R629G01 , the latter l i t  P N 634R14515 )i. Each supplement contains the fol-
lowing sections:

General

Preliminary Test

• 
. Verification Test

Diagnostic

Once the operator becomes familiar with information contained in the
general section , preliminary t. n t i n q  and ve r i f i c a t i on  test ing should not

• - require re ference to the general  i n f o r m a t i o n . The prel iminary test proce-

- ‘  
dure is used to identif y units exhibiting symptoms of catastrophic failure.
Upon identification of a problem , the operator performs specific diagnostic
procedures that lead to identification of the defective parts. Once the

‘

~ 

- repair is made , the operator re turns  to the preliminary test. If the OUT
now meets the preliminary test lesluirements , the operator performs the veri-
fication test to identify any out-of-tolerance conditions in the OUT. If

- a problem is iden ti f ied , the ept’iator performs specific diagnostic tests
that ‘dentify de fective parts. When repair has been made , the operator
returns to the verification test. If all requirements are met , the OUT is
accepted as opera t iona l .  Diagnost ic  t e s t i m nu  is never performed indepen-
dently: entrance into the diagnostic procedure is always through instruc—

-. - tions provided in the preliminary or verification testing .

• 2.4 DTS Operational Modes

The DTS uses three operational modes , each of which optimizes operation

• - for spec i f ic  test requirements .  Test Mode 1, whi ch is used bas ically for
preliminary testing, permits loading of the 5-volt regulator of the OUT to

• * 10 amperes. Supply line current in Test Mode 1 is l imi ted  to approximate ly
1 ampere. The purpose of this mode is to identify OUTs that exhibit cata-
strophic failure symptoms.

a —

Test Mode 2 is related to v e r i f i c a t i o n  testing and uses fu l l—range  load
• capabilities. Supply line current dur - ing Mode 2 operation is limited to

approximately 3 amperes. Some functions of the diagnostic testing , i.e.,
- 

~2O volt or ‘12 volt portions of the OUT, use Test Mode 2 to facilitate use

- _ of additional load-banks. (All load-bank elements are used in Test Mode 2.)

- Test Mode 3 is used for testing the OUT with the inverter portion out-

- 

side the power supply chassis or with the ~12 volt regulator portion replaced

1 ~
• —
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with internal DTS supplies. Additional protection circuits are used during
Test Mode 3 operation to prevent damage to inverter parts in the event that
repair action is incomplete. Line current for Mode 3 operation is limited
to 3 amperes .

3.0 THEORY OF OPERATION

3.1 General

DTS control is categorized as follows:

Operational control

Load control

An operator controls the major part of DTS operation by depressing switches
located on the control panel. Operation of these switches results in dis-
tribution of primary power throughout the DTS. Automatic control of system
operation is provided by the logic portion of the A1A3 card assembly.
Switches relating to maintenance of the power supplies are located on the
test bench for operator convenience.

An operator controls the loading of a OUT by means of load switches
and controls located on the load panel. Only portions of the load appli-
cable to the selected test mode are enabled. Applicable load portions are
indicated by illumination of green enable lamps. Automatic control of load-
enabling circuits is provided by the logic portion of the A1A3 card assembly.

3.2 Logic Control and Power Distribution Circuits

High threshold logic (HTL) integrated circuit (IC) devices, series
MC660, are employed in the DTS. They operate from a 15—volt source with a
threshold voltage of 7.5 volts. The maximum low logic level is 1.5 volts
and the minimum high level is 12.5 volts, providing a logic swing of approx-

— imately 11 volts and a resultant high degree of noise margin . The typical
gate output circuits are not compatible with transistor input circuits;
therefore, interface is provided by a MC665L device , which contains three
level-translator circuits (each capable of driving a transistor base cur—
rent of 2.5 milliamperes). The maximum low-level output of the translator
is 0.5 volt; the minimum high-level output is 2.5 volts . An additional
5—volt supply is used for the translator output circuit.

Figure 3—1 presents a simplified diagram of the logic control circuits.
Figure 3—2 presents a simplified power distribution diagram. These figures
are discussed in Subsections 3.2.1 through 3.2.11.

3.2.1 ON/OFF Control

Operation of the DTS is initiated by depressing the power ON/OFF switch— - -

indicator shown in Figure 3-1. The power switch remains closed and holds

20 1 ,
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the equipment ON as indicated by illumination of the switch-indicator. On
the second depression , the power switch opens , thereby terminating equip-
ment operation. When the switch is depressed ON , 28 volts dc is applied
to the relay coils of A1K1 and AIK5 (see Figure 3-2). The relay coils are
returned to ground through the cabinet interlock circuit (see the lower
portion of Figure 3-1). If all cabinet interlock switches are closed and
card assemblies A1A3 are in place , power relays A1K1 and A1K5 will close .
This action results in application of 115 volts, 60 Hz to the ±5—volt and
±12-volt internal power supplies (A1A2), power supply fan , and equipment
cooling fan (A 1A4 ) . The 28—volt dc source is also applied to the 24—volt
and 15—volt regulator circuits. As the blower speed increases , the fan
switch A1S1O closes, indicating that cooling air is flowing through the cold
plate and solid-state load assemblies.

3.2.2 Logic Initiation

The ensuing discussions pertain to the logic card A1A3A1 (see Figure
3— 1). Placing the equipment in the ON condition (see Subsection 3.2.1)
causes application of internal power supply voltages to the logic circuit
and other DTS control circuits. Capacitor A1C3 initially charges from 0 to

S 15 volts, triggering the Schmitt trigger U3A/B and the 2—millisecond single—
shot (SS) 04. During this 2—millisecond period , low—level logic signals
are applied to the main latch tJlA/B, Test 1 latch U7A/B, Test 2 latch 07 C/D ,
Test 3 latch U8A/B , and the overload (OVLD) latch U8C/D , clearing the
latches and initiating logic control.

3.2.3 Standby Operation

The equipment is placed into standby operation by momentarily depres-
sing the STRY switch , which applies a momentary low-logic leve l to A1A3AI
U1D. The output of 01 toggles the 2-millisecond SS U2A. During this period ,
low-level logic signals are applied to clear all latches except the main
latch UlA/B. Upon termination of the 2-millisecond low-level pulse U2A ,
the 100-microsecond SS U2B is toggled. The low-level logic signal from
U2B sets the main latch. Standby operation is defined as the condition in

• which only the main latch is set. ‘NAND ’~ gate U9A decodes this condition.
DTS operation may be returned to STBY from any operating mode by momentarily
depressing the STBY switch.*

3.2.4 Test Mode 1 Operation

[ The DTS may be placed into Test Mode 1 by momentarily depressing Test
- - 1 switch , with the following restrictions :

• The OVLD lamp is not illuminated

- - • The equipment has been cycled to Standby Operation

*The DTS may remain in the OVLD condition if the A1A3S1 CAL SEt switch[ is not in the OPR position .

25



I

• The main cooling fan is operating

• Protective hood #1 is positioned on the cold plate*

Test Mode 1 operation is explained as follows:

• “NAND” gate U1C produces a low-level output signal ~A when the main
latch is set and the OVLD latch is not set.

QA is applied to the common terminals of the Test 1 switch and
the Test 2 sw~ tch through the series contacts of the fan  switch
and the hood $1 switch .

Momentary depression of the Test 1 switch conditionally provides a
low-level logic signal to A1A3A1P13.

A momentary low—leve l signal toggles the 800-microsecond SS 04B.

• During this period Test latches 1, 2, and 3 are cleared.

• The single Test 1 latch is subsequently set, since the Tes t 1 switch
will still be depressed subsequent to the 800—microsecond clear
period.

This clear-then-set action allows the UPS to cycle between any selected
operate mode or standby . If the ~_p h a st 1 , 400-Hz line current exceeds 1
ampere , a high—level logic signal (12.5 volts minimum) will appear at
A1A3A1U6 pin 4. For Test I and Test 3 , the signal at 1)6 pin 5 is also high .
Under these cond i t ions , a 1-ampere fault signal is applied through U6C and
U6D setting the OVLD latch U8C/D. When the OVLD latch is set, latches of
Test 1 through Test 3 are held in the clear state by the connection of
diode CR1 . Operation may be returned to standby by depressing the OVLD
RESET switch or the STBY s w i t c h .

3 . 2 . 5  Test Mode 2 Oj~~ration

Test Mode 2 operation is selected hy a momentary  depression of t h e
Test 2 switch . Circuit operation is similar to that of Test Mode I except
that Test 2 latch is set and the low level Q2 si gnal is applied to A1U6 pin
5. This signal inhibits the 1-ampere fault signal from setting the OVLD
gate. If the 3—phase line current exceeds amperes , a low-level fault
signal is applied to the i nput  of the c~VI.U latch through the neqat ive “OR”
gate U6C and inverter U6D, setting the latch.

3.2.6 Test ~~de 3 Opcration

Test Mode 3 operation is a t t a i n e d  by momcntari ly  dept -essinq the Test
3 switch. Circuit operation is similar to that of Test Mode except that
A3P3 must be connected to A3J3 to c o mp let e  the I~~~3 set signal and that latch . -

Q3 is set. The 1—ampere fr~~lt gate i ;  active as in Test Mode I operat i on .

S 0

*Refer to Section 1.5 for safety i n f o r m a t i o n .  1’
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3.2. 7 Decode Operate

Negative “OR” gate A1A3A1U9R decodes the operate condition . Power is
applied to the OUT when the Test 1, Tes t 2 , or Test 3 latches are set.
Under any of these conditions , a low-logic level is developed at A1A3A1P1-
31. This signal controls application of power to the test bench.

3.2.8 Current Drives

Card A1A 3A2 contains the logic current drive circuits. A low-level
logic signal at the input circuits provides base drive to one of the eight
Darlington transistors , turning it on. Control relays and indicator lamp
circuits are returned to ground through the collector-emitter  circui ts  of
the driver transistors. Transistor Ql and resistor Rl constitute a drive r
for the logic—enable circuits A1A3A3, A1A3A4 , and AIA3AS . Inverter 038 drives
transistor A1A3A7Q1 into conduction during Test Mode 2, inhibiting action
of the 1.0 ampere fault signal.

3.2.9 OVLD Monitor/Pulse Generator

Card AIA 3A7, illustrated in Figure 3-1 , consists of 1-ampere and 3-
ampere overload detectors and a pulse generator circuit. Operation of the
overload detector is explained as follows :

A dc voltage proportional to the highest 3-phase , 400-Hz line cur-
rent is applied to A1A3A7P1 pin 13.

Transistor Q2 on the card is turned on during Test Mode 2 operation ,
inhibiting application of the current signal to the input of 02 on
the card (inhibits the 1-ampere fault).

• A voltage proportional to a 3—ampere signal (developed in the voltage
d ivider R3, R4 , and R5) is applied to pin 3 of the Ui voltage
comparator.

. When the current  signal applied to pin 4 of the comparator exceeds
the 3—ampere level , the output Ill pin ‘~ switches from the no rma l high
level to the low logic level.

• During this overload condition , a high logic signal is applied to
the 30-millisecond SS 05 throuqh “OR” gate U4A , to “NAND” gate U6A
pin 1.

A high logic signal , delayed a few microseconds , is applied to the
“NAND” gate 06A.

Output of the “NAND ” gate U6A is i n h i b i ted  by the low—leve l 3~ I_

mill isecond fault siqnal developed at 05A .

• If the excess 3-ampere line current siqnal is s t i l l  applied to the
U6A “NAND” gate subsequent to the 30—millisecond fault gate , a low—
level logic fault signal is developed at 06 pin 3.

• The 3—ampere fault signal sets the OVLD latch (UHC/D) on card
A1A3A 1 , te rmina t ing  test  opet  ~it ion and illuminating the OVLD lamp.

.~7
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OVLD detection is accomplished in a similar manner for Test Mode
1 and Test Mode 3 operation except that Ql is off , U2 is the active
voltage comparator , and 068 is the fault gate. A 1-ampere high-
level signal developed at the output of the U4D inverter sets the
OVLD latch for Test Mode 1 and Test Mode 3 operation.

Operation of the pulse generator portion of AIA3A7 is explained as
follows:

• SS U7A , SS 078, and U3C/D form a feedback pulse generator.
• Pulse generator select switch A1A5S7 in the OFF position applies a

low (ground) signal to 03 p i n  13 , inhibiting operation of the gen-
erator circuit.

• When the pulse select switch is placed in the ON position , a hi gh
logic signal applied to 07 pin 1 through U3C/D toggles the SS U7A .

• Termination of the low logic U7A pulse  toggles the 60-microsecond
SS U7B.

The output of U7B pin 8 holds U7 pin 1 low through the action of
the gate U3C/D for  the 60-microsecond pe riod .

• Termination of the 60—microsecond low period results in re—toggling
of the U7A sS, generating continuous feedback oscillation .

• The U7 pin 12 pulse output is applied to the level translators U8A
and U8B , which develop transistor-transistor-log ic (TTL) signal
outputs for driving the 50-ohm TTL line drivers U9A and U9B.

• Identical 60—microsecond positive 5—volt pulses are generated at
P1 pin 9 and P1 pin 10.

• The drive pulse at P1 pin 10 is applied to the Darlinqton transistor
A1A8A2Q8, which develops a ‘~-amperc pu l se load for the s—volt supply
portion of the OUT.

• The FET Ql together with the frequency adjust potentiometer acts as
a variable resistance across R15. The circuit of IJ7A is a voltage—
controlled pulse wid th genera tor controlling the osci l lator
frequency .

The logic—initiated signal applied to P1 pin 22 ensures that oscil-
lation will start in the event that the DTS is turned on with the
pulse generator select switch in the ON position .

3.2.10 Test Table Controls

Test table controls (see Figure 3—1) consist of an inverter OFF/ON
switch and a safety override switch. Safety override allows operation of
the OUT with the protective hood ftl removed .* A large red lamp is illumi-
nated when the safety override switch is ON , indicating hazardous operating
conditions. The inverter OFF/ON switch and indicator lamps A3DS3 through
A3DS5 apply only to Test Mode 3 operation when the inverter assembly is

*Refer to Section 1.5 for safety information .
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extended outside the OUT. Three-phase power to the inverter is patched
through PS1A1J 3, contacts of relay A 3IK 1 , and the 75—ohm resistors A3R1
through A3R3. During extended operation , hood #2 installed over the inver-
ter protects the operator from exposure to hazardous voltage potentials.
When the inverter  switch is placed in the OFF condition , hood #2 may be
removed and the operator may conduct measurements on the inverter  assembly
without compromising safety procedures (hazardous voltages are inhibited
from the i n v e r t e r ) .  Amber lamp A3DS2 is illuminated when the inverter
switch is in the OFF condit ion , indicating that output of the 5—volt portion
is inhibited.

3.2.11 Power Distribution Circuits

Distribution of power within the DTS is illustrated in Figure 3—2.
Operation of the circuit is explained as follows :

• First  depression of the power ON/OFF switch applies 28 volts dc to
the coils of the power relays AlKl and A1K5. The coils are returned
to ground via the interlock circuit illustrated in the lower portion
of Figure 3-1. Under norma l conditions, relays A1KI and A1KS are
energized upon turn-on . Contacts of the A1K 1 relay apply 115—volts
60-Hz power to the p 5 -v o lt  and t L2-volt  powe r supplies , power supply
fan , and cooling fan. Contacts of AlKl also apply 28 volts dc to
the 24-volt and 15-volt regulator portions of the supply . Three-
phase 400-liz power is applied to the A9P1 transformer assembly
through the closed contacts of AIK5.

• Momentary depression of the standby switch sets Qm , providing a
return path for the coil of the auxiliary control relay A1K2. Con-
tacts of relay AIK2 supply 115-volt 60—Hz power to the oscilloscope
and the differential voltmeter.

• When Tes t Mode 1, 2, or 3 is selected , a return path is provided
to the coil of the operate relay A1K4 by the operate control drive.
Contact of relay AIK4 applies 3-phase 400-Hz power to the OUT.

• Contacts of the VOLTAGE SELECT relay A1K3 connect the 3-phase 400-
Hz lines to the motor driven variable transformer assembly when the 

—

VOLTAGE SELECT switch is placed in the VAR position or to the 3-phase
line when the voltage select switch is placed in the LINE position .

• Contacts of relay A1K6 connect the ~l2—volt internal power supplies
to test connectors on the A3 bench when Test Mode 3 is selected.

• The four current transformers in the AIA9 assembly sense 400—Hz
line current furni shed to the OUT.

3.3 Metering Card A1A3A8

Figure 3— 3 presents the schematic diagram for the metering card assembly )
A1A3A8. The assembly consists of an ac-rms to dc converter circuit and a
meter amplifier circuit. 01 is an IC rins to de converter device. Output
of the neutral sensing current transformer loaded with 464 ohms is applied
across P1 pin 8 and P1 pin 25. This voltage signal is proportional to the ac
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current flowing in the neutral line of the OUT. Approximately 20 percent of
the vol tage app l ied to P1 pin 8 is dropped across RI. Output at 01 pin 12
is a dc voltage proportional to the true rms value of neutral current .
Resistors R8 and R9 establish an output amplifier gain of 5:1; thus an over-
all circuit gain of Unity is achieved in the RMS conversion. Capacitors Cl
and C2 establish the cutoff frequency for the converter. Potentiometer R3
provides ~ balancing of the converter at approximately 7 percent of the full
range output. Potentiometer R5 allows for calibration of 7 percent output .
Potentiometer Rl provides for balancing at two—thi rds  f u l l  range output ,
while R7 provides for calibration at  two-thirds output. Dc output of the
converter is applied to P1 pin ° of the card assembly. An internal cali-
bration circuit in the A1A3 drawer assembly is discussed in Sect ion  3 . 6 .

IC 02 and associated circuits constitute the meter amplifier for the
5-volt load current. Pins lt~ and l~ of 31 are connected to the potential
terminals of a precision shunt  (Figure 3-9) rated at 60 amperes. D i f f e r e n —
tial gain of the stage is established at 25 by resistors RlO , Rh , Rl2 ,
and Rl4. Capacitors C3 and C4 establish cutoff frequency for the stage .
Resistor RIO is used for zero adjustment.

3.4 ~ns Converter A1A3A6

The rms to dc converter is illustrated in Figure 3-4. Operation of
the individual circuits is identical to the ac rms to dc converter dis-
cussed in Section 3.3 except that input voltage to the converters is pro-
portional to the A— , B— , and C—phase 400—Hz l ines , respectivel y .  Inpu t
and output connections are defined as follows :

Function Fin Connection.

• Line A monitor ( i n p u t )  P 1—il

• Line B monitor ( i n p u t )  P1—S

• Line C monitor ( i n p u t )  P1—16

• A output Pl—l.~
B output P1-9

• C output P1-17

• Maximum line current output pl_ lO*

3.5 Load Circuits

3.5.1 General

An operator controls power supply loading by means of load bank switches
and adjustment controls located on the AlA S load panel .  Logic ci r cu i t s
contained in the A1A3 assembly automatically enable specific portions of the
load bank applicable to the test mode selected by the operator. ~ettinq of

*Input to current f a u l t  detector A1A 3A7 .
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controls on the load panel adjusts the amount of base drive appliec~ to each
Darhington power transistor located in the load assembly A1A8.

3.5.2 Positive Load Circuit

Operation of the positive position of the load circuit is illustrated
in Figure 3-5 , a simplified schematic drawing and Table 3-1. A low logic
program signal applied to the input of a MC665 translator device located on
card A1A 3A3/A4 enables a load circuit. This causes a current to flow in the
diode portion of an optical coupler device type MCA231. Light energy devel-
oped in the light-emitting diode (LED) is coupled to the base circuit of a
photo-sensitive transistor, switching it ON. Current flowing through the
collector—emitter junction of the photo-sensitive transistor and the base— 4
emitter of the 2N2219A transistor cause the emitter of the 2N2219A to rise
to approximately +4.8 volts. This emitter voltage is applied across the load
current adjustment circuit and the load enable indicator LED circuit.
Illumination of the enable lamp indicates that the load circuit is enabled.
The operator places the load bank switch located on the A1A5 assembly to the
ON position and adjusts the current flowing in the base—emitter circuit of
the Darhington power transistor. The amount of current flowing from the load
through the Darlington power transistor is proportional to the setting of the
current adjustment control. The fixed series resistor located in the base
circuit of the Darhington transistor is preselected to limit the maximum
load current in the collector circuit. A calibration potentiometer located
in the A1A7 assembly allows for a small adjustment of maximum load current
for each load bank . The 0.5-ohm emitter resistor is not used in the 5-volt
load circuit.

3.5.3 Negative Load Circuit

The negative load circuit is i l lustrated in Figure 3—6 and Table 3—1 .
Operation of the circuit is identical to that of the positive circuit except
that negative potentials are used in conjunction with complementary tran-
sistor types (PNP). Reversing the emitter—collector leads on the transistor
portion of the type MCA231 optical-coupler permits the use of identical
input circuits. Connection of the LED indicator is also reversed for
potential compatibility .

3.5.4 Part Association

Table 3-1 associates each load bank function with the program card

source , load adjustment control, cal ibra tion adjustment designation , load
assembly, and specific Darhington load transistor . Maximum design load

currents for each bank are also identified in the table.

3.6 Card Assembly A 1A3 Connection and Calibration Circuit

Figure 3-7 presents the schematic drawing for the A1A3 assembly and
details the interconnection of the various card assemblies previously dis-

cussed. Details of the internal calibration circuit are described below .

35

:.

~

._



- -~~-----; ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I
1

I
-

~ 1~

~4~~J w  —t;

I-
4

U
~t ~~~~~~~~ 

- .

—~~

I -

~; 

_ _ _

—

‘
4

4 A

0 -

Li



I

~~~~~ 1 N

N 2

ih
- - —

4 44  -

U
- -

rr ~~~~~~L °  -

12

37



- -

_____ ___________  ______ ______ ____ 

- I
V
4 -~ I ‘—1 N ~~ ~ • U~I .4 ~N m ~~ ~~ ~a ~a ~Ii ~~ ~N 01 0~ 01 04 01 01 04 01 04 0’ 04

14 cj~

>,
.-4 11 ‘-4 

‘-44: 4: 4: 4: 4:

4 4: .4: 4: 4:

a
a U~ —4 —, ..4 —~ —4 UI Ui UI C’4 (N (N UI Ui (‘1_-4 .-4 —4 —4 ‘—4

(11
I.. 14z

::::: ::: ::: ::~~~~~~~~~~

. 4  (N ,“ -4 -t ~ ~~ 0 (N 2’ .—4 a) (‘-4 0~ —4
6 (N —4 C4 ‘—4 ‘N ‘N ~‘4 4 <N ..4 (N (N —4 N

0’
--I
(I)

4 —

m (‘-4 ~~ ~~ 411 UI
14 ’U 4: 4: 4: 4: 4: 4:

14 (
~-4 - - - ‘~1 r-, m
4: 4: .:~ 4: 4: 4: 4:

14 0 -4 —4 -~ —4 —4 -.4
4: .

~ < 4: 4: .4:

14

‘--4 (N (‘ UI ‘-4 -N ‘~ ‘-4 (N (‘~ “-4 (N —4 •

C V N (N
-~ 6 - -~ 24 -4 240 4 + I I

-~ -~~

‘0 V
-4 -.4 -~ 6 6
-~ 0 2 2 0 0
~:‘ ---4 —4

I I I I

— ___________ 

411 4: a C) 
—

38

______ — . _ _ ..~k r



I ______________________ _________________________

~~~~~~~~~~~~~~~~~~~

)

CAUeAATION 

AI~~~~~~~ :_ 
_ _ _ _ _ _

( I~~T Mj.I 94) 
2 ~ _-_J ‘7 54

— V 
e —

.IzV ~~~~~~~~ z —

- ~~~ ~ * (~~~ 

~~t
IZ’V I ..P1,~ 5 • IZV 

~
—.p--

~ a ________

(Ci s~~ I,947(* .Tt ) 
+s v  ~

__._ , ______( 410540 w.qoveD) - L. 
—

*I5V
±~~~ 

1 0 —

(siT 44)

C 

~~~~~~~
_j I. 441t I ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ ~~~~~ - — — — — . . — — — .

I —~—•~4~3 W ~ — __________________________ I - . 
~V4~ ~~~~~~~~~~~~~ . .~ ~~~~,.

lu lls CU**tP9T . — I— . i
( O A NOw.To *) ____ _.j~~ T~~’ 

. —

56 - — • ISV I 5

I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I I ~~~~~~~~~~~~~~~~~~~~~~~~~ 

...__

— —I SV •I 5 V

ig
c
øe4

_~~~~~~~~~~ L 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

____________ ____________ _______________ 
(P,jt-3i tsl 5l,t)

iii _____________ (rSCQ .0i) 

j s ~~— — — —  a

________________________________________ 1<8
• SIiIN’T

9 —  7
- 544U19’T 

_____________________________________________ -, I —
________ 

550a *414-41 9411-43 +ISV I
~ .‘ 

.e —4~>——4>—~
• &tJ 5’41 1515-44 *SV 4—,- ’- ~Es ~~~~~ ~~ 4I.I&L

S 1313-41 1t11 4* ~~ 4

4 — ) IIZV ~ p-1 ‘~~~~ ‘~~~ ~~~~~~~~~ I 44eV 5 _________ci )T~4 (~) r—*———*--——’
4 1 )-Izv T I 1411-47 *415-45 -ISV ‘r—~~

-— 5
‘U~ L4 ‘N I___ ._))___~~ ____ , L.. ~i I

A4J4 ’41 ~~J4- 41 I - — — — —
• V*,1. UtS StttC’rtO 5~Q 2% C**4

5 ~ ) • 4 e v  I *711-41 47J7-41

& ),14v *S~ S’41 *aj I-4S1
i-se 

-—rn-—-—-- --—- -



r 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~~

- -- - - -~~~~~~~~~~~~~~~
—---—--— ---—---------- - - ----- —--—-—---—-—3 ’~~I ~~o

8 A ( <f l CO14TR0~

— ‘4 —-— - - -  - . ISV t64A84,i 34,4 6

4 5 1 14 .544 L 3105

8 0 ISV t~~~3&.t 5 . 84
•SV  

~~~~~~~ ~ 
I I  —~ C ISV tl2 ISLt 5*45

4 1 54 4 SN P~~~~~_t 3*4 5
- 

~~~~~
—__ 54 40 4 • SN EI.$.Es4.t 348 I

64

S
1 —.—

1 0—

,14 _ _ — — .  J4

a 4 1.1 334~~t PtS SIlsSI S
45 1, *Z 8V tP aI,*~~~ *3

+15 19 
~-‘~--4~

_ I 5 I. • 5519 54215<5 5.0 2

— — - L ~~ II 1 4 ISV 54M.4~.5 544 4

— 4 43

— 1 <4 4 ISV 542131.5 340 5
54 40 —--—-- 0 .1519 542 ,5L 5 568 5

12 • — — — ~~~~ 1?

~ &7 _ _ _ _ _  -~~ 
- - - -- -

•*V ~~~~~~~ I — SI ‘4 -~~~ ~~~~~~~~~~~~
L I I —

~ 
21 —-

- ISV ~~~~~~ S Ij. • ISV 
~~~~~~~~ 

I S —--— S ~~~~*E 86~~ t421*4~t
L ~ 

L. 
~ ‘ I  — P !OV 5644~545 3454 1

IT 10 44

~ —.q.-—~l, SV U 1 —s-———-— 42 - ISV 14245453405

i__

~ 

34 +519  S 0 42 - ISV  5144.5455l5 4
— II 4 ~~~~~~~~ - SN 21 5 - 45V

- _______  - 

J
~~~4 * ’ ~~ d Si ~~

_ _ _ _ ,  

4 :i—
~

-
~~

— . . ____________________ - ~~0DiIV5

____________ ___________________________ - -~ 2 b5C,00t S’T%’~

_ _ _ _  

H 
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _

— — — . - - ___________________________ - -
~ ~ 

45 5144,( CCII?

__________ _________________ -

— 

+ItVDC -~—-1~ +I SVDC

-~~~~~~~~~~-

— —  -. a 15

- ___________________________

~~~

—

~~~

_

~~~~~ 

I 59 C~~ *LNT ~~~ 4 l40#

3 — . — - — -—--—-—-- - - — - - 2 44(14,34< 3645
85-4

412 
2357 ~~~

—t 4 44,41.55 ClsP.t

• 1914 913 5!4 5C~~S0 P~~~ 7 ’.

Figur e 3-7. SCHEMATIC OF CARD ASSEMBLY A 1A3

- —‘-~~~~~~~~~~
-_-



The 400-Hz , 3-phase 4-wire current supplied to the UUT is sensed by
current transformer assembly A1A6Z1 as shown in Figure 3—2. Secondaries
of the four current transformers are connected to the A1A3 assembly as
follows:

Function Pin Connection
• Neutral line monitor .31—f

• Neutral line return Jl—~
• Line A monitor Jl-Z

• Line A return .31-a
. Line B monitor .31-b

Line B return Jl-c

• Line C monitor Jl-d

Line C return Jl-e

Secondaries are loaded with 464-ohm resistors Ri through R4. Calibrate
switch Si, in the operate position, connects the input circuits to metering
cards as follows:

Function Pin Connection
• Neutral line monitor J8-8

Line A monitor 36-li

Line B monitor 36-8

• Line C monitor .36-16

Converter circuits on these card assemblies develop a dc output voltage
proportional to the true rms current flowing in the transformer primary
windings. Each rms circuit contains four calibration adjustment potentio-
meters. Calibration switch Si provides a built—in means of calibrating the
converter circuits. When the calibration switch is placed in test positions
1 through 4, all of the converter input circuits are disconnected from the
464—ohm resistors and parallel-connected to reference voltage sources. Pre-
cision application of the calibration requires that the internal ±12 volt
supplies be adjusted to a ±1 percent tolerance prior to circuit calibration.
Resistors Rl3, Rl4 , R17 , and R18 are selected at assembly to provide refer—
ence voltage tolerance of ±2 percent. Reference voltage for the test posi-
tions are listed in Table 3-2. Switch Si removes current from the refer-
ence sources during normal operation to maintain long-term stability of the
calibration circuit. Reference voltages for Tests 1 and 2 are approximately
7 percent of full-scale metering values. The value of resistor R6 is
selected at assembly to provide a two-thirds scale reading on the line meter
for Test 1. and 2 conditions when the circuit is properly adjusted. During
calibration the converter circuits are ± balanced and calibrated at this
7 percent value. Test switch S2 provides an identical meter scaling for
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Table 3-2. REFERENCE SOURCE VOLTAGES FOR - S
CALIBRATION SWITCH

Test Voltage
Positions

1 —5.54 to —6.81 millivolts

2 +5.54 to +6.81 millivolts

3 —5.71 to —5.95 volts

4 +5.71 to +5.95 volts

the neutral converter circuit.5 Test position 3 provides a negative input
source equivalent to 2 amperes of line or neutral current to all rms con-
verter circuits. Test position 4 provides a positive reference source
equivalent to 2 amperes of line or neutral current to all rms converters.
In the calibration procedure , Pest 3 and 4 positions are used for ± balanc-
ing at two—thirds of the full-scale range. Converter circuits are ± bal- - - —

anced and calibrated at the two-thirds range position.

The calibration circuit may be compared with the adjustment of a
vacuum tube voltmeter circuit as follows:

• Adjustments at 7 percent of full-scale values are similar to a zero
adjustment.

• Adjustment at two-thirds scale is similar to full—scale calibration.

• 7 percent and two—thirds balancing are required since do signals
are used to simulate ac signals.

Values of resistors R6 and R22 are selected during assembly to scale
the line and neutral current meters to indicate 2 amperes for 7 percent cur-
rent signal input. Similarly , values of resistors R9 and R20 are selected
at assembly to provide a ±5 percent of full-scale accuracy in the metering
circuit.

3.7 Line Monitor Assembly A1A6

• Figure 3—8 is a schematic di -igram of the line monitor AIA6. Selector
switch Si connects one phase of the 3-phase 400-Hz lines to the voltage
monitoring circuit. Diodes CR1 and CR2 rectify the ac input signal. The
value of resistor Ri is selected during assembly to calibrate the meter to
read 200 volts ac full scale. All DTS meters are lOO-microaxnpere full—
scale dc meter movements that have an internal resistance of approximately
1,000 ohms. Resistors R2 and R3 are part of the meter scaling circuit.

5Test switch S2 should only he used when Si is in the Test 1 or 2 positions.
Irrçroper use of this switch may result in damage to the meter movement part
of the neutral current circuit.

4
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Switch S2 selects one outpu t of the three line m s  converters located
on card assembly A1A3A6. The output at 31 pin B is fed back to the A1A3
assembly and scaled to produce 100 microamperes dc through meter M3 for a
3—ampere rms line current. Accuracy of the line current monitor is ±5
percent of full scale. j
3.8 Load Pane l AlAS

—

Figure 3-9 is a schematic diagram of the AlAS load panel assembly. i f ,
Functions of the load-bank switches , enable indicators, and current adjust-
ment control were discussed in Subsections 3.5.2 and 3.5.3. The relation-
ship of these devices to other load circuit elements was identified in
Table 3-1. Frequency selection switch S7 and the adjustment control were •

discussed in Subsection 3.2.9. Subsections 3.8.1 through 3.8.4 detail the
operation of load panel metering circuits and load shorting switches Sl7
through Sl9.

3.8.1 Meter Circuit 5-Volt Load - - -

A meter monitors the output voltage of the 5—volt portion of the UUT.
Resistor TB1—R5 sets the full-scale meter current to 100 microampe res , ±5
percent, for a 10—volt level. The value of resistor TB1—R6 is selected
during calibration to establish a metering accuracy of ±3 percent.

The output of meter amplifier A1A3A8U2 (discussed in Section 3.3) is
applied to A1ASJ1 pin e. Resistor TB1-R3 scales the low current circuit for
approximately a 15-ampere full-scale meter reading. The value of resistor
TB1—R4 is selected to calibrate the circuit for an accuracy of ±5 percent
of full scale. Simi larly , resistor TBI-Rl scales the high current circuit 6

to read 50 amperes full scale , while the value of resistor TB1—R2 is selected
to establish a ±5 percent full scale accuracy .

3.8.2 Metering Circuit A— Load

A voltmeter monitors the 12-volt output of the UUT. Resistor TB1-R34
scales the circuit for 15 volts full scale. The value of resistor TB1—R35
is selected to establish a 3 percent accuracy. Load current passes through
the 0.010-ohm precision shunt R16. A 15—ampere load current produces 150
millivolts across the potential terminals of the current shunt. Resistor
TB1—R32 scales the meter for 15 amperes. The value of resistor TBl-R33 is
selected to establish ~ ~3 percent accuracy.

3.8.3 Other Metering Circuits

Metering circuits for loads B through D are similar to that of the
A—Load circuit described in Subsection 3.8.2. Potentials are reversed for
negative load circuits. Precision shunt Rl7 is 0.025 ohms and R19 is 0.010
ohms. Accuracy of all precisions shunts is better than -~l percent.
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3.8.4 Load Shorting Circuits

During Tes t Mode 2 operation, the logic low-current drive signal 
~2 ~~app lied through A1A5J1 pin b to enable indicator DS16 and one terminal of

shorting switches Sl7, s18, and Sl9. Momentary depression of contact switch
Sl7 energizes relay A1ASK1, shorting the S-volt portion of the UUT. Opera-
tion of the SHORT TEST switches and illumination of indicator DS16 is inhibited
during Test Modes 1 and 3. When operating in Test Mode 2, depression of
switch Sl8 energizes relay A1A1K7, shorting the 12—volt regulated portion
of the UUT. Similarly, depression of momentary-contact switch S19 energizes
relay A1A1KB, shorting the -12-volt section of the UtIT.

3.9 Control Panel A2A4

Operation of the DTS is controlled by action of the switches on control
panel A2A4 (see Figure 3-10). Switch Sl, the POWE R ON switch , deteiits the

• first depressed , holding closed the common and normal ly-open contacts . On •

second depression , the switch returns to the normal position , break ing the
normally open contact and closing the common and normally closed contacts.
Switches S2 through S6 are momentary-contact switches.

Placing Sl in the ON position applies the 28-volt dc external source
voltage to power relays AlAlKl and A1A1K5 , as addressed in Subsection 3.2.1.
The closed contacts of relay A1A1K1 a~ ply 28 volts , il lum inating the POWER ON
switch indicator . Internal power supplies and the cooling fan are also
energized during this ON cycle.

Once the power ON lamp is illuminated , the DTS is placed in the standby
mode by momentarily depressing the STBY switch . This action results in

if application of a low—level logic signal (ground) to the set main (set Qm)
latch located on card assembly A1A3 as explained in Subsection 3.2.3.* A

F decode standby signal developed on card A1A3A1 and applied to the standby
current driver on card A1A3A2 provides a return path, illuminating the
STBY indicator portion of the switch.

F Test Mode 1 or 2 operation is established by momentarily depressing
the TEST 1 or 2 switches . Provided that the main latch Qm is set and the
OVLD latch Qo is not Set , a low-level logic signal QA is applied to set Ql

F or set Q2 input terminals , respectively. The A1A3A2 current driver supplies
a return path for ill umination of A2A4DS3 (TEST 1 indicator) or A2A4 DS4
(TEST 2 indicator) , dependent on the mode selected by the operator . In a

F 
similar manner, Test Mode 3 operation is ini tiated by depression of TEST 3
switch and illumination of Ds5, except that the A3P3 test connector must be
installed previous to Test Mode 3 operation .

The OVLD ( red) indicator is illuminated when latch Qo is set. A cur-
rent driver located on A1A3A2 provides the return path for DS6. Momentary
depression of the OVLD RESET (red) switch results in application of the

*Refer to Figure 3—1.
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low—level logic signal Qo to the clear input of card A1A3A1. The effect
of this signal is to clear Qo, resulting in a return to STBY operation.

Switch A2A4S7 selects a three-line 115—volts—per—phase source or a
variable three-phase voltage source for driving the UUT. When switch S7
is placed in the VAR position , 24 volts is applied to energize the coil of
relay AIA1K4. Figure 3—2 illustrates the distribution of line and variable
source voltage. When the DTS is operated in the VAR source mode , switch
S8 may be held in the RAISE or REDUCE position, adjusting the input voltage
level. This is accomplished by applying 115 volts, 60 Hz to one of the
two inputs of a split-phase capacitor motor driving the three-phase variable
transformer. Switches mounted on the transformer assembly limit the voltage
range from 55 to 160 volts per phase. The voltage input is displayed on
the line monitor panel A1A6.

3.10 Power Supply A1A2

The power supply assembly A1A2 develops dc voltages used in the DTS.
Figure 3—il is a schematic diagram for the power supply assembly . The ±12
volt and ±5 volt supplies are commercial units. Details of the e are included
in the manufacturer ’s manual in Supplement E of the DTF. Transistor Qi and
associated circuitry comprise the 24-volt dc regulator. Resistor Rl and CR1
form a reference voltage source , which is applied to the emitter— follower
Qi through R2. Input to the regulator is the 28-volt primary source voltage.
The principal purpose of this circuit is to limit the transient voltage
applied to semiconductor circuits to approximately 25 volts.

Output of the 24-volt regulator is applied to the input of the three—
terminal, 13—volt regul~itor VR1. This supply is used to excite the high

— threshold logic IC devices.

3.11 Overload Protection

The two types of overload protection circuits used in the DTS are the
maximum current circuits* located on the A1A3A7 and the circuit breakers**
mounted on the front panel of the A1A1 relay assembly. When operating in
Test Modes 1 and 3, 400-Hz line current above 1 ampere will set the over-
load latch, inhibiting testing. In Test Mode 2, operation is limited to
3 amperes of line current. A 30-millisecond alarm delay is used in these
circuits to allow for normal turn-on of transient current flow. The 3-
phase circuit breaker rated for 10 amperes is not sensitive to the minor
overload limits established by the current limiting circuits. In the event
of a low impedance short in the UUT, transient line current (in the order of
50 to 100 amperes) may be experienced. In this event , the 3-phase breaker
will open after a few milliseconds. Additional overload protection is pro-
vided for Test Mode 3 operation when test cable A3W2 is used. Current
limiting resistors of 75—ohm value are placed in series with the 3—phase
line applied to the inverter assembly portion of the UUT. For this

*Refer to Subsection 3.2.9.
**Refer to Figure 3—2.
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additional protection, the normal power supply connectors A3J1 and A3P1
must be connected to test cable A3W2. Under this condition , the series
resistors limit the 3-phase line current to approximately 1.5 amperes.

In the event of a short or defective semiconductor in the inverter
assembly , operation will be terminated in approximately 30 milliseconds,
since the 1—ampere maximum current sensing is used in Test Mode 3. This
additional protection in Test Mode 3 prevents damage to inverter parts that
could occur as a result of incomplete repair action.

4.0 INSTALLATION , REMOVAL , AND ASSEMBLY/DISASSEMBLY INSTRUCTIONS

4.1 Moving Instructions

The Dynamic Test Set (DTS) is delivered as an integral assembly
mounted on casters for easy relocation. Primary power for the DTS is pro-
vided through three standard utility connectors located on the upper left
hand corner of the Al assembly .

The DTS may be rolled on its casters from place to place as long as
steps are not encountered. Once the unit is in place, it can be made
operational by plugging the connectors into suitable utility connectors
for primary power (115 volts, 3-phase, 400-Hz; 28 volts dc; and 115 volts,
single—phase , 60 Hz).

4.2 Disassembly/Assembly

The DTS is designed for easy removal of the major subassemblies . The
equipment rack assembly (Al), equipment cabinet assembly (A2) , test bench
assembly (A3), and storage drawers can be separated by r~moving attaching
screws and disconnecting mating connectors where necessary .

Small subassemblies, e.g., chassis and drawers, may be removed for
mounting without disassembling the major assemblies.

Disassembly of the smaller subassemblies is described in Subsections
4.2.1 through 4.2.13. Disassembly of the major assemblies is described in
Subsections 4.2.13 through 4.2.15.

4.2.1 Relay Assembly (A1A1)

The relay assembly is mounted on slides. It can be removed by:

• Disconnecting the cable connectors and ground

• Removing the front panel screws

Withdrawing the assembly to the full extent of the slides

Releasing the slide locks

Removing the chassis

Replacement can be accomplished in the reverse order.

il_ _ i 
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4.2.2 Power Supply Assembly A1A2

The power supply assembly is mounted on slides. It may be removed by:

• Disconnecting the cable connectors and ground

• Removing the front panel screws

• Withdrawing the assembly to the full extent of the slides

• Releasing the slide locks

• Removing the chassis

Replacement can be accomplished in the reverse order.

4.2.3 Card Assembly A1A3

The card assembly is mounted on slides. It may be removed by:

• Disconnecting the cable connectors and ground

Removing the front panel screws

Withdrawing the assembly to the full extent of the slides

• Releasing the slide locks

• Removing the chassis

Replacement can be accomplished in the reverse order.

4.2.4 Blower Assembly AIA4

The blower assembly is hard-mounted to the equipment rack and to the
ducts. To remove the assembly :

• Remove the 8 sheet metal screws that attach the duct to the blower

• Disconnect the power connector

• Remove the filter cover from the front of the assembly, thus exposing
the filter and the front panel screws

• Remove the front panel screws

Remove the unit from the front

Replacement can be accomplished in the reverse order. .1
4.2.5 Load Panel Assembly A1A5

The load panel assembly is hard-mounted to the front of the equipment
rack. To remove the assembly :

• Remove the cable connectors and ground

• Remove front panel screws
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• Pull the front panel assembly out of the rack

Replacement can be accomplished in the reverse order.

Note: Provision is made for troubleshooting this assembly by
swinging the panel 9Q0 clockwise and attaching it to the left

- 
equipment rack rail with a fixture provided for that purpose
(C2528) -

4.2.6 Line Monitor Assembly A1A6

4 - 
The line monitor assembly is hard-mounted to the equipment rack. To

remove the assembly:

Disconnect cable connectors and ground
a .

• Remove the front panel screws
- 

• Remove the assembly from the front

Replacement can be accomplished in the reverse order.

4 . 2 . 7  Calibration Assembly A1A7

- The calibration assembly is hard-mounted to the equipment rack. It
can be removed to gain access to the cal ibration controls as follows :

• Disconnect the cable connector and ground

- . Remove the cover
• Remove the fron t panel screws

• Lift the assembly up through the top of the equipment rack rails

Replacement can be accomplished in the reverse order.

4.2.8 Load Assembly AIA8

The load assembly is hard-mounted to the equipment rack. The load
- panels containing all the cloctronic assemblies may be removed individually —

• - as follows:

• Disconnect the cable connectors and ground

• Loosen the quick disconnect fasteners around the periphery of the
panel

• Lift the panel out of the load assembly

- —  
Replacement can be accomplished in the reverse order.
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4.2.9 Transformer Chassis Assembly AIA9

The transformer chassis assembly is hard-mounted to the equipment rack.
It may be removed by:

• Removing the cable connector and ground

• Removing the 12 mounting screws that mount it to the equipment
rack

• Li f t ing  the assembly up and out through the back door

Replacement can be accomplished in the reverse order.

4.2.10 Differential Voltmeter A2AI

The differential voltmeter is hard-mounted to the equipment rack.
To remove the voltmeter:

• Disconnect the power connector and ground
• Remove the front panel screws

• Lift the voltmeter out through the front panel - 
-

Replacement can be accomplished in the reverse order.

4.2.11 Patch Panel A2A2

— The patch panel is hard-mounted to the equipment rack. To remove the
panel:

• Disconnect the power connector and ground

• Remove the front panel screws

• Lift the voltmeter out through the front panel

Replacement can be accomplished in the reverse order.

4.2.12 Oscilloscope Assembly~~~~~

The oscilloscope assembly is mounted on slides. To remove the assembly:

• Disconnect the power cable and groun d

• Remove the front panel screws

• Remove the assembly from the front of the equipment rack

Replacement can be accomplished in the reverse order.
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4.2.13 Control Panel Assembly A2A4

The control panel assembly is hand mounted to the equipment rack. To
remove:

• Disconnect the cable connectors and ground

• Remove the front panel screws
• Remove the assembly from the front of the equipment rack

Assembly may be accomplished in reverse order.

- - 4.2.14 Equipment Rack Assembly Al

- The equipment rack assembly Al may be removed from the remainder of

* 
the system as follows :

• Disconnect the two interconnecting cable connectors

I • Disconnect all grounds from the cold plate

• Remove attaching screws from the inlet and return parts of the air
- - duct
- • Remove four bolts that attach Al to A2

- • Remove bolts that attach table legs to the Al assembly

- • Remove P.1 assembly

Replacement can be accomplished in the reverse order.

4.2.15 Equipment Cabinet Assembly A2

I 
The equipment cabinet assembly A2 can be removed as follows:

• Disconnect connectors from the Al and A2 assemblies

I • Disconnect grounds from the cold plate to the A2 assembly

• Remove bolt connecting the Al and A2 assemblies

• Remove the four bolts that connect the A2 assembly to the cold plate

• Remove the A,2 assembly by pulling up and toward the front

Note: Do not disconnect the P.2 assembly from the base.

Replacement can be accomplished in the reverse order.

4.2.16 Test Bench Assembly P.3

- The test bench assembly P.3 can be removed by removing the Al and A2
assemblies (see Subsections 4.2.14 and 4.2.15).

‘a

57

L k  
_ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _

~

- — -
~~~~~


