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REVIEW OF THE BRAYTON ENGINE ELECTRICAL SUBSYSTEM DESIGN AND
COMPUTERIZED TECHNIQUE USED TO DOCUMENT WIRING
by James Nestor and Pierre A, Thollot

Lewis Research Center

SUMMARY

The Brayton-B engine is being developed as a reliable source of continuous electric
power for future space missions. NASA-Lewis Research Center has assumed full sys-
tem engineering responsibility for its design and development. The engine has been
built and is presently undergoing systems testing in a vacuum environment,

This report includes a general description of the major subsystems and their inter-
relation. The electrical subsystem is covered in more detail to include the function and
operation of the major components. The application of computer technology as an aid
for developing wire lists for the electrical harnesses is discussed. Advantages of com-
puterized wiring tabulations over detailed wiring diagrams include simplified mainten-
ance, lower cost, convenience, accuracy, and flexibility.

This report is intended primarily to document the approach used to develop the
Brayton engine electrical subsystem and to serve as a guide and reference source for
possible application of these principles to the development of other complex electrical-
electronic systems.

INTRODUCTION

NASA-Lewis has assumed full system engineering responsibility to develop, build,
and test the Brayton-B engine for use as a reliable source of electrical power on future
space missions. Design criteria for the engine are that it would operate continuously
for at least 5 years, control and regulate itself automatically, and provide a minimum of
10 kWe (kilowatts electric)of usable three-phase, 120-volt, 1200-hertz electrical energy.

Design and engineering analyses, material testing, and preliminary design studies
conducted at Lewis began in 1963. A review of this phase of the program is presented in
reference 1. Functions, design conditions, operating parameters, and electrical and




thermodynamic characteristics of the major components were defined, and detailed
specifications generated. By 1968 related technology had been developed to the point
where contracts could be awarded to individual vendors {o design and build the major
components based on these specifications. Very close liaison was maintained through-
out the life of each contract by the responsible contract manager to insure that the spec-
ifications were being rigidly followed and that the vendors complied with the intent of the
contract. A comprehensive report covering the analysis and selection of design condi-
tions for the Brayton engine was presented by Klann (ref. 2) in 1968.

Concurrently with fabrication, delivery, and checkout of the major components,
Lewis prepared for the next phase: to assemble the components into an integral func-
tioning engine. Key elements in this effort were the total electrical subsystem configu-
ration design, development of interface requirements related to additional development
instrumentation, provision for backup power supply interconnections for engine checkout,
and, finally, documentation of the entire electrical subsystem wiring. The technique
used to document the engine electrical subsystem wiring, as well as the instrumentation
and electrical interfaces with the test facility, has proved particularly flexible and effec-
tive and is discussed in detail.

A progress report on the prototype engine during early system testing at the NASA-
Lewis Space Power Facility was given by Brown (ref. 3) in 1969. Preliminary results of
engine performance tests in a vacuum environment are presented in a work entitled '""Ex-
perimental Performance of a 2 - 15 Kilowatt Brayton Power System in the Space Power
Facility Using Krypton'' by Fenn, Deyo, Miller, and Vernon of Lewis,

DESCRIPTION OF THE BRAYTON-B ENGINE

Figure 1 shows a schematic diagram of the engine with the four major subsystems
enclosed by dashed lines. The engine as shown in the schematic is a completely self-
contained system capable of automatic startup and shutdown cycles with steady-state
operation at from 0 to 10 kilowatts of user electrical output power.

The heat source subsystem adds heat to an inert working gas through its heat ex-
changer. At present, the two heat sources being considered for the Brayton engine are
radioisotope and a nuclear reactor. The hot gas in the recirculating primary gas loop
flows through a single-stage radial-inflow turbine. Expansion of the gas through the tur-
bine spins the shaft and produces useful work. About two-thirds of this work is absorbed
in driving a single-stage radial-outflow compressor. The remaining one~third of the
shaft work is available to a four-pole brushless alternator. The single shaft of this
Brayton Rotating Unit (BRU) is supported by gas journal and thrust bearings and is lubri-
cated by the working gas itself. After expansion in the turbine, the gas flows through a
recuperator where a majority of the unused heat energy is transferred back to the cooler
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Figure 1, - Brayton engine schematic.

gas flow leaving the compressor. The gas leaving the recuperator is further cooled by
the gas-to-liquid heat exchanger which removes the waste heat from the gas loop and
transfers it to the liquid heat-rejection subsystem. A gas management system supplies
the gas for engine startup by injecting gas into an evacuated loop at the compressor dis-
charge. It also provides jacking gas to the BRU bearings during the startup cycle and
controls total gas inventory in the system during steady-state operation. A more de-
tailed description of the events related to startup and shutdown is given by Cantoni and
Thomas (ref. 4).

The heat rejection subsystem removes excess engine heat from the gas,—to-liquid
heat exchanger and provides cooling for the electrical-electronic components. Cooling
is provided by redundant liquid loops of recirculating Dow Corning DC-200 fluid. Either
loop satisfies the necessary heat-transfer requirements. Each loop circulates in a split
path: one path removes heat from the heat exchanger and dissipates it by means of the
primary (hot) radiator; the second path cools the alternator and the electronic compo-
nents, dissipating heat through the secondary (cool) radiator. The pumps for the two
coolant loops are powered from the engine electrical subsystem.




Finally, the electrical subsystem regulates and distributes the electrical output of
the alternator and provides all the engine control and logic functions. The electrical
output is 208/120 volts, 1200 hertz, three-phase power. The maximum alternator out-
put power depends on the heat source mated to the engine and the pressure level at which
the system is operating. The alternator is capable of up to 15 kilowatts power output.
Between 1.5 and 2 kilowatts of this power is used for '"*housekeeping'' purposes: opera-
tion of the engine control system, speed control and field excitation for the alternator,
opefation of the coolant pumps, and for battery charging.

DETAILS OF THE ELECTRICAL SUBSYSTEM

The BRU, as the principal turbomachinery package of the engine, is an integral unit
which includes the turbine, the compressor, and the alternator. The alternator is a
four-pole, solid rotor, modified Lundell type, three-phase brushless machine whose
output is 208 volts line-to-line at 1200 hertz. The rotor of the alternator consists of two
separate magnetic sections joined together by a nonmagnetic metallic separator. Advan-
tages of a machine of this type are the smooth rotor which minimizes windage losses and
the incorporation of short armature coils (compared with a homopolar inductor alterna-
tor). Further, the elimination of slip rings or commutator contacts and the absence of
rotating windings increase the reliability and life expectancy of the machine. Alternator
cooling is accomplished by dual liquid passages in the alternator jacket for circulation of
the heat-rejection system coolant. Either liquid passage can provide the needed cooling.
Detailed information related to alternator design and performance characteristics is
given by Ingle and Corcoran in reference 5.

The remainder of the electrical subsystem regulates and distributes engine power
and provides all control and logic functions required to operate the Brayton engine. The
major packages which comprise the electrical subsystem are the Power Supply Package
(PSP), the Electrical Control Package (ECP), the Brayton-Engine Control System (BCS),
the inverters, and the pump motors. All power required to operate the electrical sub-
system during startup, normal operation, and shutdown is supplied by the engine. Fig-
ure 2 is a schematic representation of the electrical subsystem showing individual com-
ponents and their control and power interconnections.

The PSP supplies the engine with required dc power both during normal operation
and when the BRU is shut down. During normal operation, the dc supply rectifies the
1200-hertz alternator output to provide 56 volts de (+28 V dc from ground reference).
When the BRU is inactive, two silver-cadmium batteries provide the required power for
system startup and shutdown. Direct current is used to power all control and monitoring
functions, fo recharge the batteries, and to supply the two 400~hertz inverters which
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drive the liquid-loop pumps. Specifically, the PSP consists of a positive and a negative
28-volt battery, and an electronic unit (see fig. 3). Packaged within this electronic unit
are the following: two multiple winding transformers and diode assemblies which con-
vert the 208/120 volts ac input to +28 volts dc bus power and +42 volts dc for battery
charging; two identical series regulator current limiting circuits used for battery
charging; two separate ampere-hour integrator circuits which continuously depict the
approximate charge status of each of the batteries; a bistable latching power relay which
connects or removes the batteries from the dc bus; control and logic circuitry, which
accepts commands from the BCS and dictates the priority and relation of the PSP inter-
nal functions; and finally, a system which senses and conditions a number of PSP data

C5-52124

(a) Direct-current power supply (cover removed).

C-69-703

(b} Battery (two required).
Figure 3. ~ Direct current power supply package.




C-69-332

{a) Speed control-voltage regulator (cover removed).

C-70-1259

(b) Parasitic load resistor,
Figure 4. - Electrical control package.




parameters, converting the information to 0 to 5 volts dc signals for external monitor-
ing.

The ECP provides alternator excitation, regulates the 1200-hertz output voltage,
controls the BRU speed, and contains the engine circuit breakers which distribute the
electrical power (see fig. 4). Remotely mounted, but still a functional part of the ECP,
is the parasitic load resistor which dissipates excess electrical energy as commanded
by the speed control in order ‘to maintain the BRU speed within its design range. The
alternator field excitation circuitry consists of a series field supply, supplemented as
required by a shunt field supply. The series field amplitude is directly proportional to
alternator output line current, while the shunt field is varied automatically to maintain
constant alternator output voltage. The speed control senses alternator frequency and
maintains it within design limits by varying the amount of power being dissipated in the
parasitic load resistors.

The BCS provides all control and monitoring functions necessary to operate the en-
gine. It consists of three individual elements: an engine-mounted signal conditioner,

a cable link, and a remote control and monitoring console. The signal conditioner is an
electronic unit which interfaces between engine electronics (instrumentation and control
devices) and the control and monitoring console. The cable system links these two ele-
ments of the BCS. The three elements of the BCS are pictured in figure 5. The signal
conditioner accepts all engine instrument and control signals and converts them to a
common 0 to 5 volts dc output. It also acts as the interface for the returning command
and control functions originating from the control console. The control console is a
highly compact and specialized system which incorporates human factors engineering in

BCS cable link
{11 multiconduc-
for cables) '-“\\

g

Signal conditioner J

» Control console

’\': ‘
16 connectors interface with
Brayton engine electrical harness
C-69-3783

Figure 5. - Brayton-engine control system.
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(b) Coolant pump-motor assembly.
Figure 6. -~ Inverter and pump-motor assembly,

C-70-1260




its design. It could, with minimum modification, be used for a mission application.

The cable link between the signal conditioner and the control and monitoring console con-
sists of 11 multiconductor cables, which collectively contain 183 sensing signals, 43 re-
turn signals, 32 dc power leads, 43 shields, and 66 spare conductors. All console cir-
cuits are wired on printed circuit cards which are essentially self-diagnostic and indi-
cate a malfunction directly, Most of these cards can be replaced in the event of a mal-
function with the system still in operation. Specific criteria incorporated in the design
of the ECS include: (1) redundancy whenever appropriate, (2) no interruption in engine
operation as a result of a single component failure, (3) totally self-sufficient, being in-
dependent of spacecraft or outside sources of power during engine opération, startup, or
shutdown.

Two dc-to-ac inverters each provide up to 25 amperes of three-phase, 400-hertz
power to operate the two pump-motor assemblies (PMA) in the two coolant loops (see
fig. 6). Each inverter takes its input power from the dc power supply and converts it to
a quasi-square wave, approximately 45 volts rms output, which is directly connected to
the input of each PMA. A 5-volt pulse from the signal conditioner starts or stops either
inverter. The inverters are protected against overload by an internal cutoff circuit
which turns the inverter off, but will permit restart after the overload is removed.

Each PMA is an integral unit consisting of a centrifugal pump and a three-phase,
400-hertz, fractional horsepower induction motor mounted within the same housing.
Either pump will operate whenever its respective inverter is turned on. The pumps
have a nominal speed of 11 000 rpm at rated pressure and flow. The same coolant liquid
which circulates through the heat-rejection subsystem flows within the motor housing
and is in direct contact with the electrical windings. The liquid thus also removes heat
from the motor windings and lubricates the bearings.

With the exception of the BCS cable link between the engine-mounted signal condi-
tioner and the remote control and monitoring console, no interconnecting electrical sub-
system wiring was developed by any of the component manufacturers. All drawings re-
quired to integrate the electrical components were developed by Lewis from information
furnished by the individual vendors. This effort is discussed in the following section.

DOCUMENTATION OF THE ELECTRICAL SUBSYSTEM WIRING
Drawings
The block diagram of the engine power and control system (fig. 2) describes the

conceptual version of the electrical subsystem; however, far more detail was required
before engine wiring could be started. Vendor drawings were examined carefully to
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identify all interfacing connectors and terminals. Then, using this added information,
the block diagram of figure 7 was developed. Except for the BCS cable link, which was
furnished by the contractor, this drawing shows all the cables required to complete the
electrical subsystem. In addition, it gives the number of active conductors per cable,
identifies the cables by number, provides shielding and grounding information, and indi-
cates circuit designations for all the control and monitoring circuits.

In the same manner, a second block diagram was developed (see fig. 8) to show the
interfaces associated with instrumentation and related support systems outside of the
basic engine. These peripheral circuits, referred to in this report as the Development
System, include thermocouples, flowmeters, pressure transducers, accelerometers,
etc., which were installed to better evaluate engine performance during ground testing.

Concurrent with development of the block diagrams, a grounding philosophy was de-
vised to reduce or eliminate the possibility of stray or extraneous voltages. All conduc-
tors were shielded, and all shields were grounded at one end only, to a single point on
the engine frame, which, in turn, was grounded to earth.

Wire Lists

Detailed wiring diagrams to show point-to-point connections for each conductor
were not developed. The number of cables and components that make up the complete
electrical subsystem would require many drawings to show all the terminations and
would prove too cumbersome. Furthermore, maintaining an up-to-date series of these
drawings would be time consuming and costly. As an alternative, computerized wire
lists for each of the electrical subsystems were developed, based on the block diagrams
of figures 7 and 8, Wire lists in themselves are not new. However, tabulations in a
computer-oriented format are a much more recent technique which has found acceptance
in both aerospace and military applications. It is particularly adaptable to complex sys-
tems where a large number of components are to be interconnected.

Two wire lists were established: one detailing the engine electrical subsystem, and
the other, the development system. The tabulations included each conductor in the sub-
system with both termination points; in addition, they gave the circuit characteristics,
cabling and shielding information, and a brief dascription of the function of that conduc-
tor in the system. In order to facilitate the identification of components, each was as-
signed a unit number as defined in table I. In addition, a sequential signal number was
assigned to identify all conductors from each unit.

The wire lists, one page of which is reproduced in figure 9, show the origin of each
conductor (unit number, signal number, connector, and pin), its destination (unit num-
ber, signal number, connector, and pin), the cable designation number, electrical char-
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o1 ENGINE HARNESS

* FROM *CABLE* T0 * CHARACTERISTICS *® *
=UNET. SIG o CONN . PIN *NUMBR* UNIT « SIG » CONN . PIN *VOLTS .AMPS..FREQ.. AWG * CIRCUIT FUNCTION/REMARKS *
* - * * - o . ® - * *
* - - . * * - - * - - #* %
*¥ 1 . 557 . J13 . X *}21/3% 54 . ° - * . - * HoXoSEC.CLNT.FL.RIF265)SHIELD *
* 1 o 576 4 413 . S~ ®112/3% 65 . 9 . J3 . A ¥ 28 . « DC 20 * EXCIT. FOR {P14C) SIGNAL *
1 o 577 « 413 . T- *112/3% 65 o 12 . J3 + D * COMM . « DC . 20 % EXCITATION FOR (P14() RETURN *
x 1 . 578 . J13 . U~ *112/3% 65 . . . *® . . . * EXCITATION “0OR {P14C) SHLELD *
% 1 o 579 « 413 . V= #FL14/3% 16 . 13 . S « A * ¥28 . « DC . 20 % EXCITATION =0R {P2(} SIGNAL *
¥ 1 . 580 . JL3 . W *114/3% o . 16 . J4 « D * COMM . « DC . 20 * EXCITATION FOR {P2C) RETURN *
% 1 . 581 o« J13 . X—  ¥114/3% 16 . . . * - . . * EXCITATION FOR (P2C) SHLELD *
x 1 . 582 . J13 . Y- *¥116/3% 11 . 1. J1 - A *  +28 . « DC . 20 * EXCITAVION FOR (P21S) SIGNAL *
* 1 - 583 . J13 . Z- *116/3% 11 . 4 . Jb . D * COMM . . DC . 20 * EXCITATION FIR (P21S} RETURN *
* 1 o 584 . J13 . AA ®116/3% 11 . . . * - - . % EXCITATYION FOR (PZ21S) SHIELD *
® 1 o 585 . J13 . BB ¥118/3% 64 . I . J1 . A *  +28 . . DC « 20 % EXCITATION FOR (PD5S) SIGNAL *
# 1 . 586 . J13 . CC #118/3% 64 . 4 . Jl « D * COMM . « DC . 20 * EXCITATION FOR (PD5) RETURN ®
« 1 . 587 . JL3 . DD #118/3% 64 . . . * . . . * EXCITATION FOR (PDS) SHLELD *®
® 1 . 592 . Jl4 . A *122/3% 22 . 1. 41 « A *  #28 . 2 o DC . 20 % OPEN BLEED VALVE SIGNAL (v3y *
* 1 .593 . J14 . B *122/3% 22 . 2 . J1 « 8 * COMM o 2 . DC . 20 % OPEN BLEED VALVE RETURN (V3 *
# 1 . 594 . Jl4 . C ¥122/3%x 22 . . - * . . . * OPEN BLEED VALVE SHIELD {(v3) %
¥ 1 .595 . J14 .0 *123 /4% 4 . 38 . J1 « M * COMM o « DC . 20 % VRE AUX.CONT.CLOSE COMND(KS32) *
® 1 . 596 . Ji4 . E *123/4% 4 . 37 .41 . L * #28 . « DC .« 20 % VRE AUX.CONT.CMND.RETN (K502) %
* 1 . 597 . Jd14 . F *123/4% 4 . 36 . Jd1 . K * COMM . DC . 20 %* VRE AUX.CONT. OPEN COMNDIKS502) *
¥ 1 . 598 . J14 . 6 *12374% 4 . - . * . . . * SHIELD {K502) *
® 1 .599 . Jd14 . H *124/3% 4 73 . 43 . L *  #28 . « BDC . 20 * VRE INHIBIT M(-42 SIGNAL *
¥ 1 . 600 . J14 . J *124/3% 4 o+ 80 . J3 .V * COMM o « DC . 20 # VRE INHIBIT MC-42 RETURN *
* 1 . 601 « J14 .+ K *¥124 /3% 4 . . * - . . * VRE INHIBIT MC-42 SHIELD *
¥ 1 4603 . J1l4 . M *125/3% 4 o 61 . J3 .« E * +5 . « DC . 20 * PAR.L,.CONTR.A ON/OFF CMND. {[SPC43A)*
¥ 1 . 604 . J14 o N ®125/3% 4 . 64 . Jd3 . B * COMM . . DC . 20 * PARJLLCONTR.,A CMND. RETN. (SPLaDA)%
& 1 . 605 . J14 . P *125/3% 4 . - . * . . . ® SHIELD (SPLaDAY %
¥ 1 . 606 . J14 4 R *126/4% 4 . 52 . J1 « C~ % (OMM ., . BbC 20 * COMD. HYR CONTR(K505)CLOSED *
* 1 . 607 . J14 . S *126/4% 4 . 53 . 41 « D~ = +28 . . DbC 20 * COMD. HTR {INTR(KS505)COMMON *
¥ 1 . 608 . JL4 o T *126/4% 4 . 54 . J1 . E- * COMM . « DC . 20 * COMD.HTR.CONTRIK50510PEN *
¥ 1 o 609 . 414 . U ®126/4% 4 . . . * . . . * SHIELD *
# 1 o 621 o J14 o G- ®¥127/3% 68 . 111 . TB3 . 26 % -28 . « DC . 20 * POWER SUPPLY NEG 28Y TO SISL CONDR.*
# 1 . 622 + Jl4& o H—- ®127/3% 68 . 112 . TB3 . 26 * ~28 . « DC . 20 % POWER SUPPLY NEG 28V TO SIGL LONDR.*
* ] . 623 . Jl4 . I- *l66/4% 68 . 13 . T8l . 6 * COMM « DC . 20 % POWER SUPPLY DC COHH TO SIGL CONDR.¥
# 1 « 624 . J14 . J- Flo7/3% 68 8L . TB2 . 17 * +28 . « DC . 20 ¥ POWER SUPPLY POS 28V YO SIGL CONDR.*
# 1 . 625 « JL4 . K- ¥167/3% 68 . 82 . TB2 . 17 * +28 . . DC . 20 %¥ POWER SUPPLY POS 28V TO SIGL CONDR.*
* 1 . 626 « J14 . M- ¥165/2% 68 . 86 . TB2 . 18 & +28 . . DC . 16 ¥ POWER SUPPLY POS 28V TO SIGL CONDR.*
1 . 628 . J14 . P— ¥166/4% 68 . 14 . TBL . 7 * COMM . DC . 20 % POWER SUPPLY DC COMM TO SIGL CONDR.*
¥ 1 . 629 . J14 . Q- *lb6/4% 68 15 . 781 . 7 * COMM . . DC . 20 % POWER SUPPLY DC COMM TO SISL CONDR. *
* 1 . 630 . JL4 . R- *006/2% 68 45 . T8l . 12 * COMM , . DC . 16 * POWER SUPPLY DC COMM TO SIGL CONDR.*
* 1 . 632 ., J15 . B *128/3% 4 . 69 . J3 « G * +5 . DC o 20 * PAR.L.CONTR.8 ON/OFF CMND. (SPC40B)*
¥ 1 . 633 . J15 . C *¥128/3% 4 85 . J3 « C * COMM . + DC o 20 * PAR(LLCONTR.A CHMND. RETN, (SPC4DB)*
¥ 1 « 634 . J15 . D *128/3% 4 . *® . . . * SHIELOD {SPC4d8)*
* 1 . 635 . Ji5 . E *129/4% 4 30 . J1 « D * COMM . . DC . 20 % FIELD CONJLCNTR.K501 VRE COMND *
¥ 1 . 636 « JL5 . F *129/4% 4 . 29 . J1 « C *  #28 . « DC . 20 * FIELD CON.CNTR.K501 RETURN *
® 1 . 637 .J15 . G ¥129/74% 4 28 . Jl - * COMM . + DC . 20 * FIELD CON.CNTR.K501 3AT COMND *
¥ 1 o 638 + J15 .+ H ®129/4% 4 - * . . . * FIELD CON.CNTR.K501 SHIELD *
* 1 . 639 . J15 .« J *130/3% 25 . 1. Jl A * 428 . 2 . DC . 20 * OPN PRI.JACK.G. TH. V. SV5 COMND *
* 1 . 640 . J15 .« K *130/3% 25 . 2 . Jdl [:] * ComM . 2 . DBC . 20 * OPN PRILJACK.G.TH.V.SV5 RETR *
* 1 . 641 o J15 . L ¥130/3% 25 - * . * OPN PRILJACK.G.TH.V.SV5  SHLD *

Figure 9, - Typical page from wire list,

acteristics of the circuit (volts, amperes, frequency, and wire gauge) as applicable, and
the function of that conductor in the system. The information for each conductor was en-
tered on key-punch cards (fig. 10). A single card could not accommodate all the rele-
vant information for each conductor, therefore the ''characteristics' and '"function'' in-
formation were separated, and the cards keyed by the unit and signal number columns.
The computer printout may take several forms as listed in appendix B (tableII, p. 37).
One option is to print the '"characteristics'' information in both the direct sequence as
punched on the card, then in the inverter sequence, transposing the ''from'' and ''to"’
data. Thus, two "'function' cards were required for each conductor in order to identify
it at the two ends. These were keyed to the two pairs of unit and signal numbers appear-
ing on each characteristics card. The characteristics and two function cards print out
as two lines of information for each conductor: first going from point A to point B with
the function for point A printed, then elsewhere in the list under the appropriate unit and
signal numbers, the same conductor goes from point B to point A with the function printed
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THTLE

BRAYTON CYCLE-ENGINE HARNESS

PROJECT NUMBER

ANALYSY

SHEET _l_‘_ oF

e [z FORTRAN STATEMENT
t2 s wsle|r e oo welis ws e 7 el 20 22z 2n uos 26 27 28 29 303 52 33 3435 36|37 30 3940w w2fus we et 2647 LB 0 51 52 53 5ufss 56 5739 59 60|61 62 636k 65 68167 68 69 70 N 72[1376 TS T6 1 79 8
FROM CABLE TO o CHARAC|TER TST|TCS

UNIT ||sI6  JcONN | PIN | NO. | UNIT | SIG | CONN _PIN VOLTS _AMPS FREQ.  AWG

"1 sz lie | a . pee/s | 22 | 1| 5 A +28 2 e 20
1 |93 |1z | B 122/3 | 22 e | 11 B_ commM 2 Dp, ... 20

L L 1594 1J14 C . |122/3 22 B ;
1 |lses. . 714 | D 123/4 4 38 | J1 M com D, , ., . 20
1 ||sss . 1714 | E . _123/4 4 57 | 31 L +28 Dlc 20,

Vo |se7 s | F.123/4 | 4 | 36| J1 | K .CoMM Dic 20
1 |lses  ls1s | g 123/4 | 4 ool _

1 |lsse  |ma | m  h2a/s |, 4 |, . 73| 33 L +|28 ple. . 20
1 |leoo 714 3 hpa/3 4 80 | 33 v ¢ oM nlc 20

T1 | leor | loas K 124/3 4 )

P23 4 SE61T OB 90 #1243 W 15 16 17 1819 20 21 22 23 Zbl?ﬁ 26 27 28 29 3031 32 33 3&‘35 36(37 38 39 40 L) LZ[43 AL LY L6 4T LEJL9 50 5§ 52 53 54[55 56 57 58 59 60[61 62 63 64 65 66|67 68 69 70 7)1 712]73 74 75 76’77 18198

NASA-C-836 (REY. 9-14-59)

-TIVLE PROJECT NUMBER ANALYST 2 2
BRAYTON CYCLE - ENGINE HARNESS snees or
STNAJPEQEE!?” % FORTRAN STATEMENT IDENTIFICATION
12 3 4 5617 B 910 H #2113 5 16 17 18119 20 21 22 23 26125 26 ?7?8793,‘51 32 33 36 35 36|37 38 39 40 4t 42[L3 40 45 46 47 LBILO 50 51 52 53 54[55 56 57 58 57 60|61 62 6364 65 66167 68 69 70 N 12|73 T IS T6 1T 7879 8
CIRCUILT FUNCTION/REMARKS ‘
— UNIT  SI¢
OPEN [BLEED [VALVE |SIGNAL __ (Vvs) | 1| 592 1
OPEN| [BLEED [VALVE RETURN (vi3) 1 593
g [N T A [T 1 t ot - — R B T
OPEN IBLEED WVALVE SHIELD  (V3) | 1 594 |
 VRE |AlUX.CONT.CLOSE COMND(k502) | 11| 595 o
' VRE |AUX.CONT.CMND.RETN [(K502) 1 598 .
VRE |AUX.CONT. OPEN COMND(K502) 1 597
SHIE|LD (K502) 1 598
b e RS ot S TR T e I B B e St St S = S 4 s bt bk L R R et —tmt
VRE INHIBIT MC-42 |SIGNAL . | 1 559
| VRE |IINHIBIT MC-42 RETURN | .11, 800
VRE IINHIBIT MC-42 SHIELD ..o L., 8ot . : -
 VRE |AUX.CONT. OPEN COMND(K502) 4| s6
_VRE |AUX.CONT. CMN. RETN | (K502) 4 37
VRE A[UX.CONT. CLOSE COMND (K502) 4| 38
_VRE [NHIBIT Me-42)  STGNAL 73
_VRE [INHIBIT| MC-42 [RETURN 80
OPEN [BLEED VALVE [SIGNAL (V3) 22| 1
_OPEN |BLEED WV ALVE RETURN  (V3)| 22 2
P2y e 5467 8 9 1t 121!5 oIS e AT IBLI9 20 2t 22 23 2425 26 27 28 29 30131 32 33 3435 36137 383940 4) Lz?nsuusncuaewsos»sz 53 S4[55 56 57 98 59 60/61 62 6364 65 66[67 65‘69 707“72 T836 1576771879 8

NASA-C-836 (REY. 9-i4=59)

(a} Preliminary data sheets,

Figure 10. - Wire list development.
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(b) Typical data cards for one conductor,

Figure 10, - Concluded.

for point B. The completed tabulations for the Brayton engine listed 644 actual conduc-
tors in the electrical subsystem harness and 812 in the development harness. A detailed
listing of the computer program used to generate the two wire lists is given in appendix A.

Many advantages have become evident in the use of these wire lists over the more
conventional use of wiring diagrams:

(1) The computer was programmed to include several self-checking capabilities
which flagged potential errors that could result in miswiring. For example, if two wires
are identified by the same unit and signal number, the duplications are automatically
flagged in the right-hand margin. Should a function card be keyed improperly to a char-
acteristics card, the error appears as a separate printout at the beginning of the wire
list. Similarly, a conductor for which one end is connected and the other end is un-
accounted for will be printed automatically out of sequence at the head of the list where
it can be quickly found for corrective action.

(2) The format is flexible and can be easily modified by a simple program change.
For example, wiring can be listed in order by unit and signal number (as shown in fig. 9)
or the listing might be in sequency by cable number. Or, if desired, specified columns
may be left blank to suit the user's applications. Several other variations are easily
available as shown in appendix B (table II).

(3) Revisions are easily accomplished. For each rerouted conductor, no more than
three new cards are required: a characteristics and the two function cards. Cards can
be punched, and a new printout run off and distributed the same day. The revision date
is printed automatically on each page.

(4) More detailed information appears on the wire list than normally appears in the
typical wiring diagram: voltages, currents, frequencies, circuit functions, etc.
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(5) The wire list is an ideal check list for technicians to install cables and to check
out the installation. Further, all the needed information pertaining to a conductor ap-
pears on one line, eliminating the need to trace a circuit through a series of drawings.

(6) A particularly useful option performed by the computer is to automatically
search the wire list for potential subharness assemblies which will permit separating
the harness into smaller increments for fabrication and instaliation.

In order to further acquaint the reader with the utility of the wire list program,
additicnal details together with a complete example problem are presented in appendix B.

ELECTRICAL SUBSYSTEM BUILDUP

A wood mockup, which had been built earlier to develop physical configuration of the
engine, was made available and presented the ideal form on which to fabricate the elec~
trical harnesses, Cable routing was planned so that, when wiring was completed, the
two harnesses could be removed from the mockup and reinstalled as separate units on
the engine. The wire lists were used to complete the cable terminations and connector
assemblies, to ring out the completed wiring, and to serve as a check list for measure-
ment of insulation resistances. The harness assembly during installation on the mockup
is shown in figure 11.

Mechanical assembly of the basic engine was accomplished concurrently with fabri-
cation of harnesses on the mockup. At the time the engine was ready for installation of
the electrical system, a detailed procedure was provided to expedite mounting and con-
necting the electrical components and harnesses.

On completion of the electrical installation, a static checkout of the electrical sub-
system was performed to verify that all components were connected properly and func-
tioned normally. A checkout procedure, developed for this purpose, detailed the se-
quence for final interconnection of units and specified precautionary safeguards to pre~
vent damage to any component during initial application of power. Interconnection of
units and power buildup were accomplished step-by-step until, at the last phases of
checkout, the entire electrical subsystem was connected in its final configuration and
functioned normally with an external source of 1200~hertz, three-phase power instead
of the BRU alternator.

In performing this procedure, the control console was connected to the engine for
the first time. This presented the first opportunity to verify operation of the engine
electrical system from a remote station. This also was the first time the engine inter-
faced with the external development system.

Completion of these tests established confidence in the entire electrical subsystem
and verified that the engine was ready to undergo systems testing. Figure 12 shows the
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Figure 11. - Engine mockup with electrical harnesses instailed,




Figure 12,

- Engine undergoing systems tests at Space Power Facility.

23




Brayton-B engine during early checkout operations at the Lewis Space Power Facility at
Plum Brook. Subsequent engine testing under vacuum conditions verified that the objec-
tive of proper electrical subsystem performance had been achieved.

CONCLUDING REMARKS

Despite its complexity, wiring of the engine system proceeded smoothly and without
significant discrepancies. Some minor problems resulting from the integration of infor-
mation from drawings of many vendors, were easily corrected. The expediency and
success with which the component interconnections were completed is attributed directly
to the use of the computer. The principal benefits derived from this form of documenta-
tion are as follows:

1. The built-in self-checking capability assures a lower probability of error than
either drawings or noncomputerized lists.

2. All needed information for any conductor appears on only one line in the tabula-
tion, eliminating the need to trace a circuit through a series of drawings.

3. Ease in accomplishing revisions and reissuing wire lists results in lower main-
tenance costs.

4, Greater detail can be shown for all electrical conductors as compared with wiring
diagrams.

5. Information is condensed into a simple, convenient, flexible format which facili-
tates installation, checkout, configuration control, and troubleshooting of the system.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, April 27, 1970,
120-27.
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APPENDIX A

FORTRAN PROGRAM USED TO DOCUMENT BRAYTON ENGINE
ELECTRICAL SUBSYSTEM
by Donald R, Packe

The following printout is a copy of the FORTRAN program developed to tabulate the
Brayton engine electrical harnesses and to print the wire lists. The program is included
in this report as a model which, with appropriate modifications, can be adapted at other

computer facilities to document the wiring for any complex electrical-electronic system.

$1BFTC WIRE LIST,DECK

THI S PROGRAM URGANIZES WIRE LIST INFURMATION TO ASSIST IN

THE DESIGN AND FABRICATION OF ELECTRICAL HARNESSES .

IN ADDITION TO PRESENTING THE INFURMATIOUN IN CONVENIENT FORM,
IT SEARCHES THE OATA FOR DUPLICATIUN OF CONNECTIDNS,AND FLAGS
EACH OUPL ICATE CUNNECTION AS A POSSISLE ERROR (NURMALLY EACH
TERMINAL CUNTAINS ONLY A SINGLE WIRE}. THE PROGRAM SORTS ALL
INPUT DATA INTO ALPHABETICAL AND NUMERICAL ORDER. FINALLY, THE
PRUGKAM SEARZHES FOR SklF CONTAINED SUBHARNESSES WITHIN THE
TOTAL HARNESS. THESE SUBHARNESSES wWOULD BE CANCIDATES FOR
SEPARATE FABR ICATION.

[aNeRsNeNoNaloNoR N el

LIST OF SYMBOLS
Ul='FRUM®* UNIT NUMBER
S1="FRUM* SIGNAL NUMBER
Cl=*FRUM®* CUNNECTGR NUMBER
Pl="FROM® PIN NUMBER
HN=CABLE NUMBER
U2=*"70" UNIT NUMBER
S2='T0¢ SIGNAL NUMBER
C2=2T0* CONNECTOR NUMBER
P2="T0% PIN NUMBER
VO=VOLTAGE ON WIRE
AM=CURRENT UN WIRE
FR=FREQUENCY ON WIRE
AW=WIRE SIZE
CFR=DESCRIPTIUN OF WIRE FUNCTION AT *FROM® TERMINAL

OO0 COGEOO00ONn

DIMENSION HED({4)
DIMENSION UL(1400), S1(1400), CL{1400), PL{14D0), U2(1400), S2(140
10}, €C20(1400), P2(1400), VUU(1400), AM(1400), FR(1400)y Ad(1400), CF
R{1400,6)y HN{1400), CFRX{B)
COMMON UlsSL1¢CLlsPL,U2,52,C2+P2yVUsAMFRyAW JCFR HNy JoKY
DATA El,E2/6HIUP US,6HDUP CP/
DATA TST1,7S8T2/6H000001,6H000002/
DIMENSION HDU13), EROR{Z)
DATA AST,DOTS/1H%36Heco0ss/
io1l FORMAT (A343XsA333XsA% 43X A3,32XA532X3A334X3A393X5A453X A3 2XsAb, 1X
1A55 IX A5y 1X545)

102 READ [ 5;,104) KYsKZ.HD

C THE RUN UPTIONS ARE AS FOLLOWS
C KY=C JR BLANK- THE DATA [S SORTED IN ORDER OF ® FROM®' UNIT AND
L SISNAL NUMBER —- ALL DATA IS PRINTED OUT

WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
wWIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WiIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
AIRE
WIRE
WIRE
WIRE
WIRE
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103
104

105

[N aN el

106

107

108

109

26

LY=L - — ~ — = THE DATA IS S50RTED IN URDER OF *FROM® UNIT AND

CASLE NUMBLR —— ALL DATA IS PRINTED QUT
KY=z - — - — =~ THt DAIA IS SORVTED IN ORDER UF * FRUM®' UNIT AND
CASLE NUMBER —— ONLY 'FROM' UNIT,; CONNECTOR,; AND

PIN AND ¥YTO' UNIT, CCONNECTOR, AND PIN ARE
PRINTLU OUT. THIS LISTING IS USEFRUL AS A
CACCR-UFF LIST FOR TESTING A COMPLETED HARNESS.

KZ=0 Jr BLANK- cACH fFRUM® AND *TU* LIST OF UNIT, SIGNAL,
CUNRECTURy AND PLIN IS INVERTED AND ADDED TO THE
LIST IN THE INVERTED FORM (l.Ek. ' FRUM®' IS
INVERTED TG *T0Qf AND VISA VERSA) . THIS CUTS IN
HALF Tdbk NUMBER OF INPUT ODATA CARDS REQJIRED TO
DEFINE THE HARNESS.

KZ=1 - = = — = Tog INPUT IS NGT INVERTED -- THIS IS USEFUL FOR
LISTING THbt CCONTENTS OF THE DATA CECK WHILE
URGANIZINS THE HARRKNESS INFORMATION.

Ki=2 - — — — — Tr& INPUT DATA IS INVERTED AS IN KZ=0 AND IN
ADDITIUN, ALL POSSIBLE COMPLETE AND SEVERABLE
SUBHARNESSES WITHIN THE MAIN HARNESS AKE
IOENTIFIED AND PRINTED COUT.

HU — - — - - - A 78 CAARACTER FIELD FOR A HEADING TO BE PRINTED
AT THE TUP OF EACH JUTPUT PAGE

READ (5,103) ned

HEo IS THE IDENTIFIER HEAOING OF THE INFORMATION FIELD OF EACH
wIRE ~— NURMALLY THIS wWlLL BE VOLT>, AMPS, FREQUENCY, AND WIRE
SIZE

FARAMAT (A6y1X3A5,1X5A5,1X4A5)

FORMAT (211,13A0)

J=1

REAUD (5,10L) UL(JI)yS10J)oCL ) PLUJ)sHNII) sU2(JY4S204),C204d0,P2001)

1e VI{J )y Ad LUl s FRIJ) AW I)

FHIS STATEMUNT READS IN TAE (FRUOM) AND (TG) UNIT,SIGNAL,CONNECTOR,
AND PIN INFURMATIUN AS wELL AS CABLE NUMBER AND WIRE OPERATING
CUNDITIONS SUCH AS VOLTAGE; CURRENT,,FREQUENCY s AND WIRE SIZE.

IF (UL{J)Ed-AST) GO TU LUB
CALL PACKUP (Cl{u))

CALL PALKUP (CZ2{J))

CALL PACKUP (PLLJU))

CALL PACKUP (P2(J1)}

IF {KZ.Ed1) GU TO 106
J=J+1

Uit Jr=u2td-1)
S1td)y=S82(J4~1)
Clld)=C2{Jy-1}
PLiJ)=P2(J-1)
uz2tJi=Licy-1)
S204)=81(J-1)
c2td)=City-1)
P2(J)=P1(J-1)
HN(J ) =HN{ J— 1)
VO({J)=valJd-1)
AMOJ) =AM J—1)

FR{JI=FR{ J-1}
Aw{J¥=AWlJ-1)

J=d+1

IF {(J.LT.1400) GU 70 LO5
WRITE (o6 LOT)

FURMAT (54HO LIST CONTAINS MORE THAN 1400 TERMINATIONS—-PROGRAM TE
IRMINATED )

STUP

J=d-1
WRITE {65109} J
FORMAT (L4HOLIST CUNTAINS:[4,13H TERMINATIONS)

WIRE
WIRE
wIRE
WIRFE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
A IRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
wiIRE
WIRE
WIRE
WIRE
WIRE
§IRE
WIRE
WIRE
dIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE



1i5

L16
117
118

119

120

121

122

123

124

125

CALL URDcR
SORTS CATA IMTU ORDER

IF (KZ.EQ.2) CALL SEARCH

SEE KZ=2 UPTIUN DESLRIPTION AZOVE
CaLL DUPCHK

CHECKS FOR DUPLICATE TERMINATIONS

DATA SLANK/LH /
DO 110 L=1,Jd
VU 110 K=146
CRR{LyR)=8LANK

DESCRIPTLUN OF wlRE FUNCTION AT *FROM®' TERMINAL

READ (5vl 12} (CFRX{K)} 1K=1 v6) s UX 3 SX

FURMAT {6A642X3A354X5A3)

LF (CFRX{ 1).Ed-AST) GO TO 116

DO 114 JX=14J

IF (UXNELUL{JX)) GO TO 114

IF (SX.NE.SLGJX)) GO Tu ll4

DO 113 KX=ly6

CFRIJX KK I=LFRXIKX])

G0 TO 114

CONTINLUE

WRITE (65 115) (CFRX{K) sK=1;06) sUX,y5X

FORMAT (50H THIS FUNCTIUN/REMARKS CARD HAS NO UNIT/SIG MAT CH(, 6A6,
12Xs A3y 2X9 A3y LHY)

GO TO 11l

JX=0

WRITE (6y 118} KY,KZ,4D

FORMAT (L1H1,21292X+13A64A2)

WRITE (6, 119) HEJD, (DUTSyKX=1,22)

FORMAT (2HO%, LOXs 4HFRUM 39X THECABLE® 12Xy 2HT U, 11X, 1H% 34Xy 1 SHCHARAC
ITERISTICS s5Xy Lh¥* 336Xy Lid% /584 *UNIT. SIG « CUNN o PIN ¥NUMBRx% UNIT

2. SIo « CONN o PIN *¥3A0931lHe 385 351 He sAS 3 1H. 3 AS 3 38H*% CIRCUIT FUNC
3TION/REMARKS ®/LH y21A645A5)

KQ=0

KQ=Kw+1l

JX=JdX+1]

ERUR( L)=8LANK

ERIR{ 2)=8 LANK

IF (ANOITSTZ,U20dX) . NEL.TST2) GO TO 121

ERUR(2)=£2

IF (AND(YSTL,U2(JX))aNEL TSTL) G0 TU 122

EROR(1)=E1

IF (ULtJX)sEw-LL{JX-1)) GU Ty 123

WRITE 16y 124) (BLANKeKQ=L 40}

KQ=KQ+2

IF {KY oL T2) WRITE (6,5124) UL{JX)S1(JX)sCLUIX)PLUIX) s HNCUX ), U2(J
IX ) S20 X1 C20dX) s P20IX) o VOLIX) 3 AMIIX) s FRIJA) s AW (UX ) (CFRIIXGJY ) JY
2=196) 5 ERJIR

LF {KYeEao2) WRITE (641240 UL(JIX)6LANKsCLOJIX) s PLEJX) s BLANK, U2(JX)
Ly BLANK yC2{dX) P20 JX) 5y (BLANKK3WQ=1,12)

FORMAT (2H ®3A393H o sA333H o yA4y3H o 3A3,2H *,A5,2H% A3, 4H . ¥
A3y 3H o yA4y3H o §A3,2H ®A63LlHs yAS y1tle 94D 3 1He s A5y LH%*y 6 A6 L HY¥, 2A6)
IF (JUXEQed) GO TG 125

IF (KQ.LT.51) GG TO 120

G0 19 117

G0 10 192

ENwU
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$IBFTC DUP LIST,DECK

201

202

203

204

205

206

201
208

SUBRUOUTINE oUPCHK
THIS SUBLUUTINE SEARZHES WITHIN EACH UNIT NUMBER FOR DUPLICATE

SIGNAL NUMBERS AND FOR DUPLICATE PIN NUMBERS ON EACH CONNECTOR.
DATA UNE/6R00000L/7
UDATA TwO/6H0L000027
DATA BLANK/LH /

DIMENSION UL{ 1400}, S1(1400)s C1{1400), PL{L400), U2{1400}, S2{140
10}, C2(1400), P2(1400},y VO(L400) s AM(1400), FR{14030), AW{1400), CF
2R{EL40GD56) ¢ HAN(L400), CFRX(6)

COMMON ULy SLeCLePLsU23525C24P24V0:AM3FR; AW CFRyHNy J

DO 2062 K=244d
IF (SI(K).EQ.BLANK) 50 TO 202

BLANK SIGNAL WURDS OR BLANK PIN WORDS ARE IGNORED.
IF (UL{K)»EQUL{K-1).AND. SL (K)o EQ.SL(K-L}}) GO TO 201

CHECK FOR DUPLICATE UNIT-SIGNAL

GO Tu 202
UZ2(K)=0R{ U2(K) yONE}
U2(K=11=0R{U2(K-1),0NE)

A DUPLICATE UNIT-SIGNAL EXISTS. FLAG BOTH LIST ENTRIES.
CONTINUE

KENU=0

KSTT=1+KEND

DO 204 M=KSTT.,d

IF (UL(M)EQ.ULIKSTT)) GU TO 204
KEND=M~—1

GO Tu 205

CUNTINLE

KEND=J

K1=KENO-1

DU 2038 M=KSTT,Kl

Ml=M+1

IF (P LMY EJ.BLANK) GO TO 208

00 207 MX=MLlyKEND
IF {CLIM)EQ.C1{MXIANDPLIM).EQ-PLI{MX)) GO TO 206

CHECK FUR DUPLICATE CONNECTOR-PIN

GO Tu <07

U2{M31=0R{L2(M) 4 TWO)

UZ{MXI=0R { U2IMX); TWO)

A DUPLICATE CONNECTOR-PIN EXISTS. FLAG BOTH LIST ENTRIES.
CUNTINUE

CONTINLE

{F {KEND.NE.J) GO TO 203

RETURN

END

$IBFTC DRDR LIST,DECK

laNeRaRe

SUBRUOUTINE ORDER
THIS SUBROUTINE SOKTS THE WIRE LISY INTO ORDER ACCORDING TO
TWO OPTIONS
KideEQs0 OPTION -— THE LIST IS SCRTEC ACCORUDING TO UNIT
AND SIGNAL NUMBER

bup
bupP
pup
Dup
Dup
oue
DuUP
oup
bup
oup
bup
pupP
bup
bup
pup
DuP
bup
Dup
pup
bup
bup
oup
bup

" pyp

bup
DuP
bup
pue
pup
bup
bup
DuP
bupP
pup
pup
bup
puP
bup
oyp
oup
Dup
bup
bupP
bup
bup
Dup
oupP
DupP
bup
bup
bup
Dup
DUP
bup
bup

ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
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oo

301
302

KideNE-O OPTION -~ THE LIST IS SORTED ACCORDING TO UNIT
ANUO CABLE NUMBER
DIMENSION Ul(1400), S1(1400),s ULL(1400), PL{1400), U2{1400), S2{140
10}, C2(14001, P2(1400) s VO{1400), AM(L400}, FR{1400}), AW(1400}s CF
R{E1403:6) s HNIU1400), CFRX{b6})
COMMUN ULsSLsClsPLU23S82:C2:P25 VO AMFR AW yCFRy HNg J,KQ
DO 301 JX=1,d

HNOJX P =ARS{Ls HN{JX}}
CALL PACKL (UL{JX)SLUJIX) sCPRIJUXs1D )

PACKL PACKS UNIT AND SIGNAL NUMBER INTO ONE WORD FOR SORTING
UL{JX)=AR S{1,UL{JIX})

KCHECK =0

DU 305 K=2,4J

IF (KU.EQ.0} GO TO 303

IF (UL(K) eGTULIK=1) o ORe {UL (K)o EQoULIK—=1)} o AND-HN{K} cGE.HN(K~L}}} G
10 TO 3¢5

GO T0 204

IF (CFR(IK+1).GE.CFRIK-1,1)) GO TO 305
THE FOLL3WING GROUPS EXCHANGE THE (K) AND {K~1) LIST ENTRIES

KCHECK .EQ -1 INDICATES LIST IS NOT YET IN ORDER
KCHECK=1

TEMP=UL(K)

ULK) =U1(K-1)

UL{K-1)}=TEMP

TEMP=51(K)
SHIK}=S51{K-1}
SI{K-1)=TEMP

TEMP=C 1{K)
CL{K}=CLl{K-1}
CLIK~1)=TEMP

TEMP=P 1{K)
PLIK}=PL(K~-1)
PL{K~1}=TEMP

TEMP=U2(K)
U2{K}=L2(Kk-1)
U2(K-1)=TEMP

TEMP=52(K}
SZ2(K})=52(K~1)
S2{K-1)=TEMP

TEMP=C 2(K)
C2{K)=C2{K-1)
C2{K—~1)=TEHNP

TEMP=P 2(K)
P2(K)=P2(K-1)
P2{K-1)=TEMP

TEMP=VCI(K)
VO{K}=VG(K~1)
VO(K=1)=TEeMP

TEMP=AM(K }
AM{K}=AM{K-1)
AM{K~1)=TEMP

TEMP=FR{K)
FRUKI=FR{K=1}
FR{K-1)=TEMP

GRDR
ORDR
OROR
ORDR
ORDR
ORDR
ORDR
ORDR
GRDR
ORDR
ORDR
OR DR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
JRDR
ORDR
aRrRDR
ORDR
ORDR
ORDR
ORDR
ORDR
JORDR
ORDR
ORDR
ORDR
BROR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
OROR
ORDR
DRDR




305

30¢

FTEMP=Aw(K )}
AW{KI=AWIK-1)
AW(K-1)=TEMP

TEMP=CFR{Ks1)
CPR{K, 1)=CFR(K=1,1)
CPRIK—-141)=1EMP

TEMP=HN(K)
HN{K)=HN(K-1)
HN{K-1)=TEMP

CONTINUE

IF (KCRECK.EQ.1) GO TO 302
DO 306 JX=1,J
UL{JXI=ALS(1,UL{JX})
HNCJIX)=AL SCLyHN{JX))
RETURN

END

$IBFTC PACK LIST,DECK

[ Kl

401

402

403

404

SUBROUTINE PACKL1 {A48,C)

THIS SULBROUTINE COMBINES UNIT AND SIGNAL WORDS INTO A SINGLE
WORD FOR SORTING 8Y DRDER SUBROUTINE
VATA B81,33/0770C00000000,6H 00000/
AX=A

K=0

IF (AND(B l,AX).NE.B3) GO TO 402

K=K +6

AX=ALS(64AX)

GO TU 401

AX=AR S{KyAX)

BX=8

K=0

IF (ANDIb1,8X).NE.B3) GO TU 404
K=K +6

BX=ALS{6,BX)

GU TO 403

BX=AR S{K,yBX)
C=0OR{ALS(1IB,ARS{18yAX)) sARS(18,48X))
RETURN

END

S IBFTC PACKP LIST,DECK

30

SUBRUOUTINE PACKUP (ki
THIS SUBROUTINE LEFT ADJUSTS DATA WORDS,I.E. UNIT, SIGNAL,
CONNECTOR, AND PIN DESIUNATORS. LEFT HAND BLANKS ARE PURGED

TG ALIGN DATA PRIOR TO SORTING.
DIMENSION F(4)

DATA dLANK,S1/6H 00000,07700000000006/
DO 501 K=1l+4

FIKI=ANDIS1,E)

ORDR
ORDR
ORDR
0ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
GORDOR
ORDR
ORDR
ORDR
ORDR
ORDR
ORDR
OR DR
ORDR
ORDR

PACK
PACK
PACK
PACK
PACK
PACK
PACK
PACK
P ACK
PACK
PACK
PACK
PACK
PACK
PACK
PACK
PACK
PACK
PACK
PACK
PACK
PACK
PACK

PACKP
PACKP
PACKP
PACKP
PACKP
PACKP
PACKP
PACKP
PACKP
PACKP
P ACKP
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501

502

503

E=ALS{ 65k)

DO 502 L=1,3

DO 502 K=1,3

IF {(FiK)NE.BLANK) GU TO 502
T=F{K}

FIK}=F(K+1)
F{K+1)=T

CUNTINUE

DO 503 K=1y4

L=5-K
E=0OR{ARS{6,E),F{L))
RETURN

END

$ IBFTC SEARCH LIST,DECK

OO0

601

602

603

604

605

606

SUBROUTINE SEARCH
THIS SUBROUTINE TRACES THRUUGH THE DATA TO IDENTIFY WIRE
SUB~HARNE >S POSSIBILITIES. IN SEARCHING THROUGH IT DISCOJUNTS
WIRES TERMINATED UN A THREADED STUD (wWHICH MAY ACCOMODATE MORE
THAN ONE WIRE) BY IGNORING THE DESIGNATION T8 (FOR TERMINAL BLOCK)
IN EITHER CUNNECTOR COLUMN. THE TERMINAL BLOCK DES IGNAT[ON MAY
CUNTAIN FOUR CHARAUTERS TBXX WHERE XX MAY BE ANY ARBITRARY
IDENTIFIER.

COMMON ULsS1,C1,P14UZ352,C24P2,V0sAM,FRyAW,CFR,HN,y J,KQ

DIMENSION UL{1400), $1(1400), C1{1400), PL{1400), U2(1400), S2( 140
10}, C201400), P2(1400), VO(1400), AM(1400), FR(1400}, AW(1400), CF
R{1400,6), HN{1400), CFRX(6)

N=1
CFR(1,3)=UL(1}

CFR(1s4)=C1(1)

CFRI1,5)=U2(1)

CFR{1,6)=C2(1)

DO 602 K=244
DO 601 KN=1sN

IF (UL{K).EQ.CFRIKNy3).AND.CL (K)2EQ.CFRIKN4) « ANDLUZ(K) oEQ. CFRIKN,
15} AND.C2{K).EQ.CFRIKN,6)) GO TO 602
CONTINUE
N=N+1
CFRIN, 2)=UL{K)

CFRIN,4)=CL(K)

CFR{N, 5)=U2(K)

CFR (N, £1=C2(K}

CONTINLUE
DATA TB,5Q/6HTB0000,0777700000000/

DATA BLANK/IH /

DU 603 K=1,N
CFRI{K, 2)=BLANK
D0 604 K=1,N

IF (CFR{K 14) +EQ.BLANKS ORJCFR(Ky6)2EQe BLANK) CFR(Ky2)=T8

IF (AND(SQsCFRIK+4))aEQ. TBoANDLAND (SQdyCFR{Ks5) }.NE.TB} CFR{K,2)=T3

WRITE (6,605)

FORMAT (97HLTHE FOLLOWING S A CONDENSED LIST OF UNITS AND CONNECT
LURS BETWEEN WHICH AT LEAST ONE WIRE EXISTS/96H TERMINAL BLOCKS (T8
2) AND BLANKS ARE TREATED AS CABLE END POINTS AND ARE MARKED WITH A
N ASTERISK/LHO, 6X,22HUNL T-CONNTO*UNIT -CONN)

DATA AST/6H ®/

DU 606 K=1,N
CFR{K, 1)=BLANK
DO 607 K=1,N

[F (ANDISQsCFRIKs4)).Eus TBo ORCAND{SQsCFR{K,6) ) cEQ.TB) CFRUK, 1) =AST

IF (CFR{K 21 .EQaTB) CFR{K,1)=AST

PACKP
PACKP
PACKP
PACKP
PACKP
PACKP
PACKP
PACKP
PACKP
PACKP
PACKP
PACKP
PACKP

SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
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607
608

609

610

612

6l3

32

CONTINLE

WRITE (6,608) (CFRIK,; L1+ (CFR{KyKN sKN=3,6) 9K=1 4N}

FUORMAT (1X,5A6)

WRITE (6,609}

FORMAT (6OHLTHE FOLLOWING SUB HARNESSES HAVE BEEN GLEANED FROM THE
1 ABOVE LIST}

KF=0

KB=N+1

KA=0

KC=KB-1

KE=0

DO 615 K=1,N

IF (CFR{K;2).EWw-TB} GO TO 615

IF (KA.EQ.L1)} GO TO 612

KA=1

GO TO 614

DO 613 KO=KB,KC

IF (CPRIK33).EQaCFRIKD;3) sANDCFR{IK4) EQ.CFR(KDy4 } . ANDAND(SQ, CFR
LIKDs4 1 ).NELTB) GO TO 614

IF (CFR(Ks3)eEQCFRI{KD s5) s ANDCFRIK 44) . EQ.CFR(KD46) . AND.AND(SQ, CFR
HKO,6)1.NE.TB) GO TOU 614

IF {CFR(IK 33} EQCFRIKD s5) c ANDLUFRIK 34} oEQ.CFR{KD;5) sAND.CFR{K,5)-E
1doCPR{KDy 3} e ANDGCFRIK 36} o EQaCFR{KDy4) o ANDoAND(SWsCFR{K, 4} ) .EQ.TB.A
SNDAND{SJsCPR{Ks6)) QT3] GU TO 614

CONTINLE

GU TO €15

KC=KC +1

CFR{KC ¢3)=CFR(K43)

CFR(IKC y4)=CHR{K4)

CRRAKC 51 =CFR (K, 5]}

CFRR{KC6)=CFR(K,06]

CFRIK,2)=T8

KE=1

GO Tu ¢lb

CONTINLE

IF {(KALEQ.0) RETURN

IF (KE-.EW.L1) GG TO 611

KF=KF+1

WRITE (6,016} KF

FORMAT (L2HLSU3 HARNESSI4 ¢5Xy24HUNIT-CONN® TO *UNIT-CONN)

WRITE (65617) ((CFR{K KO} $KD=346)3K=KB,KC)

FORMAT (22X3A331X3A4,6X5A3LX5A4)

GO TU €1v

END

SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
SEARC
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SEARC
SEARC
SEARC
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APPENDIX B

HYPOTHETICAL EXAMPLE TO ILLUSTRATE USE OF FORTRAN PROGRAM

The electrical system shown in figure 13 will be used to illustrate how the FORTRAN
program is used. The three major components, identified as units 1, 2, and 3 are inter-
connected by six cables (101 to 106). The cables terminate in connectors (J1 or J2) or
terminal boards (TB-1, TB-3). In all, there are 14 conductors, each with two termina-
tions and a shield over cable 101, The conductor information was listed on data sheets
shown in figures 14 and 15, and data cards were key punched accordingly.

The card file for the wire lists is organized as shown in figure 16. The following
brief explanation of the key cards will clarify their function:

(1) The deck of cards comprising the FORTRAN program (appendix A) or the shorter
binary deck is in front,

(2) The title card, figure 17(a), provides the title of the program plus any informa-
tion the author may wish to include in the heading such as a distribution list, revision
information, limitations as to use of the printout, etc. A 78-character field is available
for use in the heading which is automatically printed at the top of each page. The first
two characters in the heading, at the extreme left of the card, are reserved to specify
the run option to the computer. These two spaces are punched with either a zero (or
blank), 1, or 2. Table II describes the choice of options.

(3) Following the title card, a Headings card (fig. 17(b)) is inserted to call out the
column headings under CHARACTERISTICS. The headings used for the Brayton engine
(VOLTS, AMPS, FREQ, and AWG) are optional and can be modified to suit the individual
application.

(4) This deck of cards (CHARACTERISTICS) lists all conductor data except
FUNCTION.

(5) The card with an asterisk (*) in the first column signals the end of the
CHARACTERISTICS deck.

(6) The following deck comprises the FUNCTION information for the individual con-
ductors. Each card in this deck is keyed to its counterpart by the UNIT and SIGNAL NO.

(7) The final asterisk card signals the end of data to be fed to the computer.

The printout of figure 18 was obtained by running the data cards of figure 16 through
the computer. Option 02 was selected for this run to illustrate the subharness routine
and the wiring tabulation. Page 1 of the printout calls out the three subharnesses that
may be fabricated individually to make up the complete harness. At the top of page 2 of
the printout is the run option as well as all the other information punched on the title
card. On the same page under CHARACTERISTICS the optional subheadings punched on
the card of figure 17(b) are printed out,
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11 (four pins)

Unit 1

TB-1 (two
terminals)

J2 (three pins)

El Cable 101 (three conductors, shielded)
Cable 103
(three conductors)

Cable 102 (two conductors) %ﬁ
Cable 106

?Ll
{one conductor)~

J1 {five pins)
Unit 2
J2 (five pins)

TB-3 (two terminals

Cable 105
{two conductors)—"

Cable 104

d (two conductors)

s

J1 (four pins)

Unit 3

Figure 13. - Electrical system block diagram.
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Figure 15. - Function data sheet.
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Figure 16. - Organization of card file for wire list fabulation.
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TABLE II. - LIST OF AVAILABLE OPTIONS FOR PRINTOUT OF THE WIRE LIST

Run option

Column 1

Column 2

Computer printout

0

0

UNIT/SIGNAL NO. sequence, with inversion of FROM and TO data
(This option prints out both terminations of each conductor in alpha-
numerical sequence, )

UNIT/SIGNAL NO. sequence, without inversion of FROM and TO data
(This option prints out only the origin of each conductor in sequence,
Destination of each conductor will print out only on the same line as
the origin.)

UNIT/CABLE NO. sequence with UNIT/SIGNAL NO. inversion

UNIT/CABLE NO. sequence without UNIT/SIGNAL NO. inversion

UNIT/SIGNAL NO. sequence with UNIT/SIGNAL NO. inversion (All
columns are blank except UNIT, CONNECTOR, PIN. Useful for
continuity measurement, resistance, and insulation tests.)

UNIT/SIGNAL NO. sequence without UNIT/SIGNAL NO. inversion
(Similar to 2-0.)

Subharness Routine (Printout is in the same format as in option 0-0,

but tabulation is preceded by a listing of all the individual subharnesses
into which the list may be separated. Each subharness may be fabricated
as a separate unit for individual installation to complete the electrical
system, See example in fig. 18.)
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UNUSED CORE 13027 THRU 14025

LIST CONTAINS 28 TERMINATIONS

Q00000 1 J1 2 J1
Q00000 1 J2 2 J2
T80000 1 T81 2 J1
TBOOOO 1 81 3 J1
QQ0000 1 181 2 83
TBO0OOO 1 Ji 2
TBOVOO 2 1 J1
QQuoo0 2 J1 1 Ji
Qogooc 2 Ji 1 81
Q00000 2 J2 i J2
Q00000 2 J2 3 Ji
Qooo0o 2 83 i 181
Q00000 3 Ji 1 181
Qoovoo 3 J1 2 J2
SUB HARNESS 1 UNIT-CONN® TO *UNIT-CONN

1 J1

2 J1 I Ji

2 41 1 181
SUB HARNESS 2 UNI T-CONN%* TQ *UNI T-CONN

L J2 2 J2

2 g2 1 J2

2 J2 3 J1

3 4J1 1 181

3 J1 2 J2
SUB HARNESS 3 UNI T-CUNN® YO #*UNI T-CONN

1 18l 2 T83
SUB HARNESS 4 UNIT-CONN® 7O #UNIT-CONN

2 183 1 181

02 HYPOTHETICAL SYSTEM POWER AND CONTROL HARNESS

* FROM *LABLE#* 70 * CHARACTERISTICS * *
*UNIT. SIG « CUNN o PIN *NUMBR¥® UNIT . SIG . CONN . PIN #*VOLTS .AMPS..FREQ.. AWG * CIRCUIT FUNCTION/REMARKS *
x . . . * * - . - *® - . - * *
* . . . * * . . . * . . . * *
¥ 1 . 1 .J1 « A *101 /4% 2 . 1 . Ji « A * 120 . 12 . 400 . 14 * POWER QUYPUT TO UNIT 2, PHASE A *
* 1 . 2 . J1 ) *101/4% 2 . 2 . Jl . B * 120 . 12 . 400 . 14 * POWER QUTPUT TO UNIT 2, PHASE B *
* 1 . 3 .41 . C *101 /4% 2 . 3 .41 . C *# 120 . 12 . 400 . 14 ¥ POWER OUTPUT TO UNIT 2, PHASE C ¥
* 1 . 4 . 2 « A *103/3% 2 . 6 « J2 . A # 428 . 18 . DC . 10 * DC POWER INPUT FROM UNIT 2 (POS) %
* 1 . 5« J2 . 8 *103/3% 2 . 7 . 92 . B * COMM . 10 « DOC . 10 * DC POWER INPUT FROM UNIT 2 (NEUT) =%
¥ 1 . &6 . J2 . C *103/3% 2 . 8 . J2 « C * -28 . 8 « DC . 10 * DC POWER INPUT FROM UNIT 2 (NEG) *
L S 7.711 .1 *102/2% 2 . 4 . J1 « D * 120 . « 400 . 16 * VOLTAGE SENSING, PHASE A * DJP CP
L 8 . M1 . 2 *102/2% 2 . 5 . J1 . E #0120 . « 400 . 16 ¥ VOLTAGE SENSING, PHASE B * nip Cce
* 1. 9 . T8l .1 *105/2% 3 . 1. J1 . A * 120 . « 400 . 16 * VOLTAGE SENSING, PHASE A * 0Jp CP
# 1. 10 . T31 . 2 *105/2% 3 . 2 .4 + B * 120 . « 400 « 16 * VOLYAGE SENSING, PHASE B * DUP CP
¥ 1 il « 1 .1 #106/1% 2 . 11 . 783 .2 * 120 . « 400 . 16 * PHASE A REFEENCE * pJP CP
* 1. 12 . 41 « D #1001 /4% 2 . . . % GNOD . . . * SHIELD *
* . . . & * . - - * - . . * *
* . « . * * . . . * . - . * *
¥ 2 . . . *101 /4% I . 12. 3 « D * GND . - . * *
* 2 . 1 .4dl . A #10L/74% 1 . 1. 41 . A * 120 . 12 . 400 . 14 * POGWER INPUT FROM UNIT 1, PH4ASE A *
¥ 2 . 2 . J1 - B *101/4% 1 . 2 .« Ji . B * 120 « 12 4 400 . 14 * POWER INPUT FROM UNIT 1, PHASE B *
F 2. 3 . Jd1 . C *101 /4% i . 3 .4 « C ¥ 120 « 12 + 400 . 14 * POWER INPUT FROM UNIT 1, PHASE C *
®= 2. 4 . Ji . D *102/2% 1 . T . T81 .1 * 120 . « 400 . 16 * VOLTAGE SENSING, PHASE A *
* 2 . 5 . J1 . E ®102/2% I . 8 . ¥B1 . 2 * 120 . « 400 . 16 * VOLTAGE SENSING, PHASE 8 *
2 . 6 . J2 . A *103/3% 1 . 4 . J2 « A #* +#28 . 18 . DC . 10 % DC POWER OUTPUT TO UNIT 1, PDS 28V *
* 2 . 7 .42 . B8 *¥103/3% I . 5 . J2 + B # COMM « 10 o DC . 10 * DC POWER OUTPUT TO UMIT L, NEUTRAL *
¥ 2 . 8 . J2 . C *103/3% 1 . 6 . J2 « C * =28 . 8 + DC . 10 % DC POWER OUTPUT TO UNIT 1, NEG 28 v%
2. 9 . d2 « D *104/2% 3 . 3 . Ji . C *  +28 . «» DC . 16 * VOLTAGE SENSING, PDS. 28V. *
¥ 2 . 10 . J2 . B *104/2% 3 . 4 . J1 . b ¥ -28 . « DC . 16 * VOLTAGE SENSING, NEG. 28V. *
¥ 2 4 11 .73 .2 #*106/1% L . 11 . 781 .1 * 120 . « 400 . 16 * PHASE A REFZIRENCE *
= . . . * * . B . * . . « * *
* . . . * x . . . * . . . * *
¥ 3. 1 .41 « A *105/2% 1. 9 . T8l .1 * 120 . « 400 . 16 % VOLTAGE SENSING, PHASE A *
* 3 . 2 . J1 . B ®105/2% I« 10 . 781 . 2 * 120 . . 400 . 16 ¢ VOLTAGE SENSING, PHASE 8 *
* 3 . 3 . J1L « C *104/2% 2 . 9 . 42 « 0 * 428 « DC o 16 * VOLTAGE SENSING, P3S. 28 V *
¥ 3 . 4 . J1 « D *104/2% 2 .« 10 . 32 . E *® 28 . « DC . 16 % VOLTAGE SENSING, NEG. 28V *
¥0l* WNITO5, EOF. KEC= 00000 FIL= 00002

Figure 18. - Wire list using option 02,
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The wire list prints out all the conductor information in alpha-numerical sequence
starting with UNIT 1, SIGNAL 1, and continues through to the last conductor, UNIT 3,
SIGNAL 4. In all, there are 28 lines of wiring information printed out for the 14 conduc-
tors including the shield. If option 0-1 were used instead, the inversion feature would
be omitted and only 14 lines of information would appear for the 14 conductors.

In the column at the extreme right on page 2, DUP CP (duplicate connector and pin)
point out that terminal board TB-1 has more than one conductor terminating on pins 1
and 2 and may be in error. Examination of figure 13 shows that there are actually two
conductors connected to each of the two terminals of TB-1 and, therefore, this is not an
error.

In the same manner, if DUP US appears in the right-hand column, it indicates a
duplication of unit and signal numbers which should also be verified for possible error.

It may also be noted that the shield on Cable 101 (unit 1, signal 12) runs to unit 2
but is not terminated at that end. It, therefore, appears again under the unit 2 listing
as the first line since it lacks a signal, connector, and pin number, as well as the func-
tion information. These omissions signal that a connection is missing. In this case,
the omission is intentional; however, all such omissions are similarly identified as
possible wiring errors.
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