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FORWARD
 

This report describes work undertaken by the Engineered Magnetics
 

Division of Gulton Industries for the NASA, Lewis Research Center
 

under Contract NAS3-l0936. The effort undertaken was the design,
 

development, and testing of the DC Power Supply portionlof the
 

Brayton cycle test engine which is under development at the Lewis
 

Center. The report describes the work performed by Engineered
 

Magnetics and the results of the described 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 input power is not available for conversion. The
 

measured AC to DC conversion efficiency is 93%. The cal­

culated Mean Time Between Failures is 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.
 

v
 



SUMMARY
 

The NASA Lewis Research Center is currently engaged in a Brayton
 

Space Power Technology Program. The Brayton Power Conversion
 

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 is designed to operate unattended in space for five
 

(5) years.
 

The DC Power Supply Program was conducted'at Gulton Industries,
 

Inc., Engineered Magnetics Division, under a contract with the
 

NASA Lewis Research Center. This program included the design,
 

development, fabrication, testing, and delivery 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 posztive and negative 28 VDC are furnished 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 is not available for conversion.
 

The DC Power Supply, which has a complete redundancy of its power
 

conversion elements, requires only slight output filtering due
 

to its advanced transformer configuration. It has a tested AC
 

ta DC conversion efficiency of 93%. The calculated Mean Time
 

Between Failure of the DC Power Supply is 62,464 hours; with the
 

use of Ultra-High Reliability 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 design drawings, reliability calculations, parts selections,
 

thermal measurements, and typical test results are presented in
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this 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.
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I. 	INTRODUCTION
 

This Final Report describes, in detail, the DC Power Supply
 

Program conducted at Gulton Industries, Inc., Engineered Mag­

netics Division. 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, fabrication,
 

testing, and delivery of four DC Power Supply units to NASA-Lewis
 

Research Center.
 

The 	primary function of the DC Power Supply of the Brayton
 

Cycle Power Conversion System is to supply power to the DC
 

bus 	during all operational conditions. When 208/120 volt,
 

three phase, 1200 Hz power is available from the Brayton
 

alternator, the DC Power Supply converts this AC power into
 

the desired positive and negative 28 VDC to supply the DC
 

bus. When the AC power is not available, the DC Power Supply
 

provides power to the DC bus from the Silver Cadmium batteries
 

which are part of the DC Power Supply. The design load on
 

the DC bus is 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 in
 

four task groups, which were accomplished in the following
 

sequence:
 

Task I - Preliminary Design Study.
 

During the Task I phase of the program, preliminary design and
 

assembly details defining system parameters and design envelope
 

for Engineered Magnetics Model EMPS252 DC Power Supply were ac­

complished, a satisfactory baseline was established, and a pre­

liminary schematic drawing of the DC Power Supply was obtained.
 

The DC Power Supply function and operation were defined. The
 

Power Supply circuits were sectionalized as follows:
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Logic
 

Transformer-Rectifier
 

Battery Charging
 

Amp~re-Hour Meter
 

Telemetry
 

Power Relay
 

Battery
 

Operational characteristics and requirements for each of the
 

above listed 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
 

Unidirectional Current Monitor
 

Bidirectional Current Monitor
 

Battery Voltage Monitor
 

Output Bus Positive/Negative 28 Volt Monitor
 

State of Charge Monitor
 

Power ON/OFF Signal Monitor
 

Battery Temperature Monitor
 

The mechanical design of the DC Power Supply was defined in out­

line form during 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.
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Task II - Detail Design and Test Plan.
 

Finalization of electrical and mechanical design and definition
 

of a test plan for each section of the Power Supply were the
 

major objectives of the Task II phase of the program. The ob­

jectives of Task II were realized with no major problems
 

encountered.
 

During Task II, NASA revised the original power system require­

ments which necessitated modifications of the EMPS252 DC Power
 

Supply design. In addition to the NASA revision, Yardney
 

Electric Company suggested an alternate battery charging method
 

which resulted in further redesign of the DC Power Supply.
 

Power system design modifications were incorporated 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 logic 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 if EMD engineering tests. The revisions
 

include: Additional terminal lugs on the battery and power sys­

tem cases; a provision'for a system'gas bottle heater; removal
 

of the manual/automatic parallel provision for ground commands,
 

and changing the power relay trip point to a higher value.
 

A complete description of system circuit functions is presented
 

in Section III and the EMPS252 Drawing Package is presented in
 

Appendix I. The block diagram of the DC Power Supply is presented
 

on Figure 1.
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Task III - Development (Model) DC Power Supply Fabrication.
 
EMPS252 DC Power Supply Unit No. 1 (Serial No. 26268) was
 

fabricated to the configuration 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. During
 

performance of the Acceptance Test a thermal heat map of Unit
 

No. 1 was obtained. The Thermal Test Report is presented in
 

Appendix III. After successful completion of the Acceptance
 
Test, a 10,000-hour life test was initiated on Unit No. 1. The
 

Life Test is scheduled for completion in 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 Units 2, 3, and 4 were fabricated in accordance
 

with the drawings presented in Appendix I. The Acceptance Test
 
was performed on each of the three units at room ambient con­

ditions only. These units were then subjected to a 100 hour
 
cycling and burn-in test program. Acceptance Test Data record­

ed for Units 2, 3, and 4 are presented in Appendix II, pages 17
 

through 39.
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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 conditions.
 

In addition, the DC Power Supply recharges its silver cad­

mium batteries while AC power is available from the Brayton
 

alternator.
 

The 	DC Power Supply consists of two identical 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
 

isolation 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 initiation of one of
 

these commands.
 

B. 	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 package. All of the Power Supply elements
 

except current shunts, thermistors, and batteries are con­

tained in the electronics package. The physical character­

istics of the DC Power Supply are presented on the following
 

table.
 

-9­



OUTPUT _ 

BUS7 
BATTERY + POSITIVE 

(+) O .PACKAGE 

208/120 
VAC 

I O 

1200Hz TRANSFORMER -­

---I IPOSITIONI 

SIGAL BATTERY CHARGER 
+28VDC________METE__ WEA __+7 S 

RECTIFIER -28VC - (+) 
IN TNEGOTIVE 

SIGNA 

I I 

BATTERYHRE 

BTIPCARGE 

LOGIC POE 

- I I - -K..- ~BATTERYCIN 

TRANSFORMER ) R 

i BATTERY-- ~CHA R G E R -~~METER(-) - ' -
NOTE TELEMETRY AND MANUAL COMMAND 

(H) AMP-OUR CIRCUITS NOT SHOWN 

K EECTRONICS SECTION (POWER CONTROL PACKAGE) 

FIGURE 2 BRAYTON CYCLE DC POWER SUPPLY BLOCK DIAGRAM
 



DC POWER SUPPLY PHYSICAL CHARACTERISTICS
 

BASE
 
POWER SUPPLY DIMENSION HEIGHT WEIGHT 
SUBSECTION (inches) (inches) (pounds) 

Battery Package #1 10 x 10 10 1/4 140 

Battery Package #2 10 x 10 10 1/4 140 

Electronics 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 multiva­

brators (a majority of which are duplicated for the +28 volt and
 

-28 volt power units) which control the Power Supply during norma;
 

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 limited
 

circuits--one for the +28 volt battery and one for the -28 volt
 

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
 

point is physically divided into two packages which comprise the +28
 

volt and -28 volt batteries.
 

Ampere-Hour Meters: Two separate sections which indicate the
 

charge state of the +28 volt and -28 volt batteries, respectively,
 

and also initiate battery charger action.
 

Telemetry: The composite of sense and conditioning circuits
 

which sample DC Power Supply parameters and present them in
 

standard for'(0-5 VDC) for remote monitoring.
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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 either 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 o4 

the Brayton alternator (208/120 VAC, 1200 Hz, 30) is fed to 

the transformer-rectifier (T-R) where it is 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'is directed 

to the positive and negative battery chargers, respectively, 

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 logic circuit. 

The battery chargers for the positive and negative batteries
 

are similar and are hard wired to their associated batteries.
 

The positive or negative 42 VDC is 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 is 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 if
 

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 either by internal logic
 

or external commands.
 

The 	logic telemetry, and Amp-Hour Meter circuits moni­

tor 	and control the internal operations of the DC Power
 

Supply and the primary power functions described abode.
 

The 	details of these circuits are explained fully later
 

in this report.
 

C. 	System Operation.
 

The Brayton Cycle Power Conversion System has five major
 

operating modes: Normal Operation, Battery Charging,
 

Alternator or Battery Operation, Manual Control, and
 

System Shutoff. With the exclusion of the Manual Control
 

mode (which is for'emergency operation) the other (four)
 

modes are required to complete one full system cycle.
 

Each of these modes is discussed in detail below. Table
 

I shows the various logic functions.
 

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 DC for use in the Brayton PCS. The
 

transformer-rectifier comb ination 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 undervoltage circuit must remain functionally active.
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UNIT 


POWER 


RELAY 


BATTERY 


CHARGERS 


(Two 

chargers oft 


two section4 

each) r 


POSITION 


CLOSED 


OPEN 

0 

Lower half 
f one 
harger 
pper half 

of onecharger. 

N One 
charger. 

0 

F 

r 

Both 
chargers. 
Lower half 
of one 
charger. 
Upper half 
of one
charger. 
One 

charger. 

Both 
chargers. 

TABLE I. 

OPERATING CONDITION 
OR COMMAND 

REMARKS 

l)f 24V T-R Output 1) Manual command will override the 
logic by setting of pontrol panel. 

2) Manual "Close" 2) There ar separate "open" and 

command "close" commands. 

3) T-R output sensed by separate 

1)= 25V T-R Output 

(with 5 Sec. Delay) 
2) Manual "Open" Command 

4) 

secondary. 

Any signal operates both Power 
Supply halves. 

Battery Voltage of 30.OV 1) Manual command overrides logic.,
 
2) There are separate "on" and "off"
 

commands.
 
Battery Voltage of 30.5V Battery overtemp overrides other
_______________3) 

automatic logic functions.
 

4) Manual commands operate both
Amp-Hour Meter e. 90% 

chargers--automatac commands
 
operate relevant charger.
 

Manual "On" Command
 

Battery Voltage of 37.OV
 

Battery Voltage of 38.OV
 

Battery Temp a 1850 F
 

Manual "Off" Command
 

LOGIC FUNCTIONS OF THE E4PS252 DC POWER SUPPLY
 



The Amp-Hour meters are idle during normal oper­

ation, as no current is being supplied to, or being
 

taken from, the system batteries. The telemetry cir­

cults 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 satisfactorily accomplish the DC Power Supply ob­

3ectives. This condition is significant not only
 

from the reliability standpoint, but also from the
 

standpoint of heat dissipation. The Normal Operat­

ing mode will continue indefinitely as long as 1200 Hz
 

power is supplied to the unit and if no external con­

.trol is exercised. When the AC input voltage is 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
 

outputon the DC bus. When the bus voltage reache4
 

the equivalent of 25 volts, the relay will open and
 

cause the transformer-rectifier to supply the full
 

load. There is 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 initial start condition, an opportunity ,to reach an
 

operating point where it can supply the required volt­

age and current. Power relay Kl may be operated manu­

ally. For manual Kl operation a switch is provided
 

on the control panel which overrides the automatic
 

control of the relay by the logic power supply circuit
 

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.
 

2. 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 cbargers through a separate set of
 

rectifiers. There are two battery chargers consist­

ing of four battery charging circuits. One battery
 

charger is 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 in biasing due to their positive and negative
 

placements within the system. Each of these battery
 

charging circuits is a series voltage regulator which
 

is current limited 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 particular 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 reachds
 

37.0 volts. At this 37 volt point, one of the two
 

chargers is turned off reducing jthe 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 is assumed to be fully charged. The charging
 

operation is 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 is experi­

enced. It is 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 operation of the battery chargers in shifting
 

from an 8 amp 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 over-ride the automatic circuits. The manual
 

control command circuits may also be used to initiate
 

a charge cycle which will then be controlled automati­

cally. This function was included within the system
 

capability at the request of the battery manufacturer
 

as the battery should be jolted to full charge every
 

month or two rather than be supplied with a continuous
 

trickle charge. If the battery is fully charged when
 

the manual control is actuated momentarily, the battery
 

chargers will be sequentially turned off within a very
 

short period.
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3. Alternator or Battery Operation Mode
 

When the output voltage of the transformer rectifier
 

of the DC Power Supply drops below the 24 volt 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 in parallel and each section will supply a por­

tion of the system DC power requirements. However, at
 

is likely that if the voltage from the transformer­

rectifier drops below the 24 volt level, the alternator
 

will 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. During 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 K1 is a bistable device, this condition
 

will exist until either the alternator attains the
 

required voltage level during start up or the system
 

is being shut down.'
 

4. Manual Control
 

Manual operation 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 carcuits fail or if the battery
 

must be placed on the bus to accommodate an unusually
 

heavy load.
 

Thb 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 circuits.
 

The battery chargers can also be operated in a manual
 

mode. In this case, both of the battery chargers each
 

containing,the two 4 amp sections are operated si­

multaneously. The same is not true when the battery
 

chargers are operated automatically by the logic cir­

cuits, in which case only the battery requiring a charge
 

is serviced by its particular charger and comparator
 

circuits. Manual battery charger operation completely
 

overrides the automatic circuits of the power system
 

and is provided only for emergency use. In the event
 

that the logic circuits do not turn on a battery charg­

er and it is known that the state of charge of the bat­

tery is low, the manual command caA be used to initiate
 

such a charge. Through careful'monitoring 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 its maximum safe charg­

ing level, the battery charger can be manually turned
 

off.
 

The manual control function is also provided for another
 

purpose. The battery manufacturer requested that a
 

method of jolting the battery to full charge be pro­

vided withinthe system, this instead of the trickle
 

charge which is 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 is tot 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 accomplish this function).
 

When the jolt charge is required, the battery charger
 

manual on control 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) sequence of operation when the
 

charging terminal voltage of the batteries reaches levels
 

which indicate a state of full charge. This function has
 

the advantage of being able to manually initiate battery
 

charging while not having the fault of possible over­

charging the battery due to inadequate monitoring.
 

5. 	Shutdown Mode
 

During the Brayton Cycle System shutdown, the battery
 

is supplying power to the inverter coolant pumps and
 

other bus loads. This is a normal mode of operation
 

which has previously been discussed in the battery
 

operation section.
 

When the system heat is dissipated or distributed,
 

the 	shutdown cycle is completed, and it is desirable
 

to have the battery placed on a stand-by condition in
 

the 	event that it will be used in the motor mode of
 

starting the Brayton alternator. The battery must
 

therefore be disconnected from the bus but must be
 

prepared to supply sufficient power to the logic car­

cuats to enable the system to be turned on again. A
 

manual command is first required to open power relay
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KI. Now the fattery is removed from the bus and is
 

also removed from a position where it will supply
 

power to the logic circuits, telemetry circuits, and
 

the 	ampere-hour meters.
 

The power activating circuits for power relay K1 are
 

connected directly across the battery and provide the
 

capability of turning on the system again. The slight
 

power loss due to the Sense portion of the circuit
 

will be less than internal losses in the battery
 

during the inactive period and will not significantly
 

effect the battery even during a shutdown period of
 

several years.
 

D. 	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 Appendix I are the outline drawing and the layout draw­

ing the unit. The battery drawings were supplied to NASA -

under separate cover.
 

The DC Power Supply is 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 high reliability and long
 

life requirements of the Brayton Cycle Power Conversion
 

System.
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The package configuration is 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 electronic
/ 

components. The main structural 

member of the unit is an aluminum baseplate. Cover mounting
 

flanges, connector support brackets, internal 1eat sink
 

brackets, and component mounting brackets are dip braz­

ed to the baseplate. This method of construction opti­

mizes weight, thermal, and structural considerations.
 

I 

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 thicker sections and
 

unnecessary excess metal in certain areas. In addition,
 

machined parts are inherently more costly and time con­

suming to fabricate and more restrictive of design
 

flexibility.
 

Thermal performance is enhanced by dip brazed construc­

tion thus eliminating heat barriers that exist if 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 vibratory loading. Relative
 

motion, as would occur between bolted joints, is eli­

mated by brazing the joint. Brazing provides a ductile
 

interfacial material that is not brittle or susceptible
 

to fatigue cracks that can occur with welding.
 

The cover of the container is of formed aluminum
 

sheet. It is attached to the base assembly by screws
 

to a mounting flange. This type of attachment, with
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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 unit is pro­

tected from earth associated contaminants such as
 
/ 

moisture, salt spray, and sand and dust. Materials
 

that out-gas or deteriorate under extended periods
 

in hard vacuum are not used. Heavy current carriers
 

are terminated at bolt and lug connections rather
 

than by ordinary pin and socket connectors.
 

2. 	Thermal Considerations
 

The only mode of heat transfer from the unit is con­

duction to the coldplate. Temperature gradients between
 

the coldplate and unit baseplate are minimized by close­

ly spaced mounting attachments. The baseplate surface
 

in the vicinity of the mounting attachments is machined
 

smooth and flat in accordance with NASA requirements.
 

Only four square inches of base area around each attach­

ment areconsidered as heat transfer area. A joint con­
2 o
 

ductance of 100 Btu/Hr Ft F is assumed for this area.
 

The internal components are arranged to distribute the
 

heat evenly to minimize thermal path lengths to the heat
 

transfer area. The heavy power transformers are mounted
 

directly to the baseplate. The lighter windings, power
 

diodes and charger diodes are mounted on a vertical
 

bracket with direct 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 indiuo 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 reliable limit. Low level
 

circuits are mounted on circuit boards grouped in a
 

subassembly. These components do not require special
 

treatment or close scrutiny for thermal considerations.
 

The power dissipation characteristics 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
 

of 100 Btu/Hr Ft2 oF, a baseplate thermal profile was
 

calculated. The maximum baseplate temperature occurs
 

immediately under the power transformer. This temperature,
 

which is approximately 110°C, allows a gradient of 700C
 

to the transformer rated temperature. The series regu­

lator transistor junction temperature is approximately
 

1400C. This can be decreased to be less than 1100C with
 

indium foil mounting on the transistor insulator and a
 

location on the coldplate that provides a collant temper­

ature of 1250 F instead of 1500F. For proper derating of
 

the transistor,, its temperature should not exceed ll00C
 

in this application. The balance of the baseplate is
 

within 50C of the coldplate surface.
 

Power Dassipation W atts)
 

Full Load Full Load Full Load
 
UNIT Full Charge Half Charge No Charge
 

Transformers 120 95 70
 

Power Rectifiers 25 25 25
 

Charging Rectifiers 8 4 0
 

Battery Chargers 160 55 0
 

Logic and Telemetry 8 8 8
 

Amp-Hour Meters 12 12 3
 

TOTAL 3331 199
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II. 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 individual batteries are fully charged. Tn
 

addition to the logic diagram on Figure 3, a table of logic
 

functions is provided on Table I. The table presents infor­

mation on the state of the system for various operating con-'
 

dxtiohs without tracing through the logic diagram.
 

Automatic control inputs to the logic are battery voltage,
 

battery state of charge from the ampere-hout meter, battery
 

temperature and bus voltage. In addition to the automatic
 

control inputs, two manual commands are provided that can
 

override all ot~er inputs. One manual command turns the charg­

ers full on or off, the other manual command closes or opens
 

the relay that bonnects the batteries to the DC bus. The
 

logic circuits (except for the circuit that drives the
 

relay) are powered from the +28 volt DC bus and not directly
 

from the battery. The relay drive circuits are connected
 

directly to the battery and require power only during the
 

instant that the relay changes state.
 

Figure 3 is the block diagram of the control logic. All
 

the controlling inputs are shown on the left side of the
 

figure and all the controlled outputs on the right side
 

of the figure. Amplifier designations and input-output
 

tie points are included so that functional areas of sche­

matic diagram 513911, can be identified.
 

Logic operation is normally automatic, with the comparators
 

providing 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 is that of the last level crossed.
 

All logic outputs are "on" or "off" states (the chargers
 

operating at 0, 4, or 4 + 4 amperes) so the "on" or "off"
 

states of the comparators coupled through the appropriate
 

gates and time delays shown in Figure 3 are used to control
 

the logic outputs. Besides using the comparator output
 

states for control, the output on-to-off transition at the
 

90% full charge level of the ampere-hour meter comparators
 

is used to start the battery charge. This step is necessary
 

because the battery voltage at 90% full charge is 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 is a much larger voltage. So
 

if charging is stopped at a battery voltage of 38 volts it
 

will normally not start charging until the battery voltage
 

drops to approximately 30 volts unless the charge is 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 battery voltage comparator output state between the
 

higher and lower sensing levels to be that of the lower
 

sensing level allowing charge to continue until maximum
 

battery voltage is/reached. The only other logic function
 

is the 5 second time delay that delays removal of the
 

battery from the bus.
 

To understand the relationship of the logic functions shown
 

in the block diagram, Figure 3, and schematic drawing 512911,
 

first it is noted that the actual mechanization of some logic
 

blocks can be combined into one logic circuit element and the
 

logic functions may be accomplished with more logic blocks
 

than those shown. However, all of the comparators and con­

nection points shown in the block diagram are identical to
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those on the schematic. In addition, many of the circuits
 

can be associated with szngle logic blocks.
 

Since most of the logic functions are performed with tran­

sistors that are either "on or "off" or with simple diode
 

OR gates, the detailed circuit description of the logic will
 

be confined to the comparators, one shots, flip flops, time
 

delay, and relay drivers. Power for the logic circuits is
 

supplied from a series regulator 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 circuit comparators are
 

Fairchild type pA710, which have inverting and non-inverting
 

input terminals. A voltage proportional to the controlling
 

parameter is applied to either the inverting or non-inverting
 

input and a reference voltage is connected to the opposite
 

input. Adjustable hysteresis is obtained by connecting a
 

selected-in-test resistor from the comparator output to the
 

non-inverting comparator input. When the comparator turns
 

on, the voltage level at the non-inverting input is raised.
 

This addition of some of the output current to the input
 

signal results in lowering the signal voltage to the level
 

at which 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 of the one shots used in the logic circuits,
 

capacitor couple the off-to-on transition of a comparator
 

(or transistor switch) through a series connected resistor
 

and capacitor to the base of another transistor. The time
 

constant of the series connected resistor-capacitor is ap­

proximately the duration of the resulting pulse.
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.Time Delay: Whenever the battery is to be disconnected from
 

the 28 volt DC Bus, a 5 second time delay is initiated and the
 

battery is disconnected. The time delay period is the time re­

quired to charge C2 through R14, (see schematic 513911) until
 

the base-emitter junction of Q7 starts to conduct.
 

The time delay is started by turning off Q8. The firing of Q7
 

momentarily turns on Q6 which resets bistable flip flop FF1 to
 

the reset state where output pin 9 is in the on state and out­

put pin 6 is in the off state. FF1's transition is then
 

coupled through Cl and R7 to momentarily turn on the appropriate
 

relay drivers.
 

FF1 is placed in the set state (output pin 9 is off and out­

put pin 6 is on) by~givingthe "connect battery" relay manual
 

command at initial system turn on or by the bus voltage drop­

ping below 24 volts., Setting of FF1 is 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.
 

FF1 also performs additional functions. When FFI is in the
 

reset state (output pin 9 is on and comparator Al is off) the
 

time delay is prevented from oscillating by the signal from
 

FF1, pin 9 through CR9 because Q8 is then held on thus shorting
 

out time delay capacitor C2.
 

The output of pin 6 of FF1 through its relay drivers connects
 

the battery to the bus in the same way that the output of pin 9
 

disconnects the battery from the bus.
 

Relay Drivers: The relay drivers provide the momentary 28 volt
 

signal used to change the state of the relay. The two relay
 

drivers are the combination of Q3 and Q4 and the combination of
 

Q9 and QI0. The relay drivers are simply Darlington connect­

ed transistors (DC current gain P1000) in series with the bat­

tery and relay coils. Momentary base current for turn-on is
 

provided through the series coupling capacitors from the change
 

in state of FF1.
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B. 	 Transformer-Rectifier and Battery Charger
 

Transformer-Rectifier
 

The transformer-rectifier circuit of the DC Power Supply,
 

shown on Drawing 513911, is a 3 phase input, 12 phase
 

output configuration.
 

The following characteristics were the major considerations
 

for the selection:
 

High efficiency
 

Low ripple
 

Low internal impedance
 

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
 
A a
 

120* 
N 600 -

It 

CIB 	 c b 

The other transformer has a 3 phase Delta primary and a
 

6 phase star secondary winding.
 

PRIMARY SECONDARY 
A 0I 

c
 

1 60 

I 3006 

al b
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When combined, the corresponding windings of the two
 

transformers are 300 out of phase, and form a system
 

circuit having a 12 phase secondary:
 

PRIMARY SECONDARY 

A b 

300cb 

300 L*CIb 

C - -B cb
+ circuit common ao 

By connecting each secondary winding to rectifier anodes
 

and connecting the rectifier cathodes to the positive
 

terminals, a 12 phase half wave transformer-rectifier
 

circuit with a negative common is obtained. (See diagram
 

below.) The DC output will have a theoretical 12 phase
 

ripple of 3.41% peak-to-peak amplitude. The major dis­

advantage of this circuit is that each rectifier carries
 

the full load for 1/12 of the cycle, or 300. only one
 

rectifier, the one with the highest voltage, conducts
 

at any given time. As soon as the voltage of one rect­

ifier becomes highest, all other rectifiers are back
 

bias'ed and'stop conducting until the next rectifier in
 

sequence conducts for 1/12 of a cycle. This individual
 

load carrying characteristic subjects each rectifier and
 

transformer winding to high peak currents which are also
 

reflected into the power source.
 

The following diagram shows 2 transformers, one with a Wye
 

and one with a Delta primary, and both transformers with 
'to3 phase'Wye half wave rectifier secondaries connected 

600 out of phase.'
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C 

12 PHASE OUTPUT TRANSFORMER CIRCUIT 

A 

PRIMARY 

TI 
(WYE) 

T2 
(DELTA) 

PRIMARY 

at 

SECONDARY I SECONDARY I 
I+1 a + 

T3 T4 

b 
C 

SECONDARYY2 

12 

(h OUTPUT 

"+2+
J-
:: circuit common
 

Each of the four 3 phase Wye secondary half wave rectifiers
 

will have a wave shape of the following configuration:
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H-60H //
 

b bi
 

IN,1 / \/ 
SECI SEC2 SECI SEC 2 SEC I SEC 2 

1200 1200 1200 

0 2 

in a circuit with three interphase transformers, (T3,
 

T4 and TS), the conduction time of each rectifier
 

increases from 300 to 1200 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 primary,and foursecondary windings, and
 

reducing internal impedance by 4.
 

In the above waveform, rectifier a conducts 1200 from 0 to 1.
 

Rectifier b assumes the load and rectifier a is back biased.
 

At point 2 rectifier c assumes the load, and b is back
 

biased.
 

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

as SEC 1 except it is shifted 60P(broken line). Without
 

an interphase transformer and with a single load applied
 

at points +1 and +2 (reference transformer diagram), or with
 

points +1 and +2 connected together, the interference between
 

SEC land SEC 2 will limit conduction time to 600. The
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interference zone is indicated by the shaded area of the
 

waveform illustration.
 

By connecting point +1 to point +2 through interphase 

transformer T3, which is a center tapped autotransformer, 

a peak-to-peak triangular shaped voltage of e = 1/2 E, 

at three times the fundamental frequency is developed. 

C-) -- (+ 

When the potential of the Oa diode is higher than the
 

potential of the Oc diode, Ia flows from +1 to + and the
 

voltage developed across +1 and +2 is such that +1 is
 

negativd (-) and +2 is positive (+). This condition'
 

raises the level at the $c diode and lowers the level at
 

the Oa diode. The amplitude of the Oc voltage is raised
 

and the poteitial of the two rectifiers are equal, causing
 

them to conduct smultaneously every 12O0 with half of the
 

load current carried by each rectifier.
 

In the transformer circuit, the 12 phase output is
 

obtained by using two 6 phase circuits with interphase
 

connections (T3 and T4). 'The two circuits are connected
 

together by a third interphase transformer (TS). The voltage
 

across transformer T5 is e1 = .14E, with a frequency that
 

is six times the fundamental with the two sets of six phases
 

overlapping.
 

The diode cathodes, connected to the secondary winding; also
 

attain the negative to ground output. Each negative diode
 

conducts 1800 out of phase with the positive diode and a
 

sine wave is produced.
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In the final circuit design shown in Appendix I, taps
 

4 and 7 of transformers T301 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 T301 and T302 are connected
 

to interphase transformer T307 to obtain the -40 VDC for the
 

battery charger.
 

Taps 3 and 8 of T301 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 is the power supplied to the system bus.
 

Input power waveform distortion is maintained at a very
 
low level by the continuous conduction of the primary
 

windings.
 

Through the use of two transformers(i.e.,T301 and T3021,
 
redundancy is obtained. In the event of a failure of one
 

transformer, fuses will remove it from the circuit and the
 
'
other transformer remains on the line. The remainin4 trans­

former will supply full output power, although the output
 

ripple will be increased and the efficiency will be lower.
 

Battery Charger
 

The positive and negative 40 VDC battery clargers each
 

contain two charging regulators. At batteryfull charge
 

conditions, all four regulators are maintained at the off
 

condition by a 1 volt signal applied to the individual turn
 

on-turn off regulator control transistor circuits. For the
 

positive 8 ampere charger output, two positive charging
 

regulators are connected to charge the battery by the appli­

cation of a zero volt signal to their control transistors.
 

By applying the 1 volt turn off signal to one regulator control
 

transistor and the zero volt signal to the other regulator
 

control'transistor, the 4 ampere charge mode is 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 obtained. The negative chaiger regulator
 

circuits are on or off as controlled by signals to the two
 

negative regulator control transistors.
 

The positive charge voltage is obtained from tap 5 of T306.
 

Tha negative charge voltage is obtained from tap 5 of T307.
 
I 

Positive Charger Section 1: When the positive battery
 

package is being charged at the 4 ampere rate, one positive
 

regulator is on and one positive regulator is off. The
 

charging current is high and the voltage to control transistor
 

Q309 as 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 circuit. The voltage divider
 

R302 and R305 provides the reference voltage comparison
 

between the base voltage of Q309 and the p6sitive 40 VDC.
 

When the voltage'across current measuring resistors R301
 

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

and CR360, the circuit operates as a current regulator.
 

When the voltage at Q309 switches to 1 volt, Q309 is satu­

rated switching off Q304, Q303, and Q302, thus switching to
 

the charger off condition.
 

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 transistor is
 

Q310. CR363 and R306 are the current limiting circuit, and
 

the voltage across CR362 as divided by R306 and R311. The
 

second current regulator circuit as hence Q323, R32, R311,
 

CR362, 0310, Q308, 0307, 0306.
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Negative charger Section 1: 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 limiting circuit consists of diode
 

CR366, Zener diode CR364 and resistor R320. The sum of
 

the Bye of Q311, Q313, and Q314, plus the voltage of R323
 

is held constant by the current limiting circuit. When
 

the voltage across R323 and R329 reaches the level determined
 

by Q314, Q315, Q313, Q311, CR364, and CR366, the circuit
 

operates as a constant current regulator.
 

The 1 volt charger off signal saturates Q316 turning on
 

Q312, shorting out the CR366 and CR364, and the voltage
 

of the current limiting circuit becomes zero.
 

Negative Charger Section 2: This 4 ampere charging section
 

functions through its respective components in the same
 

manner as described for the first negative 4 ampere section.
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C. 	Ampere-Hour Meter
 

The basic function of the two ampere-hour meters is to
 

integrate current flowing in the battery This measure
 

of integrated current or charge is 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 tte
 

ampere-hour meters either from the 28 volt DC bus or from
 

the battery when the system gas bottle heaters are operating.
 

For simplicity, the power supply connections are omitted
 

from the block diagram. The millivolt signal from the shunt
 

is applied at the input of the ampere-hour meter circuit.
 

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

The capacitor of the R/C charge circuit is periodically
 

pulled down to a negative voltage by the feedback path each
 

time the input capacitor voltage reaches zero volts. The
 

time it takes the voltage across this capacitor to return
 

to zero is a function of the R/C time constant and the
 

voltage appearing across the shunt which is proportional
 

to the charge or discharge current. From this information
 

it can be seen that the frequency of this sawtooth waveshape
 

appearing across the R/C 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 is integrated with respect to time. As the
 

voltage across this capacitor rises to a predetermined
 

point, it is necessary to detect the level in some manner.
 

With this integrator, this point is 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 Schmitt trigger, 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 circuit is simply an actuator
 

of the feedback signal which "discharges" the input capacitor
 

to a negative voltage. The number of pulses is sensed at
 

the feedback point. Each pulse registers on a flip-flop
 

which changes state on each successive pulse. The output
 

of this flip-flop is conditioned by three cascaded flip­

flops, each dividing the number of pulses by 2, and a
 

Darlington connected buffer circuit which drives the stepper
 

motor. After every 8th pulse the stepper motor rotates
 

another increment. It is this device that provides the
 

memory and accomplishes the integrating. The readout is
 

simply a state-of-charge indicating potentiometer driven
 

directly by the stepper motor.
 

In order to eliminate~cumulative errors, the ampere-hour
 

meter memory is reset when the battery is fully charged
 

as indicated 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 is pre­

sented on Figure 5. With the exception of the power
 

supply, each of the functional elements of this cir­

cuit corresponds to the block 'diagram. The purpose of
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having the two identical channels shown on the schematic,
 

is to allow integration of both charge and discharge battery
 

current. Because of its secondary importance, the power
 

supply will be discussed last; although it would appear
 

from the schematic to be first in line
 

The input signal is derived from 'the current shunt in the
 

battery bus line. This signal is in the order of a very'
 

few millivolts and is directly proportional to the charge
 

or discharge current of the battery. The polarity of the
 

signal determines which channel is activated. While one
 

channel is integrating, the other one does not operate since
 

it is designed to operate with a signal of the opposite
 

polarity.
 

The R/C charge circuit is composed of resistors R204 and
 

R205,and capacitor C205. The resistor arrangement in the
 

R/C charge circuit is incorporated to allow for the cali­

bration of each instrument. This ad3ustment is necessary
 

to get maximum accuracy. As shunt voltage is applied to
 

the R/C charge circuit, the voltage across capacitor 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
 

amplifier, A201. This amplifier is 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. It is in this network
 

that final resistance values are determined during production
 

testing.
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0 

After Q205 fires,the change of voltage in C209 will be
 

AVC209 = VFWD SCR Q205 - Vzener (1) 

and, neglecting 12R losses, the corresponding voltage change
 
on C205 will be
 

AVc2 05 = (V SCR Q205 - V + V CR211 C20 (29

C25FDZener C2lC 205 + C209 (2 

If C209 <<C205 

Then, 
= (VFwDSCR Q205 - Vzener + VwCR211) C209 (3) 

C205 

In general,
 
T 

Q = CV = fi dt (4) 
0
 

so during reset,
 
QC205 = C205 (VFwDSCR Q205 7 Vzener + V FwDCR211) C209 (5)
 

C205
 
and after reset
 

Sindt = C209 (V.,DSCR Q205 - Vzener + VFWDCR211) (6)
 

Assuming Iin is approximately constant,
 

Ein (7)
=-w-

in 
 Rin
 

then,
 

En
 - T = C209 (VFwDSCR Q205 - Ve + VFwDCR211) (8) 

Rin FWDZener FW
 

from which, 
T = wcR_in C209 (VFwDSCR Q205 - Vzener + VFwDCR211) (9) 

in
 

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

on the R/C charge circuit is 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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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
 

it would be necessary to temperature compensate for VFWD
 

SCR 	Q205 and VFWD CR211 voltage changes.
 

As the feedback storage capacitor C209 is cycling at the
 

frequency of the input ripple voltage, by AC coupling this
 

device through C210 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 circuits.
 

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 pulse, the stepper
 

motor is sequenced another increment. With this action,
 

accurate integration is accomplished.
 

TheDC Power Supply furnishes all of the bias voltages requared
 

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.
 

D. 	 Telemetry
 

The DC Power System telemetry provides standard 0 to 5 volt
 

analog signals to measure temperatures, voltagesycurrents
 

and battery states of charge. The telemetry is 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
 

100,600 ohms, (1 megohm is standard)' for good accuracy.
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Battery State-of Charge Telemetry
 

Battery state of charge is taken directly from the ampere­

hour meter potentiometer readout through a series failsafe
 

isolation resistor. State of charge is directly propor­

tional to telemetry voltage.
 

Voltaqe Telemetry 

Voltage sensors are simply voltage dividers composed of 
resistors with better than ± 100 parts per million per degree 

centigrade temperature coefficients. 

Temnprature Telemetry
 

Battery temperature is sensed by internal thermistors that
 

are part of a sample resistor voltage divider network supplied
 

from a reference Zener diode. The temperature versus voltage
 

characteristac is non-linear so temperature versus output
 

volta',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 as supplied from a separate
 

DC to AC converter that is 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
 

is from 0 to 50 amperes and the battery monitor current range
 

as from -10 amperes to + 40 amperes, Charge current is con­

sidered negative.
 

B. 	 Power Relay
 
The power relay functions to connect or disconnect the batteries
 

from.the positive and negative 28 VDC buses. This bistable
 

latching type relay is energized by a pulse supplied by the
 

loqic circuits. In addition to the bus contacts, the relay has
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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 indi­

cation signal when the bus relay contacts are open.
 

F. 	Battery System
 

The battery system for the EMPS252 DC Power Supply is com­

posed of two identical canisters, each of which contains
 

twenty-five sealed silver-cadmium cells, two thermistors and
 

current measuring shunt. These units function as the + 28V
 

and - 28V batteries 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 within the batteries are Yardney type YS-85(S)
 

cells and have a nominal power rating ot 85 ampere-hours.
 

Each cell was epoxy sealed after test and no preventive
 

maintenance is required.
 

The thermistors used in each canister are Gulton Model
 

35TD25 devices. The units are attached to the center
 

cell within the 5 x 5 battery matrix. One thermistor is 

provided as a telemetry output, the other thermistor in­

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 circuit. The
 

voltage signal from this shunt is directed to the appro­

priate ampere-hour meter within the DC Power Supply logic
 

which indicates at all times the state-of-charge of the
 

associated battery.
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IV. RELIABILITY
 

Reliability Estimate.
 

The following reliability estimate for the DC Power Supply is
 

based on the total electrical component parts count and utilizes
 

component part failure rates and other estimating techniques as
 

outlined in the Engineered Magnetics Reliability Handbook. As
 

substantial circuit changes have occurred since the previous
 

Reliability Estimate was submitted to NASA, this Reliability
 

Estimate updates that report as a final submittal.
 

Certain basic assumptions were used in the preparation of this
 

Reliability estimate and are defined as follows:
 

1. No workmanship errors exist in the assembling of the
 

components into a complete unit 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 will
 

constitute a system failure.
 

3. 	Ambient temperature is 400C.
 

4. 	All component parts are used with proper deratings
 

at the maximum temperature and load condition(s).
 

The MTBF is calculated by using the reciprocal of the summation
 

of the individual component part failure rates, i.e.,
 

MTBF= 1
 

where: failure rate of individual component part.
 

The 	ZTBF for the DC Power Supply is 62,464 hours. The reliability
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of the 	individual sections was calculated and the failure rate
 

(failures/108 fours) for the section was determined. The sum­
mation of these sections was accomplished as indicated an the
 

following:
 

tAs 	 ps +42 + A-42 +)L +XAH
 

+jT +AB +APR
 

where: 	AS = failure rate of the section 

A -= 	failure rate of Power Supply 

failure rate of +42V Regulator,+42 = 

-42 failure rate of -42V Regulator 

A = failure rate of Logic 

failure rate of Ampere-Hour meterAAH 


failure rate of Telemetry
T 	 = 

B failure rate of Battery 

A PR = failure rate of Power Relay 
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EAS = 150 + 119.82 + 113.81 + 387.64 + 492.60
 

+ 197.04 + 100 + 40
 

= 1600.91 failures/lO8 hours
 

The MTBF is
 

MTBF = 108 hours
 
1600.91
 

= 62,464 hours
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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 points 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 characteristics of the bat­

tery assembly.
 

Operation: Tests were conducted on the assembled Power Supplies
 

(including 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 first assembled DC Power
 

Supply unit was tested to determine functional characteristics.
 

During these tests the steady state-power quality and output
 

transients due to input power variations (including operation of
 

the 	power relay) were measured and sample measurements obtained
 

are 	to confirm the assumed reliability stress levels.
 

Thermal Test
 

Thermal map measurements determine the internal and interface
 

heat transfer characteristics of the system electronic package
 

of the first deliverable system after completion of other func­

tional tests. These tests function to confirm the thermal analy­

sis 	and locate critical component temperature levels. See Ap­

pendix III for the Thermal Test Report.
 

Acceptance Test
 

Engineered Magnetics Test Procedure for EMPS252 Brayton Cycle
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DC Power System (EMD Procedure No. 713331) presented in Appendix
 

II, is the Acceptance Test Procedure for the DC Power Supply. The
 

Acceptance Test, functional in nature, was performed to assure cir­

cuit operation.
 

Life Test
 

At the completion of the operational tests of Unit No. 1, a 50 dycle,
 

10,000 hour endurance test (Life Test) was initiated. When this test
 

is completed, another 10,000 hour, 75 cycle life test will be performed
 

using battery simulators instead of actual batteries. A special secur­

ed area was established for the purpose of preserving the test. This
 

area is immediately ad3acent to the installation location of the
 

1200-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 canisters 1A and lB
 

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 negative
 

battery terminal voltages, positive and negative battery
 

current (bi-directional)
 

6. 	Ventilation equipment for system loads and test equipment
 

7. 	Overload and battery protection circuits, and
 

6. 	Test failure alarm system.
 

Since its initiation, the Life Test has proceeded continuously, 

on a 24-hour-a-day biasip (except for several equipment malfunc­

tions and two commercial power interruptions). Monitoring by 

the Rustrak recorders/is continuous. Operational time is re­

corded from the operating hoursmeter of the motor generator con­

trol panel which is 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, monitoring of the test 

setup takes place on a daily basis. Protective circuits associ­

ated with the motor generator, the input fusing to the unit under 

test, and the external protective circuits which will remove a 

badly discharged battery from the test setup loads insure that a 

malfunction will not cause permanent equipment darmage between 
monitoring periods. When a test cycle is to be performed, the 
unit is manually sequenced through battery loading during the 

beginning of a normal day shift. The unit is then set to perform 

the automatic battery charging operation and is monitored at ap­

proximately one hour intervals. A provision is made so that ad­

ditional monitoring at the same periods takes place during the
 

second shift. To date, the Life Test has continued satisfactorily.
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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 Industries, Inc., and the four fabricated DC Power
 

Supplies (with the exception of the batteries) met or exceed­

ed the purchase specification for the unit with no deviations
 

or waivers required. System testing of the DC Power Supply,
 

as a part of the Brayton Cycle Power Conversion System program
 

at the NASA Lewis Research Center and its Plumbrook facility,
 

has demonstrated the compatibility 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 DC'Power Supply
 

by using in its design only components which can be replaced
 

by Ultra-High Reliability parts such as JANTX parts. -uch
 

units, which can be fabricated by the simple expedient of sub­

stituting the Ultra-High Reliability parts upon a part-for-part
 

basis in the present design, will considerably enhance the MTBF
 

of the DC Power Supply. Since the present units meet the pro­

3ected 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 section,
 

which accomplishes the 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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rectification elements and still deliver full rated output power,
 

although at a somewhat decreased efficiency and higher rippe
 

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 unattended space use of long duration, is completely
 

satisfactory in its present configuration for its intended final
 

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 quite 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 requirements of its purchase specificatlon, but a
 

review of the overall program indicates four areas for further
 

consideration in regard to modifications 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 compatibility with other types of bat­

teries (such as silver-zinc). 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
 

DC Power Supplies of this type.
 

3. 	The thermal heat map measurements has indicated the
 

possibility of several improvements of the heat paths
 

within the Power Supply. Improved reliability and
 

optimization of these heat paths to "obtain" a more
 

even distribution of the heat generated within the
 

Power Supply can be accomplished by perfotming several
 

simple physical design modifications to the Power
 

Supply.
 

4. 	The state-of-the-art in Silver Cadmium batteries was
 

not compatible with the five (5) year life ob3ective
 

of the Brayton program. Additional work is necessary
 

to acquire a battery which can meet this five (5)
 

year life requirement in the anticipated Brayton
 

environment.
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APPENDIX I
 

DRAWING PACKAGE
 

1. List of Material LM 513260
 

2. Outline and Specification 413249
 

3. Schematic Diagram 513911
 

4. Final Assembly Drawing 513260
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APPENDIX II
 

EMPS252 TEST PROCEDURE
 

AND
 

OPERATIONAL TEST DATA
 



REVISIONS
 
DATE APPROVEDSYM DESCRIPTION 

DATE 12/20/68 Gulton Industries, Inc. 
DR C. Chsellfne HAWTHORNE, CALIFORNIA 

CHK 

ENGR 
MECH ENGR ......... 

TEST PROCEDURE FOR EMP8252 
BRAYTON CYCLE D. C, POWER SYSTEM 

REL ENGR 

PROJ ENGR 

PP O M l CODE IDENT NO. SIZE7 

APPD 06509 A 
iSCALE SHEET 1 of 21 

EMI7" 4 I-1 



1.0 INTRODUCTION 

The D.C. power system for the Brayton Cycle alternator provides
 

+28VDC and -28VDC from transformer rectifiers or from two 
batteries. In addition the system has charge control logic 
ampere hour meters, 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 

The following tests will verify that the system will operate as
 

designed. Criteria for this verification are based on bread­

board performance data 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 expected variations. In addition
 
telemetry calibration curves will be provided where necessary.
 

4.0 LIST OF APPLICABLE DOCUMENTS
 

4.1 NASA Contract NAS3-10936, Exhibit B. Scope of work
 

as amended, 

4.2 Test Fixture Schematic 31313290.
 

CODE IDENT NO SIZE
06509 A 713331 

SCALE :SHEET 2 
EM,,., 11-2 



5.0 LIST OF TEST EQUIPMENT, OR SIMILAR
 

5.1 Oscilloscope, Tektronix 531
 
'5.2 Digital Voltmeter, HP3440A
 
5.3 Temperature Chamber, Bemco
 
5.4 Multimeter, Triplett 630A
 
5.5 Power Supply, Power Design I4005
 
5,6 Power Supply, Engineered Magnetics 50 Amp
 
5.7 Digital Frequency Counter, HP5243L
 

5.8 Ammeter, Weston 0-10 Amp
 
5.9 2 ea. 3.5 ohm, 500W. Power Resistors
 

5.10 Test Fixture, EM313290
 
5.11 Power Supply, General Resistance No. DAS-46L
 

5.12 Resistance Decade Box, GR Type 1432-N
 

6.0 TEST SEQUENCE
 

All tests are at room temperature and atmospheric pressure unless
 
otherwise noted.
 

6.1 General Procedures
 

6.1.1 	Record All measurements on the test record form
 
and check that data are within the limits speci­

fied.
 
6.1#2 	Usi Digital Volt Meter for all voltage adjust­

ments and readings unless otherwise noted.
 
6.1.3 	 Positive Side Transformhr, Rectifier, Logic and 

Charger Tests. 

00DENT NO. SIZE 

06509 A 71 3331 
SCALE 	 SHEET 3 

"1 r-3 



6.1.3.1 	Connect the unit under test to the test
 

fixture and its positive battery con­

nection to the 0-10A ammeter in series
 

with the 3.5 ohm power resistor to ground.
 

Connect the 0-50A test supply in series
 

with a silicon diode, having a rating of
 

at least 6A and 50y, across the 3.5 ohm
 

power resistor in order to simulate the'
 
battery voltage when the charger is off.
 

Set the supply for 21 to 26 volts. Use
 

this method of battery voltage simulation
 

for the remainder of the test procedure
 

whenever the use of the 3.5 or 7 ohm power
 

resistor is called for.
 

Connect a test lead from Pin V of Jl to
 

Pin 10 of J4, and another test lead from
 

Pin X of 	Jl to Pin 11 of J4. These two
 

leads must be connected whenever the unit
 

is 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 fixture for relay
 

open and charger off. Record the voltage
 
at Pin 1 of J4 and record the current
 

readings 	for the following 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-ad3ust the test supply -- 28.5 volts
 

6.1.3.6 	Charger Command- On
 

6.1.3.7 	 Charger Command- Off
 

/ 

OE IDENT NO SIZE 7 1 3 3 1 
06509 A 713551 

SCALE 	 SHEET 4 
EM 'f71a 11-4 



6.1.3.8 	Change the 3.5 ohm 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.
 

6.1.3.9 	Set Charger Command to Auto and record
 
the current reading.
 

6.1.3.10 	Slowly 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 followingt
 

CODE IDENT NO. SIZE7 

06509 A1000) 

-

SCALE 
InI, 

SHEET 4A 
TH-s. 

http:6.1.3.10


6.1.3.11 Slowly decrease the test supply voltage
 
until the current increases suddenly to
 

3.5 amperes. 
6.1.3.12 With the multimeter on the 12VDC range,
 

check to see that the voltage at test
 
point TB9-30 is less than +0.5 volts.
 

6.1.3.13 Continue to slowly decrease the test
 
supply voltage until the 3-5 ampere
 

reading increases suddenly to more
 

than 5.0 amperes.
 

6.1.3.14 Slowly increase the test supplyvoltage
 
until the current drops suddenly back 

to 3-5 amperes. 
6.1.3.15 Measure and record the voltage at test
 

point T9-25.
 
6.1.3.16 Increase the test supply voltage to
 

39.5 volts and then slowly decrease it
 
to 33 volts, checking that the current
 
now reads less than 0.1 amperes.
 

6.1.3.17 Set Charger Command to On and then
 
back to Auto, checking that the current 
is now more-than 5.5 amperes. 

6.1.3.18 Connect the resistance decade box to
 
pins G and H of J1. Decrease the re­

sistance until the current drops to 
less than 0.1 amperes, and record this
 
value of resistance.
 

6.1.3.19 Increase the resistance until the current
 

returns to more than 5.0 amperes, and
 
record this value of resistance. Turn
 
off the AC generator.
 

CODE IDENT NO. SIZE
 

06509 A 713331
 
SCALE SHEET 5 

i~mm~l li a11-4,i 
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6.1.4 Negative Side Transformer, Rectifier, Logic and
 
Charger Tests.
 

6.1.4.1 


6.1.4.2 


6.1.4.3 


6.1.4.4 


6.1.4.5 


6.1.4.6 


6.1.4.7 


6.1.4.8 


6.1.4.9 


6.1.4.10 


6.1.4.11 


Connect the 0-10A ammeter in series with
 

the 3.5 ohm power resistor from the units
 
negative battery connection to ground.
 

Connect the 0-40V test supply for a nega­

tive voltage of 39.5V between test point
 

TB9-34 and ground. Turn on the AC gene­
rator, record the voltage at Pin 2 of J4,
 

and the current readings for the following
 

conditions:
 

Charger Command - Off
 

Charger Command - On
 

Charger Command - Auto
 

Re-adjust the test supply to 28.5 volts.
 

Charger Command - On
 

Charger Command - Off
 

Change the 3.5 ohm 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.
 

Set Charger Command to Auto and record the
 

current reading.
 

Sl6wly increase the test supply voltage until
 

the previous 3-5 ampere reading drops sudden­

ly to less than 0.1 ampere. Record the test
 

supply voltage for this condition and the
 

following:
 

Slowly decrease the test supply voltage until
 

the current increases suddenly to 3-5 amperes.
 

CODEWENT 713331
1 
06509 A
 

_SLE ISHEET 6 

http:6.1.4.11
http:6.1.4.10


6.1.4;12 With the multimeter on the 12VDC range, 
chock to see that the voltage at tent 
point TB9-29 is less than ,0.5 volts. 

6.1.4.13 Continue to slowly decrease the test
 
supply voltage until the 3-5 ampere 
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 record the voltage at test
 

point T39-26.
 

6.1.4,16 Increase the test supply voltage to 39.5 
Volts and then slowly decrease it to 33 

volts, checking that the current now 
reads less than 0.1 amperes. 

64.*4.17 Set Charger Comand to On and then hack
 

to Auto, checking that the current is now
 

more than 5.8 amperes. 

6.1.4.18 Connect the resistance decade box to 
pins 9 and F of J1. Decrease the re­

sistance until the current drops to 

less than 0.1 amperes, and record this
 

value of resistance.
 

6.1.4.19 Increase the resistance until the current 

returns to more than 5.1 amperes, and 
record this value of resistance. Turn. 

off the AC generator. 

06509 71 33g31
 
SCALE 

kg. '-u 
7 
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6.1.5 Negative Side Ampere Hour Meter Tests
 

6.1.5.1 	Connect the millivolt test supply for
 
a negative voltage to pin W with respect
 

to pin V of Jl, Connect a test lead 

from pin V of Jl to pin 10 of J4. Con-, 
nect the 	frequency counter to the col­

lector of Q216A, turn on the AC generator 
and record the period of the pulses for 
ithe following conditionsi 

6.1.5.2 	Set the test supply to S MV. 

6.1.5.3 	Set the test supply to 80 MV. 
6.1.5.4 	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).
 

6.1.5.5 Reverse the polarity of the millivolt
 
supply, connect the counter to the col­
lector of 	0210A and repeat (6#1.5.2,
 

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

6.1.5.9 Reverse-the polarity of the millivolt
 
supply and decrease the ampere hour meter
 

output voltage setting until the voltage
 

at pin Pof Jil in 0 volts. Turn off the
 

millivolt 	supply and increase the voltage
 
of the test supply at test point TB9-34
 

to -39.5 volts. Note the time when the
 
counter starts indicating the pulse period.
 

6.1.5.10 	Record the period.
 
6.1.5.11 	Note the time when the counter stops in­

dicating the pulse period. Divide the
 
interval, in seconds, by the pulse pertod,
 

in seconds and record this number.
 

CODE IDENT 	 NO. SIZE 

065o9 A 713331 
SCALE SHEET 8 

wiiiiii1l -9 

http:6.1.5.11
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6.1.5.12 	Record the voltage at pin P of J1.
 

6.1.5.13 Slowly decrease the test Supply voltage 

at test point TB9-34 to 35.5 veltso, 

checking that the current now reads' 
less than 0.1 amperes. 

6.1.5.14 	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 record the voltage at pin P of l.
 

Turn off the AC generator.
 

6.1.6 Positive Side Ampere Hour Meter Tests 

6.1.6.1 Connect the millivolt test supply for a
 
negative 	voltage to pin Y with respect 

to pin X of J1. Connect a test lead
 

from pin X of J1 to pin 11 of J4 Con­

nect the 	frequency counter to the col­

lector of Q216, turn on the AC generator.
 
6.1.6.2 	Set the test supply to 8 MV. 

A.1.6.3 	Set the test supply to 80 MV. 
6.1.6.4 	Shift the decimal point 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). 

6.1.6.5 	 Reverse the polarity of the millivolt 
supply, connect the counter to the col­

lector of 0210 and repeat (6.1.6.2, 3
 

and 4), recording the data at 6.1.6.6, 
7 and 8). 

6.1.6.9 Reverse the polarity of the millivolt
 

supply and decrease the ampere hour meter 
output voltage setting until the voltage 

CODE WDENT NO. SIZE1310650,9 A- 7-__ I E, 

SCALE 

LI1-lo 

http:6.1.5.14
http:6.1.5.13
http:6.1.5.12


6.1.6.9 cont'd. at pin N of J1 is 0 volts. Turn off
 

the millivolt supply and increase the
 

voltage of the test supply at test point
 

TB9-36 to +39.5 volts. 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 pulse period. Divide the
 

interval, in seconds, by the pulse period,
 

in seconds and record this number.
 

6.1.6.12 	Record the voltage at pin N of J1.
 

6.1.6.13 Connect the 0-10 ammeter in series with
 
the 7 ohm resistor to the units positive
 

battery connection. Slowly decrease the
 

test supply voltage at test point T39-36
 

to 31.5 volts, checking that the current
 

now reads less than 0.1 amperes.
 

6.1.6.14 Turn on the millivolt supply, decreasing
 

the amp hour meter setting until the cur­

rent increases suddenly to 3-5 amperes.
 
At this time turn off the millivolt supply
 

and record the voltage at pin N of Jl.
 

Turn off the AC generator0
 

6.1.7 Relay and Time Delay Tests
 

6.1.7.1 	Connect the test supply for a positive
 

voltage of 30V between test point TB9-32
 
and ground.
 

Set test fixture 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 

065o9 A 713 3 1 
SCALE 	 SHEET 10 

9Wfile, 
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6.1.7.1 cont'd. 


6.1.7.2 


6.1.7.3 


6.1.7.4 


6.1.7.5 


6.1.7.6 


Set relay to close.
 

Check that relay status is closed.
 

Set relay to Auto and check the time
 

required for the relay to open.
 
Slowly decrease the test supply voltage
 

until the relay closes and record this
 

voltage.
 

Set relay to open and check that it does.
 

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.
 

6.1.8 Telemetry Tests
 

6.1.8.1 


6.1.8.2 


6.1.8.3 

6.1.8.4 


6.1.8.5 


6.1.8.6 


6.1.8.7 


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:
 

Pin f of Ji
 

Pin g of Jl-

Measure the voltage at pin 10 of J4 
and record the ratio of this voltage 

to those meisured at the following 

places: 

Pin e of J1 

Pin h of Jl 

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
 

SCALE ISHE5 11 

M~f ll-12­



6.1.8.8 Record and graph the output voltage of
 

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) 140F = 27,80Q
 

(b) 68°F = 6,25Q0
 

(c) 122°F = 1,798
 

(d) 1760F = 626.
 

(e) 1940F = 456
 

6.1. , Buss and Solder Test Point TB9-31 to TB9-32,
 

TB9-33 to TB9-34 and TB9-35 to TB9-36.
 

CODE IDENT NO SIZE 

06509 A
 
SCALE SHEET 12 
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______ 

--

--

(Wa1rtt A 5QRi ALt 4,0 26-68 

EW5252 TEST RECORD FORM
 

Test Proce4urie 

6.1.3.1 

6.1.3.2 


6.1.3.3 


6.1.3.4 


6.1.3.4 


6.1.3.6 


6.1.3.7 


6.1.3.8 


6.1.3.9 


6.1.3.10 

6.1.3.1l 


6.1.3.12 


6.1.3.13 


6.1.3.14 


6,1.3.16 

6.1.3.17 


6.1.3.18 


6.1.3.19 


6.1.4.1 


6.1.4.2 


6.1.4.3 


6.1.4.4 


6.1.4.5 


6.1.4.6 

6.1.4.7 


6.1.4.8 


6.1.4.9 


6.1.4.10 


Para. 0°F 


-

-.-

4 

,A 


i 

.-


8.4 

3, 


30,in 

+70°F 


"7, 


,. .-

"A7 
'7, 


a-

j. 

4, 


-

30,3 

.3 

1,34.1.3.154 ,.-
0 

SimOS 
066o 


07,9 

L-11 

7, A 
i--


2.& 


Lo-

4, 


i--


577S 
66 

M
Z9,| 


.4I
SA 
a-' 

al
S. 

.11, 


'60, 
4. 


379 363.
7,9156, 

+1209F 


_.-


_ 

_ 

_ 

1+1600 F Range
 

2-7 +27-3 4 Volts
 
I--- 0-0.1 Amperes
 

86 	 6-10 Amperes 

0-0.1 Amperes 

6-10 Amperes 

SB 6-10 Amperes 

a-- 0-0.1 Amperes 

a - 5.b Amperes 

,3-5 Amperes 

3320*3-J.3747,-390 Volts 
30,(o +29.5-31.5 Volts 

- :.._+0.5 Volts 

_Oh± +29-31 Volts 

+36 Volts5,0.0-38 

41,A +40-46 Volts 

w 0-0.1 Amperes 

&-_ --.5.0 Amperes 

450-650 ohms
 

[o"'/6,. _500-750 Ohms
 

2, 3 -27-34 Volts
 

Low,- 0-0.1 Amperes
 

q7 6-10 Amperes
 

j.- 0-0.1 Amperes
 

6-10 Amperes
 

87 6-10 Amperes
 
L.1 0-0.0-0 Amperes
 

>5.0 Amperes
 
3-5 Amperes
 

-37.5-39.0 Volta 

-13-­
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Ut 1-r#/ 5sten-4 A1o. .-&acs
 

EMP8252 TEST RECORD FORM cont'd.
 

Test Procedure Para. 00F +70°F +120°F +160°F Range
 

6.1.4.11 3Q4 5t,4 3Qj -29.5-31.5 Volta
 

6.1.4.12 i as.- .s-0.5 Volts
 
3 4 

_0,_
6.1.4.13 ,1 3 -29-31 Volts ,
 

6.1.4.14 3, 36,9?,7, -36.0-38.0 Volts
 
6.1.4.15 41,. 41.- 4j3 -4b-46 Volts
 
6.1.4.16 2- &. &-- 0-0.1 Amperes
 

6.1.4.17 t..r -5.0 Amperes
 

6.1.4.18 A44Z &- __ S it' 450-650 Ohms
 
6.1.4.19 44 443 500-750 Ohms
 
6.1.5.2 _,_,___ 12.1-14.7 Seconds
 

6"J,4_6.1.5.3 1,. 1.21-1.47 Seconds
 
6.1.5.4 5%
 

6.1.5.6 MIS t e 130 12.1-14.7 Seconds
 

136.1.5.7 1,3A 1.21-1.47 Seconds
 

6.1.5.8 K K _ k--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' 4, +4.8-5.1 Volts
 
6.1.5.13 %00; 0-0.1 Amperes
 

6.1.5.14 41. 4,. +4.35-4.65 Volts
 

6.1.6.2 ttI 134 
__ 

134 12.1-14.7 Seconds
 

____,__6.1.6.3 iIA (4 1.21-1.47 Seconds
 

6.1.6.4 ' --­_ _5%5-

6.1.6.6 13,3 j 1,60I__A12.1-14.7 Seconds
 
6.1.6.7 1,1 (,% 1,40 1.21-1.47 Seconds
 

6.1.6.8 L"o -<5%
 

6.1.6.10 x x ji 30-5-MS
 

6.1.6.11 x x X 5400-5900 p.f.s.
 
6.1.6.12 5.0___ 7 1 +4.8-5.1+ Volta
 

6.1.6.13 wo O'
r' 0_v.1 Amperes
 

6.1.6.1 1 44914-,45 1 14,.51 4.35-4.65 Volts
 

It-Iw-14-
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4"lc-i1 7-,4 'az'a 
EMPS252 TEST RECORD FORM cont'd. 

Test Procedure Para. ,0F !+70oF +120OF +160OF Range 

6.1.7.2 

6.1.7.3 

6.1.7.4 
6.1.7.5 

6.1.7.6 

6.1.8.2 

6.1.8.3 

6.1.8.5 

-

1..s-

_,_ 

k. 
t2 , 

x 

x 

X 

4. 

O 2-A,,o0 

k 
X 

X 

X 

' . 

4! 

4tL 
u'-' 

2., 

X 

X 

X 

Relay Closed 

3-7 Seconds, Open 

+23-25 Volta 
Relay Open 

+24-26 Volts 

7.3-7.7:1 

7,;3-7.7:l 

7.3-7.7:1 

6.1.8.6 X X X 7.3-7.7:1 

-15- :I
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Figure I 
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Figure 5 Positive Battery Temperature Sensor Unit Serial No. 
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EMPS252 TEST RECORD FORM cont'd.
 

Test Procedure Para. 0F 1+70'F +120F +160'F Range 

.,u 6.1.4.11 - __ _ _ -29.5-31.5 Volts 

6.1.4.12 s -0.5 Volts 

6.1.4.13 00.4 -29-31 Volts 

6.1.4.14 -36.o-38.0 Volts 

6.1.4.15 4$L -4b-46 Volts 

6.1.4.16 . 0-0.1 Amperes 

6.1.4.17 154-- 5. o) Amperes 

6.1.4.18 450-650 Ohms 

6.1.4.19 -, G, 500-750 ohms 

6.1.5.2 _, 11. 12.1-14.7 Seconds 

6.1.5.3 1.21-1.47 Seconds 

6.1.5.4 :S. 5% 

6.1.5.6 12.1-14.7 Seconds 

6.1.5.7 1,36 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.s. 

6.1.5.12 S03 +4.8-5.1 Volts 

6.1.5.13 0-0.1 Amperer 

6.1.5.14 45J +4.35-4.65 Volts 

6.1.6.2 __ [3 _ 12.1-14.7 Seconds 

6.1.6.3 h _ 1.21-1.47 Seconds 

6.1.6.4 m-5% 

6.1.6.6 _ ,9 12.1-14.7 Seconds 

6.1.6.7 1,8 1.21-1.47 Seconds 

6.1.6.8 5% 
6.1.6.10 X x x 30-50MS 

6.1.6.11 I X X X 5400-5900 p.f.s. 

6.1.6.12 4,1 +4.8-5.1 Volts 

6.1.6.13A 0Wv.i Amperes 

6.1.6.14 1 4,4 j +4.35-4.65 Volts 

11-2­-14-




___ 

EMPS252 TEST RECORD FORM
 

2DateA4SC 8 199r.9 Techniciank3. M AT~u M cT 

Test Procedure Para. +700 F +120 F +160F Range
 

6.1.3.1 2 C_ _ +27-34 Volts
 

6.1.3.2 0-0.1 Amperes
 

6.1.3.3 _ 3 __| 6-10 Amperes
 

6.1.3.4 }o-o.i Amperes
 

6.1.3.5 6-10 Amperes

6.1.3.6 j.6-10 Amperes
 
6.1.3.7 , 0-0.1 Amperes

6.1.3.8 55 ! 5.0 Amperes
 

6.1.3.9 ,3-5 Amperes
 
6.1.3.10 t37.5Z39,6 Volts
 

6.1.3.11 0_OS_ _+29"5-31.le'VoIt
 

6.1.3.12 -- -_s+0.5 Volts
 

6.1.3.13 I,+29-31 Volts
 

6.1.3.14 _____+36.0-28.0 Volts
r 

6.1.3.15 1IA +40-46 Volts
 

6.1.3.16 V 0-0.1 Amperes
 

6.1.3.17 5, -:5.0 Amperes
 
6.1.3.18 540 450-650 Ohms
 

6.1.3.19 G2- 500-750 Ohms
 

6.1.4.1 28 33 " -27-34 Volts
 

6.1.4.2 . 1.0-0.1 Amperes
 
6.1.4.3 1 _ iJ6-10 Amperes
 

6.1.4.4 .- 0-0.1 Amperes
 

6.1.4.5 6-10 Amperes
 
6.1.4.6 I 6-10 Amperes
 

6.1.4.7 t 0-0.1 Amperes
 

6.1.4.8 5.0 Amperes
 

6.1.4.9 4. . 3-5 Amperes
 
6.1.4.10 S - --I -37.5-39.0O Volts
 

-13- 1-23
 

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


EMPS252 TEST RECORD FORM cont'd. 

Test Procedure Para. '0°F +70'F +120'F +160'1 Range 

6.1.7.2 

6.1.7.3 

6.1.7.4 

6.1.7.5 

6.1.7.6 

6.1.8.2 

6.1.8.3 

6.1.8.5 

6.1.8.6 

X 

X 

X 

X 

V / 

5 
2_,39 

L,-. 

2.4 

X 

X 

X 

X 

X 

X 

X 

X 

Relay Closed 

3-7 Seconds, Open 

+23-25 Volts 

Relay Open 

+24-26 Volts 

7.3-7.7:1 

7.3-7.7:1 

7.3-7.7:1 

7.3-7.7:1 

-15- fl-ZS 
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Positive Battery Current Sensor Unit Serial No.,2(261
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Figure 7NegatiLve Battery Current Sensor UniLt Seri al -o.,;7- 1!
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Figure 3 Positive T.R. Current Sensor Unit Serial No.2?2-6-7 
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Fzgure 4 Negative T.R. Current Sensor I Unit Serial No.ZCZC,7. 
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' GG - - No.,2
Positive Battery Temperature Sensdr 
Figure 5 Serl No . 
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46 Negative Battery Temperature Sensor Unit Serial No..
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EMPS252 TEST RECORD FORM 

Date __- .2 b Technician 

Test Procedure Para. 0°F +70°F +120°F +160°F ] Range
 

6.1.3.1 2. ' +27-3 4 Volts 

6.1.3.2 / " 0-0.1 Amperes 

6.1.3.3 i___-i10 Amperes 

6.1.3.4 , 0-0.1 Amperes 

6..5 ..... 8. --- 6-10 Amperes 

6.1.3.6 _o_ yz6-10 Amperes 

6.1.3.7 0-0.1 Amperes 

6.1.3.8 --z5.0 Amperes 

6.1.3.9 .4 3-5 Amperes 

6.1.3.10 -. 7 - +37.5-39,0 Volts 

6.1.3.11 06+29.5-31. Volts 

6.1.3.12 :::+0.5 Volt 

6.1.3.13 30.0 +29-31 Volts 

6.1.3.14 37. *36t0-28.0 Volts 

6.1.3.15 _ _+40-46 Vol 

6.1.3.16 0-0.1 Amperes 

6.1.3.17 __ -5.0 Amperes' 

6.1.3.18 -5"70 450-650 Ohms 

6.1.3.19 -660- 500-750 Ohms 

6.1.4.1 -Z-.- -27-34 Volts 

6.1.4.2 A0-0.1Am re 

6.1.4.3 7. 7 6-10 Amperes 

6.1.4.4 _ _ _,, .... 0-0.1 Amperes 

6.1.4.5 6-10 Amperes 

6.1.4.6 _ _ . _ _ 6-10 Amperes 

6.1.4.7 . 0-0.1 Amperes 

6.1.4.8 _ _ -_5.0 Amperes 

6.1.4.9 /.v7 3-5 Amperes 

6.1.4.10 3-37.5-39.0 Volt 

-13- 1I-32
 



EMPS252 TEST RECORD FORM cont'd.
 

Test Procedure Para. oF .+70OF +120'F +160OF Rane .
 

6.1.4.11 304 -29.5-31.5 Volts 

6.1.4.12 --­ 0.5 Volts 

6.1.4.13 30.1 _-29-31 Volts 

6.1.4.14 36.9 -36.0-38.0 Volts 

6.1.4.15 41Z - _ -4b-46 Volts 

6.1.4.16 -_0-0.1 Amperes 

6.1.4.17 _5.0 Amperes 

6.1.4.1--- 520 450-650 Ohms 

6.1.4.19 620 500-750 Ohms 

6.1.5.2 13,8 12.1-14.7 Seconds 

6.1.5.3 1.34 1.21-1.47 Seconds 

6.1.5.45% 

6.1.5.6 1.5 12.1-14.7 Seconds 

6.1.5.7 -­ _ 1 -- 1.21-1.47 Seconds 

6.1.5.8 6.2 ,--­5 

6.1.5.10 X 15. X X 30-50 MS 
6.1.5.11 X .5i 8 X X 5400-5900 p.f.s. 

6.1.5.12 4.?? +4.8-5.1 Volts 

6.1.5.13 Lx 0-0.1 Amperes 

6.1.5.14 +4.35-4.65 Volts 

6.1.6.2.. ._+ ... 12.1-14.7 Seconds 

6.1.6.3 I.36 1.21-1.47 Seconds 

6.1.6.4 55 __ _5 

6.1.6.6 11_/2..7 12.1-14.7 (Seconds 
6.1.6.7 1.33 1.21-1.47 Seconds 

6.1.6.8 L% 
6.1.6.10 - - X 40.? - X o - 50 14S 

6.1.6.11 X 5770 X 5400-5900 p.f.s. 
6.1.6.12$4 f.*4.8-5.1 Volts 

6.1.6.13 r0=D.1 Amperes 

6.1.6.14 +44..35-4.65 Volts 

-14- xT-,3
 



EMPS252 TEST RECORD FORM cont'd. 

Teat Procedure Para. 00F +70'F +120OF +160OF Range 

6.1.7.2 

6.1.7.3 

6.1.7.4 

4.-
Relay Closed 

3-7 Seconds, Open 

+23-25 Volts 

6.1.7.5 

6.1.7.6 

6.1.8.2 

6.1.8.3 

6.1.8.5 

6.1.8o6 

___ 

X 

X 

X 
X 

25.1 
7.5:1 

7.7-| 
7.5:1 
7.5: 1 

X 

X 

X 

X 

X 

X 

X 

X 

Relay Open 

+24-26 Volts 

7.3-7.7:1 

7.3-7.7:1 

7.3-7.7:1 

7.3-7.1:1 

-i s- 11-34 
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EkPS252 TEST RECORD FORM 

Date 3-5- 7nA. S 24 78 Technician 

Test Procedure Para. 00F +70°F +120°F i Range 

6.1.3.1 _ 2t5 J +27-3 4 Volts 

.6.1.3.2 0-0.1 Amperes 

6.1.3.3 8.6 I 6-10 Amperesi 

6.1.3.4 0-0.1 Amperes 

6.1.3.5 8.6- ..3----- - - - ... 6-10 Amperes. ..-­

6.1.3.6 8.6 _ i 6-10 Amperes 

6.1.3.7 0-0.1 Amperes 

6.1.3.8 5.5 }Z5.0 Amperes 

6.1.3.9 -7.4 - ,[73-5 Amperes 

6.1.3.10 _ _.1 +37,5-39,0 Volts 

6.1.3.11 30.6 +29.5-31.5 Volts 

6.1.3.12 . --&_+0.5 Volts 

6.1.3.13 

6.1.3.14 36. 
t..+29-31 VoltsJ4.. 0'-9,O Volts 

6.1.3.15 +40-46 Volts 

6.1.3.16 V 0-0.1 Amperes 

6.1.3.17 _..25.0 Amperes 

6.1.3.18 4, 0-650 Oms 

6.1.3.19 0 0 500-750 Ohms 

6.1.4.1 / 2 - -27-34 Volts 

6.1o4.2 _ 7-- _ 0-0.1 Amperes 

6.1.4.3 . 6-10 -

6.1.4.4 _ r 0-0. Amperes 

6.1.4.5 
6.1.4.6 

_ 5"2 6-10 Amperes 
6-10 Amperes 

6.1.4.7 1 , -0.1 Amperes 
6.1.4.86 ..4..9 _ 

_-__-• 
.. . .­ 5.0 Amperes

3--5. Amperes 

------ 4 1-34­
6.1.4.10 -33. --- -37.5-39.0 Volts 

-13- .
 



--

EMPS252 TEST RECORD FOPJI(cont'dt 

SCXA IA ,jk t/7S1-7'70 1 
0 1 0 0

Test Procedure Para. 00F 1+70°F +120 F +160 F Range
 

6.1.4.11 I30. -29.5-31.5 Volts
6.1.4.12 
--

0.5 Volts 

6.1.4.13 -29-31 Volts
 
6.1.4.14 3 1360-380 Volts
 
6.1.4.154.4 -40-46 Volts 
6,1.4.16 0-0.1 Amperes 

6 *1 *4.17 -- 5. Amperes 

6.1.4.18 530 I ,450-50 Ohms6.1.4.19 630 ]....
6. -500-750 Ohms 

6.1.5.2 3 .12.1-14.7 Seconds-

S.1.5.3 

6.1.5.4/ . 
- j- I 2I.1.21-1.47Seconds 

=5 

6.1.5.6 .. ... j i1.1-14.7 Seconds 

6.1.5.7 _.- - 1.21-1.47 Seconds 

6.1.5.8 -- _ _ 5% 

6.1.5./0 x X X 30-50 MS 

6 1.5.11 
6-.1..12 - -,5.00 

X 79 X 

I 
X 

-.... 

500-5900 p.f.s. 

+4.8-5.1 Volts 

6.1.5.13 S 0-0.1 Amperes 

6.1.5.14 . +4.35-4.65 Volts 

. 
6.1.6.3 

T.-
- 13-4---.--4--

1.35 

S12.1-14.7 Seconds 
---­1.21-1.47 Seconds 

6.1.6.4 41 i- 5 

6.1.6.6 

6.1.7 1 
135 

.35 . 
j 12.1-14.7 Seconds 

1.21-1.47 Seconds 
6.1.6.8 1.....­ .... -- 1... -..- 5% . 
6.1.6.10 6X.6 X X . 30-50MS 
6.1.6.1 X x - X 5400-5900 p.f.s. 

6.1.6.12 . 4.-. Volts 
6-.1.6 .13 / l Or0.1 Amperes 

6.1.6.14 +4.35-4.65 Volts 

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
http:6.1.4.14
http:6.1.4.13
http:6.1.4.12
http:6.1.4.11


-- 

EMPS252 TEST RLCORD EORM (cont'd). 

SEAA1L IVO,, Zs70
 

Test Procedure Para. 0F +70%r +120F +160 0 F Range
-

6.1.7. 2 i Relay Closed 

6.1.7.3 a-- - - -3-7 Seconds, Open 

6.1.7.4 2 .9 3 +23-25 Volts 

6.1.7.5 1 fRelay Open 

6.1.7.6 

6.1.8.2 - x 

L 'j.?s 
I 

* -j+24-26 

f X 

Volts 

7.3-7.7:1 
6 .1.8 .3 

6 ... . .. .5 - 7 5 : IX 
-

-IxI X 
1-.-- -f7.3-7.7:1I 7 . 3 - 7 . 7 : 1 

6.1.8.6 X 17.5:1 X i X 1 7.3-7.7:1 

-
-
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Figure 2 Negative Battery Current Sensor Unit Serial No.Z2.42,O,.
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Figure 3 Positive T.R. Current Sensor Unit Serial No. 
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Figure 4 Negative T.R. Current Sensor Unit Serial No. z2a 
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THERMAL TEST REPORT
 

EMPS252 DC POWER SUPPLY
 

PURPOSE: 	 To determine maximum operating temperatures of
 

certain significant heat dissipating components
 

within the EMPS252 DC Power Supply.
 

METHOD: 	 Maximum temperatures were measured while operating
 

the unit in a temperature controlled oven.
 

PROCEDURE: 	 Thermocouples were installed on mayor heat dissi­

pating components and on the baseplate mounting
 

flange. The unit was installed with 1/4 - 28 bolts
 

torqued to 85 - 90 inch pounds on a one inch thick,
 

finned aluminum heat sank 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 1500F and a thermal conductance of 300 BTU/
 

HrFt2F between the coolant and the coldplate
 

surface. Thermocouple outputs were recorded on
 

a Honeywell 	Brown Electronik millivolt recorder.
 

RESULTS: 	 The maximum observed temperatures are tabulated
 

an the attached Thermal Test Summary. All temper­

atures are well below their reliable operating
 

limit 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 it could have an
 

adverse effect on ad3acent circuitry.
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DISCUSSION: 	 Visual examination of T302 revealed several areas
 

of poor thermal contact. The varnish dip coating
 

on the transformer prevents good contact to the
 

aluminum mounting bracket. Irregularities in the
 

core prevent firm contact between the core and
 

the baseplate of the unit. Since these thermal
 

deficiencies are somewhat inherent in the trans­

former construction, improvement ,in heat transfer
 

must be accomplished by other means. A high
 

thermal conductivity epoxy could be applied at
 

the base of the transformer to fill 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 is brazed to the baseplate, In addition,
 

the inside of the cover could be painted flat
 

black to increase radiation heat losses from
 

the transformer.
 

CONCLUSIONS: The DC Power Supply meets the specified requirements.
 

With minor changegi 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
 

Q 1 170
 

Q 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 0 F. TEMPERATURES LISTED HAVE BEEN ADJUSTED 

TO CORRESPOND WITH 155 0 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. 

/0 

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

T 302 CORE TEMPERATURE CHANGED FROM 325 to 311 0 F 
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