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NOTICE

This report was prepared as an account of Government-sponsored
work. Neither the Unaited States, nor the National Aeronautics
and Space Admainistration (NASA), nor any person acting on
behalf of NASA:

A.) Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, apparatus,
method, or process disclosed in thais report may not

infringe praivately-owned raights:; or

B.) Assumes any liabilities with respect to the use of,
or for damages resulting from the use of, any infor-
mation, apparatus, method or process dasclosed in

this report.

As used above, "person acting on behalf of NASA" includes

any employee or contractor of NASA, or employee of such con-
tractor, to the extent that such employee or contractor of
NASA or employee of such contractor prepares, disseminates, or
provides access to any information pursuant to his employment
or contract with NASA, or his employment with such contractor.

Requests for copies of this report should be referred to

National Aeronautics and Space Administration
Scaientafaic and Technical Information Facilaty
P.0. Box 33

College Park, Md. 20740
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FORWARD

Thas report describes work undertaken by the Engineered Magnetics
Divasion of Gulton Industries for the NASA, IL.ewis Research Center
under Contract NAS3-10936. The effort undertaken was the design,
development, and testing of the DC Power Supply port:l.on’of the

Brayton cycle test engine which 1s under development at the Lewis
Center. The report describes the work performed by Engineered

Magnetics and the results of the descriabed equipment development.
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ABSTRACT

The Brayton DC Power Supply converts 1200 Hz AC power to
positive 28 volt and negative 28 volt DC power for use in
the Brayton Space Power System., This Supply also includes
a positive and a negative 28 volt battery with chargers
and control logic that directly supplies DC output power
when AC ainput power 1s not available for conversion. The
measured AC to DC conversion efficirency 1s 93%. The cal-
culated Mean Time Between Failures 1s approximately 60,000

hours.

This report presents the theory of operation, electrical
and mechanical design drawings, reliability calculations,
parts selections, thermal measurements, and test results.



SUMMARY

The NASA Lewis Research Center 1s currently engaged in a Brayton
Space Power Technology Program. The Brayton Power Conversaion
System (PCS) has applicability for solar, radioisotope, and
nuclear space power systems. The Brayton system has a net
output power range of 2.25 to 10.5 kW at 1200 Hz. The

Brayton PCS 18 designed to operate unattended in space for fave
(5) years.

The DC Power Supply Program was conducted 'at Gulton Industries,
Inc., Engineered Magnetics Diavision, under a contract with the
NASA Lewlis Research Center. This program included the desagn,
development, fabracation, testing, and delavery of four DC Power
Supplies.

A portion of the 1200 Hz Brayton PCS electrical output serves as
an input to the DC Power Supply, which converts the AC power to
DC power. Both posrtive and negative 28 VDC are furnashed to
the coolant pump static inverters and to the engine control sys—
tem of the Brayton System. The DC Power Supply also includes
positive and negative 28 volt batteries which will provide DC
power when the AC input power 1is not available for conversion.

The DC Power Supply, which has a complete redundancy of its power
conversion elements, requires only slight output filteraing due

to 1ts advanced transformer configuration. It has a tested AC
to DC conversion efficiency of 93%. The calculated Mean Tame
Between Failure of the DC Power Supply 1s 62,464 hours; with the
use of Ultra-High Reliabalaity components, Mean Time Between Fail-
ure exceeding the five-year system goal has been achieved.

The DC Power Supply theory of operation, electrical and mechani-
cal desaign drawangs, relaability calculations, parts selections,
thermal measurements, and typical test results are presented in
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thas report.

The DC Power Supply meets or exceeds all requirements of the
purchase specification with the exception of the Silver Cadmi-
um batteries. The state~of-the-art in Silver Cadmium batteries
was not compatible with the five (5) year life.objective of the
Brayton program.



INTRODUCTION

This Final Report describes, in detail, the DC Power Supply
Program conducted at Gulton Industries, Inc., Engineered Mag-
netics Divisaion. The program for Engineered Magnetics Model
EMPS252 DC Power Supply for the Brayton Cycle Power Conversion
System (PCS) was initiated in August 1967.

The program objectives included design, development, fabracation,
testing, and delivery of four DC Power Supply units to NASA-Lewls
Research Center.

The pramary function of the DC Power Supply of the Brayton
Cycle Power Conversion System 1s to supply power to the DC
bus durang all operational conditions. When 208/120 volt,
three phase, 1200 Hz power as available from the Brayton
alternator, the DC Power Supply converts this AC power into
the desired positive and negataive Zé VvDC to supply the DC
bus. When the AC power 1s not available, the DC Power Supply
provides power to the DC bus from the Silver Cadmium batteries
whaich are part of the DC Power Supply. The design load on
the DC bus 15 1.5 kW. Engineered Magnetics Model EMPS252 DC
Power Supply is completely self-contained, and includes pro-
visions for external manual control of system functions.

The NASA contract defined the specific work requirements 1in
four task groups, which were accomplished in the following
sequence:

Task I = Preliminary Design Studv.
During the Task I phase of the program, preliminary design and

assembly details defining system parameters and design énvelope
for Engineered Magnetics Model EMPS252 DC Power Supply were ac-
complished, a satisfactory baseline was established, and a pre-
lamanary schematic drawing of the DC Power Supply was obtained.
The DC Power Supply function and operation were defined. The
Power Supply carcuits were sectionalized as follows:
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Logic
Transformer-Rectifier
Battery Charging
Ampére-Hour Meter
Telemetry

Power Relay

Battery

Opera%lonal characteristics and requirements for each of the
above lasted sections were established. The preliminary design
of the DC Power Supply was defined. The circuits comprising
the DC Power Supply were catagorized as follows:

1. Logic Circuits

Transformer-Rectifier Output Sensing
- Battery Discharge Sensing

Battery Overtemperature Protection
Battery Fullycharged Protection
Battery Disconnect From Ground Command

2., Transformer-Rectifier Power Supply
Transformer-Rectifier Power Supply
Battery Charger

3. Ampere-Hour Meter

4, Telemetry Monitor
Unidirecticonal Current Monitor
Bidarectional Current Monaitor
Battery Voltage Monitor
Output Bus Positaive/Negative 28 Volt Monitor
State of Charge Monator
Power ON/OFF Signal Monitor
Battery Temperature Monitor

The mechanical design of the DC Power Supply was defined in out-
line form durang Task I. Sufficient design was accomplished to

establish system demands and to determine that no major problems
were anticipated in the areas of heat transfer, mounting position
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or packaging.

Task I concluded with preliminary electrical and mechanical
design of the DC Power Supply.



Task II — Detail Design and Test Plan.

Fanalazation of electrical and mechanical design and definition
of a test plan for each section of the Power Supply were the
majoxr objectives of the Task II phase of the program. The ob-
jectaves of Task II were realized with no major problems
encountered.

Duraing Task II, NASA revised the original power system require-
ments which necessitated modifications of the EMPS252 DC Power
Supply desaign, In addition to the NASA revasion, Yardney
Electric Company suggested an alternate battery charging method
which resulted in further redesign of the DC Power Supply.

Power system design modifications were indorporated to provide

a ground command signal circuit to override all logic functions;

to accommodate manual control of the power relay; and include
power transistors momentarily to by-pass the power relay con-
tacts. The battery charger logic was designed to provide cut-off
of the 8 ampere charge rate of 37 volts and cut-off of the 4 ampere
charge at 38 volts respectively. The Ampere-Hour meter loglic was
designed to reset to,100% when the battery voltage, while under

4 ampere charge, reached 38 volts.

Design revisions accomplished during the "B" revision period of
the study {(March 1, 1968 to September 1, 1968) were made at NASA
request or as a result 1f EMD engineering tests. The revisions
include: Additional terminal lugs on the battery and power sys-—-
tem cases; a provasion'for a system’gas bottle heater; removal
of the manual/automatic parallel provision for ground commands,
anﬁ changing the power relay trip point to a higher value.

A complete éescrlptlon of system circuit functions 1i1s presented
in Section III and the EMPS252 Drawing Package 1s presented in
Appendix I. The block diagram of the DC Power Supply 1s presented
on Figure l.
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Task IIT - Development (Model) DC Power Supply Fabrication.
EMPS252 DC Power Supply Unat No. 1 (Serial No. 26268) was
fabricated to the confaguration of Schematic Drawing No, 513911.
The DC Power Supply was then tested in accordance with the Accept-

ance Test Procedure. Test data recorded during the Acceptance
Test are presented in Appendix II, pages 14 through 16. Duraing
performance of the Acceptance Test a thermal heat map of Unit

No. 1l was obtained. The Thermal Test Report is presented in
Appendix I1I, After successful completion of the Acceptance

Test, a 10,0bO-hour life test was initiated on Unit No. 1. The
Life Test i1s scheduled for completion an September 1970. After
completion of the 10,000 hour life test, a second 10,000 life

test will be started: At the conclusion of the Life Test a

Life Test Report will be submitted to NASA-Lewis Project Personnel.

Task IV - DC Power Supply Fabrication.

DC Power Supply Unats 2, 3, and 4 were fabraicated in accordance
with the drawings presented in Appendix I. The Acceptance Test
was performed on each of the three unats at room ambient con-
ditions only. These unaits were then subjected to a 100 hour
cycllﬁg and burn-in test program. Acceptance Test Data record-
ed for Units 2, 3, and 4 are presented in Appendix 1I, pages 17
through 39,



II.

DESIGN DISCUSSION

A.

Power Supply Function

The primary function of the DC Power Supply is to supply
power to the DC bus during all operational conditaons.

In addition, the DC Power Supply recharges its silver cad-

mium batteries while AC power 1s available from the Brayton
alternator.,

The DC Power Supply consists of two i1dentical sections

(not including logic and control functions) which constitute
the +28 VDC and -28 VDC supplies. These two sections func-
tion in concert and simultaneously provide a level of fault
i1solation and redundancy.

The DC Power Supply system provides numerous telemetry
outputs for overall system monitoring. These outputs also
supply four separate control command operations which may
be generated externally from the system. Successful sys-
tem recycling is dependent upon the inataiation of one of

-~

these commands.

Power Supply Design

The DC Power Supply consists of three individual subsections
in three interconnected containers as shown on Figure-2.

The positive and the negative batteries comprise two similar
battery package subsections. The third subsection is the
electronics paqkage. All of the Power Supply elements
except current shunts, thermistors, and batter1e§ are con-
tained in the electronics package. The physical character-
astics of the DC Power Supply are presented on the following
table.
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DC POWER SUPPLY PHYSICAL CHARACTERISTICS

POWER SUPPLY E?EENSION HEIGHT WEIGHT
SUBSECTION (1nches) {anches) (pounds)
Battery Package #1 10 x 10 10 1/4 ’ 140
Battery Package #2 { 10 x 10 10 1/4 7 140
| __EBlectronics Package| 20 x 10 4 | 30
‘ TOTAL WEIGHT: 310 pounds

The following paragraphs describe the elements of the DC Power Supply:

Logic Circuit: An assembly of voltage comparators and multavai-
brators (a majority of which are duplicated for the +28 volt and
~28 volt power units) which control the Power Supply during normal
operating modes, provide external command interfaces, and dictate
the priority and relationship of the DC Power Supply automatic

functions.

Transformer-Rectifier: Two multiple winding transformers and a
diode assembly which convert the 208/120 VAC input from' the system
alternator to %28 VDC bus power and * 42 VDC for battery charging.

Battery Charger: Two very similar series regulator current lamited
circuits—--one for the +28 volt battery and one for the -28 wvolt
battery. Each charger has two separately controlled sections. Each
section supplies a 4 ampere charging current ({total of four 4 amp
sections).

Battery: A fifty cell silver-cadmium unit with a common center
poaint i1s physically daivided into two packages which comprase the +28
volt and -28 volt batteraies.

Ampere-Hour Meters: Two separate sections which indicate the

charge state of the +28 wvolt and ~28 volt batteries, respectavely,
and also initiate batte%y charger action.

Telemetry: The composite of sense and conditioning circuits
which sample DC Power Supply parameters and present them in
standard form '(0-5 VDC) for remote monitoraing.
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Power Relay: A bistable latching relay, which connects the
DC Power Supply batteries to or removes them from the DC bus,
is controlled eather by internal logic or external command.

The elements described above are related to one another in the
DC Power Supply system as shown in Figure 2. The output o

the Brayton alternator (208/120 VAC, 1200 Hz, 3¢) 1s fed to
the transformer-rectifier (T-R) where 1t 1s converted to +28
VDC and * 42 vDC.' The * 28 VDC power is connected directly

to the DC Power Supply output terminals and serves as the
Brayton System sources of DC power in the normal mode of
operation. The positive and negative 42 VDC power "1s directed
to the positive and negative battery chargers, respectavely,
and conditions the two twenty-five cell AgCd batteries. The
T-R has one additional set of secondary windings which fur-
nish a T-R undervoltage signal to the logac circuit.

The battery chargers for the positive and negative batteries
are similar and are hard wired to their associated batteries.
The positive or negatave 42 VDC 1s series regulated by the
chargers to a level associated with a fixed current value and
the existing battery charge state. Each of the two battery
charger sections is separately controlled by the logic circuit.
During the charge mode either battery i1s thus charged by an

8 ampere current with both sections operating; this charge
rate is reduced to 4 amperes when the charging voltage reaches
a pre-~determined point and one of the charger sections is
turned off by the logic.

A power relay controls the basic operating mode of the DC
Power Supply. During normal operation the positive and nega-
tive 28 VDC output from the T-R supplies bus power. If the
alternator output drops below a pre-selected level (or af
the alternator is shut down) the relay automatically connects

the Power Supply batteries to the bus as an additional source
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of power. The same relay also removes the battery from
the bus after the shutdown cycle, and prevents battery
drain during these possibly extended periods. The
power relay is controlled exzther by internal logic

or external commands., '

The logic telemetry, and Amp-~Hour Meter circults moni-
tor and control the internal operations of the DC Power
Supply and the primary power functions descraibed aboJe.
The details of these circuits are explained fully later
in thais report.

System Operation.

The!Brayton Cycle Power Conversion System has five major
operating modes: Normal Operation, Battery Chargang,
Alternator or Battery Operation, Manual Control, and
System Shutoff. With the exclusion of the Manual Control
mode (which i1s for'emergency operation) the other (four)
modes are required to complete one full system cycle.

- Bach of these modes 1s discussed in detail below. Table

I shows the various logic functaions.

1. Normal Operation
The normal operation function of the DC Power Supply
is to receive 120/208 volt, 3 phase, 1200 Hz power
from the Brayton alternator and convert this to +28
and -28 volts BC for use 1n the Brayton PCS. The
transformer-~rectifier combination supplies the +28
and =28 volts output at currents up to and including
25 amps for both the positive and negative voltages.
During normal operation the system battery is in a
state of full charge and neither of the system's
battery chargers are in operation. Only the bus moni-
tor undervéltage circuit must remain functionally actave.
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UNIT POSITION OPERATING CONDITION REMARKS
OR. COMMAND
1)E 24v T-R Output 1) Manual command will overrade the
logic by setting of control panel.
CLOSED 2) Manual “"Close" 2) There are separate "open" and
POWER Command "close" commands.,
RELAY 3) T-R output sensed by separate
1)Z 25V T-R Output secondary.
OPEN (with 5 Sec. Delay) 4) Any signal operates both Power
2) Manual "Open" Command Supply halves.
L,ower half :
Ef one Battery Voltage of 30.0V 1) Manual command overrides logic.
hargex 2) There are separate "on" and "off"
|Vpper half commands .
o of one Battery Voltage of 30.5V
charger. 3) Battery overtemp overrides other
automatic logic functions.
BATTERY N | One -
charger, Amp-Hour Meter £ 90% 4) Manual commands operate both
CHARGERS " chargers—-automatic commands
(Two Both operate relevant charger.

chargers of
two section
each)

chargers.

Manual "On" Command

1

O

F

Lower half
of one
charger,

Battery Voltage of 37.0V

Upper half

of one
charger.

Battexry Voltage of 38.0V

Orie
charger.

.

Battery Temp = 185°F

Both
chargers.

Manual "Off" Command

vm— - -

U TR,

TABLE I.

——— -

LOGIC FUNCTIONS OF THE EMPS252 DC POWER SUPPLY




The Amp-Hour meters are i1idle duraing normal oper=-
ation, as no current i1s being supplied to, or being
taken from, the system batteries. The telemetry cir-~
cuits which provide, remotely, the parameters for a
continuous system check, are functional in all the
modes. During normal operation of the DC Power Supply,
a minimum number of the system components are required
to satasfactoraly accomplish the DC Power Supply ob-
jectaves. This condaition 1s significant not only

from the reliability standpoint, but also from the
standpoant of heat dissipation. The Normal Operat-
ing mode will continue indefinitely as long as 1200 Hz
power 1s supplied to the unit and i1f no external con-
trol i1s exercised. When the AC input voltage 1s re-
duced to a level below a pre~selected point, the
secondary windings of the transformer will detect a
bus undervoltage condition. When this undervoltage
condition reaches the equivalent of'24 volts total,
the appropriate voltage comparator circuit of the
logic will energize power relay Kl and connect the
battery in parallel with the transformer-rectifier
output.on the DC bus. When the bus voltage reachesd
the equivalent of 25 volts, the relay will open and
cause the transformer-rectifier to supply the full
load. There 12 a 5 second delay (a special feature

of the reset) associated with the opening of the relay.
This delay is provided to allow the Brayton alternator,
at 1inatial start condition, an opportunity to reach an
operating point where 1t can supply the required volt-
age and current. Power relay Kl may be operated manu-
ally. PFor manual K1 operation a switch is provided

on the control panel which overrides the automatic
control of the relay by the logic power supply carcuit
.and locks the relay in either the ON or OFF position.
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Manual relay operation is fully discussed in Para-
graph 4, which describes manual operation of the DC
Power Supply.

Battery Charging Operation

The battery charging mode of the DC Power Supply may
be defined as a supplement to normal operation. In
this mode of operation the transformer-rectifiers

are supplying +28 and -28 volts as previously stated.
The transformers are also supplying +42 and -42 volts
to the battery chargers through a separate set of
rectaifiers, There are two battery chargers consist-
ing of four battery charging caircuits. One battery
charger 1s for the +28 volt battery and the other bat-
tery charger is for the -28 volt battery. These four
circuits are almost identical except for slight vari-~
ances 1in biasing due to their positive and negataive
placements within the system. Each of these battery
charging circuits 1s a series voltage regulator which
1s current lamited to 4 amps. The combination of two
of these circuits in parallel will supply the associ-
ated battery with maximum charging current of 8 amps.
From the system operation standpoint, the battery
charging mode starts either when the Amp-Hour meter
associated with the partacular battery indicates a
charge state below 90% or when the open terminal
voltage of the battery reaches 30.5 volts. Under the
first of these conditions the logic circuit associ-
ated with the specific battery charger will turn on both
of the 4 amp sections. An 8 amp charging rate will con-
tinue until the terminal voltage of the battery reachés
37.0 volts. At thas 37 volt point, one of the two
chargers 1s turned off reducing the charging current
to a 4 amp level. This 4 amp level continues until
the charging terminal'voltage of the battery reaches
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a level of 38.0 volts at which time the logic turns
off the second of the two charger circuits and the
battery 1s assumed to be fully charged. The charging
operation 1s accomplished concurrently with the normal
operation of the transformer-rectifiers supplying bus
power. Either one or both of the batteries may be
charged during this mode, depending on their indi-
vidual charge states. It is during this battery
charging mode of operation, which obviously requires
more power for the transformers and alternator, that
the most demanding heat transfer condition 1s experi-
enced. It i1s also during this operational mode that
the logic circuits pertaining to battery over-tempera-
ture and the voltage comparators which sense battery
terminal voltage commence to function. The battery
temperature sensors will shut down the associated
battery chargers if the battery reaches a temperature
at which continued charging will injure the battery.
The battery voltage comparators automatically control
the oPerétlon of the battery chargers in shifting

from an 8 aﬁp charging current to a 4 amp charging
current and then shutting off the battery charger.

The battery charging mode may be initiated manually

as well as through the automatic control circuits.

The manual control (which is discussed in paragraph 4)
will ovef—rlde the automatic circuats. The manual
control command circults may alsoc be used fto inataiate
a charge cycle which wall then be controlled automati-
cally. Thas function was included within the system
capability at the reguest of the battery manufacturer
as the battery should be jolted to full charge every
month or two father than be supplied with a continuous
trickle charge. If the battery is fully charged when
the manual control 1s actuated momentarily, the battery
chargers will be sequentially turned off withain a very

|
short period.
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3. Alternator or Battery Operation Mode

4.

When the output voltage of the transformer rectifier
of the DC Power Supply drops below the 24 wvolt level,
the system logic will energize power relay K1 and the
system  ‘battery will be connected in parallel with the
transformer-rectifier output. In the unlikely event
of a partial failure of the system alternator, the
battery and the transformer-~rectifier will remain con-
nected an ﬁarallel and each section will supply a por-
tion of the system DC power requirements. However, it
1s likely that aif the voltage from the transformer-
rectifier drops below the 24 volt level, the alternator

wi1ll have been removed as the source of input to the
power system and the battery will remain connected
across the output bus to furnish power to the bus
loads such as in a normal phase of operation during a
Brayton Cycle System shutdown. Duraing this period,
the Amp-Hour meters will record the discharge level
of the batteries. The telemetry and logic circuits
will be available for system control and monitoring.
Since relay Kl i1s a bistable device, this condition
will exast until eather the alternator attains the
required voltage level during start up or the system
1s beang shut down.'

Manual Control

Manual opefation of the power relay is required when
the Power Supply is to be completely shut down, It also
provides an override function in the event that the
automatic control circuits fail or 1f the battery

must be placed on the bus to accommodate an unusually
heavy load.

The configuration of the DC Power Supply operational
cycle may be changed in the normal method through
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functioning of the system's automatic controls and

also by manipulation of the manual override features

of the DC Power Supply. As stated previously, the
power relay may be opened or closed manually. This
manual function will completely override the auto-
matic control carcuits.

The battery chargers can also be operated 1in a manual
mode. In thas case, both of the battery chargers each
containing, the two 4 amp sections are operated si-
multaneously. The same 1s not true when the battery
chargers are operated automatically by the logic cir~’
cuits, in which case only the battery requiring a charge
1s serviced by 1its particular charger and comparator
circults. Manual battery charger operation completely
overrides the automatic circurts of the power system
and 1s provided only for emergency use. In the event
that the logic circuits do not turn on a battery charg-
er and 1t 1s known that the state of charge of the bat-~
tery 1s low, the manual command can be used to 1initiate
such a charge. Through careful :monitoraing of the tele~
metry signals,.the battery charger can be turned off

at the appropriate state of charge. If a battery charg-
er should continue charging the battery beyond its full
state ©of charge condition, or in the case where the
battery temperature has exceeded i1ts maxaimum safe charg-
ing level, the battery charger can be manually turned
off.,

The manual control function 1s also provided for another
purpose. The battery manufacturer requested that a
method of jolting the battery to full charge be pro-
vaided wathin the system, thias instead of the trickle
charge which i1s often used in similar situations. The
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time interval between charge jolts has been suggested
to be between 4 to 8 weeks. It 1s not practical to
include in the logic circuit a timing function to
automatically turn on the battery chargers from within
the system at these periods. (Engineered Magnetics
suggested that the Battery Charger-On manual control
be used to accomplaish thas function).

When the jolt charge is required, the battery charger

manual on cogtrol is momentarily actuated and the chargers
of both batteries will start their normal charging operation,
Once started, this normal charging operation will be turned
off by the normal (automatic) seguence of operation when the
chargang terminal voltage of the batteries reaches levels
whach indicate a state of full charge. This function has
the advantage of being ab%e to manually initiate batter&j
charging while not!hav1ng the fault of possible over-
charging the battery due to 1nade§uate monitoraing.

Shutdown Mode

Dﬁrlng the Brayton Cycle System shutdown, the battery
1s supplyang power to the inverter coolant pumps and
other bus loads. This 1s a normal mode ©0f operation
which has previously been discussed in the battery

i
operation section.

When the system heat i1s dissipated or distributed,
the shutdown cycle 1is completed, and it 1s desirable
to have the battery placed on a stand-by condition ain
the event that it wall be used in the motor mode of
starting the Brayton'alternator. The battery must
therefore be disSconnected from the bus but must be
prepared to supply sufficient power to the logic car-
cuite to enable the system to be turned on again. A
manual command is first required to open power relay
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Kl. DNow the %attery 1s removed from the bus and 1is
also removed from a position where 1t will supply
power to the logic carcuits, telemetry carcuits, and
the ampere-hour meters.

The power activating circuits for power relay Kl are
connected directly across the battéry and provide the
capabilaty of turning on the system again. The slaght

power loss due to the sense portion of the circuit
will be less than internal losses in the battery
durang the inactave period and will not significantly
effect the battery even during a shutdown period of
several vears.

Mechanical Design

The mechanical design of the EMPS252 DC Power Supply was
determined in outline form only for Task I of the program.
The outline characteristics and weight have not changed.

In Appendax I are the outline drawing and the layout draw-
ing the unit. The battery drawings were supplied to NASA .,
under separate coverx.

The DC Power Supply i1s contained in three sections. Two
sections each contain one of the two battery packages.
The third section contains the electronic components.

Each of the sections are mounted on heat sinks provided
by NASA.

1. Packaging Concept
The electronic circuit packaging concepts for the DC
Power Supply shown in Appendix I are based on standard
techniques which have been used successfully on many
space power systems. Exceptions to standard approaches
exist in areas relating to the hagh relzability and long

life requarements of the Brayton Cycle Power Conversion
System.
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The package configuration i1s one of low profile and
large baseplate area., This design incorporates maxi-
mum heat transfer area to the coldplate, short thermal
paths to the baseplate, and rigid mounting surfaces for
the internal glectronlc components. The main structural
member of the unait i1s an aluminum baseplate. Cover mounting
flanges, connector support brackets, internal heat sink
brackets, and component mounting brackets are dip braz-
ed to the baseplate. This method of construction opti-
mizes weight, thermal, and structural considerations.

'
Weight savings are realized through use of brackets
fabricated from thin aluminum sheets brazed to the
baseplate. Arriving at the same configuration using
machined parts would result in thacker sections and
unnecessary excess metal in certain areas. In additaion,
machined parts are inherently more costly and time con-
suming to fabricate and more restrictaive of design
flexibilaty.

Thermal performance is enhanced by dip brazed construc-
tion thus elaiminataing heat barriers that exist 1f semi-
conductor brackets, for instance, are bolted to the
baseplate instead of being joined by a continuous fay=-
ing surface fusion of metals.

Structurally, brazed joints offer good resistance to
fatigue failures during vaibratory loading. Relative
motion, as would occur between bolted joints, 1s eli-
mated by brazing the joint. Brazing provides a ductile
rnterfacial material that 1s not brittle or susceptible
to fatigue cracks that can occur with welding.

The cover of the container 1is of formed aluminum
sheet. It 1s attached to the base assembly by screws
to a mounting flange. This type of attachment, waith
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the cover overlapping the flange, provides EMI shield-
ing and protection from foreign contaminants.

The basic approach being established, the detailed
design considerations were governed by reliability

and long life requirements. Due to size of the unit

and nature of components it is not practical to her-’
metically seal tHe case. Instead, the unat is pro-
tected from earth associated contaminants such as
moisture, sal£ spray, and sand and dust. Materials

that out-gas or deteriorate under extended peribds

in hard vacuum are not used, Heavy current carriers

are terminated at bolt and lug connections rather

than by ordinary pin and socket connectors,

Thermal Consideratzions

The only mcde of heat transfer from the unit is con-
duction to the coldplate. Temperature gradients between
the coldplate and unit baseplate are minamized by close-
ly spaced mounting attachments. The baseplate surface
inr the vicinity of the mounting attachments is machined
smecoth and flat. 1n accordance with NASA requirements.
Only four square inches of base area around each attach-
ment are,considered as heat transfer area. A joint con-
ductance of 100 Btu/Hr th °F 1s assumed for this area.
The internal components are arranged to distribute the
heat evenly to manaimize thermal path lengths to the heat
transfer area. The heavy power transformers are mounted
directly to the baseﬁlate. The lighter wandings, power
diodes and charger diodes are mounted on a vertical
bracket with darect thermal paths to the baseplate.
Battery charger and power supply components are also
paths to the baseplate. Series regulator transistors
are the most critical components from a thermal view-
point. Special considerations such as indium foil in-
terfacing materials and installation at a favorable
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coldplate location are required in order to maintain

their temperatures at a religble lamat.

Low level

circuits are mounted on circuit boards grouped in a

subassembly. These components do not require special

treatment or close scrutainy for thermal considerataions,

il

The power dissipation characteraistics of the DC Power
Supply subsections are presented in the following table.
Based on the dissipations shown on the table, a heat

transfer area of 120 square inches and a joint conductance

2 °F, a baseplate thermal profile was

of 100 Btu/Hr Ft

calculated. Thé maximum baseplate temperature occurs

immediately under the power transformer.

This temperature,

which 1s approximately 110%¢c, allows a gradient of 70°%¢

to the transformer rated temperature.

The series regu-

lator transaistor junction temperature 1s approximately
140°C. This can be decreased to be less than 110°C with
indaum foil mounting on the transistor insulator and a

location on the coldplate that provides a collant temper-
ature of 125°F instead of 150°F.
the transistor, 1its temperature should not exceed 110°¢

in this applicataion.

For proper derating of

The balance of the baseplate is
waithin 5°C of the coldplate surface.

Power Dissipation (Watts)

! Full Load Full iocad Full Load

UNIT Full Charge | Half Charge | No Chaxge
Transformers 120 95 70
Power Rectiflers 25 25 25
Charging Rectifaiers 8 4 0
_Battery Chargers 160 55 0
: Logic and Telemetry 8 8 8
Lgmprﬂour Meters 12 12 3

TOTAL 333, 199 106 AJ
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III,

POWER SUPPLY CIRCUIT DESCRIPTION

A.

Control Logic

The control logic (shown in two blocks of Figure 2) se-
lects the rate of charge to the batteries, determines
whether the batteries are to be connected to the DC bus, and
determines when the ampere-hour meters are to be reset to
show that the indavidual batteries are fully charged. In
addition to the logic diagram on Figure 3, a table of leogac
functions 1s provided on Table I. The table presents infor-
mation on the state of the system for various operating con-'
ditiohs without tracing through the logic diagram.

Automatic control inputs to the logic are battery voltage,
battery state of charge from the ampere-hou¥ meter, battery
temperature and bus voltage. In addition to the automatac
control ainputs, two manual commands are provided that can
override all other inputs. One manual command turns the charg-
ers full on or off, the other manuazl command closes or opens
the relay that connects the batteraes to the DC bus. The
logic carcuits (except for the circuit that draves the
relay) are powered from the +28 volt DC bus and not directly
from the battery. The relay drive c1;cu1ts are connected
directly to the battery and require power only during the
instant that the relay changes state.

Figure 3 1s the block diagram of the contrel logic. All
the controlling inputs are shown on the left side of the
figure and all the controlled outputs on the raght side
of the figure. Amplifier designations and input-output
tie poants are included so that functional areas of sche-

matic diagram 513911, can be identified.
Logic operation as normally automatic, with the comparators

provading an "on" or off" output signal depending upon the
magnitude and the previous state of the parameter measured.
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Each comparator has a turn on level and lower turn off
level. The output state of the comparator between the "on"
level and the "off" level i1s that of the last level crossed.
All logic outputs are "on" or "off" states (the éhargers
operating at 0, 4, or 4 + 4 amperes) so the "on" or Mo fEN
states of the comparators coupled through the appropriate
gates and taime 6elays shown 1in Figure 3 are used to control
the logic outputs. Besides using the comparator output
states for contreol, the output on-to-off transition at the
90% full charge level of the ampere-hour meter comparators
1s used to start the battery charge. This step 1s necessary
because the battery voltage at 90% full charge 1s at almost
the same level as the battery voltage at full charge, while
the difference between the upper and lower levels of the
battery voltage comparators 1s a much larger voltage. So

1f chargaing 1s stopped at a battery voltage of 38 wvolts at
will normally not start charging until the battery voltage
drops to approximately 30 volts unless the charge 1is started
by using the on-to-off transition of the ampere-hour meter
comparator to momentarily reset the battery voltage com-
parators back to start at 0 volts. This condition forces
the bégterf %Bltage comparator odtput state between the
higher and lower sensing levels to be that of the lower
sensing level allowing charge to continue until maximum
battery voltage 1s-reached. The only other logic function
1s the 5 second time delay that delays removal of the
béttery from the bus.

To understand the relationship of the logic functions shown
in the block diagram, Figure 3, and schematic drawing 512911,
first 1t 1s noted that the actual mechanization of some logic
blocks can be combined into one logic circuit element and the
loglé functions may be accomplished with more logic blocks
than those shown. However, all of the comparators and con-
nection p01nt§ shown an the block diagram are identical to
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those on the schematic. In addition, many of the circuits
t
can be associated with single logic blocks.

Since most of the logic functions are performed with tran-
sistors that are eather "on or "off" or with simple diode

OR gates, the detailed circuit descraiption of the‘loglc will
be confined to the comparators, one shots, flip flops, time
delay, and relay draivers. Power for the loglic circuits 1is
supplied from a series requlator operating from the—+28 volt
DC bus and froma a Zener diode shunt regulator operating from
th -28 volt DC bus.

Comparators: The nine integrated caircuit comparators are

Fairchild type WA710, which have inverting and non-ainverting
input terminals. A voltage proportional to the controlling
parameter 1s applied to either the inverting or non-inverting
input and a reference voltage 1s connected to the opposaite
input. Adjustable hysteresis 1s obtained by connecting a
selected-in-test reélstor from the comparator output teo the
non-inverting comparator input. When the comparator turns
on, the voltage level at the non-inverting input 1s raised.

This addition of some of the output current to the input
signal results in lowerang the signal voltage to the level
at whach the comparator will turn off. Once the comparator
turns off, however, the turn-on level is restored to the
previous, higher voltage state.

One Shots: All 6f the one shots used in the logac circuits,
capacitor couple the off-to-on transition of a comparator

(or transistor swatch) through a series connected resistor
and capacitor to the base of another transistor. The time
constant of the series connected resistor-capacator is ap-
proximately the duration of the resulging pulse.
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JTime Delay: Whenever the battery 1s to be disconnected from

the 28 volt DC Bus, a 5 second time delay 1s initiated and the
battery 1s disconnected. The time delay period is the time re-
quired to charge C2 through Rl4, (see schemataic 513911) untal
the base-emitter junction of Q7 starts to conduct.

The time delay i1s started by turnaing off Q8. The firing of Q7
momentarily turns on Q6 which resets bastable flip flop FFl to -
the reset state where output pin 9 1s in the on state and ou;—
put pin 6 1s in the off state. FFl's transition 1s then

coupled through Cl and R7 to momentarily turn on the appropriate
relay drivers.

FFl 1s placed in the set state (output pin 9 1s off and out-
put pan 6 1s on) by.giving.the "connect battery" relay manual
command at inaitial system turn on or by the bus voltage drop-
ping below 24 volts.. Setting of FFl 1s accomplished by the
turning on of Q5 when comparator Al is turned on by a low bus
voltage or by a momentary.ground command to close the relay.

FF1l also performs addataonal functaions. When FFl is in the
reset state {output pin 9 i1s on and comparator Al is off) the
time delay 1is prevented from oscillating by the signal from
FFl, p1n=9 through CR9 because Q8 1s then held on thus shorting
out time delay capacitor C2.

The output of pin 6 of FFl through its relay drivers connects
the battery to the bus in the same way that the output of pan 9
disconnects the battery from the bus.

Relay Draivers: The relay drivers provide the momentary 28 volt
signal used to change the state of the relay. The two relay
draivers are the combination of Q3 and Q4 and the combination of
Q9 and Ql0. The relay dravers are simply Darlaington connect-
ed transistors (DC current gain Rs1000) in series with the bat-
tery gﬁd relay coils. Momentary base current for turn-on 1s
provided through the series coupling capacitors from the change

in state of FFl.
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Transformer—-Rectifier and Battery Charger
Transformer-Rectifier

The transformer-rectifier circuit of the DC Power Supply, .
shown on Drawing 513911, i1s a 3 phase ainput, 12 phase
output configuration. '

The followang characteristics were the major considerations
for the selection:

High efficiency

Low ripple

Low internal aimpedance

Low input power waveform distortion

High input power factor

Redundancy.

Two transformers are connected to produce a 12 phase out=
put from a 3 phase input. One transformer has a 3 phase
Wye primary and a 6 phase star secondary winding. -

PRIMARY SECONDARY
°
b, J
60° “——N
< b
¢

The other transformer has a 3 phase Delta pramary and a
6 phase gtar secondary wanding.

+

PRIMARY SECONDARY
A ! A I Bl i ac
F\
60° o\ |

30 }

{ 10° L/ e e®

i cb @ 2 —c b‘

|

c + 8

i

Gl < l a b !
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When combined, the corresponding windings of the two
transformers are 30° out of phase, and form a system
circuit having a 12 phase secondary:

! ¢

PRIMARY SECONDARY
A a
a,.b, @ g9
by €l
300 300
¢cbe * —ac b,
c B ¢ b
4: ¢ cairculrt common
-

ac o ab
9

By connecting each secondary winding to rectifier anodes
and connecting the rectifier cathodes to the posaitive
termainals, a 12 phase:. half wave transformer-rectifier
circuit w1th a negative common 1s obtained, (See diagram
below.) The DC output wzll have a theoretical 12 phase
ripple of 3.41% peak-to-peak amplitude. The major dis-
advantage of this circuit 1s that each rectifier carries
the full load for 1/12 of the cycle, or 30° Oonly one
rectlfler, the one waith the highest voltage, conducts

at any given time. As soon as the voltage of one rect-
1fier becomes highest, all other rectifiers are back
blaéed end‘stop conductaing until .the next rectifier in
sequence conducts for 1/12 of a cycle, This indaivadual
load carrying characteraistic subjects each rectifier and
transformer winiing to hagh peak currents which are also
reflected anto the power source,

TheerIIGW1ng diagram shows 2 transformers, one with a Wye
and oﬂe with a Delta pramary, and both transformers with
‘two 3 phase ‘Wye half wave rectifier secondaries connected
60° out of phase.’
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12 PHASE QUTPUT TRANSFORMER CIRCUIT
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Each of the four 3 phase Wye secondary half wave rectifiers
will have a wave shape of the foliowing configuration:



In a circuit waith three interphase transformers, (T3,

T4 and T5), the conduction time of each rectifier
increases from 30° to 120° which causes the conduction
time of the four half wave rectifiers to overlap and

each will conduct 1/4 of the load simultaneously, drawing
current from four pramary, and four 'secondary windings, and

reducing internal impedance by 4.

1
In the above waveform, rectifier a conducts 120° from 0 to 1.

Rectifier b assumes the load and rectifier a is back biased.
At poant 2 rectifier c assumes the load, and b i1s back
biased.

With independent loads, the SEC 2 wave shape is the same

as SEC 1 except i1t 18 shifted GOP(broken line). Waithout

an interphase transformer and with a single load aéplled

at poants +1 and +2 (reference transformer diagram), or with
poants +1 and +2 connected together, the interference between
SEC 1'and SEC 2 will lamat conduction time to 60°. The
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anterference zone 1s indicated by the shaded area of the
waveform illustration.

By connecting point +l to point +2 through interphase
transformer T3, which 1s a center tapped autotransformer,
a peak-to-peak triangular shaped voltage of ¢ = 1/2 E,
at three tames the fundamental frequency is developed.

(=) —————(+}

+t +2

-+

When the potential of the @a diode 1s higher than the
potential of the @ diode, I, flows from +1 to + and the
voltage developed across +1 and +2 1s such that +1 1s
negative (-} and +2 1s positive (+). This condition’
raises the level at the gc dfode and lowers the level at
the @a diode. The amplitude of the @c voltage 18 raised
and the potential of the two rectifiers are equal, causing
them to conduct EHmﬁltaheoust évery;lzoo with half of the
load current carried by each rectifier.

4

In the transformer circuit, the 12 phase output is

obtained by usaing two 6 phase circuits with interphase
connections (T3 and T4). 'The two circuits are connected
together by a third interphase transformer (T5). The voltage
across transformer T5 1s e; = .l14E, with a frequency that

18 six times the fundamental wath the two sets of six phases
overlappaing,

The diode cathbdés, connected to the secondary winding, also
attain the negative to ground output. Each negative diode
conducts 180° out of phase with the positive diode and a -
sine wave is produced.



In the fainal circuat design shown ain Appendax I, taps

4 and 7 of transformers T30l and T302 are connected to
interphase transformer T306. Transformer T306 with the
associated rectifier circuit provides the +40 VDC to the
battery charger. Taps 4 and 7 of T30l and T302 are connected
to interphase transformer T307 to obtain the ~40 VDC for the
battery charger,

Taps 3 and 8 of T30l and T302 are connected to T304 to
obtain +28 VDC output. Taps 3 and 8 of T301 and T302
connected to T305 produce a -28VDC. The positive and
negative 28 VDC 1s the power supplied to the system bus.
Input power waveform distortion 1s maintained at a very
low level by the continuous conduction of the primary

windings.

Through the use of two transformers(i.e.,T301l and 7302},
redundancy 1s obtained. 1In the event of a failure of one
transformer, fuses will remove it from the circuit and the
other transformer remains on the lane.' The remalnlné trans-
former will supply full output power, although the output
ripple will be increased and the efficiency wall be lower,

Batterv Charger

The pbsmtlve and negative 40 VDC battery chargers each
contain two charging regulators. At battery,h full charge
condltiohs, all four regulators are maintained at the off
condition by a 1 volt signal applied to the individual turn
on-turn off regulator contreol transistor circuits, For the
positive 8 ampere charger output, two positive charging
regulatorxs are connected to charge the battery by the appli-
cation of a zero volt sagnal to thear control transistors.
By applyang the 1 volt turn off signal to one regulator control
transastor and the zero volt signal to the other regulator
control transistor, the 4 ampere charge mode 1s obtained,
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When the 1 volt signal is applied, simultaneously, to the
two regulator control transistors, the no-charge (charger
off) mode is obtalnedL The negative charger regulator
circuits are on or off as contreolled by signals to the two
negative regulator control transistors.

The positive charge voltage 1s obtained from tap 5 of T306.

The negative charge voltage is obtained from tap 5 of T307.
1

Positive Charger Section 1l: When the positive battery

package 1is beang charged at the 4 ampere rate, one positive

regulator is on and one positive regulator i1s off. The

charging current is high and the voltage to control transistor

Q309 1s zero, holding Q309 off. The parallel connected

sensing circuit resistors R301 and R304 carry the full 4

amp charge current. Resistor R305 and Zener diode CR360

are the current limiting cirrcuit, The voltage divider

R302 and R305 provides the reference voltage comparison

between the base voltage of Q309 and the positive 40 VDC.

When the voltage 'across current measuring resistors R301

and R304 reaches the level determined by Q300, R303, R302

and CR360, the carcuit operates as a current regulator.

When the voltage at Q309 swaitches to 1 volt, Q309 is satu-
rated swatching off Q304, Q303, and Q302, thus switching to
the charger off cpndltlon.

Positive Charger Section 2: The second 4 ampere regulator
functions through its respective circuits in the same sequence
as the first 4 ampere section. The control tran31étor is
Q310. CR363 and R306 are the current limitaing circuirt, and
the voltage across CR362 1s divided by R306 and R31l. The '
second current regulator circuit is hence @323, R3l2, R3ll,
CR362, Q310, Q308, Q307, Q306.
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Negative Charger Section l: The zero volt signal applied

to control transistor Q316 holds Q316 and Q312 off and the

4 ampere charge current is applied to the negative battery
package., The current lamiting circuit consists of diode
CR366, Zener diode CR364 and resistor R320, The sum of

the BVe of Q311, Q313, and 0314, plus the voltage of R323

18 held constant by the current lamiting circuit., When

the voltage across R323 and R329 reaches the level determained
by 0314, Q315, Q313, Q311, CR364, and CR366, the circuit
operates as a constant current regulator.

The 1 volt charger off sagnal saturates Q316 turning on
Q312, shortang out the CR366 and CR364, and the voltage
of the current lamating circuit becomes zero.

Negative Charger Section 2: Thas 4 ampere charging section

functions through its respective components in the same

manner as described for the first negative 4 ampere section.
'



Ampere-Hour Meter

The basic function of the two ampere-hour meters is to
1ntegréte current flowing i1n the battery This measure

of integrated current or charge 1s then stored for read-

out as a voltage that is directly proportional to the charge
in the battery The block diagram on Figure 4 illustrates
the principal functional elements of the ampere-hour meter.
The ampere-hour meter uses the shunt method of current
detection and a readout that is a bi-directional stepping
motor coupled to a potentiometer. Power is supplied to the
ampere-hour meters either from the 28 volt DC bus or from
the battery when the system gas bottle heaters are operating.
For saimplicity, Fhe power supply connections are omitted
from the block diagram. The millivolt signal from the shunt
1s applied at the input of the ampere-hour meter circuit.

In essence, 1t looks directly at an R/C charge circuit.

The capacitor of the R/C charge circuit i1s peraiodically
pulled down to a negative voltage by the feedback path each
time the input capacitor voltage reaches zero volts. The
time i1t takes the voltage across this capacitor to return
to zero 1s a function of the R/ time constant and the
voltage appearing across the shunt which i1s proportional

to the charge or discharge current. From this information
1t can be seen that the frequency of this sawtooth waveshape
appearing across the R/ charge circuit will vary. If a
memory of the total number of pulses during any charge or
discharge cycle is maintained, the total current to or from
the battery 1s integrated with respect to time. As the
voltage across this capacitor rises to a predetermined
point, 1t 1s necessary to detect the level in some manner,
With this integrator, this poaint i1s selected to be zero
volts rather than some other level for several reasons.
First, and perhaps the most important reason, zero detectors
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are inherently more accurate devices than are other types
of level detectors, such as Schmatt tragger, unijunction,
or SCR devices. In addition, resetting poses no difficulty
and zero detectors can operate from an extremely low level
Signal.

The trigger portion of the eircuit is simply an actuator

of the feedback signal which "discharges" the input capacitor
to a negative voltage. The number of pulses 1is sensed at
the feedback poaint. Each pulse registers on a flaip~flop
which changes state on each successive pulse. The output

of thas flap-flop 1is conditioned by three cascaded flaip-
flops, each dividing the number of pulse§ by 2, and a
Dérllngton connected buffer caircuit which drives the stepper
motor. After every 8th pulse the stepper motor rotates
another increment. It 1s this device that provides the
memory and accomplishes the integrating. The readout 1is
simply a state-of-charge indicating potentiometer drivenl
directly by the stepper motor.

In order to eliminate cumulatave errors, the ampere-~hour
meter memory 1is reset when the battery i1s fully charged

as 1indicated by the battery voltage comparator. The ampere-
hour meter reset function is performed by a unijunction
oscillator coupled through an "OR" gate to the stepper
motor.

A basic schematic for the ampere-hour meter 1s pre-
sented on Figure 5. With the exception of the power
supply, each of the functional elements of this car-
cuit corresponds to the block ‘diagram. The purpose of
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having the two 1dentacal channels shown on the schematic,

1s to allow integration of both charge and discharge battery
current. Because of 1ts secondary importance, the power
supply will be discussed last; although it would appear

from the schematic to be first in line

The input signal 1s deraived from'the current shunt in the
battery bus line. This signal 1s in the order of a very'
few millavolts and 1is darectly proportional to the charge

or discharge current of the battery. The polaraity of the
signal determines which channel i1s activated. While one
channel is aintegrating, the other one does not operate since
1t 1s designed to operate with a signal of the opposite
polarity.

The R/C charge circuit 1s composed of resistors R204 and
R205,and capacaitor C205. The resistor arrangement in the
R/C, charge circuit i1s incorporated to allow for the cali-
bration of each instrument. This adjustment 1s necessary

to get maxlmum accuracy. As shunt voltage 1is applled to

the R/C charge circuirt, the voltage across capac1tor C205
will begin to rise dt a rate determined by the R/C time
constant. The voltage across the capacitor is applied
directly to the input terminals of the integrated circuit
amplaifier, A201. This amplifier i1s connected to operate

as a zero detector. The voltage divider arrangements,
resistors R206 through R209, provide the necessary offset
adjustment shown in the block diagram. ;t'ls in this network
that final resistance values are determined during production
testlné. (
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After Q205 fires,the change of voltage in €209 will be

AV =V SCR Q205 - V

C209 FWD zZener

and, neglecting lzR losses, the correspondaing voltage change

on C205 wall be

AV €209

=(V

FWDSCR Q205 - vZener + VFWD CRle)c20

c205

[

If C209 «C205

5 + C209

Then,
Avczos = (VFWDSCR Q205 - Voener * VFWDCRzll) C209
C205
In general,
T
Q=¢v= fadt
0
So during reset,
Qo205 = C205 (VFWDSCR Q205 - Voener ¥ V FWDCRzll) gggg
and after reset
5/? 1, 8t = Cc209 (VFWDSCR Q205 -~ Voener + VFWDCRzll)
Assuming I, s approximately constant,
I =—E-;-l-£
in Rln
then,
Ein
ﬁ:; T = C209 (VfWDSCR Q205 - Voener +‘VFWDCR211)
from which,
= 21 -
T = E C209 (VFWDSCR Q205 Voener ¥ VFWDCR211)

Ag shown by equation 9, the frequency of the ripple voltage

on the R/C charge circuit 1s proportional to the input voltage

and several other parameters which remain constant and is
independent of the value of C205. These constants are the
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D.

only sources of error in the system. 'It is, therefore,
necessary to direct particular attention to the stability
of these components. ' If extreme accuracy were required

1t would be necessary to temperature compensate for V

FWD
SCR Q205 and V

P
FWD CR211 voltage changes.

As the feedback storage capacitor C209 1s cycling at the
frequeney of the input ripple voltage, by AC coupling this
device through €210 to the integrated circuit flip-flops
each successive pulse registers a distinct change of state.
Each output channel of the flip-flops is coupled to the
Darlington buffer caircuaits.

The output of the buffer circuits appears in the form of

a pulse. These pulses are used to sequence the stepper
motor. Each successive pulse appears on alternate channels.
Regardless of which channel produces the pulsé, the stepper
motor 1is sequenced another aincrement. With this action,
accurate integration is accomplished.

The 'DC Power Supply furnashes all of the bias voltages required
for the integrator. The power supply itself is simple. It
comprises an input series regulator and a magnetically coupled
DC converter to perform the DC to AC conversion. The AC
output of the converter is full wave rectified to provide

the appropriate DC output voltages.

Telemetry

The DC Power System telemetry provides standard 0 to 5 volt
analog signals to measure temperatures, voltages,‘'currents
and battery states of charge. The telemetry 1is designed so
that a short circuit or open circuit of any of the telemetry
outputs will not disable any of the main system functions.
The output load for the telemetry should be greater than
100,000 ohms, (1 megohm is standard)' for good accuracy.
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Battery State of Charge Telemetry

Battery state of charge i1s taken directly from the ampere-~
hour meter potentiometer readout through a series failsafe
1solation resistor. State of charge 18 directly propor-
tional to telemetry voltage.

Voltage Telemetry |
Voltage sensors are samply voltage divaders composed of
resistors with better than % 100 parts per million per degree

centigrade temperature coefficients, t

Temperature Telemetry

Battery temperature is sensed by internal thermistors that
are part of a simple resistor voltage divider network supplied
from a reference Zener diode. The temperature versus voltage
characteristic i1s non~linear so temperature versus output
voltar » calibration curves are necessary for each channel,

Current Telemetry

Current transductors are used to measure the current in the
+ 28 volt bus and in the -28 volt bus and the currents into
or out of the batteries.

Each of the four transductors 1s supplied from a separate

DC to AC converter that i1s fused so that failure of any one
converter will not damage the system and will not destroy
all of the current monitors. The 28 volt bus current range
1s from 0 to 50 amperes and the battery monitor current range
1s from ~10 amperes to + 40 amperes, Charge current is con—’
sidered negatave.

Power Relay

The power relay functions to connect or disconnect the batteries
from.the positive and negative 28 VDC buses. Thas bistable
latching type relay is energized by a pulse supplied by the
logic circuits. In addition to the bus contacts, the relay has



two sets of contacts used for signaling the position of the
relay. ©One set of contacts closes to provide a relay position
indication signal when the bus relay contacts are closed. The
other set of contacts closes to provide a relay position andi-
cation saignal when the bus relay contacts are open.

Battery System

The battery system for the EMPS252 DC Power Supply 1s com-
posed of two identical canisters, each of which contains
twenty-five sealed silver-cadmium cells, two thermistors and
current measuring shunt. These unats function as the + 28V
and - 28V batterie& within the system. The batteries are
rechargeable and provide output bus backup capability as
well as required energy for start-up and shutdown of the
Brayton System.

The cells waithin the batteraies are Yardney type ¥5-85(S)
cells and have a nominal power rating of 85 ampere-hours.
Bach cell was epoxy sealed after test and no preventive
maintenance 1s required,

The thermistors used in each canister are Gulton Model
35Tp25 devaces., The units are attached to the center
cell within the 5 x 5 battery matrix. One thermastor is
provided as a telemetry output, the other thermistor ain-
dicates battery temperature to the DC Power Supply in-
ternal logic.

Each battery canister also contains an Empro type A-50-100
current shunt in the negative leg of the ciarcuit. The
voltage signal from this shunt is directed to the appro-
priate ampere~hour meter withan the DC Power Supply logic
which indacates at all times the state-of-charge of the
associated battery.



IV. RELIABILITY
Reliabilaty Estimate,
The following reliabilaity estimate for the DC Power Supply 1is
based on the total electrical component parts count and utilizes
component part fallure rates and other estimating techniques as
outlined an the Engineered Magnetics Reliabilaity Handbook. As
substantial carcuit changes have occurred since the previous
Relaabailaty Estamate was submitted to NASA, this Reliability
Estamate updates that report as a final submittal.

Certain basic assumptions were used in the preparation of thais
Reliabilaty estimate and are defined as follows:

1. No workmanshaip errors exist in the assembling of the
components into a complete unait at EMD to contribute
to a system failure (i.e. special controls and
procedures were devised to eliminate this failure
mode) .

2. Failure of any part used in the calculation wall
constitute a system failure.

3. Ambient temperature is 40°C.

4. All component parts are used with proper derataings
at the maximum temperature and load conditaion(s).

The MTBF is calculated by using the reciprocal of the summation
of the indivadual component part failure rates, i.e.,

MTBF = 1

YAl

where=‘AJ,= failure rate of andividual component part.

The MTBF for the DC Power Supply i1s 62,464 hours. The reliabality

il ] -



of the indaivadual sections was calculated and the failure rate
(fa:.lurvs:s/lo8 nours) for the section was determined. The sum-~
mation of these sections was accomplished as andacated an the

fellowang:

LAs = Aps *A sz * loaz *An *Aam
*Ar *As * A

where: /\.S = failure rate of the section

»

[}

/\PS failure rate of Power Supply

l+42 = failure rate of +42V Regulator

l —42 = failure rate of =42V Regulator

Il

AL failure rate of Logic
rd

1
failure rate of Ampere-Hour meter

]

A.AH

AT = failure rate of Telemetry

AB = failure rate of Battery

).PR = falrlure rate of Power Relay
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E:A~S = 150 + 119.82 + 113.81 + 387.64 + 492.60
+ 197,04 -+ 100 + 40

= 1600.91 failures/10° hours

The MTBF ais
MTBF = 10%  thours
1600, 91

]

62,464 hours

-



V.

TEST PLAN

Development Test

Circuit operation tests were conducted on the engineering bread-i
boards of the A-H Meter, logic, battery charger.and telemetry
functions to determine proper circuit operation, circuit stabil-
ity and to verify set poants and biasing. Tests were conducted
on the first unit transformer-rectifier to confirm functional
characteristics and operation.

Battery Characteristics: These tests function to confirm the
charge, discharge, and steady state characteraistics of the bat-
tery assembly.

Operation: Tests were conducted on the assembled Power Supplies
(1ncluding battery) to determine integration problems, unstable
modes of operation or mismatches in circuit set points and bias-
ing. The functioning of the manual commands and power relay was
also checked at this time.

DC Power Supply Characteristics: The farst assembled DC Power
Supply unit was tested to determlné functional characteraistaics.
During these tests the steady state-power gquality and output
transients due to input power\varlatlons (1ncluding operation of
the power rglay) were measured and sample measurements obtained
are to confirm the assumed reliabilaty stress levels.

Thermal Test

Thermal map measurements determine the internal and interface
heat transfer characterlétlcs of the system electronic package

of the first deliverable system after completion of other func-
tional tests. These tests function to confirm the therpal analy-
s1s and locate critical component temperature levels., See Ap-
pendix III for the Thermal Test Report.

Acceptance Test
Engaineered Magnetics Test Procedure for EMPS252 Brayton Cycle
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DC Power System (EMD Procedure No. 713331) presentéd in Appendix
II, 18 the Acceptance Test Procedure for the DC Power Supply. The
Acceptance Test, functional in nature, was performed to assure cir-
cuilt operation.

Life Test

At the completion of the operational tests of Unat No. 1, a 50 cycle,
10,000 hour endurance test (Laife Test) was initiated. When this test
1s completed, another 10,000 hour, 75 cycle life test will be performed
usang battery simulators instead of actual batteries. A special secur-
ed area was established for the purpose of preserving the test. This
area 1s immediately adjacent to the ainstallation logatlon of the
1260—cycle, four-wire, three-phase, extended-life motor generator

set, which was purchased under the contract specifically for the

life test. The equipment within the secured test area are:

1. The DC Power Supply

2., Battery canasters lA and 1B

3. Motor generator control panel

4, Power Supply load bank

5. Two Rustrak, dual-channel, Tymeshare recorders
which continuously record the following system para-
meters: positive and negative output voltages, posi-
tive and negative output current, positive and negatave
battery termlﬂal voltages, positive and negative battery
current (bi-directiocnal)

6. Ventilation equipment for system loads and test equipment

7. Overload and battery protection circuits, and

8. Test fallure alarm system.

Since 1its initaiation, the Life Test has proceeded continuously,
on a 24-hour-a-day biasig (except for several equipment malfunc-
tions and two commercial power interruptions). Monitoring by
the Rustrak recorders”is contanuous., Operational time 1s re-
corded from the operating hoursmeter of the motor generator con-
trol panel which 1s directly related to the number of hours the
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DC Power Supply has been under test.

Except when an operational cycle is run, monitoraing of the test
setup takes place on a daily basis. Protective circuits associ-
ated with the motor generator, the anput fusing to éhe unit under
test, and the external protective circuits which will remove a
badly dascharged battery from thg test setup loads insure that a
malfunction will not cause permanent equipment damage between
monitoring periods. When a test cycle a1s to be performed, the
unit 1s manually sequenced through battery loading during the
beginning of a normal day shift. The unit as then set to perform
the automatic battery charging operation and is monitored at ap-
proximately one hour aintervals., A provision 1s made so that ad-
ditional monitoraing at the same periods takes place duraing the
second shaift. To date, the Life Test has continued satasfactorily.
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vi.

CONCLUSIONS

Design and development of the DC Power Supply (EMPS252) were
satisfactorily completed by the Engineered Magnetics Division
of Gulton Industrzes, Inc., and the four fabricated DC Power
Supplies (wath the exception of the batteries) met or exceed—
ed the purchase specification for the unit with no deviations
or wailvers required. System testing of the DC Power Supply,
as a part of the Brayton Cycle Power Conversion S&stem program
at the NASA Lewas Research Center and its Plumbrook facalaty,
has demonstrated the compataibillity of the DC Power Supply with
other Brayton Engine components. The life testing presently
being conducted at the Gulton, Hawthorne, California facility
also demonstrates that the DC Power Supply meets its required
performance goals.

High reliability components were used in the fabrication of

the DC Power Supply units of this contract, to support the de-
velopmental philosophy of the entire Brayton Program. Provision
was made, however, for upgrading the MTBF of the pC‘Power Supply
by using in 1ts design only components which can be replaced

by Ultra-High Reliability parts such as JANTX parts. -Such
units, which can be fabricated by the simple expedient of sub-
stitutaing the Ultra-High Reliability parts upon a part-for-part
basis in the present desagn, will considerably enhance the MTEF
of the DC Power Supply. Saince the present units meet the pro-
jected life requirements for an unattended Brayton Power System,
the improved unit can exceed the projected requirements.

A considerable amount of redundancy or component failure toler-
ance was designed into the DC Power Supply, particularly in its
transformer-rectifier power conversion section. This sectaon,
which accomplaishes %he primary work of the DC Power Supply by
converting the 208 volt, 3 phase, 1200 Hz, AC power into posi-
tive and negative 28 volt DC power can withstand the loss of
one of its two power transformers and approximately half of its
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rectifrcation elements and still deliver full rated output power,
although at a somewhat decreased efficiency and higher rlppFe
level. The control and logic sections of the DC Power Supply
also provide, wherever possible, several alternate channels of
control or backup logic modes. The Power Supply, which was de-
signed for unatteﬂded space use of long duration, 1s completely
satisfactory in its present configuration for its aintended fainal

' +

mission use.
The DC Power Supply Program was thoroughly planned and conducted
with a minimum of design and development work. While this ap-
proach proved to be guite successful, it did not provide the
usual number of opportunities between breadboards, prototypes,
and qualification units to incorporate design changes as such
improvements presented themselves. The DC Power Supply's
present configuration with the exception of the battery meets or
exceeds all the regquirements of its purchase specification, but a
review of the overall program indicates four areas for further
consaderation in regard to @odlflcatlons of future DC Power Supply
designs.
1. The Power Supply control circuits were changed

several times during the program to match slight

modifications in the overall system control

philosophy. Due to the program schedule, these

changes were usually additions or modifications

to the existing circuits. A review of the final

control circuits, as compared with the latest system

requirements, may result in some design simpli-

fication.

2. The charge scheme used in the presently configured
Power Supply, including the use of ampere-~hour
meters for indication and control, should be re-
viewed for compatibaility with other types of bat-
teries (such as silver-zanc). In addition, Gulton
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has developed and tested a circuit which charges
batteries by a pulse demand method. This circuit,
developed after the design of the DC Power Supply
was completed, provides a method for improving

the battery charging and battery charge control
portions of the presently configured Power Supply,
and has the additional capability of battery con-’
ditioning. A trade-off study of these possibilities
should be undertaken before fabrication of future
BC Power Supplies of th2xs type.

The thermal heat map measurements has indicated the
possibility of several improvements of the heat paths
within the Power Supply. Improved reliabality and
optimization of these heat paths to "obtain" a more
even distribution of the heat generated within the
Power Supply can be accomplished by perfofming several
simple physical design modifications to the Power

Supply.

The state-of~-the-art in Silver Cadmium batteries was
not compatible with the five (5) year life objective
of the Brayton program. Additional work 1s necessary |
to acquire a battery which can meet this five (5}

year life requarement ain the anticipated Brayton

environment.
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APPENDIX I

DRAWING PACKAGE

1, Laist of Material IM 513260

2, Outline and Specification 413249
3. Schematic Diagram 513911

4. Final Assémbly Drawing 513260
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QTY
REQ

141

412278 — |\ CONAP ASTY TR4S B

N2 T - | R C BRRD ASSY T4 |
145,

413277 -2 BRD BLANK \
BRESXEE | TERM LERCO 28
1Isg 247 -9 STAONDOFF CAMBION|O

M392003/01-2043 CAP C2G,27 MILC-32003/1A |2

( CSRIBEZZEKL)
 [UBHTTIOBIX COMPARATOR AG-9 <
_ FLAT PACK FA\RC HILD
155 .

i ENMTD245] TRANS Q2 SOLITRON I

EMIDSD] TRANS QIO RAYTHEDON] |
IGOIENM T4 TO 0 ‘T‘QAMS R25-22,32 RAYTHEON [

|
| [EMT470° TFRAM% RID, 2420, RAYTHEN G
5\,3’3,?:4
S EMTV4TT TRANS QM— MOTOROLA |
A INGAS DIODE CRR3IZ-A4L,4D-45,12,13] |
Mil- S -19500/240 4

ENMTOARO | DIODE , ZENER CR42 TRWJ ||
170
| Gz -52-zk [MARES ReX DALE ||

RS- -400L RES RR2 DALE \
[75|RCO7GF DI T RES RI4Z MIL-R-11/8 | 1

SIZE |CODE IDENT NO
Aloe509 | M DID26O
SCALE —— REV A SHEET 7

EM FORM $17739C

-7

!



ASSY . 10N, . -
ITEM PART NUMBER | LEVEL SYM, SPDE%?CCROIEE IDENT NO ggé
1 7GRCZOGF 262 J N RES RB8 MR-\ /g ||
RC2OGFIS2T RES R34 Mir-i1l/8 |2
RNESC S| R RES RIOX®  MILR-10509/7 ||
Els A
| RUEECBOOF RES RID l
RNESCIOOIF RES RZ24,20 2
'
185 RNBERCDD2IF RES R20O,125,137,91, 14-
29,122,129,127,23, |
1o, o HTHAO 120
I
RMNBECA0Z \F RES =T | |
|20,
RNISSCIO0OZF RED H4,35,30 f 21
| £9,724. 570 ‘
| D2 1oL D&
1 IO L1202, .
125 122Zh124, 180, '
1250 . 2 24
RNSSC2IEZF /[ RES Real0.1352, 5
125, S
200
RASECOBI2F RES RIOZ,\05 2
| RNBECICOZF RES R4 !
2CRNESC. - — - F RES RY9% <.LT. )
=2 100 TO K
RNESC o . F RES RIO4 103 ST 2
2= SKTO2ZOK
J Y
2\ 0PNESCRI22 F RES R23,25 MIL-R-10509/7 [Z
SIZE |[CODE IDENT NO
Alossoe | WM S\I2ZGO
SCALE —— REV A SHEET &3

EM FOR

M 17759C

A

I-8



R ASSY DESCRIPTION, QTY
{TEM PART NUMBER ] %EZ%}E SYM, SPEC, CODE IDENT NO REQ
211
RNSSC...-_F RES 92,985, 109 =
, < LT = 10K TOOK
MIL-R-10502/7
2IRNEESC . F RES RIS <.0.T, i
= CZOKTOIOOK
RNSEC o~ F RES RIS sS.I.T, \
= 2.49KToZIaK ¥
220 MIL-R=-10509/7
M3OCR/01-2.1 1Ko CAP Cl12-1T719 MIECEIOTR0N 7
(CSRI3G [OSKL)
M2DCOZ/01-2043 CAP CI& Mil=E2POR0 |
(CSR\ZE225KY) -
2ZENMBZOO0I-2IT CAP C3 MIL. G2 OO0 |
B (CSRI3G 186 1KL)
| [10034-NYL TRANSIPAD THE MiLToN RoSS CO |12
|00 -DAP TRANS!PAD THE MILTON RoSS co| 3
EMUCYKO\BT {03 M CAP C2/,28 eEM 71 4l 2
220, 42276 ~| COMNME ASSY TR ‘
413275 —| /B, BoD Assy TS ;
T 413275 -2 BRD BLANMK t
235 .
SOTSR TERN LERCO 43
T (12472 STANDOFF CAMBION | &
240 T
IEECEEIEN FLIP FLOD FF 1 FAIRCHILD |
245!
SIZE |CODE IDENT NO
- -
Aloss09 | WM S\SCLO

SCALE

REY A SHEET <

Ar——

EM FOR

M 17758C

I-9

}




ASS , . |QTY
ITER PART NUMBER ] li.Es\ﬁgsL& SYH, SP%%S,CCRC:EEI?DNENT NO REQ]
Z4¢ |
U2HTTIO21 X COMPARATOR ALZ,34AE |
FAIRCHILD
zsojamvassr TeTR Q4 RAZTHEGSK | 1
EMTO45] TSTR Q3 SOLITRON ||
| |EM 12458 TSR @ Q7 G.E. [
| EMT4TOG TSTR Q508622 RAYTHEON[ 10
258
AF INGAS /| DIODE CRZ,56-11,14 24!
1&-22,24-2 (o
26-32,3,5
! MIL-S -1 9500/240
260, INTS2Z2 A DIODE, ZENER (R7, I
MIL-S-19500/127
INNTE3BA DIODE ZENER CR23 B
MIL-S-19500/127
| [EM 72430~ DIODE  cR27 TRW |
265
J-2-o -80a REC ROZ DALE [
RCO (R 431 RES R MIL R V]|
270 RC20GFER3 G2 RES RI7 MiL=-R-1 14| |
[ RABSCEIRIF RES RES, (8 MlL.-iZ-I‘OSOS/'i 2
RAISSC 2740F RES RIB)129 2
275
RS COP)0OF RS Ro7 f
¥
RSSO A1 IRES RS HITIFDSE MI-R-10509/7_' 5|
280
SIZE |[CODE IDENT NO
A | 06509 I 513260
SCALE —— REY A SHEET | O

EM FOR

M 17739C

e

A

I-i10



! ,

R A
fT.EM PART NUMBER : lé.E-%SVjEYSLé SYM, SP?EE(EZS:CCROESEI?DNENT NO ggé
28/ _ |
RUIBESC33ZIF | RES R284A445,46, 3! A
2,70,71,75,77 72, 81
o MIL- R-1050%/7
285" A
RAISSCIO02F REDS 910,122,131, z22
15,10,80,82,34
'4734 61 E.Z,EBJ
54, O LWeAGS,
290 eNZNICR )
RiJesC o052 RES Rraz2 |
295 IRINIESC St REDS RE3&25,6, 26, 2 5 |
RNSsSC4c 4| F RES RS5O !
RNSEC ESIEF RES RE5, 58 2
[RMSECIO03F RES RI14,65,8 = |
200
RNEEC ____.F RES R4S ST, K
& \OOILTO K
T RNESC e F RES REG,DST ST z
305 22 SKTOZOK
= Y S — RES R4S,I2050D SLT <1
S IOKTOEOK.
N V| ReS =12 ST j
; = Z2OKTO 1IO0K
RUSEL K eSS K13 Sa.T ¢ !
; = 2 KT 74K
375, MIL-R-10502/7
SIZE |CODE IDENT NO
A | 06509 | BIRYACT®,

SCALE ——— REV A SHEET | |

EM FORM 177359C

* -4



ASSY DESCRIPTION, . laTy
ITEM PART NUMBER | LEVEL SY#, SPEC, CODE IDENT NO REQ
2/¢

RNESSC. o F IRES R4l ST 1
o SN O T2 S
—

MiL-R-10502/7

?zoi MO o2IH 17

CAT-C5-2\1,24 25 MI=-C2R0C2/IA 8

(CSRIZGIOSKL)
ME00Z/01-2043 A O |
CcSRIBE 225KL)
MZBXDCO2/01-2129 CAF C.i \
325 CCSRIRG 1B KL
MZOOR,O\-2CE] AP C2 MIL=EZOTZ/IA |
CCSRIBE46KL)
10034 - WL /|| TRANSIPAD THE ™MILTON RossCT |
o638 -DAP /| | | TRANSIPAD THE MILTON ROSS (0| 2
330, EMUCYKOIBTIO3M CAP C22,23,3| EMTN4L [
R COMP ASEY TREE O Z
| 227D - BC.BeDASSY TRSd. ||

335 4\D2I9 -2

BRD BLANK {

SOTSB T E R NA LERIO 26
T [i2aT7-1 STANDOC = CAMRBION |
340! , .
U BAT709D31 X COMPARATOR A20},202
FAIRCHILD =
B EN IS FLIP-FLOPD FF2CI-FF2OSs &
i FLAT PACK FAIRCH LD
345
G 74700 H TSTR Q203,209,211 N
2O SIB21T,
25
350 GL 14709 H TSTR 207 RAYTHEON l

SIZE |CODE IDENT NO

Alossos | M D100

SCALE

REV A SHEET | 2.

EM FORM 1775%C

+ I-12



"' ITER ) PART NUMBER ] %%S\E%Lé SYM, sp%ecs,cgéggi?nﬁém NO géé
z5/
GITTDSD | TR R212, 2, 4
! 210 215 RAYTHEON
355G L (458 TSTie R2e04,208,2\3 GE |3 |
GlTeR & TSTR RO, \4 & E |2
T S A DIODE ,ZENER CRz214 \
30| MIL-S-19500/127
'S T12430 DIOTOE,ZENER (R 255,213, | 4
CR 221 TRW
AFINRCAD DIQDE CBZ 1,2V 22, 251, |17
223,22.42230, 252,249,
3635, 215-220,220,256
b MiIL-S- D500 /440
NN = RES =ZIZ2,Z216, 218 Rl
Z22.4,245:249
370 MiL R-10509/7
RGBS CZOSOF REDS Rae=0 AT
RNS5C 5621 F RrRES 20S, 241 2
RMNESCLIDIFE RES R2O7T, 243 2
375
RNDDCZ20iE RES R224,2325 =
RNSS5C 1472 F RES Rz22l |
RAESCIBROF RES Ra4T
280, RAIEE CBE2OF RES RZITLBD 2
i
RN S| | IF RES 220,  WMILR-0502/7 | 3|
g, 255
FA5, RCOTIGF 1S5S0 T ReS  R2IS MILR-U/8 |1
CODE IDENT NO
” r“‘\
06509 | M DIZ20H
SCALE ——— REVY A SHEET | =

EM FORM 17739C

+ T-(3



: ASSY ESC ’ QTY
ITEM PART NUMBER | LEVEL SYM, S?%.cs, ggg??gsw NO * IREQ
380
RAISSCIOOF R RE272, 2235, =
g ._,.,ZL?H 2% 1-...4-—-3
i mn_-cz- 10502/7
o RNESC ) \o2F ||| IRES 122.:0,2262 i 12
! 211, 2ol 2P0, T 260
S, 246 225 {Zé”
RAIESCSOE RES RIS, 252,225 5 ]
325 21, 225
RMNBESCZ152F RES RZ2721,232 2
NSO F RES ReOo4, 240 sa T Z.
400 o SOL0.TO VKL
| [RaEe Rel BWIOoS 244 ST z
£ TR TO SO
405 RMNESC . . ReT RZ2o9 245, - | <
DOKTO 100K Y
i MiLs R-10509/7
&2 SO RES RZISD DALE | |
4\0 5 | leXel RE=S ReO.o24al DALE 2
T TeEse -G CAP Lot SPRAGEZ
415
MEDCOT2/01-2056 CAP C20&ZZ2  MICERRIN3
214 (CSRI3G 104 KLVU)
i
L AGS -2 —1Su Res Reld 281 DaLe 2
420, i
SIZE ICODE IDENT NO
A 06509 M 51 5?.(00
SCALE ~—— REV A SHEET | 4~

* Tl



frest

PART NUMBER

ASSY

LEVEL
123456

DESCRIPTION,
SYM, SPEC, CODE IDENT NO

QTY
REQ

7z]"
A2 OO SDIZIZE CAP Czil 202 NAICZORMN 4
3 : Z241, 227 (CSR12G475 KLY)
725 MO0 O-207E CARP C2S MikEZOO2/MA |
‘ w (CSR13G GBIKLY
MZDOO/0I-2421 CAP COSARZIBAR -
CCsSRY3 B 337KPU) N = C-20002AN
430 [EMUCYKOIBTIOZM CAP CRIC,200, EMIAL |4
C233,234
EMUCYKOIRT323M CAP  C2Ii& EMTI41 |1
CKIZAXATONA CAP C207,217 MIL-C-|015 gl 2
135 L
CKIZAX{Ol M CAP C206,216 NML-C-\108/20 |2
10227 -NYL TRANSIPAD THE MILTON ROSS Co | 2
|e028 - DapP TRANSIPAD THE MILTON Boss Co |4
10034 - NYL /|| TRANSIPAD  THE MILToN ROSS COl i
440 TXPOSOSE RETAWIER IERC 11
74 1—2 L WASHER, MicA i
\ OD2 -5 WASHER., EPOXY !
MSEPR5T-25 SCREW 10 |
4945 MDSsIo5T7T-5 scRew q4-
 IMSSI9ST-BR SCREW 4
IMSEID5TT-28 SCREW 4
450 (MSZA DD -(26 SCREW 12
MSZ A2 -C38 | || SCREW 2
MSIDT79E ~-208 WASHER. ,FLAT !
455MSIs 795 -302 WASHER , FLAT <+
SIZE [CODE IDENT NC — .
— -
Aloesog | NI 00
SCALE ——— REV A | SHEET | &°

EM FORM 17759C

!

Ty



ITEM PART NUMBER ] I;%S\/jgsLé SYH, SP%%?CCRSSEI?DNE'NT NO ggé
156 M S T & =505 | ] VAT A LT iz
MSIETIS -303 WIASHER B AT [
- IMSEEERET S WAL HEie LOC I 1
N5z (9 WAL HEW. Lo e
460 MS 3564 D-24 | /] INLT 4.
O MS 2564 -04 NOT {2
M= 2S6S004 NOT i
s X D6 LUuG ZiERICIC] |
2170 =1 YET AR Assy TBD !
465 21 Dol ~| T TING ) TRS f
3132066 —2 BRD BLANIK . A
50L& 1 TEENATNIAL LERCO |20
| INASARDDY -2 < AT 4
= DL EE TERNAVNMNL LERCO 12
470 3\3 287 ~| XFMR T204,204A 2
52134 -1D CORE _ L MAag.INC 12
22BN ~ XENATS T 208, OSSP z
Az22 0Dl A IESORE 2
E /) WIRE AR
175, 1 AZDIDST-1D HESXISVVIE |
| 40O-1c. -2, LINIATSHER {
Z2542% | -4 NI i
25429 -4-3 INSERT |
Q1225 —|\ SUE CHASOIS AT !
450, 413282 -2 SUER CHASSIS _ )
i —
413282 -3 ST EENIERR R
| IMEGOE -0 /N UT ARKCHOR KAMNAR (4
A= I321-Clo ATINUT AR WA WAYNAR WO
JES I ME D480 N2 RIVET &
ME2ZOL 2LAD 2 RINET (4@
MS22D37-77 YwAS HER. LOCK £
2 Ms35837-8( [ NTTIWASHER, LoCK il
SIZE CODE IDENT NO
Alossog | WM Di=__
SCALE REV A SHEET 1 &

EM FORM 1T739C

T-ib



. arTy
IT‘EM PART NUMBER ‘ %%S\ffl}:;l.d SYM, sp%%%ccﬂéggi?gém NO. REQ
42/ ,
2ID268 — 1\ / COMP Ay T3\ |
52T -1 BOARD Avmey T6 | 1
25
313267 -2 BOARD BLAMW, \
2SS - TERN LERCO K8
500, 2525 -3 TERLIA LERCO 18
(2T = (¢ /| I STANDOEF CANMBION 4-
505
BB ) =1 XFMER ASSY T30 s
3263 CORE. T il
5/0
B4 COVL FORM 2
2= BRACKET ASSY [
5/5 3122685 -2 PRACLKET '
NEIVBRI~-O0 NUT~ AMCHOR.  KAYNAR 12
MS2O426AD 2 RIVET 4-
520
iR 2l INSULATOR, A/
525 , i :
1 SIZE |[CODE IDENT NO o
Aloss09 | I DIBCL0O
SCALE REV A SHEET {7

EM FO

Rit {1759C

T=17



ITEM

PART NUMBER

ASSY

LEVEL
123456

DESCRIPTION,
SYM, SPEC, CODE IDENT NO

. |QTY

REQ

52¢
EMTI04= DIODE |, CR300- 205 &
I_ -
GFA - Y0 FUSE.  F307-2(2 BUSSMANN |/,
530 A .
‘ - 15 FOLE,F320-825, (2
: F232- 237
: - 5 :L’(&DEJ F’-34d“ 34’9; ‘2-
L F35¢- 36l
EBSiQFA — 15 FOUSE F301— 303 BUSSMANN| 2
 MESEIO5BT-17 SCREW/ 4
NAS &T7I-C4 NIUT 4
SE0
- IMEIETEs 2og] ] WASHER FUAT <
BN WASHER LOC K 4
Hs, F 24 JWIRE BUDLS A/
A raye— Wite FLEYX AR
. | 1PE RA SOUDER & -<~57
awi SN ORES
21220 — | CONMP ASSY TR Z i
555,

21226 ~6

BPROASSY TBZ

212G 7- 7

BRO BLANIK

S,

SIZE

A

CODE IDENT NO

06509

vl Vo
lM '-.—) L. PSS N L S

SCALE

REV A

SHEET | &

EM FORM 17759C

A

1-8



ASSY DESCRIPTION, QTY

TEW|”  PART NUMBER  LEVEL SYM, SPEC, CODE IDENT NO REQ
56/,
2025 -B TERNM LERCO 48
2535-R ATTTERNM LERCO [T
426 ]
124710 TERNM CAMBION |«
570 DID2GT ~| XMFR ASSY T302 \
206 CORE. }
12004 COIL. FORN 3
75
N2 5 = BPRACIKLET ASSY 2
23265 -2 : BRACKET \
580! NMAE 1 BRI ~O00 UT ANCHOR KAYNAR |2
MSZ204426ATE RAVET <
=5
o\l , INSUOLATOR.
B2
EM \OCA56 DIODE CR 306- 311 ©
595

SIZE |CODE IDENT NO n .
Alo06509 | M \326L0O

SCALE

EM FORM 17759C +

REY A SHEET |9
T-19




ASSY DESCRIPTION, + 1QTY
ITEM PART NUMBER , LEVEL, SYH, SPEC, CODE IDENT NO REQ
592,
GFA - %o FUSE F213-316, 318319, BUSSMANN O
' N . h
¥ =15 FUSE &326-33|, i 12
GO0, ~ F338- 343
‘ -5 FUSE F350-355, 12
¥ F362- 367 ,
_ 1@FA -5 FUSE  F304- 306  BUSSMANN | 3
o5 M SBIDST-17 SCREW 4
NASGTV -C4 NUT 4
MDD ~2DO R WAASH ER - FLATT .
&/
MS3ERRJT-TS WASHE T - LOCK 4
= 24 / WIRE BUSS AJR
| .
&6/5 =24 \WHT / WIRE- FLEX
TYPE RA SOLDER, QOA-S-21) AR
SN O et
G20
2IETED - WFENATE Ao TR- |
Z o= —| PO TINIG CUP |
2.5
I 213DER -2 CUPE i . |
3UTDEE -3 BASE S 1
IC A A DD =00 = PACER. |4
SIZE ICODE IDENT NO
i e R ST
A | 06509 IM S22 260
SCALE — REV A SHEET 2 O

EM FORM177359C

%

I-20



1 * A3S CRIPTION, Qry
ITEH PART NUMBER 1 %Eg%;ﬁi?.ﬁ SYM, SP?EES go‘aei?aﬂsm NO REQ
&3,

Bz R TERNA LERCOD [\
G35, 213573 T XMFEFR T 204 ]
. B2oci-IA /|| core MAas& INC | T

|
a0

21239171 4 /| YMFR TR {
S520C1-1A / cCoreE MAG INC 3

i

45
=24 BUEsS i VUITTRE, A

@50
2| DD /| YMFR AaSY TRIZ \
BARDOGES | FOTTINLG CUR {
Gssfgta%es -2, COF L \

!

TI3DC8 ~ BASE "'"“ \
NASA 2 DO O S PACER - &
Lo
=026 . TTERNINAL LERCO Ik
G65,

SIZE |CODE IDENT NO

A lossos | MSIR2GO

SCALE = REV A SHEET 2. |

EM FORM 17758C } T-24



ASSY DESCRIPTION, » 1QTY
ITEM PART NUKBER LEVEL SY#, SPEC, CODE IDENT NO, Rﬁf}'
2
21239773 YWIFR T30 n
S520GI-IA Core MAG NG =
.70
! :
|
L 213974 XMFR T207 |
| 52061 -1A /|| core MAG INC B
|
G759,
i
L Tzd BUsS WIRE AR
6RO
A4\32254 —i MOTOR AcSY [
AN B2 E ~| MOTOR, BRACKET ASSY !
6.852 413252 —= BPRACWWET |
NAT OOESCOGM, MNOT T2ATE 4
MO 2AD RINVET & |
“‘69*@; '
Bieasod 8 NMOTOR M201,20lA 2.
2 AW, HANDON
|77 ST POT IK IS STORN 2.
25 Vo X3S HAFT R263,265
’ , z] ComPUTER INSTR CO,
700,
SIZE CODE IDENT NO .
Aloeso9 | WD O
SCALE = REV A SHEET‘Z_Z_
EM FORM 17759C * I-22



ASSY DESCRIPTIO . laTy
ITEM PART NUMBER (LEVEL SYM, SPEC, CODE ED%NE‘ NO. Reg'
cce,
213773 WIER T30 )
BZ2O0ci~tA CoRE MAG INC =

670,

}

)

213974 XMFR T2071 |

I 52061 ~iA /L CoreE MAG INC =

l
G75,

i

| TFzd B WIR= AR
8O

A\Z 254 —| MOTOR ASSY i

ETEYE=% MOTOR BRACKET ASSY ||
@“853 413252 —= BRACKET i

NAS VO F>COOGM AU T2PLATES 4

MS2 4 2ADT, RIVET &
é%@l

BIasos NOTOR M201,200A 2.

2 AW, HAVYDON

{717 =J POT IKSLIZAOW S TORN z.
RS e X3S HAFT  R263, 265
S - [2] COMPUTER INSTR CO
700,

SIZE |CODE IDENT NO
- A
Alossoe | MDD lo>

SCALE -—

REY

N SHEET2_ 7.

EM FORM 17759C

}

I-22



TEM|

PART NUMBER

ASSY DESCRIPTION, QTy

‘ !:TEsvaEsLs SYM, SPEC, CODE IDENT NO REG

70|

BN COMPONENT ASSY T
i 313253 -2 TERM BRD Assy !
2 3132583 -3 2D BLANKL |
213263 -4 INSOLATOR, R

70| 2O 2B T ERNAINIAL LERCOR4A

RNDSC o F

RED Rzes 5.1 *

=L SOINO TS0

MIL-R~-|0502 /7

RNSECOZK

115

RES R233,220 MILRI0509/7 |2

GT 940

DIODE -ZENER £WRZ229 \

TRW

AFI\W1G4a =

DIODTE CR2ZS,220,2271 8

2,22 DA, 2264

720 e I A TEAA
M- S-\DSORD /240

=24} (/A /I NANRE BRUSS QAQ-\R-2473 AR
| TYPED
(725

T7-| / COUPULING PIc DeES\Gebd |2
/ CORP

| [Mss1957-2% SCREW <
730,

I MS824693-C6 SCRENY =)
— MEEsEET- o T WASHER-LoCK 4
735, .

SIZE |CODE IDENT NO
A | 06509 M S122:-0

SCALE — REV A SHEETZ. 3

EM FORM 17739C

} T-23



ITEM

PART NUMBER

ASSY

LEVEL
123456

DESCRIPTION,
SY#, SPEC, CODE IDENT NO

736G
IMSZ =227 MASHER -LoCK z
NS BTS20 WASHEWR -FLAT 4.
740
MS DA -44 NUT =
MS oA -4 NOT Z
745i-rpz-r24(7)u_q WIRE MW -1 TYHFERAR
AF W 645 DIODE CRL4 MIL-S-19500/240| 2
X N=407 RELAY HARTMAN ELECT] |
:7_5_0 K l } MF'_G—M C—Ot
NASIGECRISRZEZPN| |/ CONK ) i
| [NASILEZRIGBZGPN] I/ CONKNL 2 \
155
NASIEE2RIOBGSN| |/ CONINID 2 l
[ A =g — TERM BLOCK A~ 34 |
20 '
413257 —2 TERM BLOC K 1
|
T - el ' STUOD . CAHBION [,
765, ANSIC ~C4 T 20
=12 o] PO <STRAR 2
NO. 18 H 280 LUuG, TERM Z|ERICK [4
222G RS STRARP l
770, EM1 7308~ 4 CAPACITOR , 2.0.uf |00V, 022 C30 |2
SIZE |CODE IDENT NO . n
Alosso9 | WMol 2O
SCALE REV A SHEET 2.4 ]

EM FORM 17759C

L-2%



. ASSY DESCRIPTION, Qry
" ITEM PART NUMBER 1 %%ﬂ%}é SYM, SPEC, CODE IDENT NO REQ
77t ANRDGDS —1| COMP ASSY TBS8 l
41272 - ROARD ASSY \
775 413272 -2 BOoARD BLANK l
413972~ B INSULATOR A
413372~ 4 LEATSINK i
780
3025 -B TERMINAL LeRcO 62
1 ' 1
4525 B VO
i - ¥
785 S50 26-B TERMINAL LERCCO |&
MS 20426 -AD4 RWET 5
720
AN 743-BCI3R BRACKET |
I8~ / AMFR A CUP AsSSY T20| i
313288 -2 XMFRE ASSY T20I U
795 52033 .-1D CORE MAG INC {
FIM2R285-8 cCuUpP AS3SY ]
RNI286-6C /l CUpP !
800 5025- A /| TERM |2,
NAS 43 DD0O-40 /| |SPACER !
213976 ATTIAMER,. T =R03 }
805 D205~ 1A CcOoRrRE MAG INC 3
SIZE [CODE IDENT NO
A | 06509 IMDSI 3260
[ of 1 -Q— REV A SHEET 25

EM FORM § 778400

f T-2§




ITEM

PART NUMBER

ASSY

LEVEL
123456

DESCRIPTION,
SYM, SPEC, CODE IDENT:NO.

- |QTY,

REQ

T
EM 710456 /| DIOoDE CR 366,367 Z
SIOLTAN INT7S2 A /1 DIODE CR 360, 262
MIL-S-1D500 /127 | 2
G D~ TBOO DIODE, ZENER CRB64,365 \RC| 2.
816
AFING4dSs DIODE CR2201-205,207-210
ML~ S-19500/z40! D
820
JANINZOE4E B DIoDE , ZENER CR2R2Z
ML~ 5-19500/ 272 | |
GI 799466 TIODE  CR245,246,47,48 4 |
£25
EMT78324 U TSTR Q303,307,3(3,820 4
§30 .
EMT7353\U TSTR QR 304,308-312,318,32 1| B
EM 7113497 TSTR QL TI Z
3%
EM 79451 TSTR Q2,\2 SOLITRON | 2
740l EM 74 70D U TSTR Q300,3(6,317,323 4
SIZE |{CODE IDENT NO ‘
Alossoo | M D13260
SCALE ——m— REV A SHEET 2 &

£ FORM §7739C

* I-2¢



ASSY

DESCRIPTION,

QTyY

ITEM PART NUMBER | LEVEL SYM, SPEC, CODE IDENT NO REQ
E4ll GT 72531 H TSTR Q224 RAYTHEON f
GIL 78324 TSTR R201,202 SOLITRON [ 2
84S G 78324 Hi TSTR Q223 f
AgS -3 -1K RES R 307, 36 DALE |2
=2 AGS-1 - 1K /TRES R 336, 325 DALE
. AGT-1- B Res K326,837 - DALE |2
= AGS -3 -5K reES R 305, 306 DALE | 2
G —20<L RES R=270 DALE | ]
860 AGS-5 - B LU RES w27l DALE |1 ]
AGS-B- 2 L0 RES R1,27 DAaLeE |2
AGS-3- | K RES R309,3(8 DALE |2
ES G2 ~ BooLL RES. R272 TALE !
AGS - 3 - ST, RES, z 7K R233L_OAE 1
AGS~- 3 - S.LT; RES <« 4K R3320 DALeE |1

870

RNSDCICOVF

RES R, 28 341,342,314,317,

R321,330 MiL-R-[0509/7

RNESC3S32l F

RES R343, 344 MICR- 10502/

N

1875

SIZE |CODE IDENT NO

A | 06509

IMS13260

SCALE

REV A

SHEET 2.7

EM FORM 1775%C

I-27




ASSY DESCRIPTION, - 1QTY,
ITEM PART NUMBER | LEVEL, SYM, SPEC, CODE IDENT: NO REQ
876
RNS5C 2499 F RES R302,311  MILR-10S02/7 |2
A
RNS55CZ205IF /11 |RES R345- 348
880
RNSSC____% |[{N][|RES wr30oz,812 S.I.T. z
o2 K
| §
RNSScI1002F RES RJ3,22D MIL-RB~10502/47| 2
885
RCO7GF 30| T RES Rz207,203 MIL-R-11/8 2
RCOTGF 472 T / RES Rz0! MiL-R~11/g t
820 ,
RN5S5C48TOF RES R3B\9,332 MILR-10509/7 |2
EM 710454 W-|12 CAP C20i~-204. 232 5
EMUCYKOIBTIOBM ! | [/ [||CAP €300 ,30(1 ENTII4|! 2
895
25422-4 ~4 /| INSERT \
(747 -2 / WASHER - M1 CA b
00| (40D2-5 /| WA S HER - =poxXY l
NASG20A 1O WASHER ~ FLAT Z
MS 3533781 WASHER - LOCK - Z
208
MS1 5795 -303 WASHER. - FLAT |
NASCTI-CI0 / NUT 2
D MS 21043 - O NUT t
SIZE |{CODE IDENT NO
Alossoo | INSI32G0O
SCALE ———— [REV A SHEET 2.8
EM FORM 17759C + I_za



. ‘ ASSY DESCRIPTION, QTY
ITEM PART NUMBER (LEVEL SYM, SPEC, CODE IDENT NO REQ
=1
MS 24623-Cl o SCREW I
BBRD~625-062 WASHER- INSULATOR
25 BRUSH BERYLLIUM |2
Hs X .96 UG ZIERICK !
\ OO B8 -DA P / TRANSI PAD  THE MILTON RoSS Cof 17
220
\ o018 -DAP TRANSYPAD  THE MILTON ROSS (0| &
CKROGBXIO4KP CAPACITOR , C302-304,MiL-C-390i14/2| 3
. faaf OOV ]
225
S>30
235 :
=34 20(IN3DGE) PIODE CR312-335 SYNTRON |24
s2120C0IN2DE4) DIODE CR3BIG-~-B52  SYNTRON |24
AO
RNS5C4870F | |IRES R=208,3I5 MiL-R-10802/97 | 2
A4S

ﬂiE CODE IDENT NO
Alossos | MWSI32C0

SCALE

EM FORM 17759C *

REV A SHEET 2.5
-9




ITEM

PART NUMBER

ASSY

LEVEL
123456

DESCRIPTION,
SYM, SPEC, CODE IDENT NO

+ {QTY,

REQ

L
EMT G4 T, (LDl o 2RO 8
! d"%] 3]4}%15
N 221,522
250 RH-25 O/ / BRE D R, >0 =224 - &
240, BIO, B D
MSE IS 25 SCREW 37|
S5,
L  MSEOST-IG SURENY &
| MS24693-¢29 SCREA 24
SeOMSBI257 —8 |/, [[| SCREW 8
B Z25479-& NoSERT =
65| 25429-5 N SERT 24
| z=4z5-4 NSERT 24
| BBW-200-320-60 WASHER RBRUcH BERYLLIM &
=70 g
T TaT - WASHER, MiCA 24
1747 -2 WASHER , MIcA _ 24
575 NASG7|-C2 / NOUT 8
MS 210435 NUT-LOC K =
| IMS2ZI042 -4 NUT-LOC K &4
o8civse1caz -2 T AHTINUT - Lok 24
SIZE |CODE IDENT NO ,
o PR
Alo6509 | M SIZC o

SCALE

REV A

SHEET =P

EM FORM 17759C

I-30



TTEM]

PART NUMBER

ASSY

LEVEL
123456

DESCRIPTION,
SYM, SPEC, CODE IDENT NO.

QTY
REQ

>g)

MS2406D3-C30 SCREW &

MSzZIo42-00 || M UT = LOC K 26!
ias %éla?_cso — 1 RASE AT \
| 513250 -2 BASE BRAZE ASSY \
290

MFGOR|-Ob ALTINUT AMCHOR . KAYNAR 1S

NMDBT.04T0 ADH- RIVET )
5 MF133) -0 NUT-ANCHOR KAYNAR |24

- [MSz0420AD2- RIVET ©3
1o0O|F -440-2 NJT -C LR PEM |8

S22 —1 COVER ASSY {

S1I3258 2 / COVER 1
oS »

PAGCROS C o ANINE L PIONEER, |4
B X2B0 LU G ZIERICL [|zg

s X,19¢ .U G ZIERICK 22
1610 27999C06-22 SCRE W =)

MBS TD5-805 | WASHER -« BLAT 20

NASGZ20 A 2 WASHER~- FLAT &
(015 )

L SIZE |CODE IDENT NO .

A 06509 |.M 5 \ ?3 Z.C:DO
[SCLE TEN A [FHEET = ||

L

EM FOHRM 17759C

I-31




.

ASSY DESCRIPTION, . |QTY
ITEM PART NUMBER [ LEVEL SYM, SPEC, CODE IDENT NO REQ
T
|
(140>72 -5 WASHER ~ =EpPoX Y 2 4.
i
1020 {4022 -G / WASHER —SPOXY >4
1 1402 - 7 WASHER - &POXY 8
1025 MS 35337-77 [ WASHER ~L0CK
MS B5I957- 30 SCREW
I
1030 B13575 NAME PLATE i
WAS (oS -0 RACKE SHeLl b
NADS IS~ 16 ||/ RACK SHELL {
 (NAS IS ~18 || BACK SHELW I
1035,
REF R ATTERY ASSY
| 1 ©S4 BATTERY ASSY Z
1040 25xYS 85 (S)
VARDNEY ELECT
CORP
A-50- {00 SHUNT 100 MV
1045, EMPRO MFE6 Co | 2
. R5TD25-5K THERMISTOR RTI,RTZ2 ,R269| 4
L R298 GuLTON
ICSQ | )
C SIZE |CODE IDENT NO
i, PR / -~
Aloesoe | M SI22560
SCALE REV A SHEET = 2.

EM FORM 17759C

I~

32




A%

\ IEi REVISIOHI R

Zot? Labou vose (& G0 DAY
20 voies
AL NOLES
YT N £5 ots & 000 BASIE GRID

gy e S AN SR (e Sy feant ek S Y
l | o
+* +
| T U | g
t 1]
+ 1 I + 24
l ) ! I o
i
% 1 - it
| L b | S
* . -t +*
I | 9
F + ="y
A R
S PLACES £
g‘._. e & Bitces
Fl e L7
2 = 4
SERASIE B2 RIBEIE A
WSO NASIESIRICALE PAS -
S F AASIETEEIOBE SN
/ F}-aaw:: THE STuD (Fe 20 PLeS,
o /o /ol o Q
— e , -
9 ENONG (E) o o
- NS AIF2ED
i__lo ol
o] L
4%
Iz
57
= { LIST OF MATERIAL
T Unmeres omnoemic thicines [0 2 AL €27 Gulten Industries, inc
vt pllloer el E R R OUTLINE & SPECIFICATION |
EMOVE B (DS N BORRT, ‘-—-M—M T [ ]
e mwus Y G WA T MRS 252 3
e e e Arro i oo Kt | X
e e ] NI  l [
APFLCATION qrt oo WAL I‘m s ox )




ONCR L
[
oy

ty ¥
- 1
- b1
e
R § =
Laeares
2l o L v: g; n (rn-rars) - asrriay r@w
are av Q& \
i s] y » @] [
- )
s
kg | o sk a5 ass .2 aiw
- - i o etz
o = ¥
- or
7~ e 4 £
1 é hi e - L«m‘ "
! anl e > @)an o 23
L ™~ 2 ks an b
¥ AN L 1k e, Xl Cxtmasn LU DEE
| wl & 1 ] e 3 X c 1 aan—os
P
! e - N <k v can 3 “r 3 rd et Fan H @
l. <4n " Yo 0 " -
s ¥ - || . J £
1 81 :;E_igru & - " ’N o .——I h—l .
i o], i 4 g K H] ~ } “
+ Gp fen § Gp £ T 4 L_‘_‘ [ 2 4 L
! ] sees . —t Al 54 -
¥ — — Lo
\ I[im e £ Jeu ”‘J x z e oF - P o
: L al ¥ T Ia xl o= 3 er bt Lu a I3 rae
= al T - o f ! -r » (
) H -
: c2a
i
1 i il
I rflll s ' faar
! - L2 o " R ©
) ES cer?
1 P # - (E2? r4
1 . ik -
- ] na -
1 I oak | T on eod ‘i R
! TS g £ o
S g v R G reran Ry
! 4 I ] L 3] ez !
- 3
1 "'{ - &) 9 ®o 1 J‘CJ EI -
! as 509! ] A nd
1 g il
] a [ -3 (2.2 ]
1 A #ar dROY Fepd by
} =i et J‘M af
H 7T f e _57_—"'-9® (7, -ren 1)
T ¥
a0 ™ " M—tt X ay - SR CAARREA €T ORX
V7 " " ﬁ 53{‘ " 2! £ 2y o) i Tt e D
1
ma— F2i ¥ \'h) ey, 45 "",‘L tuw az &

- Ty 1 LI
< Az L o | PYTE L S Y ErTE R G .y el
N

- - 4 rJ 3 » Fy
i L
¥ "m " ! L l{‘ (‘Q( e { w
L i, | o st 4 4 p
a 3 ) | ot
1 r— ar Az
w - 4 . 1‘.! s
£ m1 = <) L -
' = 3 i L o
ol - e Tars o
i 5 1 ’-.‘% = AT qEep?
-y T _l
]
o
L
' ~ [l
& .
NOYES ™ caZin -
I rowe KA S SO BATS Do lan ME & 42 C’I“"“ LA d en
r;:nw(:':r!.rg::ou e rric Qr3 [Ea] B ] wwwrn  JER | oo e
S A ENLTENT)
T T e 03 o+ T la fod) (EAlh w ETIES
— T WBARINEL [ warmeew T RS AT =
. T e o vt [ P W[ SOMEAMTIC DiAGLAR,
b= 1 ) ’:.‘u._- tioniiigs smos 252
..lp 1 manth it t;_; T A '1 204 S€ET oW
L ) e
= = T P Bl P
o0 | vt | i lL'..""_l o~
= R




| (57 )
= Fa i o [ ] —
=aad =~ =7 T—1 ]
19 . - aray o+ Fm At arce f
e - tmrl.‘ E fivol cnce tiad
feiad haad LG "T - asre é_,. €4 arra
ades [ cre7 '_ Tt l
e Lol wl Sacse aror| e
23 [0 i 4 s P51 i} it T
& o My e R e b Larty G I
E SV tepag] o Tﬁ:: b T am >
] ¥ b Rt AR
L =% 22y, cen —(@ iy
b ] g 20 o .2 @ srodLas €
m P il 2222 - QD aroycam <
ALK ey CcaLes i S er e
N
- = care
dosa drit - T ares i | " *
1 — k] Fos s YT T g R
‘t a 1 LK. Mo T ey
e = e e tmil it e I
iF =3 o .
ared I N 2y heakd/s S ¥ ru SO0 Rabi ] @l
[ atis, e a7 L eaare % .ul ]
A S 4293 Feenz wf % ey o 4241 4
™ rae T _.v&v—_._l" L : ITATE OA CHARAE Fisd
7 BArTar(s)
AMP-HOUR CIRCUIT *7 8BAT r28v
¢ —J
- Qs
- s ] (Y E o
AME NOUR CIRCULIT FOR "2 BAT =28V
IDENTICAL TO AZOVE v
ALL COMBONENTS ARS SUmFIXRD Well THE LETTER AY Lo
I RFOIA 2 REOF ARG - ["L
].--- Foircd "B RTATE OR eadRes FIM
- B N A
has I 1 0 Rl LT
Il
)
- - - _ !
.
-~
= 'L o]
CURRBENT FLOW L o T
- rug 5 XTrr “
T + 1 3 jact]
F BATTERY () rraz rr04 = bl e xty> .
. A — = e & -]
caly = x> ) | = d) [LUTI . o tut reed rrim !
H ooraur + 1 v [o] &
& i | 2 3 i} " ) uj
x ) WOIRTETIONAL - 5] ovravr
Tik cwer—
Afar - ol ) no ¥} BATIELY Gr
RN “”"”r‘:“"lw L - (-3 T PERATTEL TLM
A P -*cun
' - T o asrver ] J— LS COuvECTion @e FEIOT ARIDE
e D @ 5 parreer =3t | 1 T i3 baiiaiiaal
y VRLTARE TiM [ W R P ewr| = 4 BArTERY
<£13 rees w " E i = gy &= TaMPILATURE TiM
&ezr sorsur (2} = * o
% I I3 o i &] avrsur
3 1 ! frasz
1 04%
faorse L 1 204
v LA ovrser » & H i
* VT DR ECTIONAL 1 | I—— -
Fenf I res Lo
) arroan
—— PR .
%4 CURRENT FLOW TiAt —& o T it rere - ™
o Vi 43 BATTERY i) . i & @ &) ovrmur ~
"‘:#sr"’%‘:’r:‘ ‘-‘;’ofl“'s ﬁ r~ AETRN “rpv vy =~
PR A (ETIMAT dar TrEG) [ g mento L hgE i ﬁ
— n L QUrEur ¢
{ T U BIRECTIONAL £ LArLAN ﬁ
—fw Q] ‘;rvm i B LY iy - —
- - bl o ®> [l ovracr -
ot
NOTES Fols = | wew [ o [ ees TR
M STMBOLY LAIF UAED ARE TIO3 W10 Aol retow e
- R LA vhig ‘u-zw, fo- L Y] ENGT T LW WASAETING
ZHEX TP PIOD ALOD #4808 Far A 803 Q1R " v e faez Sl Al
T T SCHEMATIC DIAGRAM
’ Fhros 252
=
) Fist  AMPNOUR SECT OWS ]
3 a’ = ey [ = |
1Y =T T wn |Ef5/391 |E
R - LTS s - ok — 1 L




TR POWER SUPPLY

ETr ) A K
1

(a2} »,
(a8 # cuanain yurm r

pm——()
heaid o CanANOS
L 2 -1
JE
e ()
SeT <7
,=L_
ay
a3 3 q.®

Bov ARF comds DO
e mAOM O8T

Fbad @

2

Frear
&% & CHARGER OUPAVT

ot
[ I

9e-1

1]
Jl
L

i
&
i

plufsiefe[<I=Jef< 2] =T}
[ =3

Ir]=]

AOWE R SUPPLY
INNER SOV VAEITON
DIAGRAM

NOTES

A IrMBOLS LAIT 280 ARl rI97 qlﬂ'l‘dd’!’}.}‘? FI4F QI

LATMAOLS OMtITED mIPE b B4 2T xF
£33 #ISQ2 7 FIoG, Codee 26T

[E735 FT T

2 = I - el
L] [ES AT
CIEE e 4_F oad EAMINEENE A R
LV caserare T
S -~

13 é'MP-T'afZ
FRTL DD

=—  [&wr3yd

Wy gt |t

il
ig}i!

AT

¥
2 e P 5139};{

Ry SCHEMATIC DIAGLAM

INNER CONNEE rfaN .flrﬂou.s

Z CZWrs o e T



http:t-flU.ni

g1

T

— "y
r0 - o] o [«} / e. ... 0o ] o [*) [+3
T RRSOCAB I RET P ¥ W T [RIOF 313 o
1 WA RRE 1B [BAGE SWELL I = 30
ONAILLY - |G [BISK H rLL -
o ¢ [FASstaTIol0red Yk e
3. j39Ts SAAEL ATE £
| 3 AT ragi g0 | ooHEny e
& [WSTEMAT 77 [WRIWER 6K =
8 [NASGI AT AL PRAT -
Q) B [wsi57he v —
& I Ra g RIAE S
i 28] 15X (Ho iy T RO
[ ZATWAR TAS oo Ay BRI
T {slazseE T [SovER
o 4 [sareiel [masy ansy
(2 orestwsiy S [vor oo =
G IMSRALIC #O [ BEREW af
o4 lusticalaly  uud LoCR oy
24 [VELEA & [euT Lotk ]
- B NUT e
o & T ORE ey 32
TANACGE & IaAlegd Tron [y
24 fhods o et 3
2+fi1ay PoASHEE M EA Yy
T[4 3 PR GHE R Ea]
o = Y e R e = S £
— Fd 24 (PAAIS a  INEIRY
riicand
f_ TAIESATY 5, [WBEAT
a [r2a2 & NEAHY
4 [lisenEr n [ecRius
BABRD 4 T | aFasAl | fDone F i T
TREYD & Aot e bauT B3
o D e Y L2
S [LSS4ET & [SCREW i
o L e O L3
Fag50s
& GH I} QGaiRES JAS A B4 By ted
Bid 313 22
Y A ol -
LR
o D ey 2 S das it TRIM] 1%
- B | SHITONSGLE! [ONGBE HRINGAS L ASE {yvuiRmn §ie
1 [ainsd oy T Ohehag e TRE [}
b (4828 i Jason WelEH Ky ~ 12
LEC) LD | LL0IRT JA 11
@ k234 : wﬁﬁ?ﬂi c;:: j’a =
ovEs,. — H 3
b WORKMAROHIT P “pagexd LR X (i v k) ML et sog cox LB
1 iﬁ‘mﬁt ;:R ."r““.:-r‘zz 1 {asees TP ST L]
ASURIASLEY PYN Tede T A [l BELEE SO Dyt THRIZ L
- f.3 15894 ¢ =t g LT, 143 s -
7 fsd [ =2y AL <
[ DE O o ey T8 E)
I 4 BEGA~E  fam i - 2
) AS S []
A P o | ey | areoroom woon fa
S S mal T
LI é;?;}_’j‘gsgﬁ——» TRy i
P el Wi_“hﬂz'
3 w e 4 el oL FibL, ASSEMEBLY
- Formtand o re— EADS 252
- ¥ gy
= e—tr— Y acowes ] e
iy Ty ‘@JE i "W |5 5I32G60
:n.ﬂ.'-_.._.bﬂ.”x H e o




el

seeran i3 =13

O ' 29

. At o :1‘322

. ‘,r Pancor @\ lV ssgavs\ _ID
(R MW R g

Rl M = =TT mmuﬂ_i.

E@) iﬁl; W f3p4  RBG l; M % %@E

B@ 1 ] 188 B

g

=i
0

g

O

i
Q@
1O RO
b

D)
ogte)

o

T

1

Do B

Bodo
21T e OO

e
2 [T
®
| | o i ﬁ}: il o
N / e b o e ¥ ll ‘I } :
vt t
AR { v
g:}::mng}-\ HEY] o] ;_{ u EC’!Q %;é g\
s w{ Wiz RRAT ) B & -3
1:32: 1 A FERERD oy E = E g :“:* %
@’ £) D \ 8
wamat & o @’ Sse ‘4 PLLEY) I | s R:t??a T@A
@ @O Fiwao olm 94 ho @i
§—| =X mes,] :
o] Q Q Qo
L J §

L
t

seeriom =7

secrion [=1)

DoDE

St SANREIER
BISERT

EFORY WASHER
rour
DR LK
IR STALL AT Sk YIDW

FOR LRI -5213
(TR MoT Crannih DAY
AT PREDER, MARDWARE -

secrar g\

-2 I M T M M

H TR Ly

¥

T5is2e0lA |

e BT TR ol L] " N4 ECRED MAR TTIGH
evoinbun LN (Pt UYL T e
iy o = e Far. |
o = FIMAL ASSY "
. AT
_m‘_: ;;N-‘ O e B PG LBL
—= e ] - =y
EEaArTa IS — v |EL 513260
oy . )y L o {1

R £ A
[ H




APPENDIX II

EMPS252 TEST PROCEDURE

AND

OPERATIONAL TEST DATA
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REVISIONS
SYM DESCRIPTION ' DATE | APPROVED
Al FORMAL, .RELEASE 1649 %
e Im AR 1
DATE  12/20/68 .
S LIS Gulton Industries, Inc.
C. Ghaselline HAWTHORNE, CALIFORNIA
ENGR '&%ﬁ"-’ : TEST PROCEDURE FOR EMPS252 .
MECH ENGR .
_ . BRAYTON CYCLE D.C, POWER SYSTEM
REL ENGR . .
PROJ ENGR -
APPD M fé CODE IDENT NO.| SIZE | 7]33 3]
¥
0 Al
D 6509
SCALE SHEET 1 of 21

HITIeR A II_I



1.0 INRTRODUCTION

The D.C. power system for the Brayton Cycle alternator providas
+28VDC and -28VDC from transformer rectifiexs or from two
batteries. In addition the system has charge control legic
ampers hour maters, voltage, temperature, current and state of
charge telemetry.

This series of tests will verify that system meets certain
minimum performance requirements at various temperature.

2.0 SYSTEM DESCRIPTION
Page 4 through 16 final report.

| 3.0 TEST OBJECTIVES

*’l The following tests will verify that the system will operxate as
designed. Criteria for this verification are based on bread-
board performance dntal and on calculations taking into account
guaranteed component limitations and previous experience with
these components. Complete test records will detail system per~
formance against the worst sxpascted variations. In addition
telemetry calibration curves will be provided where necessary.

4.0 LIST OF APPLICABLE DOCUMENTS
4.1 NASA Contract KAS3-10936, Exhibit B. Scope of work

as anended,
4.2 Test Pixture Schematic EM313290.

CODE IDENT NO | SIZE

509 |AL 713331

SCALE SHEEY 2

e e LU A _ N

™ 17784 I I-Z
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5.1
'5,2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
3.12

HM FTTRS

6.1,1

6.1.3

i o i A o

5.0 LIST OF TEST EQUIPMENT, OR SIMILAR

Oscilloscope, Tektronix 531

Digital Voltmeter, HP3440A

Temperature Chamber, Bemco

Multimeter, Triplett 630a

Power Supply, Power ﬂesiqnldﬁﬁs

Power Supply, Engineered Magnetics 50 Amp
Digital Frequency Counter, HP5243L
Ammeter, Weston 0~10 Aap

2 ea, 3.5 ohm, 500W. Powsr Resistors

Test Fixture, EM 313290

Power Supply, General Resiatance No, DAS~461
Resistance Decade Box, GR Type 1432-N

6.0 TEST SEQUENCE

6.1 Genaral Proceduros

fied,

6.1.2 Us» Digital Volt Meter for all voltage
ments and readings unlesa otherwisze noted.
Positive Side Transformér, Rectifier, Logie and

Chargexr Taats.

i

CODE IDENT NO. { SIZE

Record all measurementa on the test record form
and check that data are within the limits speci~

05509 A : 7712525?51

All tests are at room temperature and atmospheric pressure unless “ﬂ*
otherwise noted,

adjust-

SCALE

SHEET 3

Ir-3



v

6.1.3.1 Connect the unit under test to the test

fixture and 1ts positive battery con-
nection to the 0-10A ammeter in series
with the 3.5 cohm power resistor to ground.
Connect the 0-50A test supply in series
wath a silxcon diode, having a rating of
at least 6A and 50V, across the 3.5 ohm
power resistor in order to simulate the ’
battery voltage when the charger i1s off.
Set the supply for 21 to 26 volts. Use
this method of battery voltage samulation
for the remainder of the test prbcedure
whenever the use of the 3.5 or 7 ohm power
resistor 1s called for. )
Connect a test lead from Pin V of Jl to
Pin 10 of J4, and another test lead from
Pin X of J1 to Pin 11 of J4. These two
leads must be connected whenever the unait
1s operated without the two batteries and
their current shunts connected.
Connect the 0-40V test supply for a posi-
tive voltage_of 39.5V between test point
TB9~36 and ground. Turn on the AC gener-
ator, then set the test faxture for relay
+ open and chatrger off. Record the voltage
at Pin 1 of J4 and record the current
readings for the followaing conditions:

6.1.3.2 Charger Command- Off

6.1,3.3 Charger Command~ On

6.1.3.4 Charger Command- Auto

6.1.3.5 Re-adjust the test supply ~=> 28.5 volis
6.1.3.6 Charger Command- On

6.1.3.7 Charger Command- Off

~

CODE IDENT NO | SIZE

s |A[ 713331

SCALE SHEET 4

T
™ 1778

ITI-4
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6.1.3.8 <Change the 3.5 cohm power resistor to

7 ohms, re-adjust the test supply to
37.5 volts. Set Charger Command to ON
and check that ammeter reads more than
5.0 amperes.

6.1.3.92 Set Charger Command to Auto and record ,

the current reading.

6.1.3.10 BSlowly increase the test supply voltage

until the previous 3-5 ampere reading
drops suddenly to less than 0.1 ampere.
Record the test supply voltage for this
condition and the following:

Ty AL 71330

SCALE SHEET 4a

e TR

II-5


http:6.1.3.10

¥

6.J.3.11

6.1.3.12

6.1.3.13

6.1.3.14

6.1'3’15

6.1.3.16

6.1.3.17

6.1.3.18

6.1.3.19

Slowly decrease the test supply voltage
until the current increases suddenly to
3=5 amperes.

With the multimeter on tha 12VDC range,
check to gee that the voltage at test
point TB9-30 ix less than 0.5 volts.
Continue to slowly decreass the test
supply voltage until the 3-5 amperse
reading incrsases suddenly to more

than 5.0 ampares.

Slowly increase the test supply voltage
until the current drops suddenly back
to 3~5 amperes,. -
Meagure and record the voltage at test
point TB9-25.

Increage the test supply voltage to
39.5 volts and then slowly decreame it
o 33 volts, checking that the current
now reads less than 0.1 amperes.

Set Charger Command to On and then
back to Auto, checking that the curreant
is now moxe than 5.8 amperas.

Connect the resistance decade box to
pinx G and B of J1, Decrease the re-
sistance until the current drops to
less than 0.1 amperes, and record this
value of resistance.

Increase the resistance until the current
returns to moxre than 5.5 amperes, and
record this vnlue of resistance. Turn
off the AC generator.

CODE IDENT NO.| SIZE

o9 |A| 71333

SCALE

SHEET 5

£ 1T

A S T

II-6
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6.1.4

Negative Side Transformer, Rectifiser, Logie and

Charger Tests,

6.1.4.1 Connect the 0-10A ammeter in series with
the 3.5 ohm power resistor from the unats
negative battery connection to ground.
Connect the 0-40V test supply for & nega=~
tive voltage of 39,5V between test point
TBS%~34 and ground. Turn on the AC gene-
rator, record the wvoltage at Pin 2 of J4,
and the current readings for the following
conditions:

6.1.4.2 Charger Command - Off

6.1.4.3 Charger Command - On

6€.1.4.4 Charger Command - Auto

6.1.4.5 Rew-adjust the test gupply to 28.5 volts.

6.1.4.6 Charger Command - On

6.1.4.7 Charger Command -~ Off

6.1.4.8 Change the 3.5 ohm power resistor to 7 ohms,
re~adjust the test supply to 37.5 wvolts.
Set Charger Command to On and check that
ammeter reads more than 5.0 amperes.

6.1.4.9 Set Charger Command to Auto and record the
current readaing.

6.1.4.10 8Sléwly 1increase the test supply voltage untal
1

the yrevzéﬁs 3-5 ampere reading drops sudden-
ly to less than 0.1 ampere. Record the test
supply voltage for this condition and the
following:

6.1.4.11 Slowly decrease the test supply voltage until

the current increases suddenly to 3-5 amperes.

CODE IDENT NO. | SIZE | 2
06509 Al & 3\’ 3 |

AN L

SCALE _Lsxis'rJ_ 6

o 1TTe
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6.1.4;12 With the multimeter on the 12VDC range,
chack to see that the voltage at test
point TB9-29 im less than =#0.5 volts.

€.1.4.13 Continue to slowly decrease the test
supply voltage until the 3-5 amperes
reading increases suddenly to more than
5.0 amperes.

6.1.4,.14 Slowly increase the test supply voltage
until the current drops suddenly back
to 3=5 amperes.

6.1.4.15 Measure and recoxd the voltage at test
point TB9~-26. ;

6.1.4.16 Increase the test supply voltage ta 39.5
volts and then slowly decrease it to 33
volts, checking that the current now
reads less than 0.1 amperes.

6:1:4.17 Set Charger Command to On and then back

to Auto, checking that the current is now

-Eh more than 5.0 axperes.

6.1.4,.18 Connect the resistance decade box to
ping E and F of J1. Decrease the re-
sistance until the current drops to
lexx than 0.1 anperes, and record thisa
value of resistance.

6.1.4.19 Increase the resistance until the current
returns to more than 5.0 amperes, and
rccord‘fhi- value of resistance. Turn.
off the AC generator.

CODE IDENT NO | SIZE |

o509 (Al (1333

SCALE SHEET 7

™ 1778
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6.1.5 Negative Side Ampere Hour Meter Testa

6.1.5.1

6.1.5.2
6.1.5.3
6.1.5.4

6.1.5.5

6.1.5.9

6.1.5.10
6.1.5.11

Connect the millivolt test supply for

a negative voltage tc pin W with respact
to pin V of Jl. <Connect a test lead
from pin V of J1l to pin 10 of J4. Con=-
nect the frequency counter to the col~
lactor of Q2l8A, turn on the AC ganarator
and record the periocd of the pulses for
ithe following conditions:

Set the test supply to 8 MV.

Set the test aupply to 80 Hﬁ.

Shift the decimal point one place to the
right of the reading at 80 MV (6.1.5.3)
and check to see that it is within 5%

of the reading at 8 MV [(6.1.5.2).

Reverse the polarity of the millaveolt
supply, connect the countaer to the colw
lector of Q210A and repeat (6.1.5.2,

3 and 4), recording the data at {6.1.5.6,
7 and 8).

Reverge the polarity of the millivolt
supply and decrease the ampere hour meter
output voltage getting until the voltage
at pin Prof J1 18 0 volts. Turn off the
miliivolt supply and increase the voltage
of the tast supply at teat point TBY9-34
to -39.5 volts. Note the taime when the
counter starts indicating the pulse period.
Record the period.

Note the time when the counter astops ine
dicating the pulse period, Divide the
interval, in seconds, by the pulse periocd,
in seconds and record this number.

CODE IDENT NO. | SIZE

6509 |AL /1333

SCALE

II-9
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6.1'6

6.1.5.12 Reacord the voltage at pin P of Jl.
6.1.5.13 Slowly decrease ths test supply voltage

6.1.5.14

Poaltive

6.1.6,1

6.1.6.2
K:.1.6.3
6.1.6.4

6.1.6.5

6‘1.6.9

'd

at test point TB9-34 to 34.5 velts,
checking that the ¢urxent now reads’

less than 0.]l amperes.

Turn on the millivolt supply, decreasing
the amp hour meter setting until the
current increases suddenly to 3-5 amperes.
At this time turn off the millivolt supply
and recoxd the voltaga at pin P of Jl.
Turn off the AC generator.

8ide Ampere Hour Meter Tests

Connect the milliveolt test supply for a
nagative voltages to pin ¥ with respect
to pin X of J1. Connect a test lead
from pin X of JI to pin 1t of J4. Con=-
nect the frequency counter to the col-
lector of Q216, turn on the AC generator.
Set the test supply to 8 MV.

Set the teat supply to 80 MV.

Shift the decimal peint one place to the
right of the . reading at 80 MV (6.1.6.3)
and check to see that it is within 5% of
the reading at 8 MV (6.1.6.2).

Reverse the polarity of the millivelt
supply, connect the counter to the col-
lector of Q210 and repeat (6.1.6.2, 3
and 4), recording the data at 6.1.6.6,

7 and 8).

Reverse the polarity of the millivelt
:ﬁpply and decrease the ampe¢re hour meter
output voltage setting until the voltage

CODE IDENT NO. | SIZE | - :
06509 | A} 71333

SCALE

SHEET 9

™ 17T

II-lo
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6.1.6.9 cont'd, at pin N of J1 iz 0 volts. Turn off
the millivolt supply and increase the
voltage of the test supply at test point
TB9-36 to +39.5 voltx., Note the time
when the counter starts indicating the
pulse period.
6.1.6.10 Record the period.
6.1.6,11 Note the time when the counter stops in-
dicating the pulsae period. Divide the
interval, in seconds, by the pulse period,
in seconds and record this number.
6.1.6.12 Racord the voltage at pin N of Jl.
6.1.6,.13 Connect the 0~10 ammeter in seriesz with
the 7 ohm resistor to the units positive
battery connection. Slowly decrease the
teat supply voltage at test point TB9-36
to 37.5 volts, checking that the current
now reads less than 0.l amperes.
'h 6.1.6.14 Turn on the millivolt supply, decreasing
the amp hour meter setting until the cur-
rant increases suddenly to 3~5 amperes.
At this time turn off the millivolt supply
and racord the voltage at pin N of Jl,
Turn off the AC generator.

6.,1.7 Relay and Time Dslay Tests

©.1.7.1 Connect the test supply for a positive
voltage of 30V between test point TBS=32
and ground.
Set test faxture for charger off and
relay open. Connect a test lead between
' Pin 1 and 9 of J4, and turn on the AC
generator,

CODE IDENT NO | SiZE

06509 A: 7[333l

SCALE SHEEY 10

RW 17784 I I’ I ,
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6.1.7.1 cont'd. Set relay to close.

6.1.8

6.1.7.2 Check that relay status i1s closed.

6.1.7.3 Set relay to Auto and check the tine
required for the relay to open.

6.1.7.4 Slowly decrease the test supply voltage
until the relay closes and record this 1
voltage.

6.1.7.5 Set relay to open and check that it does.

6.1.7.6 Slowly increase the test supply voltage
until the voltage at test point TB9-28
suddenly drops to between -1 and 0 volts.
Record the test supply voltage.

Telemetry Tests

6.1.8.1 Set charger to off and relay to close.
Measure the voltage at pin 9 of J4
and record the ratio of this voltage
to those measured at the following
places:

6.1.8.2 Pan f of J1

6.1.8.3 Pin g of JlL——

6.1.8.4 Measure the voltage at pin 10 of J4
and record the ratio of this voltage
to those measured at the following
places:

6.1.8.5 Pin e of J1

6.1.8.6 Pin h of J1

6.1.8.7 Record and graph the output voltage
for each of the four current sensors
on test record form, figure 1, 2, 3
and 4. Make measurements at 0,10
and 25 amperes.

CODE IDENT NO | SIZE

w09 |A[ 713331

SCALE SHEEY 11

e 17vé)
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6.1.8.8 Record and graph the output voltage of

6.1."

both battery temperature sensors on Test
Record Form, Figure 5 and 6. Use the
resistance decade box to simulate the
thermistor resistance at each of the fol-
lowing temperature/resistance points:
(a) 14°F = 27,800,
(b) 68°F = 6,250,
(¢) 122° = 1,798.
(d) 176°F = 626.
() 194°F = 456 ,
Buss and Sclder Test Point TB9-31 to TB9-32,
TE9~33 to TB9-34 and TB9-35 to TB9-36.

CODE IDENT NO | SizE | - . - l
06509 | A} Pl
SCALE SHEET 12

I 1778)




UNIT 8| SERIAL Wb 262¢8

EMPS252 TEST RECORD FORM

pateMARCH 277 1969 \z'ggcg&iacimg_smmgm.on‘o

Lo
’;-o'ﬁﬁuﬁ I57° BasSERNTE

Test Procedure Para. |0°F [+70°F | +120°F | +160°F Range
6.1.3.1 2R (K2R.38 27,88 | ¥27-3a Volts
6.1.3.2 — — — 0-0.1 Amperes Y¢
6.1.3.3 - 828 6~10 Amperas
6.1.3.4 - Y - 0-0.1 Amperes
6.1.3.5 .4 1.9 €£.,5 | 6-10 Amperes
6.1.3.6 e.4l17.9 8,5 | 6-10 Amperes
6.1.3.7 - - - 0-0.1 Amperes
6.1.3.8 - e [ =25.H Amperas
6.1.3.9 3.4 14, - 2.7 3~5 Amperes
6.1.3.10 3_&_7! 38.0 37.6 437,5~39,0 Volta
6.1.3.11 Ao | 367 30.6 | *29.5-31.5 Volts
6.1.3.12 v L o =+0.5 Volts
6.1.3.13 20461303 30\ +29-31 Volts
6.1.3.14 27,2126.9]  |236,5 | +36.0-38.0 Volts
6.1.3.15 4.3 |4\ A1 4 +40~46 Volts
8.1.3.16 I v 0-0.1 Amperes
6.1.3.17 v v o 2= 5,0 Amperas
6.1.3.18 5et | 570 575 | 450-650 ohms
6.1.3.19 660! 661 - &7 | 500-750 Onms
6.1.4.1 27.99[28.8 28,23 | -27-34 Volts
6.1.4.2 L — — 0-0.1 Amperes
6.1.4.3 7.8 | 83 8.7 | 6-10 amperes
6.1.4.4 i - v 0-0.1 Amperes
6.1.4.5 x 8 3‘1 8.7 6-10 Amperes
6.1.4.6 1.8 8.3 8.7 6~-10 Amperes
6.1.4.7 v (e [ 0-0.1 Amperaes
6.1.4.8 L |t [ = S.O—I;mp:res

, 6.1.4.9 4.\ ! 4.2 4.5 3~5 Amperes

6.1.4.10 37.2 38,2 i38.4 -31.5-39.0 Volts

% BATTERY SUMULATOR SET AT 26V

-13- TI-14
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Uner #y , SERIAL Ao, 26268

EMPS8252 TEST RECORD FORM cont'd.

Test Procedure Para, OOF +70°F +120°F +160°F Range

- ' 6.1.4.11 302! 30,4 20,7 | -29.5-31.5 Volts
6.1.4.12 Yo - Lo =-0.,5 Volts
6.1.4.13 20\ 30, 20,4 | =29~31 Volts |
6.1.4.14 36.6] 36,9 37.0 »36,0w38,0 Volts
6.1.4.153 a4l.z214a1. v 4)i3 | ~4d-46 Volts
6.1.4.16 f— [ P, 0-0.1 Amperes
6.1.4.17 - b Lo 25.0 Amper“e_z
6.1.4.18 442 5671 St 450«-650 Ohms
6.1.4.19 444 6046 603 500-750 Ohms
6.1.5:2 '11_3_ 1 3. 8 14 R 12.1-14.7 Seconds
6.1.5.3 1.32! .34 | 40 | 1.21-1.47 Seconds
6.1.5.4 L - ¥ = 5%
6.1.5.6 tz.5/12.9 13, 0 12.1-14.7 Seconds
6.1.5.7 V.34 V37 {, &y 1,21-1.47 Seconds
6.1.5.8 . | ' = 5%
6.1.5.10 X X X 30-50 Ms
6.1.5.11 X X X 5400-5900 p.f.s.
6.1.5.12 assla.op 1 .08 ] +4.8-5.1 volts
6.1.5.13 v |~ v 0-0.]1 Amperes
6.1.5.14 4.48] & an 4,48 | +4.35-4.65 Volts
6.1.6.2 12721132, ¢ 13.8 12.1-14.7 Seconds
6.1,6.3 1.20] 1,34 137 1.21-1.47 Seconds
6.1.6.4 v Lo b =5%
6.1.6.6 12,3| 13, |0 | 12.1-14.7 Seconds
6.1.6.7 .32 1L\ 36 .40 1,21-1.47 Seconds
6.1.6.8 v - r = 5%
6.1.6.10 X X x | 30-50Ms
6.1.6,11 X | X X 5400~5900 p.f.s.
6.1.6.12 __18.035 ok 5067 +4.8-5.1 Volts
6.1.6.13 - - o 0-0.1 Amperes
6.1.6.14 4,49 4495 4.5 +4.35~4.65 Volts

TL~18
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gﬂfr#// SExIAL Wb, 24248

EMPS252 TEST RECORD FORM cont'd.

-15-

Test Procedure Para. O°F }+70°F +120°F | +160°F Range
L3 i - - At s e s el e
!
]
6.1.7.2 C e ! v | Relay Closed
6.1.7.3 Ao 4.5 4,% | 3-7 Seconda, Open
1 T T T T T T T T T T T e v
6.1.7.4 ;-L_&.o 24,0 2.4,\ | +23-25 Volts
6.1.7.5 et w (W Relay Open
6.1.7.6 25\l 25, L5, 2| +24-26 Volts
6.1.8.2 . X X X 7.3=7.7:1
6.1.8.3 x X X 7.‘3"7-7:1
6.1.8.5 X X X 7.3-7.7:11
6.1.8.6 X X X 7.3=7.1:1
Ix-l6
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OnITH 2 SERIAL Al 20207
EMPS252 TEST RECORD FORM cont'd.

0

Test Procedure Para.{ O F +70°F +120°F +160°F Range

cat et 6.1.4510 20,5 =29.5-31.5 Volts
6.1.4.12 v =-0.5 Volts
6.1.4.13 20,4 -29«31 Volts \
6.1.4.14 25.5 ) =36,0~38,0 Volts
6.1.4.15 41,5 ~45-46 Volts
6.1.4.16 v 0-0.1 Amperes
6.1.4.17 5.9 ! 2 5.0 Rmperes
6.1.4.18 535 450-650 Ohms
6.1.4.19 & 26 500-750 Ohms
6.1.5.2 13.4 12.1-14.7 Seconds
6.1.5.3 |, 3% 1.21-1.47 Saconds
6.1.5.4 v = 5%
6.1.5.6 12.6 12.1-14.7 Seconds
6.1.5.7 1,26 1.21-1.47 Seconds
6.1.5.8 v = 5%
6.1.5.10 X X X 30-50 MS
6.1.5,11 X X X 5400~5900 p.f.8.
6.1.5.12 5,03 | T T 485,11 volts
6.1.5.13 L o 0-0.1 Amperes
6.1.5.14 45| +4.35-4.65 Volts
6.1.6.2 13,58 ‘ 12.1-14.7 Seconds
6.1.6.3 .38 1.21-~1.47 Seconds
6.1.6.4 v =5%
6.1.6.6 1%.9 12.1-14.7 Seconds
6.1.6.7 .28 1.21~1.47 Seconds
6.1.6.8 v’ = 5%
6.1.6.10 X X X 30~-50M8
6.1.6.11 X X X 5400-5900 p.£f.s.
6.1.6.12 4.97 +4.8-5.1 Volts
6.1.6.13 v 0=D.1 Amperes
6.1.6.14 448 +4.35-4.65 Volts

-14

II-24



U 1T 2,

DataMARC—\'\ Zz 8, ‘969

EMPS252 TEST RECORD FORM
v CERIALF 2707

Techniciand). MATSUMOTO

-13~

Test Procedure Para. 0 ?_ hf?OOF +120°p '+160°F i Range )
6.1.3.1 28 L +27-34 Volts
6.1.3.2 v 0-0.1 Amperas
6.1.3.3 8_‘5_“__ 6~10 Amperss
6.1.3.4 L 0-0.1 Amperes
6.1.3.5 m“"_:"'*J: 2.3 | 6-10 Amperes
6.1.3.6 53;3 _ 6—10LAmpares
6.1.3.7 L 0-0.1 Amperas
6.1.3.8 55 =5.5 Amperes
6.1.3.9 4.% i 3-5 Amperes
6.1.3.10 o 2 ;?é Y 137,5=39,0 Volts
6.1.3.11  lzes | T +29.5-31,5Volts
6.1.3.12 i v = +0.5 Volts
6.1.3.13 0.0 | +29-31 Volts
6.1.3.14 BRET Y | 436.0-38.0 Volts
6.1.3.15 414 +40~46 Volts
6.1.3.16 v _ 0-0.1 Amperes
6.1.3.17 5.5 o T = 5.0 Amperxes
6.1.3.18 Sqao | 450-650 Ohms
6.1.3.19 c25] - ~ 500~750 Ohms
6.1.4.1 28.331 | 1 -27-34 volts
6.1.4.2 | i 0-0.1 Amperes
6.1.4.3 _25‘ | . 6~-10 Amperes
6.1.4.4 — 177 0—0.1——Amperosh -
6.1.4.5 '_8;[—“___"4 - 6-10 Amperes
6.1.4.6 &1 6-10 Amperes
6.1.4.7 T v’ B 0-0.1 Amperas
6.1.4.8 f cg | ; = 5.0 Amperes

, 6.1.4.9 i . A%,Z.__““ o E,uw_,"_,h,zfs Amperes
6.1.4.10 28\ —37.5-39.0 Volts

IT-23



http:37.5-39.0O
http:6.1.4.10
http:6.1.3.19
http:6.1.3.18
http:6.1.3.17
http:6.1.3.16
http:6.1.3.15
http:6.1.3.14
http:6.1.3.13
http:6.1.3.12
http:6.1.3.11
http:6.1.3.10

u,wr#;., SERIAL A 20247

EMPS252 TEST RECORD FORM cont'd.

Test Procedure Para. 0°F '+70°F | +120% ' +160°¢ |  Range
) T ;

6.1.7.2 | v© Relay Closed
6.1.7.3 5 3-7 Seconds, Open
6.1.7.4 2391 17 +23-25 Volts
6.1.7.5 v Relay Open
6.1.7.6 24-9 +24-26 Volts
6.1.8.2 X X X 7.3-7.711
6.1.8.3 X X X 7.3-7.7:1
6.1.8.5 X X X 7.3=7.7:1
6.1.8.6 X X X

7;3"7.7 :1
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Unit Serizal No. 262 4 '7

Negative Battery Current Sensor
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Unit Serial No.2&2&77
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T %3, scrise Mo, 26249
EMPS252 TEST RECORD FORM

bate Z~-21-£9 Technician v/( -
Test Procedure Para. | 0°F |+70°F | +120°F ) +160°F ’ Range
|

6.1.3.1 2%.3 , +27-34 Volts
6.1.3.2 B jr 0-0.1 Amperes
6.1.3.3 B 8.2 | . . fﬁ_g-_-m Amperes
6.1.3.4 I D = T ' 0-0.1 Amperes
6.1.3.5 g.2 . 6-10 Amperes
6.1.3.6 T ) g2 T } 6~10 Amperes
6.1.3.7 2~ ] - ; 0-0.1 Amperes
6.1.3.8 — ! 25.0 Amperes
6.1.3.9 4.0 T . 3~5 Amperes
6.1.3.10 Clzzz | ] _+37.5-39,0 Volts_
6.1.3.11 30,4 ' +29.5-31.5 Volts
6.1,3.12 T T T T <4005 Volts
6.1.3.13 ; 30.0 | 1~ - +29-31 Volts
6.1.3.14 | I3y | T $36,0-38.0 Volts
6.1.3.15 i 141 23] | " +40-46 Volts
6.1.3.16 L — " 0-0.1 Amperes
6.1.3.17 [ Tl = S.OFPTmperaa‘
6.1.3.18 s70 | 450-650 Ohms
6.1.3.19 é_éQ-ﬁ.:_..,_,__ﬁ . _} 500-750 Ohms
6.1.4.1 28.2 | -27-34 Volts
6.1.4.2 e ; - ‘ 0-0.1 fmp?res
6.1.4.3 7.9 6-10 Amperes .
6.1.4.4 Pz "1 0-0.1 Amperes
6.1.4.5 7.9 ! 6-10 Amperes
6.1.4.6 7.9 | |_6-10 Amperes
6.1.4.7 ‘ - 0~-0.1 Ampereas
6.1.4.8 P ) '= 5.0 Amperes
6.1.4.9 4,7 3-5 Amperes
6-1.4.10 Tsea |7 i 1 -3%.5-39.0 volts

-13~ II-32



UMIT #3, Seripe. Vo, 24269
EMPS252 TEST RECORD FORM cont'd.

Test Procedure Para. OOF +70°F +120°F ) +160°F Range
6.1.4.11 30.4 -29.5-31.5 Volts
6.1.4.12 | | | = -0.5 Volts
6.1.4,13 130,10 ~29-31 Volts
6.1.4.14 136.9 «36,0~38,0 Volts
6.1.4.15 | Iara | ~4p-46 Volts
6.1.4.16 L~ L 0-0_:_1”1&@«353:
6.1.4.17 e Z5.0 Amperes
6.1.4.18 | [ Za2p R 450-650 Ohms
6.1.4.19 420 ) 500750 Ohns
6.1.5.2 {3, 8 12.1-14.7 Seconds
6.1.5.3 134 | | ] 1.21-1.47 Seconds

_____6.1.5:%‘ R T Y 2 = 5%
6.1.5.6 14. 5 12.1-14.7 Seconds
6.1.5.7 .36 | 1.21-1.47 Seconds
6.1.5.8 6.2 J = 5%

"6.1.5.10 | X |#5.2 X X 30-50 MS

~ 6.1.5.11 wa:_ x |£g18] x | x| 5400-5900 p.f.s.
6.1.5.12 4.99 +4.8~5.1 Volts
6.1.5.13 ) 2 7 T 0~0.1 Amperes
6.15.14 1T LTS T +4.35-4.65 Volts
6.1.6.2 4.4 12.1-14.7 Seconds
6.1.6.3 /.34 1.21-1.47 Seconds
6.1.6.4 55 - s 5%
6.1.6.6 12. 9 12.1-14.7 ISeconds
6.1.6.7 }].33 1.21-1.47 Seconds
6.1.6.8 N L— s h___:_S‘}_é__ o
6.1.6.10 VX (40,9 X X | 30-50M8
6.1.6.11 X _|5770 x | X | 5400-5900 p.f.s.

____‘_5_'_%:_‘“13 ..-..__._.._'L.._ ) 5.0] +4.8~5.,1 Volts
6.1.6.13 Ve 0r0.1 Amperes
6.1.6.14 “Ta.28 1 +4.35-4.65 Volts

I1-33



UMIT # 3, Sexsf Ao, 2.¢249
EMPS252 TEST RECORD FORM cont'd.

=15=

Test Procedure Para. ' 0°F |+70°F | +120°¢ | +260°¢ |  Range
i
6.1.7.2 74 Relay Closad
6.1.7.3 4.5 3~7 Seconds, Open
6.1.7.4 24 12 +23-25 Volts
6.1.7.5 v Relay Open
6.1.7.6 25,1 +24-26 Volts
6.1.8.2 X {7.5:1 X X 7.3=7.7:1
6.1.8.3 X |7.8:0 X X 7.3~7.7:1
6.1.8.5 X 17.5:1 X X 7.3=7.711
6.1.8.6 X |75 X X 7.3=7.%:1
I1-34
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EMPS 252 TEST RECORD FORM
SERIAL NO 2&7270

pate 3-5-£9F

%J/}/ R

Technician \;%;{Z

Test Procedure Para. 0°F +70%p +].20:°F f +160°F | ___ Range N
6.1.3.1 238,85 +27-~3 4 Volts
6.1.3.2 % 0-0.1 Amperes
6.1.3.3 8.4 | 6-10 Amperes
6.1.3.4 /,--ﬂ. T ! O—O.lmAmperes
6.1.3.5 | 19.4 17610 Amperes
6.1.3.6 8.4 ) 6-10 Anmperes
6.1.3.7 e T v 0-0.1 Am_{aeres
6.1.3.8 5. 5 ' =>5.p Amperes
6.1.3.9 2. 4. 1 375 amperes
6.1.3.10 38.1 +37.5-39,0 Volts
6.1.3.11 " 130.6 | I 129.5-31.5 Volts
6.1.3.12 L " <+0.5 volts
6.1.3.13 2o I T T TV y20-31 volts
6.1.3.14 136.8 | 1 436,0-38,0 Volts
6.1.3.15 41.3 | o 17T +40-46 volts
6.1.3.16 2 [ 0-0.1 Amperes
6.1.3.17 55 = 5._0H1;r;\;->-eres
6.1.3.18 Ry 450-650 Ohms
(630 [ I T oo o
6.1.4.1 1 28.0 . =27-34 Volts -

- 6.1.4.2 1 % ‘ l 0-0.1 Amperes
6.1.4.3 . 2 s-lﬁwiépér'é_s"“*__
6.1.4.-‘:1__ e T w"w“:"”’“ 0 _0._1 Bmperes ’
6.1.4.5 . + 6=10 Amperes
6,146 ;’; f T T T BLG anperes
6.1.4.7 ;;Mq ) ‘ T- 6“6“1 Aml;‘e;:“é;—“
6.1.4.8 ?5' & [ - T I 2=5.0 Ampe-x;ég-ﬂ#
6.,1.4.,9 1 4. 3 L Miw 1 3—5b§;\1pe~:.:§§_i::
6.1.4.10 38.2 ! g =37.5-39.0 Volts

~13-

TI-41



EMPS252 TEST RECORD FORH (cont'dl

‘ SERIAL Ao 267270 ~

{
Test Procedure Para, o0 ..,..LTZQ?F. l +120 ¥ | +160°F Range

[ S e ] o —h o - e diiets iy mmat

1

+ 6-1t4.11 30

i ra e W e mmaeis W e e —— - -

.5 ~29.5-31.5 Volts

2 P e e b e e —-——]—-- - Jp
6.1.4.12  } 1 ] o _Ts-0.5 volts

6.1.4.13 L { ~29~31 Volts
SN AU, ¥

—_— E - --—i, . | r——— - ——
6.1.4.15

. 30.1
6.1.4.14 36.9 | =36,0=38,0 Volts
41, 4 ! ~40-46 Voltq

T ealaas | T s T o 0-0.1 Ampexes
6.1.4.17 o L_g, V4 h Ty T __5 0 Amperes_-___“
6.1.4.18 | {530 | 7~ [ 450-650 Ohms B
6.1.4.19 | | 630 _ I 500-750 Ohms
6.1.5.2 | (3 4 | 177 7] 12.1-14.7 Seconds
6.1.5.3 | l1.3¢ | __{_ . _11.21-1.47 seconds
6.1.5.4 - =~ 5%

T 6.1.5.6 o J 4. | T 12._1:-14 7 Seconds
6.1.5.7 {1 BETTT T T 12151447 seconds
6.1.5.8 |1, 7] . S s
6.1.5.10 | X |47 | X | X 30-50 MS

easar U X fm7es | X | X | 5400-5900 p.f.s.
6.1.5.12 o T 44.8-5. }M‘Vq%ifs
el S 1= DN e Ot
6.1.5.14 j , +4.35-4.65 Volts

T Te.l.e.2 T iymA |7 7T 7T 120191447 scconds

TTéaTesT T TV sz T TTTTHITT 1.21-1.47 Seconds
6.1.6.4 T T T T s T T
6.1.6.6 13.5 | o T T12.1714.7 Seconds
6.1.6.7 1 1135 | 1 1 1.2171.47 seconds
6.1.6.8 ! — [T T s B
6.1.6.10 V¥ ree |7 Tx Ty 30-50M8
6.1.6.1L ¢ x |£755 | x| x| 5400-5000 p.f.s. _

g Sl i Py 70 Bl i 0 00
6.1.6.13 g P ! | 0-0.1 Amperes
s.i.6.14 1 lazg it TT T ] +4.35-4.65 Volts

-] 4~ TIL-42


http:4.35-4.65
http:6.1.6.14
http:6.1.4.19
http:6.1.4.18
http:6,1.4.16
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http:6.1.4.13
http:6.1.4.12
http:6.1.4.11

EMPS252 TEST RLUCORD FORM (cont'd).
SERIRL. Mo, 26270

Test Procedure Para.l

A —— v um——— war wvma P Thmee— e

6.1.7.2 f

— b m——m ot - e

6.1.7.3

———

6.1. 7.4

[

1

(o}

o e v e

r—mes ey m

6. l ?.J

At -

G.1. 7_6

T Tl 3.2 T,
6.1. 8 3 j

YIS

T o by bbbk s i e Al e

e e ¢

¢ +70°

i

Amempien -

D

L 4120°F

VY7 e

+160°F |

bo b am m— e srme e e e

Range _

Relay Closed

3~7 Seconds, Open

1 423225 volts

Relay Open

- b
- “ L waa
l
S RS-
b4 X

+24 26 Volts

 7.3-7.7:1

7 3=-7.7: l

[P A

et

| 7.3=7.7:1

TI~-43



- - Unit Serial No.Z& 278

-16~
Positaive Battery Current Sen*sor_

Figure 1
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Unit Serial No. 24 2.70.

AUGENY DIETZ it H D
HALL N L 3 A,

-17~
Negative Battery Current Sensor

NI A4UR Y0 CIZTEHEN LRAPH FASER
10 X 141 PER TNEH

Figure 2
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PURPOSE:

METHOD :

PROCEDURE:

RESULTS:

THERMAL TEST REPORT
EMPS252 DC POWER SUPPLY

To determine maximum operating temperatures of
certain significant heat dassipating components
within the EMPS252 DC Power Supply.

Maximum temperatures were measyred while operating
the unat i1n a temperature controlled oven.

Thermocouples were installed on majyor heat dissa-
pating components and on the baseplate mounting
flange. The unit was 1installed with 1/4 - 28 bolts
torqued to 85 - 90 inch pounds on a one inch thack,
finned aluminum heat sink plate, A styrofoam in-
sulating box enclosed the unit to minimize radiation
and convection heat losses. The unit was placed
in a Bemco temperature controlled oven and operated
at full electrical load while controlling oven
temperature to maintain the heat sink at 155°F.
This was to simulate a coolant fluid temperature
of 150°F and a thermal conductance of 300 BTU/
HrthoF between the coolant and the coldplate
surface. Thermocouple outputs were recorded on
a Honeywell Brown Electronik millaivolt recorder.

The maximum observed temperatures are tabulated

an the attached Thermal Test Summary. All temper-
atures are well below their reliable operating
limat with the exception of the power transformer,
T302. A temperature in excess of 300°F was
measured on the core of T302. While this is not
detrimental to the core itself i1t could have an
adverse effect on adjacent circuitry.

III~1



DISCUSSION: Visual examination of T302 revealed several areas
of poor thermal contact. The varnish dip coating
on the transformer prevents good contact to the
alumainum mountang bracket. Irregularities 1nithe
core prevent firm contact between the core and
the baseplate of the unat, 8Since these thermal
deficienciles are somewhat inherent ain the trans-—
former construction, aimprovement ,an heat transfer
must be accomplished by other means. A hagh
thermal conductaivity epoxy could be applied at
the base of the transformer to £ill the gap
between core and unit baseplate and at the side
of the transformer to provide an additional heat
transfer path to the vertical mounting bracket
that 1s brazed to the baseplate. In additaon,
the inside of the cover could be painted flat
black to ancrease radiation heat losses from
the transformer.

CONCLUSIONS: The DC Power Supply meets the épe01f1ed requiremnents,

Wath minor changes, the thermal design of the EMPS252
DC Power Supply will be even further improved.
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EMPS252 DC POWER SUPPLY
THERMAL TEST SUMMARY

THERMOCOUPLE MAXIMUM OBSERgED TEMPERATURE
LOCATION F
CR 323 173
CR 343 184
CR 346 185
CR 357 190
gl 170
9 195
Q 15 207
Q 212 185
Q 305 170
Q 314 172
Q 321 169
R 323 174
R 340 169
T 302 MTG BRKT 234
T 302 CORE 325
BASEPLATE 157
COLDPLATE* 155

* ACTUAL COLDPLATE TEMPERATURE DURING TEST REACHED
169°F. TEMPERATURES LISTED HAVE BEEN ADJUSTED
TO CORRESPOND WITH 155°F COLDPLATE SURFACE.,
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EMPS252 DC POWER SUPPLY
SUPPLEMENTARY THERMAL TEST

AN ADDITIONAL THERMAL TEST WAS PERFORMED TO DETERMINE 'THE
AMOUNT OF IMPROVEMENT ACHIEVED BY ADDING THERMAL BOND 312

EPOXY FILLING BETWEEN POWER TRANSFORMER T 302 and THE UNIT
CASE.

T 302 MTG BRKT TEMPERATURE CHANGED FROM 234 to 218°F
T 302 CORE TEMPERATURE CHANGED FROM 325 to 311°F
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