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ABSTRACT

This final report summarizes effort expended by Hughes Aircraft
over the last ten months in the enhancement of time domain computer-
simulation softwarel, development of appropriate Shuttle Electrical
Power Distribvtion and Control (EPDC) subsystem simulation models, and
illustrative application of these computer simulations to systems
analysis of the EPDC, The SYSTID simulation software previously developed
had been utilized almost exclusively for telecommunications systems
analysis, though it had more general capability. In particular, the
SYSTID simulation language allows the user to generate system models of
recurrent interest in a program library, which eases the mechanics of
user application. The SYSTID software-related tasks addressed in this
study under NAS 9-13779 included enhancement of the user utility aspects
of the software, increased flexibility, conversion to the UNIVAC 1110
EXEC 8 operating system at Johnson Space Center (JSC), from its former
EXEC 2 configuration and interactive graphics capapbility from the JSC MOPS
terminals. In addition, a number of EPDC power generation (fuel cell),
conversion (inverter) and control (remote power controller, remote-control
circuit breaker, fuse) elements were defined and coded as SYSTID models,
Similar attempts were made to characterize and code various EPDC load
elements as SYSTID models., Unfortunately, due to the current state of
design flux of the shuttle orbiter EPDC and user subsystems, a number of
these elements (particularly the load elements) have not been defined by
Rockwell International, the prime contractor., Thus, a certain amount of
engineering judgement and prescience by the Hughes staff has been necessary
to define the detailed electrical characteristics of these devices to a level
appropriate for SYSTID coding. A corollary difficulty has been experienced,
until very late in the contract effort, in defining the EPDC system topology.

1SYSt:ems TIme Domain (SYSTID) simulation software, previously developed by the

study team under NASA/JSC contract NAS 9-11743,
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Recent data obtained from JSC on the topology employed in SEPAP1 computer-
aided analysis has been employed in the final systems-oriented SYSTID
simulation runs (fault/circuit protection, power profile analysis). What

has been accomplished by this study is; 1) significant enhancement of

the SYSTID timc domain simulation software, as a general tool, which also
exhibits necessary capability to effec.ively simulate the EPDC, 2) generation
of functionally useful shuttle EPDC element models, suitable for useage with
SYSTID (though, with minor modification, these models could be extended to
represent other spacecraft electrical power system elements), 3) illustrative
simulation results in the analysis of EPDC performance, under the conditions
of fault, (lightning) current pulse injection, and circuit protection

sizing and reaction times. This Volume I is complimented by the SYSTID
User Guide, Volume II, and the SYSTID Data Book, Volume III.

Key words: simulation; time-domain; electrical power systems, shuttle
orbiter EPS; computer simulation; spacecraft elecirical power

systems,

1Shuttle Electrical Power Analysis Program (Lockheed Electronics Co.)
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GLOSSARY OF TERMS

SYStems TIme Domain (SYSTID) simulation software, the
basic simulation language enhanced by this contract and

resident on the UNIVAC 1110, EXEC 8 operating system,
Electrical Power, Distribution and Control subsystem,
Electrical Power System (including user loads)

Remote Power Controller, a device for remotely current-
limiting overlcad current or turning off curremt to various
load elements, and providing a trip signal.

Remote Control Circuit Breaker, a device which remotely
allows utilization as either/both a relay and circuit

breaker.

Master Events Controller, a fail-safe pyrotechnic ignition

device, driven by the computer.

Multiplexer Interface Adapters, which provide interface with

computer and data buses,

Pyrotechnic (PYRO) Ignition Circuits.
Inertial Measuring Unit.

Central Processing Unit (Computer),
Fuel Cell (Hydrogen-Oxygen)

Display and Control,
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1.0 SUMMARY

This study has pursued a number of objectives dealing with the
refinement of computer simulation software, the generation and validation
of mathematical models for subsequent reduction to computer code of certain
shuttle EPDC elements and limited performance analysis of the EPDC system
itself, These objectives, their scope and the technical approach employed

in the study will be discussed below.

1.1 Objectives

Three primary objectives have beeun the basis of the contractual
Statement of Work and study effort., These objectives have been: 1) enhancement
of computer simulation sottware (SYSTID) previously developed for primary
application to communications system analysis so that its user utility and
flexibility would be increased and it would be made compatible with the JSC
UNIVAC 1110 EXEC 8 computer system and interactive graphics terminals,
2) collection and distillation of descriptive data, generation of appropriate
Shuttle electrical power and distribution (EPDC) subsystem mathematical models
and subsequent coding of SYSTID models, and 3) delineation of EPDC topology
and functional flow so that limjited system analysis can be performed. These
EPDC systems-level performance analyses include: fault analysis, inserted
current (lightning) pulse sensitivity, circuit protection device validation,

These primary objectives, as well as a number of concurrent secondary

1
objectives have been crystalized in the Statement of Work , as follows:

1Excerpted from the contract document

1-1
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MAJOR TASK AREA:

TAigMSQEE, TASK DESCRIPTION EXPECTED OUTPUT
3.2 EPDC (EPS) ANALYSIS TASKS
3.2.1 Define EPDC Load Profile
Task Description:
e Define baseline EPDC topology and all shuttle load interfaces
° Generate time history of loads
Output Expected
e EPDC block diagram showing load interfaces
o EPDC pmode summary
e Load profile versus time for each subsystem load, and if possible each
load element versus time
3.2,2 Perform EPDC Redundant Switching & Circuit Protection Analysis

Task Description:

® Establish reduncdancy switching and circuit protection topology
® Generate a matrix of switched modes and protected circuits

e Evaluate the switched modes for reducndancy capability
Output Expected:

® Functional diagrams of redundant switching modes

e Evaluation of redundancy and circuit protection adequacy
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MAJOR TASK AREA:

TASK NAME/
NUMBER TASK DESCRIPTION EXPECTED OUTPUT
3.2.3 Determine EPDC Fault Conditions

Task Description:
® Define possible fault modes
® Determine probable fault conditions

) Select an illustrative number of fault modes for SYSTID simulation

Output Expected:
® Matrix of possiu.2z fault modes
® Sub-matrix of most probable fault modes

e SYSTID simulation topology
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MAJOR TASK AREA:

TASK NAME/ >
TION EXPECTED OUTPUT
NUMBER TASK DESCRIP
3.3 COMPUTER-AIDED ANALYSIS AND SIMULATION
3.3.1 Simulation Language Enhancement
3.2.1.1 Muitinode Models

Present

I < Model Reference (argl,...argn) or Expressions > @

Planned
I < Expression > @
and

‘Il - 12 -.‘-IK < Model Reference (atgl,....argn) > 01 - 0 -...°K

l or
I < Model Reference (12, 13"°IK’ .2. 93....‘, lrgl....lrsn)—> [

selection of
the form
will be
based upon
overall sof
ware devel-
opment

L]




MAJOR TASK ARFA:

EXPECTED OUTPUT

TASK NAME/ .
NUMBER TASK DESCRIP.ION
3.3.1.2 Simplify Expression Processing
Present

® Model library references (permanent and/or temporary)

o Fortran library functions
e User written Fortran functions

Fortran arithmetic expressions involving intrinsic parameters,

e
constants, variables, functions, and '"TAPS"
® Model reference scanning for valid form and number of arguments
Planned

e Fortran arithemetic expressions involving '‘node' names
(i.e,, node names become formal variable namws)

e Fortran expression scanning for proper form




MAJOR TASK AREA:

TASK NAME/
NUMBER TASX DESCRIPTION EXPECTED OUTTUT
3.3.1.3 Provide Automatic Checkpoint
Present
None - any checkpoirt functions are provided by the user
Planned
Automatic checkpointing under user control keyed to the system cloc’.s
3.3.1.4 Provide Conditional Termination

See entry under '"Misc, SYSTID Enhancements"




MAJOR TASK AREA:

L=

TASK NAME/ TASK DESCRIPTION EXPECTED OUTPUT
NUMBER
3.3.1.5 Provide SYSTID Table Definition
Present

None - Tables currently are defined within Fortran models

Planned

® Add a SYSTID instruction to allow arbitrary table sizing and
data entry (equivalent to the Fortran "dimension" atatement

3.3.1.6 Provide SYSTID Save Feature
Present

e Simulation results may be saved on tape or disc using a
postprocessing routine

Plananed

® Provide a SYSTID instruction to automatically save the requested simulation
results on ctape or disc

® Provide a SYSTID instruction to reload the save file for post processing
and/or plotting
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MAJOR TASK AREA:

TASK NAME/ .
NUMBER TASK DESCRIPTION EXPECTED OUTPUYT
3.3.1.7 Modify Sort Processing
‘Present
® SYSTID evaluates the system topology according to a rigid sort procedure
(First In Last Out starting at node nume "INPUT'", ending at noarn name "OUTPUT")
® The "DEFINE" instruction allows expresxsion re-evaluation at each reference
e The "SET" instruction allows expression evaluation prior to simulation
Planned

® User defined processing sequence

@ More exhaustive soxt procedure




-

MAJOR TASK AREA:

See entry under '"Misc. SYSTID Enhancements”

TASK NAME/ .
NUMBER TASK DESCRIPTION EXPECTED OUTPUT
3.3.1.8 Provide SYSTID Output Formar Capability
Present
® All formatting is fixed within the defined procedures utilized uring
the simulation phase
e Format changes can be made by changing the procedures prior to the
generation phase
Planned
® Provide the SYSTID instructions and controls to facilitate:
Page numbering
Titling
Time and date labeling
3.3.1.9 Provide Cross-Reference Output
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MAJOR TASK AREA:
TASK NAME/ TASK DESCRIPTION EXPECTED OUTRUT
NUMBER
3.3.1.10 Provide Automatic Core Sizing
Present
® Under the current operating system (Exec II) core sizing of the
simulation phase is of no concern as long as it fits
@ Core size can be controlled by modifying the defined procedures prior
to the generation phase
Planned
® Under the new operating system (Exec 8) core size is a predominant cost
factor and it is preferrable to control core dynamically., This is
accomplished by interfacing with the Exec 8 operating system during
the simulation
® The generation phase currently requires ~ 45K words. The goal 1is to
decrease this to < 20K words to facilitate generation in the demand
(i.e., timesharing) environment
3.3.1.11 Provide Automatic Library Directory Updating
See entry under 'Misc. SYSTID Enhancements’
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MAJOR TASK AREA:

TASK NAME/ TASK DESCRIPTION EXPECTED OUTRUT
NUMBER
3.3.1.12 Provide Real & Complex Models
Present
® All nodes require twc core locations
® All nodes are treated as complex quantities with complex arithmatic performed
by the user within SYSTID models
® SYSTID expressions are treated as real Fortran expressions rather than
complex expressions
® Complex arithmetic is accomplished via the use of some utiliey functions
Planned
e After further study, the development cost for handling both real & complex
nodes far out weighs the anticipated advantage (i.e., one storage location
for real nodes)
® The obvious and most useful modification is to allow direct complex expressiond
3.3.1.13 Provide Model Debugging Capability

See entry under '"Misc, SYSTID Enhancements"
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Present

® SYSTID is written to take advantage of the Univac 1108 system and processors
under the Exec II operating system

Planned

® Convert the current version of SYSTID to the Exec 8 operating system
(Input/output routines)

® Provide JSC with the Exec 8 SYSTID for checkout at JSC

@® Use the Exec 8 SYSTID as the starting point for coding modifications

—
MAJOR TASK AREA:
TASK NAME/
NUMBER TASK DESCRIPTION EXPECTED OUTPUT
3.3.1.14 Provide SYSTID Modeling Aid
Present
e Various utility routines and procedures to aid the user in writing a
Fortran model
Planned
@ Additional aids for access to and control of internal SYSTID parameters
and storage areas as they are implemented
3.3.1.15 Convert to SYSTID Univac 1108 Exec 8 System (1110 JSC System)
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MAJOR TASK AREA:

TASK NAME/
NUMBER

TASK DESCRIPTION

EXPECTED OUTPUT

3.3.1.16

3.3.1.17

Provide SYSTID Interactive Graphics Interface

Present

None - Calcomp and printer plotting are available

Planned

e Provide the software interface to allow access to simulation output
data for display on the JSC MAPS graphics unit

o This task is a joint effort with JSC

Provide Automatic Checkpoint Feature

See entry under "Misc, SYSTID Enhancements’
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MAJOR TASK ARE/ -

TASY NAME/ EXPESTED OUTPUT
TASK DESCRIPTION o
NUMHER ASK DE
3.3.1.17 Planned

) Provide a SYSTID instruction to interrupt a simulation based upon any
simulation parameter, computer run time, or real time to perform
ancillary functions or terminate (e.g., the fortran "IF" statement)

) Provide a cross reference option for node name versus storage location

° Provide automatic permanent update capability to the library directory

& Provide additional coding in SYSTID models to facilitate debugging
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MAJOR TASK AREA:

Task Description:
® Gather pertinent data on EPS elements
® Group element. as possible to minimize the number of SYSTID models

® Generate SYSTID models, defining boundary conditions

Expected Output:
® Reviewed baseline EPDC (JSC)
@ Major EPDC block diagram

@ SYSTID model code and documentation

TASK NAME/ TASK DESCRIPTION EXPECTED OUTPUT
NUMBER
3.3.2 PMS Model Development
Deleted
3.3.3 Develop SYSTID EPDC Models
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MAJOR TASK AREA:

TASK NAME/
NUMBER TASK DESCRIPTION EXPECTED OUTPUT
3.3.4 Provide SYSTID Software Validation

(NOTE: This task was mislabeled in the contract SOW)

Task Description:
e Obtain, review & select reliable empirical EFDC performance data
e Generate SYSTID runs, using empirical data

@ Analyze the results

Expected Output:
e Distilled empirical data base
@ SYSTID results

® SYSTID validation report




MAJOR TASK AREA:

TASK NAME/

TASK DESCRIPTION EXPECTED OUTPUT
NUMBER

3.3.5 Develop SYSTID Measuring Techniques

Task Description:

e Define and develop performance measuring techniques using SYSTID

Expected Output:
® Set of current empirical EPS performance measures

® Selected list of performance parameters

L1-1

e List of necessary revisions

3.3.6 Identify SYCTID Simulation Areas

Task Description:

® Using prior study results, and considering related JSC and Rockwell work,
define areas which will be usefully attacked by SYSTID simulation

Expected Qutput:
e List of potential study areas

® Selected list of SYSTID simulation possibilities

® Requirements list for necessary data base, measurements, or expected
performance definition in each area




1,2 Scope

The scope of the study, relative te the objectives given above was
more inclusive for the software-related casks, than for the EPDC performance
analysis tasks, The former tasks utilized an available data base, in the
form of prior SYSTID code, defined a series cf tasks well understood (in deiail)
by JSC and Hughes personnel, and except for some potentially difficult opera-
tional details required interface with the wcil-defined JSC 1110 computer
system (...and knowledgeable personnel in the JSC computer systems area),
Therefore, it was reasonable to demand the widest scope for the simulation
software enhancement, from fundamental algorithms to validated code und
describing documentation.1 On the other hand, the EPDC element modeling and
systems performarce analysis tasks required definition of a shuttle subsystem,
the EPDC, at a detailed level, when in fact a number of the EPDC element
vendors had not been chosen and explicit element characteristics were unavailable,
Similarly, the EPDC bus assignments, and resultant EPDC subsystem topology were
not finalized. A corresponding lack of intuition was also present in terms of
EPDC element criticality for given system performance requirements. Thus, the
scope of the EPDC element modeling, and performance evaluation tasks were
truncated from what a static subsystem design might have allowed. For instance,
the EPDC element modeling was accomplished on the basis of engineering judgement
and extrapolation of generically similar device characteristics by Hughes
personnel. (A consequence of this limitation is the possibility that devices,
such as the Remote Power Controller (RPC) actually chosen for the EPDC may
exhibit substantially different characteristics), Further, the performance
analysis carried out by SYSTID simulation was limited to illustrative situationms,
since so little was known about the user load elements, For purposes of
establishing a repeatable baseline EPOC topology, the topology employed in SEPAP2

was selected, as were the electrical bus assignments employed by it [1].

1.3 Technical Approach

The technical approach used in defining the most critical SYSTID
language enhancements, their order of completio:, and algorithm design are
given in more detail in Volume II oi the Final Report, the SYSTID User Guide.

1See Volume II SYSTID User Guide of this Final Report
2Shuttle Electrical Power (System) Aralysis Program, Lockheed Electronics Co,./JSC
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In general, a number of SYSTID characteristics and capabilities which had
existed in the initial implementation1 were found to be clumsy (the model

TAP technique to achieve general multiport, multinode representation), or
excessively rigid (the prior "sort" processing technique) by continued use

oi the language to simulate telecommunications systems, Therefore, a number
of changes were deemed necessary and implemented, as matters of convenience

to the user, In addition, the UNIVAC 1110 EXEC 8 operating system require-
ment: imposed some brute force compatibility design tasks, as well as matters
of economic operation (i.e., automatic core sizing to dynamically control

core requirements and minimize run costs), including "save" and 'checkpoirting"
features so that the user is guaranteed useful output, even with premature
termination, A most important and convenient enhancement was the installation
of an interactive2 graphics capability, so that the CRT/keyboard I1/0 devices
at JSC could be used with SYSTID.

The technical approach employed for EPDC element modeling recognized
the lack of firm engineering data on critical units, Therefore, in parallel
with data gathering efforts with Rockwell International (the shuttle orbiter
prime contractor), generic data was collected and analyzed. For example,
hydrogen-oxygen fuel cell modeling data [9] was obtained and scaled for the
representative shuttle mission. This generic approach has serious failings,
given the very nature of the detailed element responses desired for transient
analysis of adequate fidelity. For example, the particular mechanization of
a universally present device such as the remote power controller (RPC) has
much to do with its transieut response3- Thus, the mechanization chosen for
the current SYSTID RPC model may not truly reflect the detalled microscopic
response of RPC as procured. (The procurement specifications on this device
as well as other EPDC elements generally describe the steady-state behavior,
and are not complete with respect to the parameters which influence transient

response),

‘Reference prior work by the Hughes staff on contract NAS9-11743
2No light-pen, or direct user interaction with the CRT display is implied

3Nominally energy storage components, such as inductance and capacitance, in
conjunction with disapative resistive losses determine this respomse.
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2,0  RESULTS

The study results fall into the categories of SYSTID enhancement,
EPDC element mcdeling, and EPDC performance analysis,

2,1 Software Development Results

Each software enhancement task item given in the SOW SUMMARY of
Section 1.1 has been completed and documented. (Task 3,3)

Volume I1 (SYSTID User Guide) of this Final Report will contain
all operational and descriptive data necessary for the user, as well as a

task item-by-item description of changes generated during the study.

Volume III, (SYSTID Data Book) of this Final Report contains all
program listings, flow charts and data listings.

2.2 EPDC Element Modeling

The shuttle orbiter EPDC subsystem can be characterized by
functional subsets as follows:

1. Power source elements (only fuel cells, with the current
deletion of stand-by battery power)

2. Power conversion elements (inverters)
3. Distribution elements (cables)
4. Control elements (RPC, RCCB, fuses, diodes)

5. User interface (load eleme:  characterization)

The following material will summarize the SYSTID models generated to date,
in the order given above. The supporting analysis for these models is

summarized in Section 5.3,
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An input parameter is

! SOURCE

SYSTID LIBRARY MODEL DATA
nominal output voltage, volts (user-selected)

= ground node
instantaneous load impedance, ohms
output voltage (node)

FUEL CELL
IN
VOUT

RL

1L NAMES:

PTIO0N ¢

"

The fuel cell model outputs a voltage that is dependent on the load impedance

IN < FUEL CELL (E, RL) > VOUT

Where:

FUEL CELL

y .
i
-

i

and the dynamic source impedance of the fuel cell model.
the nominal voltage output wanted,
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SYST1D LIBRARY MODEL DATA

v —

MCDEL: GROUP 1ID ’ PAGE | DATE
INVERTER CONVERSION

LoboAd mODEL NAMES:
INVERTER

DESCRIPTION:

The inverter modulates the DC power flow as supplied by the fuel cell, at a
400 Hz rate, so as to provide single-phase AC user load power.,.suitable inter-
connaction of three inverters then provides 3-phase AC power. The inverter consists

of three sub-models, a multivibrator, filter, and output coupling transformer.

JSAGE:
VIN < INVERTER (FRQ,E,CPF, RL) > VOUT, IS, RS
Where: VIN 1is the scurce node voltage, volts

FRQ is the operating frequency, Hz

E is the nominal output node (AC) voltage, volts peak
CPF 1is the composite power factor of the loads

VOUT is the AC output node voltage, volts

IS is DC current drawn from source

RS is the impedance presented to the source, ohms

SYSTID CODE:

MODEL® VIN ., INVERTER(FR P
ag:i;! DLD.V(NZQE) GsELCPF,RL) . VOUT,18,RS
5 5 :zz+;u TIVIBRAT
. OR(FRQ,E) Nt
:! . ‘sk*gsés&ZA}éo .55"&0:0..1.00.100.) « N2
. TRANSFORGERCERPS 2 “VouY
0 ObDIOBDOVDUT*VOUT/RL .
8 1 UU& ODY/TI”E/SSN
RSEVIN/MAX(] ,E=20,18)
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SYSTID LIBRARY MODEL DATA

MIDTL: f GROUP 1u | PAGE !DATE
MULTIVIBRATOR (INVERTER) ' CONVERSION | !
—_— ——————— — — e
SEANY MOLIL AN
MULTIVIBRATOR
DESCR: PTION :
This sub-model of the inverter provides the modulaticon {(chopping) capaviliiy

of the inverter.

1t is typically a externally-clocked monostable circuit cperating

nominaily at 4¢VU Hz, but with the capability to be clocked at arbitrary rates.

USAGE :

VIN < MULTIVIBRATOR (FRQ, E) > VOUT

Where: VIN
FRQ
E
vOoUT
SYSTID CODE:
MODEL*

TRetpn g ptpen OB ~J P M E £ \pi-e O B 90" N>
Z ot pr> OO0 MO OO

OO N

is
is
is
is

the DC source voltage (node)
the clock rate, Hz
the nominal output

the AC output voltage (node)

oz;;gg.;ggksixlg?aroa(rao.za . VOU?Y
ter i ogs:e;.sga%'
BE;;NS 3-35§ :S;

55::52 8¢ _3aVIN
Biéélgé..la

A= . 5/FRQ

B8 8/FRA/L0G(3,)
fisttes

rg-aabtgés- /XN)
IS{OLBLLEL0) GO 10 100
15¢T=T8% CT,.TR) RETYURN
S0Bavan /

ThPEaTY e

RE TURN

1RCT=TOFF LT, TD) mETURN
ESU;;xN =

QkReYIue




SYSTID LIBRARY MODEL DATA

GROUP 1D PAGE | DATE

| MODEL:
TRANSFORMER (INVERTER) | CONVERSION

B.ARY MODEL NAMES:
-LBiARY MODEL NAMES TRANSFORMER

DESCRIPTION:
This sub-model of the inverter provides coupling of the filtered square-wave

output of the multivibrator to the load elements. This is currertly a linear
transformer model...actual hardware mechanization may require this to be a

saturating-core device (non-linear).

USAGE :
VIN < TRANSFORMER (CPF) > VOUT
Where: VIN 1is the filtered multivibrator (source) voltage (node)

CPF is the composiie power f-ctor of the load element(s)
VOUT is the AC output voltage (node)

SYSTID CODE:

MODEL VIN 4 rnausronn RCCPF) VOUT
V{N ‘ ‘ PPe NQS;SN «? VIN); N{
#ND '} -1 { 1.06,,1,0783,00,1,5¢-8,8.263,871,) ., vour

- ———




SYSTID LIBRARY MODEL DATA

.
tOMODEL:

CABLE

| GRouP 1D | PaGE |DATE
‘DISTRIBUTI(N {

-~ b

| LILEARY LoDEL NAMES:

e——

CABLE

DESCRIPTION:
The cable mode

input impedance, as

are of importance,

1 will output voltage, source current and instantaneous

seen by the source,

USAGE :
VIN < CABLE (R, C, XL, RL) > VOUT, IS, RS
Where: VIN = input voltage (node)
= resistance/ft,
C = capacitance/ft.
XL = length of cable, ft.
RL = load impedance (instantaneous)
VOUT = output voltage (node)
1 IS = current drawn from the source, amperes
RS = instantaneous impedance viewed by source, ohms
SYSTID CODE:
11 e
b+ pRii etk e
LR svinsmaxty, Ee26,18) ’

Its main use is as a connection between

EPDC subassemblies/elements where the complex impedance transmission characteristics




SYSTID LIBRARY MODEL DATA

MIDEL: GROUP. ID PAGE | PATE
REMOTE CONTROL CIRCUIT BREAKER (R.CB) i CONTROL 4

1

i LIDRARY MODEL NAMES:
RCCB

DESCRIPTION:
*
The remote control circuit breaker is basically a switch that cuts off if any
power exceeds some maximum power threshold. The power rating is a variable

determined by the adjunct load and ID number.

USAGE :
VIN < RCCB (ID, RL) > VOUT, IS, RS
Where: VIN = source voltage (node)

1D =-identification (Rockwell/SEPAP six-digit number or an
arbitrary index of event sequence)

VOUT = output voltage (node)

RL = load impedance, ohms
IS = current drawn from source, amperes
RS = impedance viewed by source, ohms
SYSTIT CODE:
MODEL® VIN . RCCBCID,RL) ., VOUT,IS,R
S b o,
’ [
3é£?~526535353?553i?'°°E“’ ® C2%6,25/7T0 C3219,86/70/T0
AL
GTRANS ¢ LOADON M
10 rr(atbun GT .éioéoogg)ss
aTRANS  IF noo!.s!.é x&zn(uooz)
ig g;é:g:{XL.LY. MAX) GO YO 40
25 WRITE(6,600)1D,TIME
639 ;gé;Aégg' «+4 RCCB LOAD ', I8,! FAULT AT 1,F15,4/) ’
45 cONtINUE
100 {Ns(vsn- 25) /XL
N Fal¥or
150 VgU'."xN(V{NféQ:gtso.'C3.1.'cz'CS) o 18
eué 0 RSIVIN/MAX(1,E=20,18)

*
Model stays off once tripped, for the duration of the simulation., It also
outputs the load element ID and time of trip-off.




SYSTID LIBRARY MODEL DATA

SODEL: GROUP 1D | PAGE lnArx
REMOTE POWER CONTROLLER \ CONTROL X

LIERARY MCPEL NAMES:
RPC

DESCRIPTION:
The remote power controller is essentially a current limiter and circuit
breaker device that monitors the power drawn by the load, limits and controls

overload currents which can be reset by external command.

USAGE:
VIN < RPC (ID, RL) > VOUT, IS, RS
Where: VIN = source voltage (node)
RL = instantaneous load impedance, ohms
ID = identification (Rockwell!/SEPAP) six-digit number or an

arbitrary index of event sequence
VOUT = output voltage (node)

18 = source current, amperes
RS = instantaneous impedance viewed by source, ohms
SYSTID CODE:
MODEL® VIN RPC DyR ouUT,18
‘0 gézérs FT ST R e MM S RTYY,
-] AD D,MODE)
51 §rrhobBree 8304l aRt Aooe
VIN , EGRRENT LEMTERCKL 20,9 o VOUT,18,R8

*
Once tripped, the model stays off for the dura ion of the simulation, An
analogous output to the trip signal is given by model indication of load
element ID number and time of trip-off.




SYSTID LIBRARY MODEL DATA

T

MODETL e [ GROUP ID | PACE lDATE
CURRENT LIMITER (RPC) ' CONTROL :

LIERARY MCODEL RAYES: CLIM
CUR-LIM

DESCRIPTION:

The current limiter sub-mcdel of the RPC is both a current regulator and a
cutoff switch, 1Its output is both a voltage that is a function of the load impedance
and a current that is almost constant under varying load conditions. The cutoff

occurs as a function of some maximum rated current.

USLSE:
VIN < CURRENT LIMITER (RL, CMaX) > VOUT, IS, RS
Where: VIN = input voltage (node)
CMAX = maximum (rated) allowed current, amperes
VOUT = output voltage (node)
RL = instantaneous load impedance, ohms
RS = instantaneous impedance viewed by source, ohms
IS = instantaneous current drawn from source, amperes
SYSTID CODE:
MODEL® VIN C
L o£r§~s'ch¥55$"5 LIYITER(AL,CMAX) , VOUT,1S,RS
QEFINE ? FF:V§N£¢43
BEEILE Lrpilted)
% NIa3? IM3V(NZ+2)
7327+4
3 FftLIH;' &
§ Eplnst, *EMax
{ iy
Te® 60 TN §
7 }N."3NéS§I&.:S§’RL'CLIMg
1 F(INe Yoet
}é xbtn-o
60 10 100
13 {;{a%t".GYQO.S) T=TIME
40 Y=t L71,3) 60 1o
43 57(;2.%t.c6r3) 20 70§86
ub ukive;oigooyrzng
6gg Fg.gl (/7 w%* CURRENT LIMITER FAULT AT 1,P1S 4/)
168 e ey,
0,71.02,026E+5,9,55¢% ) 8
S'OIN MA ' o rlerk, (] e, o !
§98 VOUTEY4NRY 1ee280; 189

™~
Z
o
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SYSTID LIBRARY MODEL DATA

| MODEL + ‘ GROUP ID PAGE | DATE

|
! IDEAL DIODE I CONTROL

LiBRATY MUDEL NAMES:
IDEAL DIODE

DESCRIPTION ¢
The ideal diode equivalent circuit can be represented by a simple junction
potential, if conducting in the forward direction, and an open circuit in the

reverse current direction, as follows:

Vj Vj = 0,7 volts
1
O——-—‘ O
FORWARD |I“' (junction potential)
REVERSE o o— o
USAGE:
VIN < IDEAL DIODE (RL) > VOUT, IS, RS
Where: VIN 1is input voltage (node)

RL ° 1is load impedance, ohms
18 is the current drawn from the source, amperes

RS is the impedaace viewed by the source, ohms

SYSTID CODE:

MODE%*Rs!sE o IDEAL DIODE(RL) , VOUT,1S,RS
VOUTEBVIN® 7
%0 Ig-vou¥/RL
gs IP(VIN,GE I84RL+,7) RETURN
vgug-o
50 ; s
70 RS=y,F20
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SYST.D LIBRAKY MODEL DATA

{ vopEL ., DESCRIPTION

REALISTIC DIODE

GROUP 1D
' CONTROL

I PAGE

DATE

LIBRAKY MODEL NAMES:
REAL DIODE

1.

DESCRIPTION:

and junction potential,
is 1 ma,

USAGE:

Where:

SYSTID CODE:

MODEL*

VIN < REAL DIODE (RL) > VOUT, IS, RS
VIN 1is the source voltage (node)
RL 1i$ the load impedance, ohms

RS is the impedance viewed by the source, ohms

2-11

IS is the current drawn from the source, amperes

VOUTY,18,RS

This diode model represents a more likely physical realization, employing

the diode equation to relate the bulk resistance, to changes in the current flow

It is still an .. ideal device in that the reverse current




SYSTID LIBRARY MODEL DATA

OMTT .

TUSE

T i ]
| GROUP ID PAGE | DATE

i CONTROL

LIBKARY MODEL NAMES:

FUSE

DESCRIPTION:

The fuse is a load current control device modeled by an instantaneous

*
logical switch actuated by a rated power threshold,

USAGE :

VIN < FUSE (ID, RL, PMAX) > VOUT, IS, RS

Where: VIN = input voltage (node)
PMAX = maximum (rated) power allowed, watts
RL = instantaneous load impedance, ohms
VOUT = output voltage (node)
IS = source current, amperes
RS = instaataneous impedance viewed by source, ohms
iD = load element identification
SYSTID CODE:
MODEL* VIN . FUSE(ID,RL,PMAX VOUT, 18,RS
DINENSTON RE1IZE Biont Belo)8s1 E305
DEFINE BLOWNZV(NEe1)
} ZZISZ+l
4 ,RANS RSsR{
4TRANS CALb LOADONCID,MODE)
3 1F(BLONN=0.51, b
& IF(MODE,GT 13 RSsr(MODE)
I vouTsvIR
1 Is-V{N/Rg
1S IF(VIN®IS LT,PMAX) RETURN
1% BkONN!l
158 Format e tORLIOTRES Loao 1,18, ¢ BLOWN AT 1,F15.4/)
£ I o o
LS L ]
40 ISO%
END

*
Model stays off when tripped for the duration of the simulation, It also
outputs the load element ID and time of trip-off,

g a2+ o -

2-12




SYSTID LIBRARY MODEL DATA

GROUP ID | PAGE |DATE

!
s
' CONTROL

LOGICAL SWITCH

Lik

PARY MODEL NAMES:

SWITCH

[

DESCRIPTION:

The switch element is employed in the SYSTID simulation to provide a
lossless connection between any two topological nodes. It is therefore used

both for topological and sequence control,

USAGE :
VIN < SWITCH (ID, RL) > VOLT, RS

VOUT = VIN WHEN THE SWITCH IS CLOSED OTHERWISE, VOUT IS ZERO,
RS =RL RS IS INFINITE IN VALUE
ID = ANY EVENT SEQUENCE IDENTIFICATION NUMBER

SYSTID CODE:

BARTERAREY « vouToe
1,6

2-13
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SYSTID LIBRARY MODEL DATA

| "~DPEL: FIRST ORDER BI-LINEAR Z-TRAI'SFORM WITHE FCROUP ID PAGE | DATE

VARIABLE COEFI'ICIENTS | MATH
!

v ZIERARY MCODPTL RAMES:

ZED1

DESCRIPTION
This function is an extension of Q FACTOR where the coefficients may vary

with time. The function takes a second order transfer function in the complex

vari-ble s,

als + a
F(s. = TS +D
1 o
and produces
Az-l + /a\
s 0
G(z) T A -1 A
b,z = +Db
1 o

the z-transform in the sampled data operator zul. The coefficients ai, bi are

constants over the sample time interval, but are alleved to change with time,

USAGE
IN < ZED1 (Al, AO, Bl, BO) > oOUT

where: IN = input s transform
Al = first instantaneous numerator coefficient
A0 = second instantaneous numerator coefficient
Bl = first instantaneous denominator coefficient
B0 = second instantaneous denominator coefficient
our =

z transform equivalent output

SYSTID CODE:

MODEL* g.aza . OUT

Dhg;N)Olot(!NOOLD!N’¢0LDDUT*(Bll-BO)

AN Crararad MM
[ Lnimlad B 3,7

OODO® N ZO0
TV~ C Coova NP IIVWS
CZOPBrraNZZ

AL £ i
DONOOOOOOe=

END 214

et e e e i e e — i e a o — - - - - - . —emeam ——— - -



SYSTID LYBRARY MODEL DATA

| »:0nEL DESCRIPTION: SECOND ORDER BI-LINEAR ! GROUP ID PAGE | DATE

!
' Z-TRANSFORM WITH VARIABLE CORFY[CIENTS { MATH l

LILRARY MCDEL 1/MES:
ZED2

DESCRIPTION:
This function comput.s the bi-linear z-transform for a second order transfer

function i.: the s domain whose coefficients vary with time (though constant over

a given sample period) i,e., maps

as’+as+a /a\zz'z +’§1\1'.:'1 +/a\°
G(s.)=bz2 = _ 2 into G(z) =/b\ o~ o1~
2s + hls + bo vzz + blz + b0
USAGE :
IN < ZE*2 (A, Al, A2, BO, Bl, B2) > OUT
Where: IN = input transform in s domain
A0 = l1lst numerator coefficient
Al = 2nd numerator ccefficient
A2 = 3rd numerator coefficient
BO = 1lst numerator coefficient
Bl = 2nd denominator coefficient
B2 = 3rd denominator coefficient

OUT = output z-transform

SYSTID CODE:

2-15

MOD!L'DE NNt §§252A22’610A2!.80051lu!llj o OUT
EFINE A2mA2ind/DT/DY
e
pheINE Btasdisdiotcon
BEFINE D28y NE+t
gE; :E §0 -v;~2¢z§
REFINE x¥§:¥ NEss
Yiny
2 .
i i,
§§ g :g2;§i5252
gg §u :syg;;%%;gtz)axz1oct3)-xxz “D(2)wX01eD(}) 4XN2
ixo ;{ :&Nl
{11 tisty

m
z

]

e ——— et e e — —— e —m—— e -




DATE

PAGE

GROUP ID

CONTROL
The model connects the loads through

|

The output of the model is the impedance

SYSTID LIBRARY MODEL DATA

source voltage node
= SEPAP load number (load group)
= impedance presented to the source

LOADS

toad equipments (elements).

VIN
IL

RS

The LOADS model controls the composition and sequence of SEPAP load groups

VIN < LOADS (IL) > RS

where:

SEPAP LOADS

~ BRaARY nUDEL NAMES:
either an RPC, RCCB, or Fuse as given in the equipment/load data base. and is

controlled by the Events Generator.
presanted to the voltage source.

in terms of their

DESCRIPTION:
SYSTID CODE:

USAGE:

[ﬁﬁonEL:
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DATE

1 eace
|

: GRGUP ID
CONTROL

]

SYSTID LIBRARY MODEL DATA
LOADS SYSTID CODE (CONTINUED)

LOADS

SEPAP LOADS
L NAMES:

0=
ot b

ERALY HO

TCT .

i

™
L

NTYP,XWATT
NTYP. XWATT
9,2)

FoITYP
f

E

M

7

[ ]
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2.3 EPDC Performance Analysis

The Events Generator, in conjunction with the LOADS and EPDC models
listed in Section 2.2, was employed1 to excite the step response of an RCCB,
RPC, and FUSE driving a resistive load from the fuel cell source, as shown
schematically in Figure 2.3-1. In addition, the inverter was also tested for
step response when supplying a resistive load. TFigures 2.3-2(a) and (b) dis-
play the fuel cell bus voltage, and bus current, respectively, as the RPC, RCCB,
FUSE, and invarter are excited. Figures 2.3-3, 2.3-4, 2.3-5, and 2.3-6 display
the transient current flow of the RPC, RCZB, inverter, and FUSE DC input paths.

EVENT
GENERATOR

RCCs8 INVERTER FUSE

FIGURE 2,3-1. EPDC ELEMENT TRANSIENT RESPONSE
SYSTID TEST CONFIGURATION

lThe Event Generator actually drives logic internal to the device; the logical
switches are shown external to the RPC, RCCB, FUSE, and inverter as a matter
of convenience.
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FIGURE 2.3-2a. FUEL CELL BUS VOLTAGE VERSUS
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FIGURE 2.3-2b, FUEL CELL OUTPUT CURRENT VERSUS
TIME, FOR SEQUENCED LOADS
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FIGURE 2.3-4, RCCB INPUT CURRENT VERSUS TIME
(SEQUENCED OFF/ON)
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FIGURE 2.3-5. INVERTER DC INPUT CURRENT VERSUS
TIME (SEQUENCED OFF/ON)
3
2 28T I AL eBELS
8
o
g
b
E
-
3
8
Um 0.08 0.18 0.84 o.. 9.4 0.50 a.0 §-84 0.7 5.8
TINE
FIGURE 2.3-6. FUSE INPUT CURRENT VERSUS TIME

(SEQUENCED OFF/ON)
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The complete EPDC subsystem topology of Figure 7.1-1 was exercisec

by the Event Generator and LOADS model, in order to display the entire simu-

lation capability of SYSTID. To minimize output data to manageable levels

for t% s pr2liminary :tage, only representative subsets of the EPDC topology

wizre selected for cutput analysis.

These representative subsets included:

1)
2)

3)

4)

5)
6)

Main DC bus A, main bus B, main bus C voltage and currents
Local DC bus current fed by the main buses A, B, and C into
local DC load groups

Currents of load group (DC) fed by local buses in A, B, and
C main bus groups

DC current drawn by an inverter as fed by a local bus, for
each main bus group (the AC output currents of inverters
driving their load groups was not displayed to minimize
computer output). A representative sample of the inverter
AC output is givewn in Section 5.3.1.

Currents of dioded aft sub-bus loads, in groups A, B, and C

Essential bus currents in the main bus B group

Table 2.3-1 lists these outputs in greater detail by identifying

nodes and branch numbers consistent with Figure 7.1-1. The appropriate

Tregsponses are given in the same order listed in this table by the CALCOMP
plots which follow.



TABLE 2,.3-1. EPDC Fa!" " RESPONSE PLOTS IN FQUENCE IN WHICH THEY FOLLOW
EPDC Current.'Voltage,
Element Identification Figure Comments
Main bus A I 101 2.3 -7 Current drawn from
fuel cell 1
Forward, local
DC bus A I 120 2.3 -8 Current drawn from
main bus A by local
bus loads
Local bus A I 121 2.3 -9 Current drawn by
DC load group load group 121
Inverter I 19 2.3 - 10 DC current drawn
bus A by inverter when
supplying load
group 123
Aft sub-bus I 512A 2.3 - 11 Dicded current
AB drawn by load
group 512 from
E aft local bus A
Main bus A vV 10 5 2.3 - 12 Voltage output of
fuel cell 1
Main bus B I 201 2.3 - 13 Current drawn from
. fuel cell 2
Forward local I 220 2.3 - 14 Current drawn from
DC bus B f main bus B by local
bus loads
Local bus B I 221 2.3 - 15 Current drawn by
DC load group DC load group 221
Inverter I 29 2.3 - 16 DC current drawn
bus B by inverter when

supplying load
group 223

*
Refer to Figure 7.1-1, the EPDC topology for
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Table 2.3-1 (Continued)
EPDC Current/Voltage

Element Identification Figure Comments

Aft sub-bus I 523 B 2.3 - 17 Dioded current

BC drawn by aft load
group 523 from aft
local bus B

Main bus B V20 2.3 - 18 Voltage output of
fuel cell 2

Main bus C I 301 2.3 - 19 Current drawn from
fuel cell 3

Forward local I 320 2.3 - 20 Current drawn from

DC bus C main bus C by local
forward DC loads

Local bus C I 321 2.3 -~ 21 Current drawn by

DC load group DC load group 321

Inverter I 39 2.3 - 22 DC current drawn

bus C by inverter when
supplying load
group 323

Aft sub-bus I 531C 2.3 - 23 Dioded current

CA draw.. hy aft load
group 531 from aft
local bus C

Main bus C vV 30 2.3 - 24 Voltage output of
fuel cell 3

Essential I 271 A 2.3 - 25 Current drawn from

bus 1BC main bus A by
essential load 271

1271 8B 2.3 - 26 Current drawn from

main bus B by
essential load 271
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3.0 CONCLUSIONS

All of the stated objectives for SYSTID simulation software
enhancement were realized.,.in fact exceeded in some respects. The net
result of this effort is the presence, cn the NASA/JSC UNIVAC 1110 operating
system, of a greatly improved SYSTID language, whose user utility and
operational flexibility are much improved relative to the original SYSTID
software. Incorporation of the JSC MOPS (Hazeltine 4000G) CRT terminal as a
device for SYSTID user input/output has added another dimension of user

convenience.

The study achievements in the tasked areas of shuttle electrica:
power system element modeling and performance analysis are more conditional
than the clear-cut status of the software tasks. The preliminary discussion
in the section on results, and the following general discussion section
should make clear that a finalized EPDC topology and EPDC element data base
do not currently exist. Therefore, at best, the SYSTID models describe
generically similar devices, not necessarily the behaviour of devices which
will eventually be specified by Rockwell/JSC. Similarly, due to lack of
detail on EPDC elements, their bus assignments, and characterization of
load devices, the performance analysis has necessarily been merely illustrative
in terms of its utilization of SYSTID simulation capability and the nature of
the performance measures, i.e., response of EPDC source/control elements to

load shorts, etc.

What has been accomplished, therefore, in the EPDC modeling and
performance task efforts, is 1) the establishment of generic models, which
may be quite adequate (with parameter adjustment) in the representation of
finalized hardware elements, 2) establishment of a '"superset'" EPDC topology,
and associated event generator, which can be modified with additional detail,
as the system design solidifies, 3) a qualitative measure of typical EPDC
transient resp-nses at certain interesting points, as load states are varied.
The latter observations of SYSTID outputs at appropriate points can be used
to size circuit protection devices (RPC, RCCB, fuses) determine bus current
flows for redundantly-configured loads such as the essential buses, and
computers, under fault conditions, In short, the addition of firm hardware
characteristics to the model data base and minor changes to the system
topology will allow utilization of the study performance simulations for

useful system prediction and design analysis,

3-1



4,0  RECOMMENDATIONS

Based on the results of the study and the knowledge gained about
the shuttle EPDC bv Hyughes study staff, it is possible to recommend that the
following additional tasks, as described in the abbreviated statements
below be pursued. A functional task flow overview of the proposed follow-on

is presented in Figure 4.0-1,

The original EPDC/user subsystem SYSTID simulation and performance
analysis goals continue to be worthy of implementation. However, given the
continued fluidity of the EPDC and user (load) subsystem design, more
immediate attention to valid detailed modeling of as many EPDC and user subsytem
elements as have been defined would appear to be more productive than larger-

scale system performance analysis.

Therefore, it is recommended that a well-researched, validated and
documented EPDC/load subsystem element modeling effort be undertaken as a
follow-on study effort. The enhanced SVSTID software and preliminary EPDC
modeling efforts carried out in this contract have provided a secure foundation
which will underlay the follow-on element model? 17, and eventual system

modeling and performance analysis.
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MAJOR TASK AREA:

SHUTTLE ELECTRICAL POWER, DISTRIBUTION, AND CONTROL (EPDC) SUBSYSTEi: SL.EMENT MODELING

TASK NAME/
NUMBER

TASK DZSCRIPTION

EXPECTED OUTPUT

ot

02

03

05

06

Establish a data base management scheme whereby EPDC and user load element
characteristi¢s and specifications are obtained in a timely manner with a forpgal
NASA/JSC/Rockwell/Hughes interface, and clearly stated data requirements.

Generate descriptive transfer function data, and equivalent mechanization for each
EPDC source, control and distribution element based on current detailed clement
hardware performance specifications and vendor data,

Generate descriptive characteristics on each major important EPDC user subsystem
including its admittance parameters, drive voltages or current detailed bus
asgsignments, mission time profile (of adequate detail),

Generate SYSTID model code for each of the models defined by the prior
characterization tasks,

Obtain or generate transient response (i,e,, step response) test data on all EPDC
and user subsystem load elements, with adequate time resolution, Compare this

data with SYSTID model simulated response data, for equivalent conditions, in order
to validate these models,,.adjust SYSTID model parameters as necessary,

Establish shuttle operating philosophy and mission mode criticality measures.
Determine critical paths and EPDC/user elements, for subsequent fault simulation,
and circuit protection analysis.

4

Organizational data flow,
definite schedule and
workiig group meetings,
vendor visits.

Set of steady-state
transfer functions; unit
configuration and para-
meters.

Set of user load
characteristics,

SYSTID code,

Comparitive transmit
resporise plots and modified
SYSTID model parameters,

SYSTID simulation runs,
and performance analysis,




5.0 GENERAL DISCUSSTON

5.1 Introduction

The material in this section will, 1) introduce the basic concepts
of the time-domain simulatioun of continuous systems, as exemplified by the
SYSTID software enhanced and utilized in this study effort, 2) provide
additional detail on the EPDC element model representations summarized in

Section 2.2,

Acknowledgement is made at this point of those Hughes staff members
vho have contributed directly to this study, or to ancillary efforts.
In pvarticular, the outstanding SYSTID enhancements generated by Dale Paynter,
with inter-active graphics I/0 capability as added by John Forbes, must
be noted. The EPDC data research and modeling efforts were carried out by

Ivar Highberg, Nels Palmquist, and Johnetta MacCalla,

5.2 SYSTID Discussion

Some time ago, the need to accurately simulate real systems,
particularly telecommunications systems, became apparent, and a time-domain
simulation effort was initiated [78] at Hughes, on the Surveyor program.

These efforts1 of M. Fashano, W. Mayfield, N, Wagner and others were carried
forward in succeeding years by D. Payater and M. Fashano (and R, J. Rechter)
under two NASA JSC contract effortsz[76, 777, culminating in the SYSTID time-
domain simulation software, SYSTID represented a starting point for this study
effort. Though the main thrust for SYSTID's genesis and applicatiun was to
similate telecommunications systems, its design was deliberately made
sufficiently general to allow representation of a general set of physical
systems, Thus, the applica;ion of SYSTID to the shuttle electrical power
system was straight forward; only new library models, to represent the shuttle
elements was necessary (Volume II, User Gujde, report will list the tele-

communications system model library currently available in SYSTID).

1The SAMDAT simulation software

2NAS9-11743
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Program Description

SYSTID is a system of computer routines that provides the analyst
with a powerful tool for the transient simulation and analysis of complete
systems (e.g., telecommunication, power, electronic, and servocontrol

subsystems),

The program accepts as input a topological black box description of
a system, automatically generates tho appropriate algorithms, and then
proceeds to execute the simulation program. Thus the user is not necessarily
required to write the algorithms in a computer language nor possess a great
facility in computer programming. The system description, including both
topology and element information, is supplied to the program in a free-form,

user-controller engineering language which is easily learned.

SYSTID offers the user enormous flexibility in the representation of
system elements (i.e., black boxes). An element may be defined as:
1) An SYSTID library model
2) A user-written, temporary SYSTID model
3) A FORIRAN arithmetic expression involving any intrinsic
SYSTID parameter, constants, variables, FORTRAN library
functions, SYSTID library functions, model output nodes
and user-supplied FORTRAN functionms,
The SYSTID model library consists of a set of computer routines
either written in FORTRAN or SYSTID, which have been stored on a library
file and cataloged in the SYSTID directory. The user, at any time, can
modify or replace the library and directory as he may choose; thus every
user can easily create his own library. One unique characteristic of SYSTID
is the capability of nesting models to a level of 100; that is, any model (or
system) can reference up to 100 models, excluding itself, The nesting
feature provides the user with the tools necessary to build a model library

to suit his needs based on a canonic set of models.

The basic, or canonic, SYSTID library consists mainly of a group of
routines that aid in the simulation of continuous functions, which may thus be
presented by functions of the complex variable, s, as G(s)., The technique
applied is that of the bilinear z-transform difference equation representation

of G(s). The transfer function may be defined in several ways in terms of its
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poles and zeros or as one of the classical filter functions such as Bessel,
elliptic, etc, The sample data routines accomplish all the necessary trans-
formations in addition to the numerical processing such as integration anc
differen .iation. In addition, all of the FORTRAN arithmetic features are an
intrinsic part of the SYSTID library, although they do not appear in the
directory.

The bilinear transform rather than the standard z-transform is used
ir. the representation of continuous functions because it eliminates aliasing
errors, making possible the realization of commonly encountered fuiictions
whose response does not approach zero at high frequencies, Note that
aliasing of the system driving signals, however, is still possible if the

user chooses an inappropriately low sampling rate.

Another aspect of the SYSTID model library is that it contains
FORTRAN subroutines - that is, when a model (or system) is processed by
. "TID, the result is a FORTRAN subroutine (or main program) which is
ava. .ble to the user for any purpose, whether for SYSTID or not. Thus,
SYSTID can be viewed as a FORTRAN program generator that converts a
topological, nonprocedural input into a procedural language - FORTRAN,
Although not unique to SYSTID, this aspect allows evaluation of mathematical
problems via SYSTID with no concern for the input/output coding necessary
in FORTRAN programs; that is, SYSTID may be used as a shorthand FORTRAN system.

The functional flow of SYSTID is sketched by Figure 5.2-1.

SYSTID flexibility is in part attained by designing the program to
execute as a multipass processor in a batch mode of operaticn. The first
phase reads the user input description of all models and/or a system and
proceeds to formulate the corresponding FORTRAN algorithms. In thic
phase, the prugram checks for input errors such as erroneous model referverces,
dangling nodes, etc, in which case appropriate error messages are issued,

If the first phase terminates without fatal errors, the FORTRAN routines zre
automatically compiled and collected with the SYSTID library fo form the

second phase, that of executing the simulation.

Output from the program includes plots as well as tabulated datz,
Conventional output is any system node which may be individually selected, or
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FIGURE 5.2-1, SYSTID TIME-DOMAIN SIMULATION
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any variable whether intrinsic or user~defined. Plots can be produced on

the printer as well as a digital plotter (e.g., CALCOMP, SC 4020), Frinted
data can be formatted, under user control, for either 8-1/2 by 11 inch pages
or the full 11 by 14 inch page. In addition, input/output can be accommocdated
with a CRT/keyboard terminal, as exemplified by the JSC MOPS (Haxeltine &4000G)
terminal. (Digital plotting is installation-dependent.)

Thke additional flexibility of linking to a user defined post
processing routine is intrinsic to SYSTID when utilizing the POST system
identifier, This feature allows the user to access the time histories of
any node, or variable much the same way as the plot routines, As a
matter of fact, the plot routines are indeed intrinsically named postprocessors.
Utility routines are available to perform any necessary input/output for the

user,

The user, because of the two phase aspect, has available to him
several techniques for controlling his computer runs and ensuring that the
most effective use is mede of the machire time, The primary means is that
of saving the results of the first phass (the collected simulation package)
for subsequent reruns with alternate input data., Rerun would cthen simply
entail a load-go operation, with input data provided at execution time by use
of the DATA identifier in the first phase,

Some theoretical aspects of sampled data simulation which underlie
SYSTID are summarized in Appendix 7.6.

5.3 Technical Discussion of SYS.ID Models

As the figure below illustrates, the shuttle EPDC can be functionally
represented by 1) source generation, 2) source conversion elements, 3) power/load
distribution and control eléments, 4) user subsystem load elements. The entire
shuttle electrical power system (EPS), from the analysis and simulation view-
point, must include the user load elements, since they influence the elactrical
power, distribution and control (EPDC) subsystem so extensively. The status
of the EPDC topology and the characterization of the EPDC elements is still in

flux at this report's submission. Some reference procurement specifications
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FIGURE 5.3-1. FUNCTIONAL ELEMENTS OF THE
SHUTTLE ELECTRICAL POWER SYSTEM

are given in Appendix 7.5 for these EPDC elements, such as the inverter, RPC,
RCCB, etc. The level of detail for the user load elements 1is much poorer,
particularly (as tha 1mple data sheets of Appendix 7.4 show) for transient

response data, as opposed to steady-state response paramet->rs.

The data to follow will be largely schematic in nature, Much

of the detailed analysis is dependent on arbitrarily assumed equipment mech-

anizations, and lending an unjustified credence to the mndels should be
avoided. Clearly, the nodification to these SYSTID model3 can be made in a
straightforward manner, as soon as the equipments are selected and are

described in adequate detail for SYSTID modeling.
5.3.1 EPDC Models

Fuel Cell ¥odel Development

The fuel cell is clearly an important, if not the most important
EPDC element, in terms of its performance. Unfortunately, little explicit
data was available which would indicate the transient response of the device

as opposed to its steady-state response. Some data was obtained from an
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interesting analysis f78:, which unfortunately did not cover a sufficiently
wide range of output current variation, or peak carrent, relative to the fuel
cells anticipated for shuttle use. The non-linear second order RC lowpass
network proposed1 by McKechnie as an equivalent circuit thus was not amenabl.
to extrapclation over the wider output current changes anricipated for the
shuttle EPDC simulation. Table 5.3-1 is reprcduced from this reference. (The
Apollo hydrogen-ovygen fuel cell system manufactured by Pratt and Whitney2

was deemed most applicable to shuttle EODC simulation).

TABLE 5.3-1. SUMMARY OF TYPICAL FC DATA, IN TERMS OF PARAMETERS
SHOWN IN FIGURE 5.3-3 (AFTER McKECHNIE)

I Al Eq Ry Ry R3 Cl Co
(Amps) (Amps) (Volts) (Ohms) (Ohms) (Ohits)  (Farads) (Farads)

(Ptatt & Whitney, lydrogen—oxygen)

0 1.4 37.48 0.1575 0.00951 0.256 15.66 3.41
1.4 1.6 "6.71 0.128 0.0143 0.226 18.78 1.79
3.0 1.2 36.03 0.157 0.0129 0.227 13.2 1.45
4.2 1.3 35.44 0.096 0.00389 0.232 8.56 4.43
5.5 1.3 34.99 0.091 0.00314 0,217 10.67 3.83*
6.8 1.2 34.56 0.087 0.00271 0.199 9.25 5.03
(General Flectric)
0 1.6 6.232 0.038 0.00811 0.423 7.99 1.88
1.6 1.6 5.363 0.0561 0.00186 0.0969 5.38 2.445
3.2 1.6 5.132 0.0542 0.00i66 0.0613 5.63 1.96
4.8 1.6 4,957 0.0486 0.00175 0.0414 5.46 3.56
6.4 1.6 4.818 (.0204 0.00111 0.0264 5.0 6.91
(Hydrazine-oxygen)
0 1.28 12.62 0.1755 0.179 0.344 0.244 0.957
1.28 1.12 11.8 0.1392 0.106 0.182 0.2208 0.55
2.4 i.12 11.26 0.170 0.133 0.230 0.167 0.433
*

The nominal 34.99 volt case was chosen, with C;, Cy decreased by a factor
of 10, in order to reduce the FC's rise time to convenient values.

IA set of circuit parameters was d-fined for each load increment.

2The transient responses specified for the SYSTID model are consistent with
P and W data (see page 7.4-9).
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In particular, the fuel cell supplied only DC loads, with a solid-
state inverter (to be discussed next) for conversion to AC, as shown in
Figure 5.3-2.

‘ -———" -———
- )

! FUEL STATIC ‘ | AC |

CELL . INVERTER | | LOADS l

[ | R |
T

02 OC LOADS

FIGURE 5.3-2, TYPICAL FUEL CELL/INVERTER SYSTEM

The equivalent circuit employed for the fuel cell is given by the

simplel RC ladder network, as shown in Figure 5,3-3.

R, Ry A, vouT
INSERTION AN A ——— g AAA - ANA— —
LOSS ADJUST v °
_I_ l !
| I ) I\ ) ) ;:
& - O

FIGURE 5.3=3. FC EQUIVALENT CIRCUIT

lDeceptively so, since Ry, Ry, C;, Cp are functions of nominal output voltage
and load current. In particular, a variable gain compensates for insertion
less, so steady-state response is unaffected by the RC network.
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The DC output voltage of this fuel cell versus output power after
5000 hours of performance is given in Figure 5.3-4.

T
31.63v
3 n 30.90V
)
30.18V

> 2
u \ 20.63v
o
3 2 28.90V
= |
0
> ‘J\\‘\ 28.36V
=
5 = 22.81v
]
2 27.36V
o 2

o 4 8 12 16 20

OUTPUT POWER, KILOWATTS

FIGURE 5.3-4, TYPICAL FUEL CETL OUTPUT VOLTAGE-
POWER CHARACT ™ STIC

In corder to establish the reasonableness of the SYSTID model, with
respect to its transient response, a step change in FC load was mechanized,
as shown in Figure 5.3-5.

BUS L2
lBUS WHERE RLl AND RLz TOOK
ON VALUES OF 1.0 AND
SYSTID G.00t 1, RESPECTIVELY
FC
MODEL RL‘

FIGURE 5.3~5. SYSTID STEP RESPONSE TEST CIRCUIT
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The resultant fuel cell terminal voltage, BUS, and current delivered
to the load, 1BUS are displayed in the CALCOMP plots of Figure 5.3-6(a) and (b).

Inverter Model Development

The inverter procurement specificaticn (see Appendix 7.5) was used
as a basis for generation of a representative block diagram. Functionally,

the inverter caa be represented as the cascade of elements shown in Figure 5.3-7.

This simplistic block diagram ignores some potentially important
aspects cf the inverter's performance, i.e., internal regulation and circuit
protection, output transformer mechanization (nonlinear saturating-core opera-
tion with final waveform filtering for instance), and sensitivity to composite
load power factor. Obtaining these and other detailed characteristicswill

require internal definition of the device by the vendor.

Monostable Multivibrator (Inverter)

The output of the multivibrator has an idealized waveform given in
Figure 5.3-8.

where
3

t. = t, = A\QHI(-—EE)

r [ E
and

A = T

2in3
E = nominal output voltage

E - (0.1)(28 - VIN), where VIN is the input DC fuel
cell voltage

B

Waveshaping Filter (Inverter)

A lowpass filter is used to attenuate the odd harmonics present in
this waveform, and produce an acceptable approximation to a sinusoidal waveform.
In particular, a second order Chebyshev function with peak-to-peak ripple of
0.1 dB, and a ripple bandwidth 1.25 times the nominal multivibrator center fre-
quency (clock rate) of 400 Hz.
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FIGURE 5.3-7. SYSTID INVERTER MODEL BLOCK DIAGRAM
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FIGURE 5,3-8., TYPICAL OUTPUT WAVEFORM OF THE SYSTID MULTIVIBRATOR SUBMODEL
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Coupling Transformer (Inverter)

The coupling transformer can be represented by an ideal element,
with unity coupling and linear operation over the range. (In order to pre-
serve some inherent degree of self-regulation and minimize core weight, this

transformer may actually be realized as a saturating core device.)

Given the linear model, a typical realization is shown in Figure 5.3-9.

Vaut TO AC

] < $ USER
V__—"N c 3 LOADS
P1 Lpq J
FROM DRIVER
MULTIVIBRATOR AMPLIFIER 1 !
<
Cp2 Le2 3
—0
1:N
TURNS
Cpy Cp2 PRIMARY PLUS REFLECTED SECONDARY RATIO

INTRA-WINDING CAPACITANCE

Lp1. Lpz PRIMARY WINDING INDUCTANCES

Vin IS FILTERED AC INPUT, FROM MULTIVIBRATOR
VouT 'S AC VOLTAGE DELIVERED TO LOAD

FIGU' .E 5.3-9. TYPICAL DRIVER AMPLIFIER/COUPLING
TRANSFORMER SCHEMATIC

For assumed values of active device and transformer parameters, a

voltage transfer function can be written in terms of G(s) as

Vout (1.414 CPF) 1.07835

Vin 1.5 x 1072 s2 + .263 5 + 571.0
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NOTE: For three-phase operation, the inverters are configured to

couple heir cutputs in » wve-connection, as sketched below:

effectivelyv

COMMON

0 O

(o}

In the simulation, the multivibrator outputs are sequenced in phase angle 0'
1207, 2400, to achieve three-phase operation.

As in the case of the fuel cell, the SYSTID inverter model was tes:ed

for step response, as shown in Figure 5.3-10.

: E SYSTID

FC INVERTER A
| MODEL L1
RL2

W

Ryy=15
RL2=wﬂ

FIGURE 5.3~10, SYSTID INVERTER TEST STEP RESPONSE

DIAGRAM

The resultant transient responses are given in Figures 5.3-11(a)
and 5.3-11(b).
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Distribution Bus (Cable) Model Development

A physically realizable power transmission cable is best represented
by a distributed parameter equivalence. For purposes of convenience, we shall
allow a simplified lumped-parameter equivalent circuit, namely a3 first order

RC ladder network

R I3
e T o
Is AV~ l Vour gn
N
>
T Sy AL c
RT = total cable loss, ohms
CT = total cable capacitance, farads
RL = the load resistance, ohms
and where
RT = (R) (XL) XL, length of cable, feet
CT = (C) (XL) R, ohms/feet

C, farads/feet
The overall transfer function can be shown to be

out = G(S) = RL

vin (RRLC)S + (R + RL)

Diode Model Development

Two different representations are used for the diode model, one ideal,

the other more closely representative of an actual device.

Ideal Diode:

This is essentially a battery, whose voltage is identical to the
diode junction potential, in series with a logical switch, to

indicate conduction state.
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This representation employs the fundamental diode junction equation

o [
sat

where

-
"

junction reverse (saturation) current, amperes
sat

TH = constant = q/KT

AV = junction pctential, volts

Frou which we may define

1 dI THAV

RD dav 39 Isate
where

RD = junction impedance.

An equivalent circuit may thus be drawn:

vin vout:

—o”

Rg— Ryav

R

394V
v RL R.L 39 IS e

Vin Ry + R, (RL 39) I 3V

and RS’ the impedance presented to the source, which delivers I_ ampe~as is

S
given by

Ry = R, +R

I = vin/RS
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Remote Control Circuit Breaker (RCCB) Model Development

The RCCB passes load current based on its rating which ranges from
15 to 100 amperes for the various dash numbers utilized in the EPDC, with a
voltage drop < 0.25 volt. At some overload condition, given as a percentage of
rated current, the RCCB must trip and relieve the load (200 percent of rated
current is minimum trip limit with the trip time being a decreasing function
of overload current). It is also capable of being remotely energized, i.e.,
set1 or opened. The control voltage, applied through a 1.3K ohm source resist-
ance, from a bus other than the main buses, over a range of 24.0 to 40.0 volts
shall set the RCCB. Removal of this voltage automatically opens the load cir-
cuit. A 28 wdc backup bus circuit can also energize the RCCB, anc its load.

The functional flow of the RCCB is given in Figure 5.3-12.

BACKUP

POWER

MAIN BUS  esevermetemmsisn

POWER

NO TRiP

L<2'gaTED
>
L>2'patep THRP

< =
TRip S 10 ms .L 6000 A

CONTrOL
VOLTAGE Rces

- - -

24-40V < 10 mA

ToreraTe < 30™ l

TO CONTROLLED
LOAD

FIGURE 5.3-~12, RCCB FUNCTIONAL FLOW DIAGRAM

lT'ne RCCB cannot be closed while an overload condition exists (magnetically
latched).
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Operational Sequences: If both main and .ackup power bus voltages

are removed, RCCE is not tc ~hange state,.
If control voltage is rem¢ . RCCB must open.

If overload occurs, main contacts will trip
open. In order to close load circuit again,

control voltage must tur~ RCCB OFF, then ON.

The RCCB was modeled in SYSTILC by assuming a dual representation, one

a logical control sequence, “une other an RLC network silmulating a typical relay

mechanization, Pictorially,

Vi oss

INPUT SOURCE lOUT USER
 CURRENT RELAY

-0 LOAD

's )= NETWORK ELEMENT

*

SYSTID ,
SENSING Vioss 025V
AND CONTROL
LOGIC
(EVENT
GENERATOR)

FIGURE 5.3-13, RCCB SYSTID MODEL FUNCTIONAL FLOW
DIAGRAM

The RCCB transfer function representing load current flow thus
becomes that of the relay network. A second order response given by the
following C(s)

(19.46/T2)
Gls) = 3 ° 2
$° + (6.25/To)s + (19.46/To)
where
To = 10 ms, ~the rise time
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which represcats ar RIC network similar to

L
R
SOURCE ¢
VOLT AGE
c
$R
3
<
N\
Do 0 <
whet. W iz the relay coil resistance; C its intrawinding (or discrete) capa-
citanes, Lt relav coil inductance.

Note that the —ircuit analyzed for transient response here is the
load circuit. Presumably, a similar circuit exists for the control circuits
(current simulation technique assumes no RCCB tim~ constants directly in con-

irol parh).

The transient response of the RCCBR is tested in a SYSTID configura-
tion si-.lar to that shown for the inverter in Figure 5.3-1G, i.e., driven by
an ideal voltage source, allowing the measurement of RCCB input current, as

shown in I'igure >.3-14.

Remote Powver Controller (RPC) Model Development

The RFC is a power coantrol device which can be controlled remotely,
tn similar tashion to the RCCB. The RPC differs from the RCCB mainly in its
abiiitv te !imit the current delivered to the load, as well as provide trip-off
overload protection. The RPC can bte turned on with control voltages less than
i4 volts, but more than 9 volts DC. For voltages be:.ween 6.5 volts aud 9.0 vdc,
the RYC will be shut off. No trip indication is currently anticipated for the
R*C, althourih for analysis pirposes, the SYSTID RPC model incourporates trip
Indication. The overlaod/trip characteristics of the RPC are given in

Fipure 5.3-15.
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In addition, a fail-safe capabil.ty shall exist, i.e., a fusible link.
The maximum load range of these devices is 20 amperes. The control voltages
are generally supplied irom the shuttle essential buses, and may be reset, sub-
sequent to tripping, within 20 ms. Iuitial turn-on time is =2.5 ms, with turn-

off times <4 ms. The rise times are generally =<2 ms, the fall times <4 ms.

“he RPC functional flow is given by Figure 5.3-16.

SYSTID T0
SENSING LOAD
AND CONTROL | > CURRENT ———
LoGIC LIMITER
(EVENTS

| GENERATOR)

FIGURE 5.3-16. RPC FUNCTIONAL FLOW DIAGF..M

The functional flow in Figure 5.3-16 is similar to that of the RCCB,
except that the relay element is replaced with the current limiter model.
In similar fashion to that illustrated by Figure 5.3-10, the step response of
the RPC is given by Figures 5.3-17(a) and 5.3-17(b).

5.3.2 LOAD MANAGEMENT AND SEQUENCING

In order to effectively interface with the enormous volume of data
involved in the shuttle EPS, a model was developed for accessing a standardized
load-defining data base.. This model and its usage are implemented such that
consistency is maintained between the SYSTID simulation and the SEPAP/RI avail-
able data format.

In conjunction with the LOADS model, a sequencer and associated soft-
ware were developed such that a given sequence of events (or equipment time

profiles) could be effectively used to control the SYSTID simulation.
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e OADY mode’ uees input data which define a given SEPAP load

meairer e o Ylowe s

° Pquip -nt ID (6 digit RI code}

. Tvne 0! circuit protection device cvnnection (RPC, RCCB, or
FUYY
° Tyvpe of lecad (resistive, inductive, otc

In cosianet ion with the above data, .he model accesser the sequencer (LOADON)

Yer destnition of the cquipment mode. Equipment modes nave been deiined as:

0 = ON
1 = staudby
= short circuit failure
3 = open circuit failure
i=6 = open for definition
7 = OFF

Operation of the LOADS model requires UNIVAC data elements in TPFS1 named
"LOADNNN" where NNN = 3 digit load number. 1If a data element is not avail-
able, the particular load is defaulted tc an open circuit. The format of the
data clement can be seen in Appendix 7.1, which describes the procedure for

buildine the load data base.

{he sequencer routine LOADON is the interface to the Fvent Data File

St atine SHUTLE. Use of LOADON iz as follows:

CALL LOADON (1D, MODE)

wac e

ID = 6 digit equipment number or 3 digit SEPAP switch

number

MODE = mode of the device at this time

|
UNIVAC PXEe 8 Temporarv Program File.



Creation of the Event Data file is accomplished with the SORT
routine, which reads data cards defining the time sequence for all equipment
and system configuration and writes a compact data file organized for rapid

access using minimal computer core.

Figure 5.3-18 describ~2s the procedure necessary for preparation of
the Load Data Base.

@ ROCKWELL @ LOAD

LOAD 8uUs

EQUIPMENT
ASSIGNMENT PARAMETERS
CARDS CARDS

» MERGE

@ Stoar @ @ EQUIPMENT
LOAD/BUS SORT DATA AND MODE VERSUS
o GENERATE LOAD TIME
ASSISNMENTS s SEQUENCE
L
Q)

GENERATE

COMPACT EVENT

DATA FILE

DATA PREPARATION

DATA USAGE

L N

LOADON
LOADS MODEL (@ INTERFACE

ROUTINE

Q). @. (3). (8)are npUTS FROM

ROCKWELL/JSC/LEC

®. @ @ARE COMPUTED OUTPUTS

FIGURE 5.3-18, SYSTID EPDC LOAD DATA PREPARATION
PROCEDURE AND SEQUENCE
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APPEND!Y 7,1 ~ EPDC TOPOLOGY AND LOAD BUS ASSIGNMENT AS
PROCESSED FOR SYSTID SIMULATION

The data in this appendix subsection provides the following information:
1) an pBUDC pology chosen for SYSTID simulation and performence analysis,
ﬁamely the LEC schematic reproduced as Figure 7,1-1, 2) a listing of bus assign-
ments derived from this schematic,

The load switches shown in Figure 7,1-1, as displayed in the small portion
o2f the overal topology below, are logical in nature, i.e., for purposes of

energizing a given load group irn the LEC SEPAP time profile analysis.

e l— Switches 275 and 101 in this topology sector
[23 are examples of logical elements found through-
= g out the schematic of 7,1-1...in some instances

they also correspond to actual devices,

Tthe actual circuit protection devices, i.,e., RPC, RCCB, or fuses are .- uded
within cach load group...for instance, load gioup 171 includes load c!l.uwents
given by Table 7,1-1, each load element having its own circuit protection
device, The listing of Table 7.1-2 displays the topology in tabular form as
gpencrated for SYSTID, frum the commectivity da. of Figure 7.1-1. The bus

assigmwments shown are in terms of load groups, not yet in load element form,

7,1-1



TABLE 7.1-1. EXAMPLE LISTING OF LOAD GROUP 171 ELEMENTS
(ESSEXTIAL SUB-BUS 3 AB/DIE)

FLEMENT WATTS
b NO. ELEMENT NAME LOAD SUBSYSTEM NAME DISSI-
PATED _

(V7 (1 b -

04090000 \ASTER TIMING UNIT {(wm uP) mlimwmggwmm 40
24090010 (OPERATE) 26
06040200 LOAD CONTROL ASSEMBLY UNIT #2

ELECTRICAL POWER
- DISTRIBUTLON AND 75
, CONTROL
06040300 LOAD CONTROL ASSEMBLY UNIT #3

Table 7.1-3 tabulates the load groups actually coded in SYSTID, in

scquential order as read from left-to-right on Figure 7.1-1, first main bus A,
then B, and Jinally C, Not all of the loads were coded, due to the ominous
number of inconsistzncies in the base data...a sufficient number were coded,

to give a2 reaningful representation of the EPDC/user system, Straight-forward
extensien f the coding, given a validated data base, will rectify this situation.
Due to discrepencies and omissions in the SEPAP bus assignment data (Appendix 7.2)
as furnished to Hughes by LEC/JSC, some arbitrary assignments were made in the

construction of thesz load groups.

As an cxample of how the Appendix 7.2 datz has been utilized in generating
these SYSTID load group assignments, we may take load group No. 171, and trace

its development as summarized in Table 7.1-1 above,

From Figure 7.,1-1, we note that load group 171 is driven by "essential
bus 3 AB" (alternately stated, fuel cell No. 1, cross-coupled to both main load

group, DC buses A and B). From Table 7,2-1, the EPDC/user subsystem element

7.1,2
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bus assiguments, thai ous DIL, has (hre - 'vad elements. (DLE is the notation
for DC loat, main 1.1s A, essential DC sub-bus), These three elements (one
clement ha: two states) were given in Table 7.1-4. Thus, at any given mission
phase. the master timing unit will be in either its off, on or standby mode,1
and onc or both of the load control assembly units will be energized,
Additional information can be gleaned from Table 7.2-1, namely, whether a
particular circuit protection device has been selected for a given load
clement, For example, no particular device has been selected for the master
timing unit (page 7.2-4, pointer); as a counter-example an RP(C) has been
selected for the signal conditioning unit, ID#0413000 (see Appendix 7.3,

page 7.3-7). 1In similar fashioa, from Appendix 7.3, page 7.3-5, we determine
that the load control assembly units #2 or #3 identified from Appendix 7.3,
page 7.3-9, both employ fuses as circuit protection devices. The convention
chosen for the illustrative simulation purposes of this study is that an

tuse will be chosen as the representative circuit protection device unless

otherwise indicated.

Further, to indicate which load groups have actually been represented
by load element decomposition and modeled in SYSTID a solid dot has been

placed adjacent to the load on the schematic of Figure 7.1-1,

Finally, Table 7.1-4 lists the load elements obtained from the LEC
SEPAP card data supplied to Hughes, as a function of bus assignment. Note
that this listing does not have load group sorting, per the topolgoy of

Figure 7.1-1,

1As detcrmined by the SYSTID Event Generator

PRECEDING PAGE BLANK NOT FILMED
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TARLE 7.1-4

LISTING OF LOAD ELEMENT BUS ASSIGNMENTS, AS PROCESSED FROM LEC
CARD DATA (APPENDIX 7.2)
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(Continued)
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LISTING OF LOAD ELEMENT BUS ASSIGNMENTS, AS PROCESSED FROM

LEC CARD DATA (APPENDIX 7.2)
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TABLE 7.1-4 LISTING OF LOAD ELEMEMT BUS ASSIGNMENTS, AS PROCESSED FROM

(Continued) LEC CARD DATA (APPENDIX 7.2)
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(Continued)
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(Continued)

LISTING OF LOAD ELEMENT BUS ASSIGNMENTS, AS PROCESSED FROM
LEC CARD DATA (APPENDIX 7.2)
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LiSTING OF LOAD ELEMENT BUS ASSIGNMENTS, AS PROCESSED FROM

(Continued) LEC CARD DATA (APPENDIX 7.2)
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APPENDIX 7.2

SEPAP DATA BASE

Table 7.2-1 Jdisplays the images of card data supplied by LEC. The
tisted (quipment items, reading across are bus identification, circuit
protection device (if selected), EPDC or load elewent procurement specifi-
¢iai ton number, and element identification number. The nomenclature will
be detined in the following tables. The equipment list was obtained from
the Flectrical Equipment List dated July 23, 1974 with modifications based
on the data in the latest Rockwell power profile analysis document dated

dune 26, 1974, The bus description nomenclature used the tollowing format:

Character Description
Ist POWER TYPE

A = ac ~omponent
D = dc component

Ind MAIN BUS IDENTIFIERS

Main dc bus A
Main dc bus B
= Main dc bus C
P/L Direct from F/C 3

£ W -
[ TR}

[}

rd SUB-BUS ASSIGNMENT

= Forward Local dc bus
Midbody local dc bus

Aft local dc bus

Essential dc bus

DF1 dc bus

= LH D&C Panel

= RH D&C Panel

00SCB Panel

P/L Specialist Panel
Mission Specialist Statiomn
ALT Panel

P/L Bus

General (any other direct loads)

nnn

mEHVWYORCUmPI™

7.2-1



Character Description

ith LOAD CLASSIFICATION
1 = Direct to yround
2 = Return to ground
3 = Inverter or AC
4 = P/L

Sth AC_ PHASE DESCRI1PT1ION

A or B or C = 1 phase

For 20 or 39 loads ernter phase fetters
consecutively, (NOTE: This is different
than Rockwell which requires entry o: 2 or 3
BUS 1DS).

For iastance, BUS ID DIF2 represents the foilowing information: The
item (1MUY is a DC lead, on wmain () BUS A, in particular on forward local
(M) bus, with a single point (return wire) ground. Similarly, AZF35 indicates
a load elewent the GSE from bypass control requiring a power, on main BUS B,

forward local bus, inverter output.

The EPDC or load element nomenclature convention used in the listing
of Table 7.2-1 reading from left-to-cight is:
XX XX XX X X
|

]

Used for header

[Mode, i.e., standby = 0, opevate = 1 (CEC)

Particular unit No., i.c., #1,2,3...

Generic unit 1D, i.e., master timing unit

Subsystem, i.e., communications, G & N

Table 7.2-2 is a reproduction of a SEPAP topology definitiovn obtained

from a LEC memorandum to JSC [1].
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TABLE 7.2-2 SEPAP TOPOLOGY DEFINITION

(3-TCTAL)

— | !
SOCE ! '
conis CONNECTS* TO
NO. NODE NODE IDENTIFICATION
1 09 ) Fuel Cell 1
2 09 02 Fuel Cell 2
3 09 03 Fuel Cell 3

* NOTE: (9 is ccumon ground.
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TABLE 7.2-2 (Continued)

12
13
14
15
16
17
19

20

22
33
24
25

26

Fucel Cell )

ruc) Cell

t

Fucl Ccell

ot

Ground
Main dc¢ Bus A
Main dc¢ Pus A Loads

Fwd Local dc Bus A

Midbody Local dc Bus .

Aft Local dc Bus A
RH DGC Pancls Bus A
LH DGC Pancls BRus A
Essential Bus 3 AB
Inverter Dus A

Main dc Bus B

Main dc Bus B Loads
Fwd Local dc Bus B
Midbody Local dc Bus
Aft Local dc Bus B
RH D&C Pancls Bus B

LH D§C Panels Bus B

7.2-30
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TABLE 7.2-2 (Continued)

BUSTS/NQDIUS DUFINITION

(40 NODIS)

BUS/NODE NUMBER

IDENTIFICATION

27
29
30
31
32
33
34
35

37
39
41
42
43
51
52
53
60
61

62

Essential Bus 1 BC
Inverter Bus B

Main dc Bus C

Main dc Bus C Loads
Fwd dc Bus C

Midbody Local dc Bus C
Aft Local dc Bus C

RH D&C Panels Bus C

LH D&C Panels Bus C
Essential Bus 2 CA
Inverter Bus C.

Fwd Sub-Bus AB

Fwd Sub-Bus BC

Fwd Sub-Bus CA

Aft Sub-Bus AB

Aft Sub-Bus BC

Aft Sub-Bus CA

Main Bus Tie - A, B, C
Fwd Sub-Bus ABC

Aft _Sub-3us ABC
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TABLE 7.2-2 (Continued)

LOAY  DnyiiTiOoN

(54 L0
SEPAP
LCAD NO. R/SD 0. IDEXRT  FICATION
: i
11] D102 | Main A On-Orbit ¢/b Panci
112 + D1G2 _ﬂain A dc Leads (Bus Return)
113 D1G1 Main A dc Loads (lLocal Ground)
114 D1S2 Main A Mission Specialist ¢/b Pancl
115 D1p2 Main A Payload Specialist c¢/b Pancl
116 D1T?2 Main A ALT c¢/b Panel
121 D1F2 Fwd Local A dc Loads (Bus Return)
122 D1F1 Fwd Local A dc Loads (Local Ground)
423 D1F3 Fwd Local A Inverter Loads
131 DIM1 Midbody Local A dc Loads (Local Ground)
141 D1Al Aft lLocal A dc Local (Local Ground)
142 D1A4 Aft Local A Payload
151 D1R2 RHD§C Panel Bus A Loads
161 D1L2 LHDEC Panel Bus A Loads .
171 D3E1,D1E1,DZEl Essential Bus 3 AB Loads
211 D202 Main B On-Orbit c/b Panel 5
212 D2G2 Main B dc Loads (Bus Return)
213 D2G1 Main B dc Loads (Local Ground)
214 D2S2 Main B Mission Specialist c/b Pancl
215 D2P2 Main B Payload Specialist ¢/b Pancl
216 D2T2 Main B ALT c¢/b Pancl
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TABLE 7.2-2 (Continued)

LOAD NEFI:ITION

(54 LOADS)

———

SEPAP !
LOAD 0. %R/SD NO IDENTIFICATION
j 221 D252 Fwd Local ¥ d: Loacs (Bus Returns) .
2 222 D2F1 Fwd Local B dc Loads (Local Ground) ;
223 i D2F3 " Fwd Local B Inverter Loads ;
231 D2M1 Midbody Local B dc Loads (Local Ground)!
241 D2A1 Aft Local B dc Loads {Local Ground)
242 D2A4 Aft Local B Payload
251 D2R2 RH D&C Panel Bus B Loads
261 D2L2, D LH D§C Panel Bus B Loads
c271 D1E),I2E1,D3E1 Essential Bus 1 BC Loads
302 D4w4 Main C Payload
311 D302 Main C On-Orbit c/b Panel
312 D3G2 Main C dc Loads (Bus Return)
313 D3G1 Main C dc Loads (iocal Greound)
314 D3S2 " Main C Mission Specialist c/b Panel
315 D3P2 Main C Payload Specialist c/b Pancl
316 D3T2 Main C ALT c/b Panel
321 D3F2 Fwd Local C dc Loads (Bus Return)
322 D3F1 Fwd Local C dc Loads (Local Ground)
323 D3F3 Fwd Local C Iaverter Loads
325 D3D2 Fwd Local C DFI
331 bSMl

Midbody Local C dc Loads(Local Ground)

7.2-33
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TABLE 7.2-2 (Continued)

LOAD  DIINITION

(54 LOADD)

SEPAP !
LOAD NO.. R/SD NO. IDENTIFICATION

341 §D3Al Aft lLocal C dc Loads (Local Ground)
351 D3R2 RH D&C Pancl Bus C Loads
361 D3L2 LI D&C Panecl Bus C Loads
371 D2E1,D3E1,D1E1 Essential Bus 2 CA Loads
412 D1F2,D2F2 Fwd Sub-Bus AB Loads

423 D2F2,D3F2 Fwd Sub-Bus BC Loads

431 D3F2,D1F2 Fwd Sub-Bus CA Loads

512 D1A2,D2A2 Aft Sub-Bus AB Loads

§232 D2A2,D3A2 Aft Sub-Bus BC Loads

531 D3A2,D1A2 Aft Sub-Bus CA Loads

601 D1F2,D2F2,D3k2 Fwd Sub-Bus ABC Loads
602 D1A2,D2A2,D3A2 Aft Sub-Bus ABC Loads

7.2-34
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TABLE 7,2-2 (Continued)

TWITCHDINDE

RESISTORSWI

Y
—~—— -

DEFINTTICN

(115-TCTAL)
RESTSTOR j TS T RS STOR T i
AND eoxxeeTs | To THRU D pronn |OVALUE ! SWITCH
SHLGCH NG. | Nosk  Pxosm  lLoan No. ' Xe. Cconnsy ! pospriow |
101 01 10 - - 00371 c
110 10 11 - - 00001 c
111 11 09 111 - 02320 c
112 11 09 112 - 02168 c
113 11 09 113 - | .04339 C
114 11 09 114 - 02320 c
115 11 09 115 - | .00893 C
116 11 09 116 - | .00234 oP
120 10 12 - - .00419 C
121 12 09 121 - 00243 C
122 12 09 122 - | .00487 C
123 19 09 123 - 1 .00908 C
124 12 19 - - | .00001 c
130 10 13 - - | .00605 c
131 13 09 131 - | .04339 C
140 10 14 - - .00946 C
141 14 09 141 - | .04339 c
142 14 09 142 - | .00447 op
150 10 15 - - | .00826 C
151 15 09 151 - | .00604 C
i LT B 16 | - 1.00826 C .

*Nodal connections as listed rcilect Jdiode curreii i1iow.
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TABLE 7.2-2 (Continued)

*
Nodal connections as listed reflect diode current flow

7 02'36

RESTSTOR/ 1o i/nte . REPRODY
) RL‘*'.‘ - ORIGmALCg%g?S (;)1'(‘)3'1121 N
(1167507 8)
SIS, on THRU - i
AND CONNECTS TO THI N10DE T SwITCH
SEITCH N0 NODE NCDE | Lo L o on opsiyon

161 16 0o loi - .00845 C

17¢0 10 17 - 170 .00001 C
171 17 09 173 - 00447 C
172 17 15 - - .00001 opP
173 17 16 - .00001 op
174 20 17 174 .00001 C
175 03 | 17 175 .00001 C
180 10 60 - .00001 op
201 ° 02 20 - .00371 C
210 20 21 - - ©.00001 C

211 21 09 211 - .02320 C

212 21 09 212 - .02168 C

213 21 09 213 - .00523 C

214 21 09 214 - 01774 C

215 21 09 215 - .01785 C

216 21 09 216 - .00199 op
217 21 09 7 - .00199 op
220 20 27 - - .00119 C

221 22 08 221 - 00119 c

222 22 09 222 - .00199 C

223 29 j 09 213 - .00644 c

N o




TABLE 7.2-2 (Continued)

RI51STOR/ T TCH/ 10

DEFINTTICH

rr——— e, o e S e &

(115-T0TAL)

[ IR

7.2'37

Nodal conncctions as listed rcflect diecde current flow.

rﬁf§§§T6£. CONNUIS TO THRYU 5?32; Rh@iZﬁER SWiTch
WITCH NC. | NODE NODE | LOAD NO. 4 KO. (01:118) 1 PG3ITICH

P’—;z4 22 29 - . .00001 C

250 20 23 - - .00605 o

231 23 09 231" - .04339 c

240 20 24 - - .00946 C

241 24 09 241 - .00572 C

242 24 09 | 242 - .00447 opP

250 20 25 - - .00826 C

251 25 09 251 - .01256 C

260 20 26 - - .00826 C

261 L 26 09 261 - . cfne1123 o

270 20 27 - 270 .00001 C ‘

271 27 09 271 - .00447 C

272 27 25 - - .H0001 oP

273 27 26 - - .00901 oP

274 - 30 27 - 274 .00001 C

275 01 27 - 275 .00001 C

280 20 60 - - .00001 oP

301 03 30 - - .00371 C

302 03 09 302 - .00447 oP

310 30 3i - - .00001 o

311 © 31 09 311 - .02320 C
312 2 09 312 - . 1.00874__. 1 C__ .




TABLE 7.2-2 (Continued)

(VI OTDICHE

S B SN )

REGISTON/SVINCI/NIChE
DEVINTTION

—— e ————

(115-TOTAL)

[CRLSTSon THAUY T KESTsiod

AND [CONNICTS TO TR i DICDE VALUL SWITCil
SWTTCH M0, ! NODE ! NODE_ | 1.0OAD NO. i NG. (OBM3y | POSTTICH

'”";}3 31 09 313 - 24125 C
314 31 09 514 L01371 C
315 31 09 315 .01635 C
316 31 09 316 - .00639 op
320 30 32 - - .00419 C
321 32 09 321 - , 00243 C
322 32 T 09 f 322 - .00734 C
323 39 09 323 . .00756 C
324 32 39 - - .00001 C
328 32 09 325 - . .} 06361 oP
330 30 33 - - .00605 C
331 33 09 331 - . 04330 C
340 30 34 - - . 00946 C
341 34 09 341 - .03846 c
350 30 35 - - 00826 o
351 35 09 351 - .02204 C
360 30 36 - - .00826 c
361 36 09 361 - .01074 c
370 30 37 - 370 .00001 L
371 37 69 371 - .00447 C
372 37 35 - - .00001 opP

3 N 0 L

*

7.2-38
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TABLE 7.2-2 (Continued)

KESISTOR /0 TTCH /R ION 1“§RUDU~
(ESTSTON /i, Y RICNE ORIGHVALCBILIIY o
DEFL:ITION 4G 1g L
(115-TOTAL
RESTSTOR TR RESTSTOR

AXD CONNECTS T0 THRU D1CDE VALUE SWITCH

SWITCIL NO. ! xonu NODE | LOAD NO. N0, (01MS) | POSITION
374 10 37 - 374 06001 C
375 02 37 - 375 00001 C
380 30 60 - - .00001 op
401 12 41 - 401 .00001 o
402 12 61 - 402 .00001 C
403 12 43 - 403 .00001 C
404 22 42 : - 404 .00001 C
405 22 61 - 405 .00001 o
406 . 22 41 - 406 .00001 o
407 32 43 - §07 ,+.00001 C
408 32 61 - 408 .00001 C
409 32 42 - 409 | .00001 C
412 41 09 412 - .00447 o
423 42 09 423 - .00447 c
431° 43 09 431 - .00447 c
501 14 51 - 501 .00001 o
502 14 62 - 502 .00001 C
503 14 53 - 503 .00001 C
504 24 52 - 504 .00001 .C
505 24 62 - 505 .00001 C
506 24 51 - 506 00001 c
So7 34 3 - 507 00001 c

* Nodal conncctions as listed reflect diede current flow.
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TABLE 7.2-2 (Continued)

REST S

ey
Py

LiFINTTION

(J15-701..1)

T ci/nIens

J

L.

F

* Nodal conncctions as listed reflect dicde curvent flow.

7.2-40

RTSTSTON - RG] TRESTSTOR

AND CONNECTS | TO T1IRU DIOLE VALGE | swITcH
SWITCH NO. | NODE | NODE | LOAD X0. | No. (O114S) | POSITiC

508 34 62 i 508 | .00001 C

509 34 52 i 509 | .00001 c

512 51 09 512 . 00447 C

523 52 09 523 - 00447 C

531 53 09 531 . 00447 C

601 61 09 .1 601 . 00447 C

602 62 09 | 602 . 00447 C




APPENDIX 7.3

LISTING OF EPDC AND USER LOAD ELEMENTS BY SUBSYSTEM
(FROM ROCKWELL PROFILE ANALYSIS DOCUMENT, DATED
13 AUGUST 1974 AND LEC MEMORANDA)
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TABLE 7,3-1

EPDC USER SUBSYSTEM CODE NUMBER LISTING

01
02
03
U4
05
06
07
08

GULDANCE NAVIGATION & CONTROL
COMMUN1CATIONS

DISPLAYS & CONTROLS

OPERATIONAL FLIGHT INSTRUMENTATION
DEVELOPMENT FLIGHT INSTRUMENTATION
ELECTRICAL POWER DISTRIBUTION & CONTROL
DATA PROCESSING

PAYLOAD MANAGEMENT

UNMANNED KIT

EXTERNAL TANK

SOLID ROCKET BOOSTER

MAIN PROPULSION

ORBIT MANEUVERING SYSTEM

REACTION CONTROL SYSTEM

POWER GENERATION SYSTEM
CRYOGENICS SYSTEM

AUXILLARY POWER UNIT
ENVIRONMENTAL CONTROL & LIFE SUPPORT
HYDRAULICS

DOCKING & CARGO HANDLING
MECHANICAL SYSTEM & LANDING

7.3-1



TABLE 7.3-2

POWER LISTING

SUBSYSTEM: GUIDANCE AND NAVIGATION

ELESENT JaME
IMU =] CPERATE
I¥L =1 STAANCBRY
IMU =2 OPERATE
f¥U =2 STANCRY
MU =3 NPERAT:
1L =3 STanpay

STAR TRXKER + LT SHLD =1
STAR [TRKER & LT SHLD =
STAQR IRKER & LT SHLD =13
AIR CATA XCCR ASSY =]
Al< £ATA XCCR ASSY =
AlrR CATA XTCR ASSY =3
AlR NDATA XDCR ASSY =4
FLIGCHT CONTROLS

ASCENT TVvC DRVR =] - aAfFY
ASCENT TVC DRVR =2 - AFT
ASCENT TVC DRVR =3 - AFY

AERC SRF SRV AMD =(-AFT
AE R SRF SRV AMP =z2-AfT
AERC SR+ SRV AMP =3-AFT
AERC SRF SRV VP =z¢-pF1
REACTINN JET LRVR =1 FWO
REACTIUN JFY CHVR =2 FWD
WEACT JET CMS FRVHR=1-AFY
REACT JET 0FS CRVR=2-AFT
RATF GYRC ASSY-AFT =}
RAYE (YRC ASSY-AFT =2
RATF CYQC ASSY-~AFT =3
ACCELFROMETER ASSY-FW[=1
ACCELERCMETER ASSY-FWC=2
ACCELERGMETER ASSY-FwC=3
TRANS HANL CCNTROL =1
TRANS HAND CCATROL =2
RET HAND CCNTRCL =1

ROT HANU CONTRLL =2

PUIT HAND CCONTROL =3 -
RUDCER PECAL XNCR ASY =1
KUDRDEV PECAL XPCR ASY =2
SPEFT BHRK THRUST CNTL =1
SPEED BRK THRUST CNTL =2¢

S/S WAY.S

1€0.30
£8.00
160,20
55.23
166,30
55.C0
¢C.CO
20.00
2C.GC
45.00
45.C0
45.00
45.00
L

54.50
54.50
54.50
1C7.77
1CT.77
1C7.77
127.77
59.20
59.2C
152.70
152.7C
23.6C
23.CC
23.00
2.9C
2.5C
2.9C
4.C0C
«.C0O
10.62
10.&2
10,65
3. 30
3.30
6.C0
6.00

7.3-2

2. SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME

CODE 01

ELEMENT CODE

C12101C101GI
012161 51C11)-
0101C1C15229
CiC10121G71L
21010101230)
310101%1931)
C1G301630162-
€10301C30203
CiG301C39300
J1C04010401C
21040160209
015401L4033)
010401C4G4)
— 016707201
0108010G8012)
010801660299
C10801C80300
G1G901G9014)
C1030132932 ¢
C1C901093513G3
C1030193994 .9
211101110190
01110111229)
Cil20112014)
Cl12011202350
0113011301035
01130113C?2°.D
0113061130360
01140114010
01140114022)
01140114030)
01160116C107
0116011602L9
d117011/0103G
011701170202
211701179332
J11861:.80133
C1180118G23)
C1130119013G3
C1190119072C9



TABLE 7.3-2 (Continued)

SUUTTI.. SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING
SUBSYSTEM: COMMUNICATIONS

VLEMENT NAME

F ¢« wn [V MCNLICR =1}

B v W TV MONLITER =2
Ty 2EVMOTE CCATRCL

TV CAM:RA CCLLCR & MQOM
TV CANFRA Heh =]1+2

Tv CAMERA Bl =344
AN TILT FLECT =]

PAN TELT ELECT =

PAN TILT MTUANT =

PAN TILT MCUNT =
VIUDFN SwlTCHING

NETWORK SIG PRCCESSOR
NETWORK SIG PROCESSOR
CATRL CNTL UNIT AUCIO
CATRL CNTL UNIT AUDIG

S-nANP

S-RANC
S-BANC
S-BANC
S-0ANLC

FrP XPITR =1

FP XMETR =2

F¥ SIGNAL PRCC
TRANSPCNDER =1
TRANSPONDRR =2

S- BAAC PWR AMP ASSY

S5-RANC PRE AMP ASSY
S~RBANC ANT SW ASSY
FACAN =]

TACAN =?

TACAN =3

S-BANI SwITCH COaXxIaAL

NETWCRK

=1
=2
=1
=2

S/S WATTS

20.C0
2C.Q0
5.C0
2C.CO
12.50
12.50
1C.00
1C0.00C
3.00
3.00
5.00
24.30
24.00
34.00
34.C0
1C0.00

1€0.00
10.00
15.00
15.90
«C0.CO
25.0
G.60
15C.co
15C.CO
150.C0
0.6C

7.3-3

CODE 02

ELEMENT CODE

020102¢C101C)
0201020102Gv
020202020GCH
€26302G30000
02G64020401G9
020402040200
3205020501¢C2
020502C50200
20602060100
€206020602C5
026702070C00
20702080100
02C702080202
02100210013)
€21€C0210029)
21102110102

€211021102GV
0212021200G3
21302130139
21302130202

02140007

02150000
C21402160000
€21502170100
021502170200
021502170300
021802180C00



MSBLS
MSBLS
MSPLS
MSBLS
MSHLS
MSBLS
RALAR
RALAR

TABLE 7.3-2 (Coatinued)

SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING

SUBSYSTEM:

ELEMENT NAME

RF ASSY =1
CCLR ASSY =]
RFE ASSY =2
CCDR ASSY =2
RF ASSY =3
CCR ASSY
ALTIVMETER
ALTIMETER

CCMSEC UNIT
COMSEC UNILT
CCMSEC UNIT
COMSEC UNIT
Pt INTERG-
P/L INTERG-
PAYLOAD SIG
PAYLCAD SIG
UHF RCVR =1}
UHfF RCVR =2

AF
AFf
AF
AF =4
AF+NASA 1
AF+NASA 2
PRCCESSCR =1
PRCCESSGR =2
MAIN/GUARL
MAIN/GUARC

Won NN =W

1
2
3

UHF TRANSMITTER =1

UHF TRANSMITTER =2

UHF RF NETWCRK CPLNG
DOPPLER EXTRACTOR =1
CCPPLER EXTRACTOR =
EVA SIG PRCCESSCR =
EVA SIG PRCCESSCR =
ALRTIO TERM UNIT -~ Ful
ALUIO TERM UNIT -~ MSS
ALCIO TERM UNIT - PSS
ALTTIO TERM UNIT - KEAR
SPEAKER MIKE ASSY -RIGHT
SPEAKER MIKE ASSY -LEFT
S-BAD FM XMITR DNF]

S-BAD MULTX

CFI1

RIMN7 RALAR ELEC ASSY -CC
RNUZ RACAR ELEC ASSY -AC
RNDZ RADAR ELEC ASSY -CC

RNDZ RACAR DPLY ASSY
KL~-BAND EL ASSY - 0OC
KLU-BAAC EL ASSY - GC
KU-BAND fL ASSY - AC
KLU-BAAND tL ASSY - AC

|
-
(@]

KL=-RAND
KU-BANDG
Ki,-BAND
KU-BANG
KU-8 N,

CLMM CPY ASSY
CCNMM fIPY ASSY
CUNMM LPY ASSY
CCMM LPY ASSY

SIL PRCCESSCER

N e ) e

fl\J'-‘N'-‘

COMMUNICATIONS (CONTINUED)

S/S WATTS

22.00
78.00
22.00
18.00
22.00
78.00
37.50
37.50
35.00
35.CC
35.C0
35.C0
30.C0
2C.CO
17.00
17.20
3C.00
30.03
50.90
50.00
15.00
15.00
15.00
10.69
10.¢C0

5.C0
5.CC
5.00
5.C0
4.C0
4.00
1$0.G0
0.00
1€0.00
20.0C
£C.00
365.00
1C0.00
1CC.00
20.90
20.06C
85.C0
85.C0
275.00
235.C0
15.0C

7.3-1’

ELLEMENT CODE

0229022001309
022C02200115
022002200200
3220022CC210
€220022C0302
0220C220031)
€221022101G9
T221022102¢D
C2280228C12C)
€22R8022822720
€2280228032)
€2280226C409
€230023601 L0
023002300209
€21602310102
0216023162300
020962330100
020902330299
020902340100
C2C9023402C0
€235023500C)
2323902390139
02390239G2¢GC)
€240024001909
02400240020)

02410G01L :
02420109
02420200
02420300
0242C400
02470100
02470200
02480CGO
02490C00
02500000
02501000
02510000
02511000
02520100
02520200
62521109
02521209
02530109
02530200
02531100
02531200
025640G090



TABLE 7.3-2 (Continued)

SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING

SUBSYSTEM:

EMENT NAME

ATVITLLE CIR OIAD-FWE =1

DISPLAYS AND CONTROLS

ATTITLOE LIR INU-FWD
ATTETLUE UIR INC-AFT

teal St IND=1

Hery SITU O IND=2
AS/FMACH INC AMD =1
AS/MACH INC AMD =2
ALT VER VZL INC =1
ALT VER VEL INLC =2

TAPE MPETERS HYC-APU-MPS

C20SS PCINTER IND
SLRF PCSIVICN IND
CTY IND CMS/RCS
CALT ¢ wWARNING UNIT
MISSILN TIMER =1
MISSICN TIMER =2
EVENT TIMER =1
FVENT TIMER =2

CRT DISPLAY ULAIT =1

CRT DISPLAY UNIT =2
crf DISPLAY UNIT =3
CRT DISPLAY unNIT =4

DISFLAY ELECT UNIT
DISPLAY FLECT UNIT
GISPLAY ELECT UNIT
DISPLAY ELECT UNIT
NDISP LPVR UNIT-CRW
DISP LRV UNIT-CRW
DISP CRVR UNIT-CRW
MANIP HAND CONTROLL

=1
=2
=3
=4

FwC=1
FaC=2
AFY=3

ER

S/S_ WATTS

14.60
14.60
14.60
35.00
35.00
4C.00
«0.00
«0.00
«0.00
132 20
.Q0
5.00
6.CO
«C.00
4.C0
4.Q0
4.00
4.0C
5C.GO0
50.00
5C.00
$C.0C
207.30
2C7.30
2C7.30
2C7.30
1£C.00
12C.00
120.00
8.CC

7.3-5

CODE 03

ELEMENT CODE

03C103010100
€3C103010200
03010302
C303033G30100
03c3C30302300
03G403040100
0304030602C0
03050305G100
€305030502¢CD
03¢C60CGO
03120€00
C31303130C0)
03140C0)
C31503150000
C31703170100
C317031702¢C0
€318031801¢G0
€31803180200
C319031901CO
031903190200
0319031901300
031903190400
03210102
03210249
03210300
0321C4C0
032201069
0322020G)
03220309
€32502250CC0)



TABLE 7.3-2 (Continued)

SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING

SU3SYSTEM:  DISPLAY AND CONTROL (. {CGHTLNG

ELEMENT NAME

INTEGRAL LIGHTS-LEFT/CTR
INTEGRAL LIGHTS-0OVED
INTEGRAL LIGHTS-RIGHT
INTEGRAL LIGHTY>-REAR
ANMUNCIATCR LTIS-LEFY/CTR
ANNUNCIATCGR LYS-CVHRE
ANNUNCTIATUR LYS-RIGHT
MID DECK FLCCP LTS - )
MIE CECK FLCCL LTS - 2/3%
MIL CeCK FLCOOD LYS - 4/6
MID CECK FLCCD LTS - 5
MID DECK FLCCC LTS-PANEL
Lwit DECK SLEEP STA LTS
LnR DECK WASTE MGMT LTS
LwWR DeCK GALLEY L IGHT
AIRLOCK LIGHTS

CARIN FLCCC LIGKTS AFT
GLARESHIELEL FLOLTS ~LEFT
GLARESHIELC FLCLTS-RIGHY
CENTER CLCNSCLe FLCCGOLTS
PILLT CONSCLE FLOLTS=RHT
PILCT CONSCLE FLNLTS-LFT
RFEAR STA P/L LTS
EVMFRGENCY LIGHT - |
EMERGENCY LIGHT - 2
PAYLCAPR RAY FLCCD LTS
MANIP SPCT LIGHT

RNEGZ LIGHT

DCCKING SPUT LIGHTS

C+w STATUS 80ARC

Cen AMNNUNCIATOR ASSY

C+wn ANNUN ASSY - QUIESCT

S/S WATTS

12«.C0O
124,00
134.0CC
134.03
23.130
23.130
23.130
19.40
19.40
19.40
19.40
19.40
18.50
18.50
15.00
1€3.50
£9.8C
é9.30
¢9.80
29.80
29.8C
29.4C
€0.C0
29.10
29.80
2C€0.00
1C0.CC
30.00

1£0.C0O
36.90
24.00
2.C0

7.3-6

CODE 03

ELEMENT CODE

C33103310190
C331033102G0
033103310300
933103310400
€33303330100
0333033304C0
0333033303C0
0335033501Co
233503350200
033503350309
033503350409
€33503350500
033603360C0D
3338C338CC00
€33303390C2)
03410341000)
©3420342010)
€362034202G0
C342034620300
36203420400
€36203420%00
034203420600
034303430000
034503450100
03450365020)
€34903490002
0350635C0000
035103510009
63540000

03550000

03560C00

03560010



TABLE 7.3-2 (Continued)

SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING CODE 04
SUBSYSTEM: OPERATIONAL FLIGHT INSTRUMENTATION

FLEMENT NAME S/S_WATTS ELEMENT CODE
PLM MASTER UNIT 0ACABU =1 £0.00 040304030102
PCFM MASTER UNIT DACBU =2 6C.00 C40304030200
SIG CCND UALT-FWD =1 35.C0 040504050102
SIG COND UNIT-FWD =2 25,00 04050405020)
S1G CONC UNIT-FWDh =3 35.C0 €C40504050300
SIG COND UNITY =1 - AFT 315,00 40604060100
SIG COAR UNIT =2 - AFT 25,00 C40604060200
S1G COCNY UNLTY =3 - AFTY 315,00 04G604060300
LCOP RECCRCER 4C.00 040704G70C00
MASTER TIMING UNIT-WMUP 40.00 040904090G00
MASTER TIMING UNIT-0PR 26.C0 04C9040900CG10
PAYLOAN DATA IATERLEAVER 30.C0 061104110000
SI, COCND UNIT-CMS/RCS =1 35,00 04120109
SIG CCND UNIT-CMS/RCS =2 15,00 04120200
Slo COND UNIT-F/C AREA 25,00 04130060 ¢—
SIG CCNDG UNIT-FWD RCS 315.00 04140CC0O
C.30 041500090

7.3-7



TABLE 7.3-2 (Continued)

SHUTTLE SUBSYSTEJ ELEMENT CODE AND PRIME POWER L1STING

SUBSYSTEM:

ELEMENT NAME

PCM MASTER UNIT - =1

PLM¥ MASTER U
PCF RECCREER
SIG CONG UNIE
SIG COND UNIT
SIG CONDG UNI
ST, CUNIr UNI
S1o COND uNIl

WICERND SIC
WICEBAL SIG
WICEBANC SIC
STRAIN GAGE
STRAIN GAGE
STRAIN GAGE
CURRENT SFEAS

NIT - =2

T - Ful =1
T - FWC =2
T - FAC =3
T - FWC =4

T -MID =1-12
WIDEBAND FCM UNIT-FWC
wILEBAND FDM UNIT-MIC =1
WILEBAND FCNM UNIT-MIC =2
WINEBAND RECCRTER

CNE
CAND
CND
SIG
SIG
SIG
CR

UNIT ¢WwE
UNIT MID
UNET MIO
CNU FWD
CNG MID
CNU MIC

DEVELOPMENT FLIGHT INSTRUMENTATION

S/S WATITS

60.29
6C.CO
4C.CO
35.C0
35.CC
315.0C
315.CC
35.GC
5C.0C
50.C0
5C.CO
4C.CO
C.6C
0.60
0.¢0
5.60
560
5.€0
c.30

7.3-8

CODE 05

ELEMENT CODE

€4033503010)
C4G305030202
C40405040C09
€405050501C2
040505050209
€40505050300
C40505050400
0405C05G600C00
05C705C70C00
050705080129
05070508020
050905C90009
0512051200C3
051305130109
0513051302C)
€5150515C000
0516051601900
€516051602C2
51805180009



TABLE 7.3-2 (Continued)

SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING

SUBSYSTEM:

ELEMENT NAME

INVERIEKS 1PH,750VA,801

INVERTERS 1PH,750VA48C(

FWVERTERS [PH,T50VA,801

PYRLC EVENT CATLR -FWC =1
PYRC EVENT CATLR -FWC =2
YASTER tVENT CATLR-ATT=}
MASTER FVENT CNTLR-AFT=?
LCAC CNTLR ASSY-Fw( =1

LCAT CNTLR ASSY-FWC
LCAL CATLR ASSY-FuWC
LCAC CNTL® ASSY-AFT
LCAL CNTLR ASSY-AFT
LCAC CATLR ASSY-AFT =
OC PWR CATLR ASSY-FWD =1
OC PWR CNTLR ASSY-Ful =2
DC PWR CATLR ASSY-FWC =3

WA e

CC PWR CATLR
PC PWP CNTLR ASSY-AFT
UC PwR CATLR ASSY-AFT
MAIN CC LISTSCNTL ASSY=1
MAIN LC UIST#CNTL ASSY=2
MuIN CC CIST+#CNTL ASSY=3
LV DIST + CNTL ASSY =1
[NV DEST + CNIL ASSY =2
TNV DIST + CNIL ASSY =3
ELEC PWP UST/CATL CONT
ODC PwWR CNTL ASSY-MIC =1
DC PwR CNTL ASSY-MID =2
DC PWR CNTL ASSY-MIL =13
EVLSS BAT CHARGER

EVLSS PWR SLPPLY

LLSY-AFT

1
2
3

PRCXIVITY SWITCH =}
PRCXINMITY SWITCH =2
PRUXINMITY SwWITCHE =3

ELECTRICAL POWER DISTRIBUTION & CONTROL

$/S WATTS

G.CO
c.q0
c.00
25.C0
25.00
25.0C
25.00
75.0C
75.0C
75.€C0
30.00
$0.00
90.90
260.00
266,00
26C.00

1€C.CC
1¢G,.0C
1€0.00
20.C9
20.00
20,00
¢C.CO
20.cCC
2C.00

3C.00
3C.CO
3C.0¢C
5.60
75.00C
8.00
8.00
8.00

7.3-9

ELEMENT CODE

060106010100
C6C106010209
06C10601030)
060206020100
C6C2060202¢C0
060306C301G)
€60306030200
060406040142
360406040209
060406040309
C60506C50109
06050605C>00
C6C50605033)
€5060606010
€606060602 09
€6C60606030)

060706070100
060706C70:09
C607060703C0
66080606C1CO
€60806080:0)
0608060R03CD
C6100610010)
€61006100200
€61006100300

06110001
€61206120109
0612061202¢C
061206120209
061606160GGU
061806180079
061906190109
06190619C2C)
€6190619C300

CODE 06

‘_.
‘____



TABLE 7,3-2 {(Continued)

SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING

SUBSYSTEM: DATA

ELEMENT NAME

CGMPUTER =1
CNMPUTER =2
CCMPLTER =3
COMPUTLR =4
CCMPUTER =5
MOV FEI

MLF FED

MOM FF3

MLM FF4

MCM FAL

MGH FA2

MCM FA3

MOV FA4

MOM DFI - FWD
MOM DFI - MIC

MASS FMEM=1 TAPE UJPER
MASS MEM=]1 TAPE STRY
MASS MEM=2 TAPE OPER
MASS FMEM=2 TAPE STBY
MoM Ctl 1
MDM CFIT 2
vhM Ot 3
MOM OFL 4

MCM CFL AFT ]

MEM CEFTL AFT 2

MCM CFL A+T 3

MECM LF-}

MEM LA-]

DATA FROCESSING CON T
ENG INTERFACE UNIT =1
ENG INTERFACE UNIT =2
ENG INTERFACE UNIT =3
NDATA BUS IS0 AMP =1 GSE
CATe LS TSC AMP =1 CRR
CATA PLs [SC aMP =2 GSE
PATA LS ISC AMP =2 CRA

1]

PROCESS ING

S/ WATTS

6CC.CO
6C0.00
6CG.CO
6C0.G0
6CC.CO
40.C0
40.CO
4C.00
40.00
40.00
40.00
40.00
40.00
40.00
40.00
$3.00
8,30
53.00
8.CC
40.00
40.00
4C.00
4C.CO
4C.uC
4C.C0
4C.C0O
40.00
40.00

£0.06C
€0.6C
€0.60
20.00
1C.00
2C.00
1C.CO

7.3-10

CODE 07

ELEMENT CODE

670107010102
070107010200
C7910701013C0
C7C107217240)
G71010721059)
€C70307030100
C7C3C703070)
C70307030309
0703070304r "
070307040?
C703070402vv
070307040199
0703070640409
07050¢C30
0706GCCC3
C7090709C109
27C9€7090119
070907090209
270907330219
07100102
07100209
071003C3
071004C0
071101CV
0ri102¢9o
07110309
071207120LG0
07130713GCuv
07140001
071507150109
071507150000
07150715C3C0
C716071601G0
C7160716C11J
0716071602(N
07160716021



TABLE 7.3-2 (Continued)

SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING

SUBSYSTEM:

MM PAYLCAD FwC =1
MLM PAYLCAL FWL =2
w1DF MAND RECCRDER MSS
PLM RECLCRDER

P/L = ASCENT/ENTRY

p/L - SORTIE
AUX C+w UNIT

ALX C+w ANNUN ASSY

UNMANNED KIT

SUBSYS St CONTR UNIT=1
SUBSYS SEQ CCONTR UNET=?2

fXTERNAL
MLM - DE]

TANK

PAYLOAD MANAGE:‘=NT

MSS

S/S WATTS

4C0.00
4C.00
175.00
4C.00

961.50
5769.20
10.00
15.00

370.00
190.00

20.00

7.3-11

CODE 08

ELEMENT CODE

€8C1IC8010109
€60108010200

08020000
08030C00

08040C0C)
080401C3
08050000
08060600
€9G600GC01
09010004
090200609
15000C01

150115010C99



TABLE 7.3-2 (Continued)

SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING

SUBSYSTEM: SOLID ROCKET BOOS'ER
ELEMENT NAME S/S WATTS

PATE CYRD ASSY “g'gg
RATE CYRD ASSY 42.
“ 15.00
WLV - SET ]

: : 15.00
MM - SET 2

. T 15,00
MCM DFL =1 15.30
MCM DFD =2 'c.oo
PIC ICNITICN - SET 1 0‘00
PLIL ICNITICN - SET 2 c.co
PIC SEPARATICN-SET 1 c.00
PIC SEPARATICN-SEY 2 .0‘00
SIu CONU - SEV 1 ‘c'oo
S16G COND - SET 2 726‘00
TV( ! - ' .
VC HYUR RECIRC SYS 75.0C

SAHE & ARM CEVICE

7.3-12

CODE 16

ELEMENT CODE

150116010100
150116010209
150116020109
150116020200

16C4010CD

160402C2
156316050102
150316050202
150316060100
15C316060200
150116070100
150116C702060

16080000

16090009



SUBSYSTEM: MAIN PROPULSION SYSTEM
FLEMENT NAME S/S_WATTS

MAIN NG LONTRCLLER-1 750.00
MAIN ENG CCNTRCLLER-2 750.C0
MAIN £ENG CCNTRCLLER-3 750.00
MAIN ENG RTR =] 30,00
MALN ENG KWTIR =2 3€0.00
MAIN ENG HTR =3 3C0.00
LC2 PREVALVE SCLENCIC 42.00
LC2 PREVALVE SCLENCIC 42,00
L2 PREVALVE SCLONOID 42.00
Lk? PRFVALVE SCLENCIC 42.00
LFk2 PREVALVE SCLENOQID 42.00
th2 PREVALVE SCLCNOIC 42.00
LC?2 F4D VLV =1 C/B SnL 42.C0
LC? FeLL VLV =2 C/&  SCL 42,C0
Lb2 F+L VLV =1 C/8 SOL 42.00
LH?2 F4P VLV =} C/B SCL 42.00
Lb2 F+D VLV =2 C/B  SCL 42.00
LH? F+D VLV =2 C/B  __L 42.00
Lte TCPPING VLV COPEN SNL 42.00
Lh? RECRC VLV CPEN SCL=1 42.00
Lh2 RECRC VLV CPEN SCL=2 42.00
LH?2 RECPC VLV CPEN SCL=3 42.C0
FI/CRE LC2 FEELC DISC S Vv 42.00
FT/CRP LC2 FEEL DISC S W 42.00
ET/CRy¢ LH? FFED DISC S V 42,00
FT/CRY LH2 FEEL QISC S V 42.00
tT/0Ry RECIRC LISC S V 42.00
ET/CRE RECIRC TISC S vV 42.C0
Li; FEEDLN RELF SHUTCFF 42.C0
L1t FEEULN RELF SHUTCFF 42,00
MALIN PROP SYS-CCNTINUEL

LH? PRESS N (ISC BYPASS 42.00
T VENT VLV IS5C SOL VLV 42,00
LL” FLFOLN REPRESS VLV=1 42.00
LL? FEEDLN REPRESS vivs? 42.00

TABLE 7.3-2 (Continued)

SHULTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING

703'13

CODE 20

ELEMENT CODE

2C0120C10109
200120C10¢2¢0D
2001200101309
200220020109
200220020200
20022002€300
200320030100
2003200307G0O
200320030309
2004200340109
200420040202
200420040100
20050C€00
20060C00
20070100
200702¢C0
2C0801C0
20080200
20090000
20100100
20100200
2010C300
20110100
2C11C200
20120109
201202C)
20130109
20130209
20140C00
20150G09
20150901
23160000
?7:70000
<J180100
£0180209



TABLE 7.3-2 (Continued)

SHUTYLE SUBSYSTEM ELEMENT CODE AKD PRIME POWER LISTING

SUBSYSTEM: MALN PROPULSION SYSTEM (CONTINUED) CODE 20

ELEMENT NAME 8/ WATTS ELEMENT CODE

Lt? FEECLN REPRESS viv=1l 42.00 | 20190i0)/
LH2 FEEULAN REPRESS VLV=2 42.00 20190209
HF CRCSSCVER VLV =1 42.00 20200100
i CRUSSCVER VLV =2 42.00 202002C)
HE CRCSSCVER VLV =3 42.C0 20200300
ENG HE SLPPLY ISC SCL =1 42.0C 202101090
ENG HE SLPPLY 1SC SCL =2 42.00 20210200
ENC HE SLPPLY ISO SCL =3 42.00 20210300
VEH HE SUPPLY ISC SCL=1 42.00 20220109
VeEH HE SUPPLY ISO $CL=2 42.00 20220200
HE BLCWLMN SCL VLV =1 42.00 20230100
HE BLCWOMN SCL VLV =2 42.00 20230220
LL2 PRESS N FL CNTL SVI1 42.00 202401302
L2 PRESS N FL CNTL SV2 42.00 20240200
LL2 PRESS N FL CNTL SV3 42.00 20240300
LH? PRESS N FL CNTL SVl 42.G0 20250100
LHZ PRESS N FL CNTL Sv2 42.00 20250200
LH? PRESS N FL CNTL Sv3 42.00 20250300
FT ULLAGE SIG CND PKG =1 33.1313 20270109
ET ULLAGE SIG CND PKG =2 33.33 2C2170200
FT LLLAGE SIG CND PKG =3 13,133 20270300
PROF LOW LFV SNSR SIGCND 7.00 20280000
PROP LCACING SNSR SIGCND 7.CC 20290Cu0
MES DELTA P GSE 14.00 703220320000

7.3-14



TABLE 7.3-2 (Continued)

SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING

SUBSYSTEM: ORBITAL MANEUVERING SYSTEM

FAGINEG CONTRCL VALVE =1
£NGING CCNTROL VALVE =2
ENGINE CONTRCL VALVE =3
ENGINE CONTROL VALVE =4
tE ISCL VLVS-SET 1

HE 1SCL VLVS-SETY 2

HE 1SCL VLVS~-SET 3

VAPCR [SCL VvLVS-SEV 1
VAPCR ISCL VLVS-SET 2
VAPCR ISCL VLVS-SET 3
VAPCR ISCL VLVS-SET 4
QUANTITY GAGING PROBE =1
QUANTITY GAGING PROBE =2
QUANTITY GAGING PRUBE =3
QUANTITY GAGING PRCBE =4
He ISC VLvV=s1l-AUX KIT

HE 1SC ViLv=2-AUX KIT
VAPCR [SC VLV=1-AUX KIT
VAPCR 1>5C vLv=2-AUX KIT
ENG GIVMBAL ACTUATOR =1
ENG GIVMBAL ACTULATOR =2
ENG GIMBAL ACTUATNR =3
ENG GIMBAL ACTLATCR =4
PRUP TNK ISC VLVS
CHOSSFEEL VYLVS-SET 1
CROSSFEEC VLVS-SET 2
CRUSSFFEC VLVS-SFT 3
THERMAL CNTL HIR =]
THERMAL CNTL HTIR =2

ENG ARMING SOL VALVE =1
ENG ARMIANG SCL VALVE =2
THERNML CNTL HTRS-AUX KIT
PROP TNK S0 VLV-AUX KIT
CRUSSIEEL LINt HTRS
ENGINE =1 HEATER

ENGINE =2 HEATER

VALVE POSITICN INT

VALVE PCS IND-AUX KIT
PRUP LCw LEVEL SENSCR =1
PROP LOWwW LEVEL SENSQOR =2

S/S WATTS

€.C0
56.00
56.00
56.00
24.00
¢4.C0
¢4.00
24.00
24.00
24.00
2"00
€7.00
€7.00
€7.00
¢7.00
24,00
24.00
¢4.00
24.00
134,50
134.50
134.50
134,50
312.00
312.00
312.00
32.00
7¢C.00
7C0.CO
56.00
£¢.00
7C0.00
32.00
£0.00
50.0C
5C.00
.40
0.40
11.25
11.25

7.3-15

CODE 21

ELEMENT CODE

2101210101090
2101210102C0
2101210103CO
210121010400
210221020109
2102210202909
213221020300
210321030100
210321030200
210321030300
210321030400
210521050100
210521€50200
21C521050400
210521050400
210621060100
210621060200

21070100

21070700
2109210901 ¢C0
2109210902C0
210921090300
210321090409
2110211000C0
211321130100
211321130200
211321130200
211421140109
211421140200
211521150100
21152115000
21162116CCCH
2118211860000
21192119CCCY
2120212001¢C0O
212021200200
2121212100C0
212221220000
212321230160
2123212302C0



TABLE 7,3-2 (Continued)

SHUTTLE SE2SYSTEM ELEMENT COD: AXND PRIME POWER LISTING

SUBSYSTEM:

THRUSTER - FWi

THRUSTER - AFT
THRUSTER-VERNTIER  FwD
THPLSTER VERNIER AFT
BP FELIUM ISCL VLV -FaD
LP FEL.LISUL VLV-Fab

HP HELIUM 1SCL VLV -AFT
LP HELIUM ISCL viv -AFT
PRUOP MANIF ISCL VLV -Fw
PROP FMANIF ISCL VLV -AF
PRCPELLANT ISCL VLV-VeR
TANK ISC THRST VLV- FuD
TANC [SC THRST VLV-AFT
TANK HEAVLRS-AFT LEFT
TAKK HEATERS-AFT RIGHhT
MAIN ENG HEATERS-FC
MAIAN EARG HFATERS-AFT
PRCP FEED LINE HTRS-AFT
PRFSS PANEL HTRS

FESDL SYS HIRS-FWD
VLRNTER ENG HTRS-FwD
ViRNLIER £AG MTRS-AFT

REACTION CONTROL SYSTEM

14C2
24C4
02C2
g4C4
0«C1
02c2
0AC1
4C2
po8cCl
T16C1
NO&4Cl
0401
0scCl
04C4
04C4
1414
2624
o8cs
04C4
Caca
g2c2
04Cs4

S/S WATTS

56.39
5¢.C0O
19.CC
15.C0
84.00
84.C0
84.GC
84.30
£4.00
84.0CC
£6.C0
84.00
84.0C
£€c.00
£5.00
10.00
10.00
16.G0
éC.00
16C.Q0C
5.C0
5.5C

1.3-16

CODE 22

ELEMENT CODE

22<3122010LC2
229222020ucCy
220322C30<CD
220422040CC0
220622G60<C0
220722070GCO
22C822C80CL 20
220922090:C0
2210221G3CCD
2211223110009
221222120030
221322130000
221422140C00
22152215C000
22162216C0C0O
22172217CCCO
22182218CCun
221922190000
2220222000C)
222122210G00
222222220C50
222322230009



Gr2?
GLd
Gh’?
Gid7
IP4AN
H2C
£Cp
FCP
FLw
FCP
kP
tCP
HCP
FCP
FCP
FCP
FuP
FCr
FC?
L
FCE
ML
Lo VY]
“C
FCP
F P

TABLE 7,3-2 (Contii.ued)

SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING

SiMSYSTEM: POWER GENERATION SYSTEM
ELEMENT HAME S/S WATTS
PLAGE VENT KTR 33.00
FLRGE VENT HIR 33.C0
PLRGE VENT HTR 61.CC
PLRGE VENT HIR €1.00
RELIFF VENT HTR =1 16.C0
RELIEF VENT HTR =2 16.00
=1 CATLS ¢ FLCWMETRS 15.00
=2 CNTLS + FLCWMETPRS 15.00
=3 CNTLS ¢ FLCWMETRS 15.00
=1l PUMP ¢ H2C SENSCR 15C.00
=2 PUMP ¢ H2G SENSCOR 150.G0
=1 PLMP + H2G SENSOR 15C.00
=1 GC2 PURGE VALVE 33.00
=2 GC2 PURGE VALVE 313.CC
=3 GC2 PURGE VALVE 33.C0
=1 GH? PURGE VALVE 1C.00
=7 GH2 PURGE VALVE 1€.00
=3 5K PURGE VALVE 1C.00
=1 START + SUST kTR €0CC.00
=2 START + SUST HTR €000.00
=31 START + SUST FTR €0¢G.00
LINF HEATER-FCP =1 15.00
LINT MEATFR-FCU =2 15.C0
LINE HEATER-FCP =1 15.00
=1 THERMAL CNTL HITR 150.80
=2 TuERMAL CNTL MR 1€0.00C
FLP =3 ThERMAL CNTL KTR 15C.00

7.3-17

CODE 30

ELEME T CODE

326130010100
3CC130010200
300230020100
30C230020209
300330030100
3003300302900
300430040100
300430040200
3004300403CO
30053C0501C0
306530050209
3305309050300
3006300601 CO
30€630060200
3C06300603CO
3CU630070100
30C6300702C0
308630070300
3CC83008010C)
30083008C7C0
3008350080302

3015G61¢CG

30150400

30150300

3c17cid0

3Cl7C:CO0

30170300



TABLE 7.3-2 (Continued)

SHUTTLE SUBSYSTEM ELEMELL COiL AXND PRIME POWEER LISTING

SUBSYSTEM: CRYOGENICS SYSTEM

ELEMENT NAME

VAC-E0x Pw® SUPL LSE =1
VAC-ICN Pwnd SUPL GSE =2
VAL-TUN PaR SLPL GSE =3
VAC-ITN PuR SUPL SSF =4
SIS CONER TEMP SNSR

SIG CUNU CTY =1

S16G COND CTY =2

SIG CCND CTY =3

SIG CCND CTY =4

S16G CCND PRESS =1

SIG CCND PRESS =2

S1G CCNG PRESS =3

ST CONL PRESS =4

S1G CUND PRESS CCNY =1
SIG COND PRESS CONT =2
SIG CCNU PRESS CONT =3
SIG CONC PRESS CONY =4
SRITCHING UNIT Q2-CN
SwITCHING UNIT Q2-LFF
SWITCHING UNIT H2-CN
SRITCHING UNIT H2-CFF
SCLENCIL VLV FCP =1
SCLENCID VLV FCP =2
SCLENCID vLVv FCP =3
SCLENCID VALVE ECLSS
SCLENCIU VALVE ECLSS =?
SCL VLV MANIFCLD =1

SLL VLY MANICCOCLL =2

SLL VLV MANIFCLE =3

SLL VLV MANTFCLC =4
HEATERS CxYGFEN  SET ]
HEATERS  OXYGEN  SET 2
HEATERS (XYGEN StT 2
HE ATERS HYCRCGEN SET
HEATERS +YCRCGEN SET
HEATERS HYCRCGEN SET

[}
—

w N e

$/5 WATTS

1C.00
1C.Q0
1C.005
1C.0U
1.3C
4,90
4.C0
4,CO
~.00
C.30
C.3)
€C.30
C.30
1.00
1.C0O
1.00
1.00
26.00
C.4C
2.50
0.20
56.0C
56.CO0
56.C0
56.C0
56.C0O
56.00
56.C0
56.C0
56.%0
364.50
354 ,.5C
81.00
g8l1.CC
81.90

7.3-18

CODE 31

ELEMENT CODE

3iCl31921C1¢
3101310190232
31G131C103C0
310131C104C0
3190231020¢CCH
31C33103CiCO
31353310302C3
3103319230300
310331030400
3104310401G0
310431040200
31C431040300
310431040400
310531650100
313531050263
310531050300
310531050400
3106Q002
3106CC13
3107CCcCO
31970C10
3111311201C9
311131129823)
311131120302
311131130!¢0
311131130299
3115311501 ¢
3115311%02.0
31153115C3C
31193115040)
311731170179
31173117C-C9
31173117073C9)
3117311801¢9
31173118C2CC
31173118C3¢0



TABLE 7.3-2 (Continued)

SIIUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING

SUBSYSTEM: AUXILIARY POWER UNIT CODE 32
ELEMENT NAME $/S_WATTS ELEMENT CODE
FLIL ISCLaTICH VALVE =1 4C.00 320232020100
FLtL iSeLAaTicN VALVFE =2 4C.CC 325232020209
FLHL TSCLATICN VALVE =3 4C.CO 320232020390
APL =1 CCNTRCLLER 15C.00 326332030100
APYU =2 CCANTRCLLER 150.00 326332030200
AU =31 CCNTRCLLER 150.00 320332030309)
FANK TR =1 - LH SIDE $0.0C 32053205G100
TANK } TR =2 — LH SICE 50.CC 3245320502G)
TANK IR =3 - RH 51IDE 50.00 320532050300
A¥U LINC HEATERS =1 5C.00 3206732670100
AL LING HEATERS =2 £0.C0 3207320702C0
A¥LU LINe MHEATERS =3 £0.C0 3207320T03C0
FUEL CTY GAGE =1 1.00 3208329801C0
FLEL CTY GAGF =2 1.0C 22083208C7C2
FLel LTY GAGE =3 1.00 32083208C3C0
APU OIL LINE HTR = 1CC.00 32C932G901C0
AL OIL LINE KTIR = 1CC. 09 320932090200
APL OIL LINE HTR =3 1€0.00 32G9320903C)
APL =1 TLRB VLV HIR €8.130 321032100102
APy =2 TLRE VIV Hir 68.130C 321032100200
APU =19 TLIP VLV HIR 68.30 321032100309
APU =1 TuRP GAS GFXN KTR 68.130 321132110100
AL =2 TURBR GAS GeN ETR £8.30 3211321102069
APU =3 TURP GAS GEN HIR 68.30 321132110300
StwviCE LINE HEATER =1 02C1 %0.00 3212321201C9
SE«VvICE LINE HEATER =2 02C1 $C.0C 3212321202G)
SEAVICE LINE KEATEKR =31 02Cl1 5C.00 3212321203G0
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ELEMENT u&

CARIN FAN =}
LABRIN FAN =2
CAHIN FAN =3
VAT(R
waTER
WATER
CAPIN

TABLE 7.3-2 (Continued)

SHUTTLE SUESYSTEM ELEMENT CODE AMD PRLYE POWER LISTING

SUBSYSTEM:

PUNMP 2K
PUME PKG
PUNMD PK(
PRESS CNTL SYSTEM

£

<

PRI A
PRI B
SEC

CAB PRESS CNTL-AIRLK
CA8 PRESS CNTL-EMERG
WATER SURLIMATCR 5YS
WATER SULELIMATCR SYS

AVICNICS FANS-BAY
HANS-BAY
AVICNICS FANS-HAY
AVICNICS FANS-BAY
AVICNICS FANS-BRAY
AVICNICS +HANS-RAY

AVICNICS

W N e

H2 SEPARATCRS ARS -

e C
H2(
CABIN HEATFR
CABIN Hr AVFR
CARIN HEATER
INST

=1
=2
=3

+ CONTRCLS

SEPARATCRS ARS -
SEPARATCRS ARS -

aRS

sp
vG
=1
=2

>

fve ASSEMBLY FAN =1

IvL
IvL i
NMYLN F Al R
OVEN FFATHR

=1
=2

ASSEMBLY FAaN =2
ASSEMHLY FAN =1

ENVIRONMENTAL CONTROL & LIFE SUPPORT

S/s wAITS

5CC.CC
SCL.CC
9C0.CC
21C.0¢C
21C.0C
21C.CC
€4.00
1C.¢éC
£3.00
1C1.C0
1C1.09
18C.CO
18C.C0
18C.CO
lec.scC
18C.CO
18C.CC
4C.C0
4C.00
4C.CC
133,133
3313.33
333.3113
47.GC
£5.0C
55.00
55.C0
15C.0C
15C. 0

703'20

CODE 40

ELEMENT CODE

4CC14COLlVIOYD
4.C14CC1C2CY
4i(160C10303
4720240020100
4(C240C202L9
40C24C0203<0
40GC3400C300G0
40C34CQ3CT1C
4CC34003CL20
4CC44004C1L0
40C4400402C3
472C5400501CH
40C5400502CN
4CLH54:0503C02
43C54005040)
4CC540050509
4CC54C05080CC
43G6400601C0
40C640C602CH
490C64G(6C300
40CT40Q701CH
4L074C07C2CO
4CCT64CGTO020D
4C0R4CCHOC™D
40094CC9CICD
400740G69C 09
40C34009013C0
4:10401001L7
47104710070



TABLE 7,3-2 (Continued)

SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING
SUBSYSTEM: ENVIRONMENTAL CONTROL & LIFE SUPPORT (CONTINUED) CODE 40

TASEAONTEN-UVEN FANS =1
[WOaieUNTLL-CVEN FANS =2
IAST/LNTLS-CVEN FANS =1
INST/ZOUNTUS-UVIN FANS =7
WATE? HEATER =1

wA o vpATER =2

CUMF NC7lL+- - WATER
INSTR & CUNTRCLS WATFR
INSTR ¢ CONTROLS WATER
SCLIDS CCLLECTICN SLINGE
WATFR SCP -LICE SUPPCRT
DUMP ANCZ2LE-UR[ANE

INSTR ¢ CONTRULS WASTE
SMOKE LET SENR-FLT/MIC
SMNKE DNET SESR-BAY Al
SMUKE PET SNSR-BAY &2
SMOKE DET SASk-BAY A}
SMOKE CeTeCTICN ALARM
FLASH EVAPCRATCR HT2 =1
F' ASH EVABCRATCR HIR =2
FLASH EVAPLRAT(CR £ =
FLASH FVAPCRATICR FL =
FEFCN PUNMP LP L-A/8 A
FRECN 7 v LP 1-A/B 6 PL
FRECN SUNMD LP 1-A/F 8 PL
FRLCN PuvMe 1o 2-A/49 ASC
FRECN PUMe LP 2-A/B & PL
FRECN PUMY LP 2-A/H 8 PL
SFACE RAPTIAICR SYSTEM =1
S ACE RAGIATCOR SYSTEM =2
AVMPCNIA ROTLER SYSIEV =
AVNENTA RLILER SYSLTEN =
fFRECN HYPASS CCONTRCL =
FRECN 8YPASS CLCONTROL =
DIVERTER VALVE =1
DIVEPIFR VALVE =2

LCO COULART PuMp =1
LCS CCCLANT PUMP =2
FKECN PRCPIR VALVE =1
FMECN PRCPICR VALVE =2

N -

§/S WATTS

$5.0C
$5.C0
5.00
9.30
455.00
455.C0
1C.C0
12.9
10.00
1¢0.00
sC.0C
10.00
10.G0
4.90
4.00
4.00
4,C0
8.C
31C.00
31C.00
8.0C
8.00
500.00
420.00
4€¢C.CC
5CC.00
420.CC
46C.C
1C.00
10.00
12.50C
12.50
€.00
6.00
19.50
19.50
0.00
C.00
¢7.CC
67.CC

7.3-21

ELEMENT CODE

4.114C110109
41140110200
43114C111100
401140111230
40124C120109
4012401202C0O
401340130000
471440140C00
431440141C00
471640160t 0D
©01764CL170D20L0
4C184CL18CaNO
40194C19CC0C
4320492001C2
6223402002C3
4C204020033Cs
4C20402004C0
40210C00
4G2701G0
4C270200
43280109
402386200
4090100
40236112
0290120
640290702
40290219
40290220
403C0;iC
«03G6..,09
403101vu
4031CouC
4C320:1<Ca
4G3202Cu
40330100
40330203
4034CiCH
403402C:C
40350109
401350200



TABLE 7.:-2 (Continued)

{4y TLE SUBSYSTEM ELEMENT CODE AND PRIME POWZR LISTING

SUBSYSTEM: HYDRAULICS POWER SYSTEM CODE 50
ELEMENT NAE S/S WATTS ELEMENT CODE

LG EXTENL VALVE 2C.00 50C150C10CQC
MAIN LLG GLEAR UPLK VL =1 2C.CC 50020100
MAIN LDG GEAR UPLK VL =2 20.C0 50020200
MAIN LCG nHEAR UPLK VL =13 20.00 500203GC0
MAIN LDG GEAR UPLK VL =4 2G.09 50020400
LLS GEAR LULMP ViV =1 20.GC 50030100
LLG Gt AR LUMP VLY =2 ¢0.C¢C 5001302C0
LCG GLAR CLMP VLV =1 ¢C.0¢C 500G303C0
LG RETRACT CiRrC VLV 20.09 50040CCO
REDILNEARNY S/C VALVE = 2C.00 5035C1CY
REUULNLCANT S/C VALVE = 20.00 5005022 C0
MAIN PU¥P =1 CEPRES VLV c6.C0 500601 C0
MAIN PUNMP =2 LEPRES VLV ¢6.00 50060209
MAIN PLVP =3 CEPRES VLV c6.00 50060300
CIRC MOTCR PUMP =1 1561.0 50C701CC
CICR MCTCR PUMP =2 1561.0 500702C0
CIL? MOTGR PUNVP =3 1561.0 50070300
RESVOLIR =1 VCLUME SENSOR 8.00 $00801C3
RESVOIR =2 VIOLUME SENSOR 8.G0 5CG80200
RESVNIR =3 VCLUME SENSGR 8.C0 50082300
SSMF =1 SYS S/C VALVE 2C.C0 500901C0
SSME =2 SYS S/C VALVE 20.0C 50C902G0
SSME =3 SYS S/0 VALVE zC.00 50090300
LI FLEVUN FTR PKT =1/=2 €0.00 5C1C0100
LC FLEVCN HTR RKT =1/=2 £0.00 5C10C2CO
Rl BELEVCN HTR BT =1/=2 5C.30 $01033CG0
RO FLEVON HTR gKT =1/=2 5C.20 501004CO
HYDRALLICS CCANTINUED $0100901
H2C BLILER =1 STM S/C VL ¢C.00 S01101C0
H20 bBLILER =2 STM S/C VL ¢C.CO S01102¢C0
20 BCILER =3 STM S/C VL 2C.CD 501103G0
H#20 BLILER =1 KFER VLV 5C.QC 501201C0
H?0 BCILER =2 XFER VLV 50.00 $0120200
H/C BLILER =3 XFEQ VLV 5GC.00 5¢1203300
H/2C BCLR =1 THRM CNTL VL 20.CC 5C130100C
H20 BLLR =2 THRM CNTL VL 2C.00 5C130200
H2C BACLR =3 THRM CNTL VL 20.C0 5C1303C0
H2C BCILFR =1 FLECT CCNT 7.00 50140120
H2C BCILER =2 ELECT CCNT 7.C0 50140209
H2C RCILER =3 ELECT CONT 7.CC 50140309
H2C BCILER =1 HEATER 1€C.0C 5C15C1CO
M2( ACILER =2 BEATER 1CC.00 501502C0
H2O BCILER =3 HEATER 1CC.00 5G15C3C0
H2O BCILE" =1 QTY GAGE 5.0 5C1691C3
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TABLE 7.3-2 (Continued)

SHUTTLE SUBSYSTEM ELEXMENT CODE ANC PRIME POWER LISTING
SUBSYSTEM: HYDRAULICS POWER SYSTEM (CONTINUED, CODE 10

ELEMENT MAME S/S WATTS ELEMENT CODE

501602C0

Hoet AU ittt =2 QTY GAGE %.0

M0 BLiLE=2 -3 CTY GAGE S.0 5GleC3cCC
ELFVCN ACL Sw VLV PCS 1.00 5C170C00
RUI/SFLRRK ACT VL PCS =1 1.0 SC18C1GO
RUL/ZSFLERE ACT VL PCS =2 1.0 SC1802C0
TVL ACT Sw VLV POS 1.00 5019CC00
RESVR =1 LCW LEVEL 1AL 2.0 50190961
HE SVR <2 LCW LEVEL IND 2.0 50200200
RESVR =Y LCw LEVFL INC 2.6 5200300
BLOYFLAP MTR | HTR =1/=2 5C.C0 502201 C9
BGLYFLAP MTR 2 HIR =1/=2 5C.CC 50220200
BLOYFLAP MTR 3 HIR =1/=2 5C.00 502203G0
#AIN PUMP =] HTIR - =1/=2 25.00 50240100
MAIN FUMP =2 HTR - =1/=2 25.C0 50240200
MAIN FUMP =3 KIR - =1/=2 25.00 5C240300
RUCCEP SODRRK MTR =1 KTR €0.C0 5C250100
RLCCER SPUNRK MTR =2 HTR €C.CO 56250200
RUDCER SPORRK MTR =3 KTR €0.C0 502503C0
RUDCER SPURRK MIR =4 HTR $0.20 502504C0
RLOCER SPLERK MTIR =5 HTR 5C.00 532505C0
RUDLER SPUHRK MTR =6 HIR 50.39 502596090
SSME =1 KYELR 1SGL VALVF 8C.CO 52260100
SSME =2 HYLR [SOL VALVE 80.00 5026902C0
SSME -3 LYCR [SCL VALVE 8C.CO 50260309
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TABLE 7,3-2 (Continued)

SHUTULE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING

SUBSYSTEM: DOCKING AND CARGO HANDLING

ELEMENT NAME

MANTIPLLATTR

MANIP LePLCY LklVe

MANTP RETEAT LATCH CRIVE
PL BAY 'CUR RET LCH GRVE
XFER O TUNNFL EXT/RET R )
XHER TUANLL EXT/RET TR 2
Xp e TUNMEL LICH CRVE =)
XFeR TUNNLL LTCH BRVE =2
PBE CIRCLM LATCH LRIVE
PRE CENTEP LINE LTCH CR
RACTATCR RET LATCH CRIVE
RALEATICR CEPLOY DRIVE
RENCT SENSCR DEPL LR =1
RENCZ SENSCR EPL LR =2
MANEP CNTL INTRFACE UNJT
t/7 UFB LH TCCR DBRIVE
F/ZT UMZ ¢ LCCR LATCH
/71 UME Ryt L CCR LRIVE
t/T UME Ry UCOR LATCH

[T}

S§/S WATTS

16CC.CO
15C.CO
¢C.C0
€0.C0
2CC.CO
2CC.00
140.00
14C.CC
140.CC
2¢0.CC
60.C0
15.C0
2CC.00
2Cc.co
11.C0
2C0.C0
2C0.C0C
2CC.cCO
2CC.0C

7.3-24

CODE 51

ELEMENT CODE

51010¢CO
51C20C00
51030CCO
51050CQ0
51060100
510602C0
51670100
510702C)
5108C0OCO
51C9CCCY
511CCCCD
51110€2)
51120109
5112020

5114511400Cn

51150070

511651160C00

S117GCCO
51180CC0




TABLE 7.3-2 (Continued)

SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING

SUBSYSTEM: MECHANICAL SYSTEM AND LANDING CODE 52
WL ISPL BAKE SV RUU 15.00 52010€00
RUG/SFD BRKE S/V 15.C0 52020€00
STARTRACKER DCCR CRIVE 2C0.00 52040000
RLS TCP DCGR ACT 200.00 52050000
RCS LF SIDE DGOR ACT 2C0.60 52060000
RCS Rk SIDE DCCR ACT 2€0.00 52070060
LAUNCK UMB LK DCCR CR 2€0.00 520800C0
LAUNCH UMP  RH DCCR CR 200.00 52100000
P/L BAY RH LR ORIVE 4C0.00 52160000
P/L BAY LM CR ORIVE 4C0.00 521700C9
UN+C PRCBE ACT LH-A-T 5.00 52180009
GN4C PRORE ACT RH-A-T 5.00 52200000
NUSE WHEEL STEERING UNIT 1C.00 52260000
HRAKE/SKIL PCWER SY$ 140.00 52270000
fNeC PROPE HEATERS 11€0.00 523000C0
VENT LCOR MCTORS 10.00 523252320000
VENT FOCR FCTCRS 1€0.00 523352330000
VENT LCCR MCTCRS 20.00 523452340000
VENT COCR MTR PL BAY WNG 16600 523552350000
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APPENDIX 7.4

SAMPLE SET OF USER LOAD ELEMENT DATA SHEETS

(GENERATED FROM VENDOR INFORMATION BY RI/JSC)
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Subsysten 61”7‘ ¢ . Power chuxre.ments @ . _ .
Equipment No._ 9/ 9/9/ DC Load Neminal Power (Watts) /S ./;
' Equipment Titl, MY’ ‘. Moc of Cperction JM_B)L_ S
: 2
Calculated | Spec. Test o Iy
or Value Value Rermarks i
Parameler . ' ]+
Estimated ) '
Valun .
A Averapge (sleady 3,12 -] 24 V°“-"‘ "E_ioa'.'_x!_’_'lliir_{“c' ‘
itumber in M | state) continueus <7 - 28 velts at lead intertice !
System P duty 2.3¢ 32 volts at load interface ’
2 E ' ]
R Deak transient O Amps I
E and duration @ . | . . M-~
- S o Time in miliscconds . ]
~ 2w =
. Load R o S, =2 Max ]
5 Rumber Pad Fange @ R e 11—
"liiormally Opeating l‘l:" o Min _-i
. ' — ]2 l
Malfunction veltage 32. . Max . J
. limt (volts) @ | . )
) ) ! Min ‘ -
| 27 | i -
5&5 Duly Cycle @ Periodic D Percent "on “a | Indicate units if other »
2 . : than minules . o
Z8 i Aperiodie [l . Perica of Gyele ___ -
Jo
,: (gb . . . . Converted to‘jy’frt:/z
= g Input voltage Yes == Volts 745, erle _
MS Converier l-—-‘ Frequency . a4 .-
& = . No —!  ac [y ©C [x] | g
) ~ T -
5] . ‘ w
. : , c
S . 2, /o o
= § JSC Engineer -—f//z/,/ ,///,_p,';/,, 7. TABLE 1 | Date - 7 -7 3 A
= : p F-S

]
i
l
'
]
'
1

.. —



(AL A

<
‘\
\.

ilutber in
System

2

Number
wormally Cpeating

3

St ———

' RT 2/22 - |Sun¥ri
Subsys tem ,:_—7 e Power Rc”ui‘cmcnts 1 )
Equirment No. 5 ~ 5.7 DC Load Neminal Power (Watts) 2 o9
. Rp-
Equipment Title Whﬁﬁ%f}@ . Mode of Operation IR/
i bl
Caiculated | Spec. Test !
P . or Vaiue Value Remarks 1
arameler ‘
' Estimated I
Vaine - !
A Average {sleady l. 2 _]_24 volts at load interface ¥
M state) conlinuous VA . _{_28 \'ol_t\_‘__.'_l:_lgyﬂn:}_(_c_xl aca B
P duty 32 volts at load interfaca
£ |— 95
R Peak transient O Amips
E and duration @ i ' .
S . O l Time in miliscconds . t
Lcad Range @ " NEB Max
L Min
Maifunciion vellage . TEO | Max
Yimat {VO’TS) @ — :
' T D I Min -
P -
Periodic |4 Percent "on" fo U% Indicate units if other

Duty Cycle

Q)

Peariod of Cycle-

_Aperiodic ]

Converled to

¢ — o T

Inpyt voltage Yes :J Volis
Converter . - Frequency
No A e i i I

than minutes

A T IR P
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3

. w7
v’

giv°L

- rsormaily Cporating

b S it o o -
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.
1

RSP VH

4004 ST 3HVd TVNIDIHO

AT G X TTTTOIAN IO

WU cer in
LUStET

i.umber

3

———————

pog

Power R-eguirements

®

-

Dury Cycle

Inpyt voltage
Converier

D

Aperiodic L__._.I

Periodic ﬁ

Yercent on™ 4/52 A

Period of Cyele:

Yes

No

L
~

A

Convertled to
Volis
rrequency

AC [—] BE T |

= } —

Indicate units if other
than minules

- p—
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TABLE 1
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. Date 7/2.7’/7¢
7 7 /'7

L.

’

StisysterC S 2
. . S - — raY [
Equipment 0. NN DC Load Ncminal Powar (Wetts) 32 . 1=
gy ’ = . o~ e T 2y
Cquipnent T st S Caeranr LR LwZS Mode of Operation 22 T gc'
<
Caleulated ! Spec, Test ] by ;
or Value Value | S
Parameler . . i e
Es:imated | iit
Value ) | f;}
A Averaze (steady | __ ! 24 volts at ioad interface | _
M stale) continuous y s | I 28 volts at load intertuce ,
& —— | o ¢ et e . A § e © o T == ....-._,_, - ,____"
P cufy 32 volts at load interfiace f’. _
[}
]
o - |i
R Pecak transient - Amons Ex _"
E and Quration { 2 ) L. 0 - ‘ .
s ’ Time in miliseconds i;’ i
Y, | o
Load R @ - . ][ M : !
oad Range . P Max - ;
. X _‘
i Min |
. -d
! V) & R !
Malfunctinn vollage TED Max -4
l .
Jirmit (volTs) @ I - ;
' . I Min -
—_— . ‘
76L& |, i - l
e I3
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Kl M

Subsystenoms (2 ?50$>

Power Requirements @

DC Load .

Hominal Power (Yatts) 24 ©

cou-ru00iN | -

Equipment o, J )
Equiprment Title AZrur TI2LATIN vacEzs .. Mode of Cperation QRIRNIE
s D
Calevlated| Spec. icest | . ' [
or Value Valu Remarks :
Paremeter O ' ‘
Estiimated
Value N ‘
A | Average (steady _ | 24 veltg atload intesinie .
decer in v | sTete) continuous 74 28 volts at load inferfuce Y
Sostem P duty 22 volls at load interface -
N € |— - il
R ’eak transient . Amps ' [
E and duration (2 ) J' g , .';l i
: qto
S g d Time in miliseconds . j L :
' : 1
Load Range e M: LA
..Toer e @ y Max ¢ =
worm:’ly Cperatin : : . (R
g { V.4 44 [ Min 2
e Segp———— M :
Malfunction voltage ; Max
v . unge )- v ¢ ; 7‘5& ! MAaN .z
o limat (VOI\S) ~ - l—- ‘ ;
= : L e
o ' Min -t
S Y, . - N
gg Duty Cycle @ Periodic Percent "on' _/Z/ % | Indicate units if other >
. - »
S . ) — ) than minutes a
S & - _Aperiodic -.':':.I. Pariod of Cycle | ~
e - 1
o= . Convertled to
7 Input voltage Yes L__J Volts
'§ -% Converier N r——l Frequency |7
No e g
=f= _— AC [ bC (_]] ‘ &=
& , ‘. LS
JSC Engineer TABLE 1 Date 9/ - 15/ A}E
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Power Requirements @

Subsystem )
Equipment 0. /o0 47 , DC Load , _ Nerinal Power (Wetts)_ A -
Equipment Title & Afw /S € pon (e it So kL i d .. Mode of Cperation & 2z
Caleulated| Spec. Test ' : '1‘?,
» Value Vaiue Remaris \
Parameter 'o. i B
Estimatad ' O
Value . : |,
A Average (sleady - 24 volls nl_.l_g_:.r} Enltzi;}c" .--..; %
ilumber in M | state) continucus /.5 e _|_28 volts 2t load interiice &
System y=) duty 32 volls at load inler ace : —
1 E |— . . .
R Peak transient ﬂ i Amps {
E and duration @ . ' 9
'S . 0 Time in miliseconds . { —
: : i
) ‘Load R . Max :
Number 03 ange @ /V,f J O
‘ .‘.onnalb;?operatin; IVA' Min g
— . ) ' , Z
Malfunction veltage ﬂp Max... , >
lirmit (volts) @ - ' —
| 722 |  Min . >
, @
Duty Cycle @ Periodic Percent Yon' ! | Indicate units if other m
o ¥ " {than minules n
] _ApeziodicL__] . Periodof Cyele 3
. . — Converted to pat
Input voltage Yes L Volts <
Converter ' - Frequency '
No 2l ac ) BE T

/

-

JSC Engineer;}/ A e
A

L4

Vi
: / TABLLE 1

-, ]
" Date ’7.2// ’//




Seaes =,

sy

9-%°L

. . L}
Subsystem P YPTaRE Power Requirements @ —
Equipment No._ 72«1 29 , DC Load Nominal Power (Watts) .5~ “
Equipment Title _£zzios! e/7i 0l S0P .. Mode of Operation ———— é’
N . - o
T H y :
Caleulated| Spec. Test ! ' e
1 ramet or Value Value Remarks ' 3 2
arameter 9
Estimated ‘ O
Value | . f g
a | Average (steady _ _|_24 volts at load interince . O
ilumber in M stale) continuous o0./7 _ e __Z‘.?‘__Y.","F-“__:l!-!.‘la.‘.‘.',.i_’l.’.L;‘f‘:“.?ﬂ__....’ ®

System P duty 32 volts at load interface : T E

= E |— — — . J. ~<
Peak transien! s Amps -

R SICNN o - P ! 0

E and duration (2 "1 m

'S ) . o Time in miliscconds ! | ;
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1. SCOPE

?
2

This specification establishes the perfornance, design, develepnent and veriffcation
requirenents for a single-phase nodular inverter referred to hercin as the {nverter.

1.1 Seller's Equiprment Internal Pesign. Fxcept as otlhiervise specificd the require-
nents of this specification are not intended to restrict inverter internal design

except for thosc areas necessary for compatibility wvith the design requirerents
specified hercin, ’

1.2 Sub-Tier Supplier Control. Vhere nccessary to ncet the requirerents of this

specificatien, the seller shalil inpose this specification on sub-tier suppliczs vith
design responsibility,

2.  APPLICABLYE LOCUITTNTS

,*

The follouving docurents of the cnact issue shoun form a part of this specification
to the extent specified herein, In the event of a conflict betveen the docurents

referenced herein and the content of this specificaticn, the content of this specifica-
tion shall take precedence.

SPECIFICATICHS
. chcréi_ i :
Mlicary
"MI1-B-50872(2) Ponding, Electrical nd Liphtning Protcction,
31 August 1970 for Acrospace Synters
MIL-C-5341B(1) " :Cﬁcnicnl Conversion Coatings on Aluninum and
30 June 1970 * Aluninun Alloy
MIL-C-7073DB Cable, Nlectrical, terospace Vehicle, Ceneral
5 Decerber 1969 Specification for
HIL-C-83723 Connector, FElectric, Clreular, Invirenrent
26 larch 1965 Resisting, Ceneral Specification for
NI1.-1-26C60RB Indicator, Hunidity, Plug, Color Change
17 Hay 1972
NIL-1-27273A(3) Inverter, PMoves, Statit, General ﬁpccificntinn
3 June 1965 for
HIL-4-81381 . Wire, Flectric, Palviride Insulatfon, Copper
15 Octvbct 1966 and Copper Alloy. -
£ .
HAS A/J?C
NSC-Spec-N~-1A Crinping of Electrical Connections, Pquircrvnts
October 1967 for

[ERIRTE R I A IR TR A A
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S2ZCIFICATIONS

ockwell International/Space Divisien

Jo

11C414-0148C
25 March 1966

1C999-00968
6 July 1973

*{F0004-002A
13 July 1973

*{F0004-006
27 July 1973

MF0004-100
31 July 1973

+{F0004-400
25 July 1973

QT!C:DARD:S

Federal

FED-STD-101B(2)
8 Octover 1972

Hilitary

MIL-STD-12C(1)
1 February 1971

MIL~STD-129E(G)
10 April 1972

MIL-STD-130D(1)
30 July 1971

HIL-STD-1431
12 Lovember 1969

Connector, Receptacle, Elecgrical

Materials and Processes Control and Verification
Systemn for Space Shuttle Program Suppliers and
Subcontractors

‘Electrical Design Requivenents for flectrical
Equiprent Utilized on the Space Shattle Vehicle

PR

Instruncntation Requiresents for Suppliers and
Sub-contractors for the Space Shuttle Program

Hechanical Orbiter Project Parts List

.
~

Electrical, Electronic and -Electromcchanical (EEE)
Orbiter Project larts List

»

Preservation, Packasiag, and Packing llaterials:
Test Procedurces :

Abbreviatfons for Usc on Drawings, Speciflcations,
Standards and in Teciinical Docunents

- L}
Marking for Shipuent and Storage

 Identification Yarkang of U. S, Milftary

Property

Standards and Epeciflications, Order of
Precedence for Selection of

1o e -0 2 1tV 270
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STALDARDS
NIL~STD-202D

14 April 1969

MIL-STD-280
7 July 1969

MIL-STD-401A
1 August 1968
and Shuttle
Anendment

4 June 1973

MIL-STD-740
6 July 1964

NIL~-STD-794C(1)
18 Fcbruary 1972

MIL-STD-810B(4)
2] Septenber 1970

SAL Acrospace Standard

AS1212
Decenber 1971

OTHER PUGLICATIONS
Nandboolk:s

nonN4s-~1
Latest levision

KHB5300.4(3A)
Hay 1968

HRG000.1(14A)
Decernber 1969

Test l'etheds for Electronic and Electrical

Conponent Parts K

Definitions of Itcn levels, Ytems Exchange,
Models and Related Items

Electroragnetic luterference Characteristics, °
Requirenents for Equipnent

Noise Measurerents of Shipboard NMachinery and
Equiprent

Parts and Fquiprent, Procedure £+~ Packaging
and Packing of

e

Environnental Test lethods

A

Electrical Pover, Aireraft, Characteristics and
Teilization of

" Federal Supply Code for MNanufacturers' lame to

Code

L4
Pequircrents for Soldered Electrical
Conncctions

Requirenents for Pachaging, Handling, and
Transportation for ferenzutical and Spoace
Systerns Lquiprenc and Associated Components
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3.  REQUIRRIENTS

3.1 1ten Pefinition . }

3.1.1 Iter Diagram. Figure 1 {s the scicmatfc bloek diagran showing the function of

the inverter asserbled as a three-phase array ir t.v clectrical pover distribution and
control sub-systen. .

3.1.2 Interface Defirition -

3.1.2.1 Envelcpe. The inverter eavelope and its attachment provisions shall not
exce :d the dincnsions shavn in Figure 2.

3.1.2.2 MNounting, The nounting provistens of the ‘nverter shall be as shovn in
Figure 3 and in accordance with the requircuents of pacagraph 3.2.5.2.C.2. .

3.1.2.3 vUeight. The inverter shall have a maxinum veight of (TBD) pounds, ‘"
3.1.2.4 Cooling

3.1.2.4.1 Coldplate Conlinpg. The inverter shall be designed for conduction cooling
by contact uith the pounting surface. .n aluninun counting surface will be provided
in the spacecraft by the buver. The rounting surface i1l have a contact arca.of not
less than TLD square inches. The spacceraft rounting surface will naintain the

inverter baseplate at the folloving terperatures by coolant flor for rated inverter
loads:

Tenperature Inverter Surface . Inv, Surface
Condition Tonp. Above Inlet Tenp. Abave Cutlet
(a) HMaxioun 120 F (Maxitum) 0 +2F
(b) Ilininun I5+2F 35542F

3.1.2.4.2 1lleat Flux. lieat flux leading shall be arvanged togtalie raxinmum advantage
of the coldplate tenperature distribution. The naxirun heat Flux in any local
inverter surface arca shall be showm Ly calculatien unt to excced TED watts per square
inch., Thernal conductanen betveen the inverter basenlate and the coldplate mounting
surface shall be 500 LIV per hour per square foot per degree F, nininun,

3.1.2.4.3 Ceoling Surface Tinfsh, The faverter bascplate shall have a surface {inish
of 63 nicro-inches PG and

a flatuess deviation of not nore than 0.610 inch total
indicated run-out. The baseplate -shall %o neasured for flatness vhen bolted to a test
plate vith 0.25-fnch bolfs torened to 70 plus or mines 5 fmch-pounds. TNepth gape
neasurerents shall indicate the flatness of the inverter baseplate through each of

TED holes in the test plate. The test plate used shall be rutually acceptable to the’
Scller and the Buver. ¢ '

L 4
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3.1.2.5 Terperature Scusor. The inverter shall incorporate a transducer in
accordance vith speciiication !iUN04~000 which shall provide an electrical signal
proportional to the inverter internal terperature. ihe transducer shall consist of a
resistance wire vound sensor vith the follewing characteristics: 500 ohms # 2 percent
at 75 deprees, F; 435 chns + 2 percent at 32 degrees I'; and 650 ohns #2 pcrccnt at

248 deprees F. The trans ducer shall be located within the ‘inverter to indicate

excenssive inverter temperature in the event of inpending failure due to a malfimction
or overload. ’

3.1.2.6 Sealing. The inverter shall be designed to seal those portions of the

circuit that vill burn, spark or outgas because of electrical everload or short
eirculte. :

3.1.2.7 Finish. All areas of the inverter cxposed to external environrments, cxcept
coldplate nating surfaces, narepli-e and conncctors shall be chen-filred per
MIL-C-5541, Class 1A, . L.
3.1.2.8 Vibration Isolation. The inverter shall Le desipned so thdt external vibra-
tion isolators are not required,

3.1.2.9 Electrical Cenrectors. The clectrical conncctors used for the inverter
outputs shall be mutinlly aceceptable to the Tuyer and the Seller and shall be governed
by MFOOD4=4C0, Orbiter project parts list and the folloving: *

a. YKeoyed cyliandrical (preferably bayenet locking) configurationg per "IL—C-837’3
shall be utilized, if possible.

!

b, In applications vhere the IIL-C-037023 bavonct strle carnot be used Jue to wire
gauge linitatiens, turecaded coupling desipns may be erployved. Juwer approval:
is required prior to usage. ‘

c. Rectangular connectnrs shall be per Tuyer specification MC414-G148 and mav be
ernnloyed in chose applications where cylindiical commectors will not allow
sufficient vire penetrotinn, Luyer approval is required prior to usage.

d. The inverter connector shall be mounted on the front panel.

e. Socket contact arrangenents shall be used as the "hot" or energized half vhen a
comnection is breken,

f. Councetor keys shall bae desipned such that engagerent of the Leys occurs prior
to engazenent of the contacts, _
! . .

o s e e o

- —————

L as —————— e A -

- e e

3.1.2.9.1 Kewreav Plnc dnr, The comnectar(s) ea the Inverter shall be oriented so thoe !

the naster (l.r Lus) lgy o located atb e tep-eonterline position en the connnctor,
The connector hewvay clocking shall Lo shoun on the Seller's draving of the inverter
cnvelope. T ' '

3.1.2.10 Connecctions, The desfiyn of input and output connectiens shall be rmutually
acceptable to th suver and the Seller. Electrical cennecctors shall be per parn-
graph 3,1.2.9. She comnections required are as follows: DN-C plus, D-C ninus, A-C
p“\uﬂ output, A~r n(uLln] o for the fnverter tesperature transducer output, over-
Pacd penendar, 3 cal, 0 srechivenlaacfen alonal ontnut, phane synehropuzntieon
niganl input, ﬂhd central tining sipnal anpuc,

POerA MO 1 2y 200 7.5-6
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3.1.2.10.1 tesative and leutral Ceanectizna,  The dircet-current input nrgative onid

tiie alternatiny current cut ~ut routral (wxnﬂc:ious in the inverter shall be isolated
fron the inverter chassis and fron cach ciher. - '

“+
3.1.2.11 Adjustrent. The inverter shall require no external anustncnt for voltage
oY freoucucy rcnvlntiou. Provision shall bLe rade for internal voltage adjustrent of
plus or ninus 2 wolts of the nerdnal line-to-reutral ac voltase Ly selection of f{xed
conponents, MNo provisions for adjustrent of freguency shall be nade, Potcntiorcters
or sliding contacts of any type shall not be incorporated in the inverter design.

3.1.2.12 Flectrical Power Charzcteristics., The clectrical pover characteristics of

the inverter interiace saall comply vith the requirereats of 1'F0004~062 and as
follous:

.

3.1.2.12.1 Tnput Pever, The inrput voltage shall be 20V de neninal, tvo wire,

structure ground. Steady state input valitage lirits shall be 24 to 32 volts dec.

Source dynanic impedance shall be 0.7HD olns at IT8D N2, Tue de transient linits shall
be in accordance with UTONNNA-002,  During '!cnﬂt-nt.to PC operation the .rippic voltage

about the rean level of the L-C voltege slall be four velts peali-to-peak or less over
the frequency range per AS~1212, The inverter shall suiteh off at an input voltage
TBD volts or lover and shall turn on at IID volts 40.5 volts,

3.1,2.12.1.1 Yoltare Spilies. Short duration spilies at the de dnput terminals of the
inverter shall rot ciceed the values specified in [JIL-STD-401 parauxaph 6.9.

3.1.2.12,1.2 los q'_ﬁ__xpu§~29ngl Instantoneous rerova) of input peuer uvhile the

inverter is op rating shall causc no darage or depradation to the iaverter.

-

3.1.2.12.2 Taverter reudback

3.1.2.12.2.1 Ripple Curremt, The ripple current induced on the de pover bus by tue
inverter shall not excecd the lindte of Space Shuttle Amenc nc "A" to I'I1-3TD-461

under any corbination of lead ranging fron no load to 750 v 1. of input voltase
vanging fron 24 to 32 wvalts dc, or pauver fzctor raajirg from 0,7 I-L“Lnu to
0.9 leading including unity.

'3 1.2.12.2.2 Yoizne I

5, Shart duration voltapne soikas induced on the de hus by
¢ inverster shall not

sod the values apecificd in lIL-S1D-46), paragraph 6.9,

3 1.2.12.3 Invertcr In-Ruch Current,  In-rush curzent at t:rn-on at 32 volts de
and under all corhinations of line, lead and environient shall not exceed TES nipcres

at 0.71D olin cource inpedance in series vith IPD mierohienrier aad shall stabilize to
vithin 10 porcgnt of narral vithin 100 nilliscconds.

3.1.2,12.6 Tnverter Cuiput, Thc inverter shall have a siﬂzﬂc~phnse tuo-wire output
with the output voliaye nnd Ercnuunuv in nccurﬂ“v(n cith paraeraphs 3,2.1.1.5 acd
3.2,1.1,7 raspectivelv, Uhen the fnverter is comneeind to teo other inverters the
coibine! output chall in*ﬁ a 1157290 vole, 400 Mz by oo -plane, A-vive uye conioeted
asserbly tated at 2250 va ot povec Inctur tang}ng‘?gﬂn 0.7 lapgging to 0.9 leading
including unity power factur. ’

FOHM M It 2 b 2200
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J.pr.2. e fhort Circuit Sensing. Current sensing and conditioning circuitry shall be
¢ncnrporatcn in the inverter to corplete a 28 velt de cirenit external te the inverter
under the follox1ng conditiens. Whien the inverter is subjected to an:overleoad of

225 percent of iited current for 15 scconds #1 sccond, and to 300 + 30 percent of

rated output current for a Jduration of 5 seconds plus or rirus ene second, the inverter
shall cause a grounding sipnal (reierencid o the de nogative terninal) to be applied
to the overload signal outpur terminal of the inverter. The device used to complete
the circuit nust Le capable of carrying a relay coil current of 0.2 arperes at 25:0 vde
and a light bulb load of 0.040 arperes at 28 vde. A "push-to-test" suitch shall be
incorporated on the inverter to verify continuityv fren thc inverter overload indicatieon
sigral to the waming light in the cabin.

3.1.2.12.6 Sinele~Phase Ualf-Uave Load Capability. The {nverter shall have a half-
vave, single-vhane load applicd under the folleting conditions:

a. A resistive load of 70 olrs in series with a 181187 rectifier, or equivalent,
vhile ceatinuing to meet the perforiance requirencnts specified herecin,

b. A resistive lead of 2.5 ohrs in series with & 1N11357 reetifier, or equ.valent,
chall zctivate the e‘orL-cxrcuic sensing capability of the inverter., This
rectificr-resistive load nust be reroved at the tire the cverload trip signal
is activated. Upon renoval of this load the output voltage shail stabilize to
vithin 115 volts plus cr ninus 10 percent within 100 rilliseccuds and transient
voltages in excess of 19, volis peak shall net appeor.

-

3.1.2,12.7 Vchicle Interface. The Inverter shall crerate vithin fts specification
linlts viien connccted to vesicle nirving which nay have a resistance to ground or
sistance betveen adiasceat circuits oi o negolrs,

3.1.3 Ite: ldentificatien, The identification of the inverter shall be as follous:

. e

llomenclature -
and lig. Code ~ Buyer's Seller's Traceability

. Ident. lo. Coutrol lo. Part lo. Classification
Inverter HCL95-0012-GCOL ™S TS
Capacitor H/A TBS T,
Diode n/A s T,
Transister n/a RS TH
Resistor 7 - TBS rL
Translorer * A . IBS 1's
Connnctor n/A .m "TB3 T

P It

Tenpeciture N/A TBS T"
Transducer n/a TBS T"
Pushi=to.-Tegy “vriteh A TS T

FORM M 131 8 2 vt D5
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3.2 CHARACTURISTICS

3.2.1 Performance

Ve

3.2.1.1 Iaverter Porforrance

3.2.1.1,1 Insulation Resistonce. The exterior configuration-of the inverter shall

have insulation prepertics co prevent electrical shoch to personnel. Subscquent to

assenbly and any pottiug or sealing required, a ninimun insulation resistance of

100 ncpolims is required betveen the de input terninals and the inverter case and the
ac o tput terninals and casc at a potential of 100 volts mininun.

3.2.1.1.2 Input Power. The inverter shall neet all perforrance requirerents of.gﬁis
specification vhen onorated within the normal steady state de voltage range syecificd
in paragraph 3.1.2.12.1.

3.2.1.1.2.1 Iwﬂnt Susceptibility. llo change in indication, nalfunction, or ."
degradatien in peclomance shall e produced in the invarter vhen subjected te the
de input rx)plc specificd in paragraph 3.1.2.12.1. The ripple enerpy placed on the

de bus by thwe inverter shall not be consxucrcd as part of the ripplc cnergy for
susceptibility.

3.2.1.1,2.2 Input Transients

~

3.2.1.1.2.2.1 ‘tormal Electrical System Coeratien. The inverter shall operate vithin

specification r-v roneats writuout dcgr*édtinn vhen cul jected to the nornal conditicn

e voltage transicnts specified In paragraph 3.1.2.12.1,

3.2.1.1.2.2.2 \hno;_g!_floccric~l Cveten Cooration, The faverter shall net incur

danage or degradation oi reliability tien subjected to the ahnormal conditicn de
voltage trannisat linits in Paracraph 3.1.2.12.1 ard zhall return to cperation within
specification requirerants vhen the D-C voltage returns to nornal steady-state
condition. :

-

3.2.1.1.2.2.3 Volta;e §p1kcs. The inverter shall operate and shall not incur

degradation or donnge vhen subjected to the voltage spilies spécified in
paragraph 3.1.2.12.1.1.,

3.2,1.1.3 Vamn-Up Tine. The inverter shall stabilize to the perforrance recuisereats
of this specification vithin one second after turn-on under all corbinaticns of line,
load and envireurent specified herein., Cutput line-to-neutral velta;e shall ve

115 voles, plus or ninus 10 percent 1S vithin 200 rilliseconds after turn on undar all
corbinations of lipc. load and cavironnent specif.ed hercin.

- .
3.2.1.1.4 bielectrie Uithstanding Voltane., The dielentric withistanding voltagze of tle

inverter shall reet the [oliouin; roquxrruonts.

a.  Electrical parts and aub=asserhling rrior to L. Ly "rired shall be capabla af
vithstanding an initial electirical potential nf 1500 volts rms, 60 liz Letveen
Insulated points and case vithout electrical hrecliidoun, Curtcnt flou i{n cxress
of 0.5 nilliamperes or breakdovm shall be counsidered a fallure.

Ay exceptiens
such as EII filters, etc., shall Le subject to Buver approval,

I
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b. Prior to any sealing or potting, if required, and with PF suppression capacitors
and sinilar conponents disconnccted, no breal: dowm of the insulatfon or leakage
current in cxcess of one nilliampere shall occur during a one-ninute test in
vhich 1200 volts rus, 60 Hlz is applicd between the e output terminals and the
chassis and during a onec-minute test in vhich 500 volts res, 60 tiz is applied
betuveen the de input pever terninals and the chassis. .

¢. Subscquent to conpletion of asserbly viring and any scaling or potting, 1f
required, no break doun of insulation or leakage current in excess of one
nillianpezre shall occur during a onc-ninute test in vhich 750 volts de shall be
applicd betuvcen each output terrinal and chassis and during a one-ninute test
i vhich 400 wvde is applied betwveen cach input pover terninal. and chassis.

3.2.1.1.5 Output Voltare Steadv=State. The steady-state output voltage of the
inverter shall be 115 plus 3 volts rinus 1 volt rms from no load to 750 va rated load.

3.2.1.1.6 Output Veltare Transient. The inverter output voltage shall rerain at
115 volts rns plus or ninus 10 percent for anv step load or input voltage change
within the specified linits. Recovery to the steady-state value shall be within

0.005 scconds. Transicent voltazes in excess of 195 volts peak shall not appear at
the output undei anv condition.

3.2.1.1.7 OQutput Trequency. Output frecucncy shall Lie 400 Hz plus or minus 2 iz

whon the inverter is sryuciironized to an cxuternal IID Kz plus or ninus TED ilz scurce

supplied through a pair of wwristed, shiclded leads. The inverter shall procn"t a
natciied TI) ohims plus or riaus IND olirs irredance tn this signal threugh an isolation
transforrer. The svnchrcnlrznn L gua‘ stiall be 5.0 plus or ninus 0.5 volts peak
square vave vith rise and/or fall tire no jreater than L icrosecond. In the absence
of this extemal signal, the inverter frequency siiall bhe raintained at 400 plus or
ninus 7 Ez. The synchirenizing source shall not receive reverse current froon tue

inverter. The synchronizing signal shall have a duty cvcle of 40 to 60 percent
"on'" tire. :

3.2.1.1.3 Qutput Pover. The inverter shall perforn as specified herein under any
corbination of loads varviag from no load to 750 ~a and at pewer factor rensing fren
0.7 lageing to 0.9 leading 1nc1u«1rz unity pover factor., lhen the inverter is
conncctad into a three-phase assermbly the vorbined eutput rating shall bLe 2250 va wrich
the pouer factor ram;e stated above ond vith the capability of reeting related
perfornance requireiwnts specified herein,  Alse, if snyone of the invertcrs fail:z

the renainisng tvo inverters shall continne to produce tvo-phase output vwith the

proper phase displacerent and phase secauence. Under this condition the output of

cach of the tvo reraining inverters shall be vithin specification linfts,

3.2.1.1.3.1 Overlond, Uith"the iarut voltare set at 24 volts de, the invetter shaill
be capable

of deliverine B0 percent of rated load at pininun pover factor “or {ive
minutes vhile providing steady state outp it
3.2.1.1.5. lio degradation in relfability
result of this overload.

wollgre Tin accordance with pavesroph
shfill be incurred by the inverter as a

3.2.1.1.8.2 Short Clreuit Capacity, The inverter shall confornm to short circuit

capacity recuirerents of specificacion 1L-1-27273 cxeept the inpet shall be 24 volts
de nnd the inverter shall auzrnarically linit the saufrmn short circuit output
St b L3 F 2T sornent op o d current,
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3.2,1.1.8.3 Yotor Startian., A\ corbliaation of three inverters vhich forrs o three-
phase output =hall be capable of starting a 550 vatt nininum, three-ghase inductlon
notoy vith a starting pover factur of no less than 0.25; and & 409 perccvt wtor
inrush current, and a 0.75 lazning rumming puu;r factor vhile carcying a balanced
three-phase 1465 va steady-state load.

3.2.1.1.9 Efficicney. Uith a dc input of 24 to 30 volts and pover factor betweea
0.35 lagging aud 1.0 unity, the inverter shall operate at a minirun of S0 percent
efficiency from half-rated load to full-rated load.

3.2.1.1.10 Onerating Position. [he inverter shall be capable of opecrating in any
position. )

3.2.1.1.11 Thase Rotation. {hen the inverter is comaected to two other inverters

to form a three-pliage output the phase rotation shall be A-B-C.

3.2.1.1.12 Phase Displacer-nt, ﬂhcn the inverter &s conanrected to two otiier Inverters
to forn three-phass outjut, i displacerent anple betuzen adjacent phases shall be
120° plus or nines 1.3 degrecs wnler conditions frou no load to full load and peuer
factors fron 0.70 lasging to 0.9 lecading including unity power factor vith either
balanced 3-phase lead or with phase unbalance as specificd fn paragrapn 3.2.1.1.13.
The angle shall be the relative displacerent between the zero voltage points cn the
vave forns of the three phases. A phase-lock signal shall be supplied froa cna

favertor to the et inverter in the folleving sequence: phase A to phase E, phase ©
to phase C and phase C to phasc A, )

3.2.1.1.13 Thase Usbalance., 'Tien the inverter §s cornacted vith tvo other inverters
to forn a three-phase emiput, the aszenbly shall bLe capidle of supplyins unkal-.aced
le~is end reoting performance requircrents in accordance with paracraph 3.6.2 of
MIL-T-27273 and in addition, shall pect the requirereats of paragraphs 3.2.1.1.5,

3.2.1.1.7 and 3.2.1.1.12 with no load on ouc phase and 750 va on cach of the other
tvo phases.

-

3.2.1.1.14 Output Voliane !'=‘ulatiomn. The inverter cutput veltage rodulation shall

not ecxcced one percent vhile u!tratin" txth input perer condittons in accordance witha
paragraph 3.1.2.12.1.

3.2.1.1.15 Output Frecuency Modalation. The inverter output frequency redulation
shall not excecd 0.5 E: under any load and pover factor combination specificd hierein.

3.2.1.1.16 Vawnforn. The liann-ta-crest facter shoall nnt exceced the lirits of

1.414 + 30 ncrcent and the observed chama {n the crest factor froa no load to full
load at any input’ woltize shall not enceed 10 percent. Theetotal harmonic content

shall not exceed 4 percent and no individual harnonic shall exceed 3 percent of the

fundaucntal., "

FOUM AN .2 kv 22 7.5-11
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3.2 ﬁxoyﬁtiq_“a‘.o Cenerated. Vhen the inverter is operated in aceerdance

vith . perioinance recuireronts of paragr nph 3.2.1, the awlible neise shall net
~{ exceed the {-~1lewing:

2
>
a. Souxl Pouver Level

Octave .Band

Center Fre- 63 125 250 500 1000 2000 4000 3000
qucucy - iz -

Sound Pover

Level - Ly 61 60 S9 ST S& 52 54 S50 .
dB RE:10712 vace
b.  Speech Interference Tavel: The specch interfenence level shall be 45 ¢B raxirun

fron 300 Liz to 5C00 kz.

3.2.1.1.13 Ovorﬁpipg Life. The faverter shall have an operating life of noe-less
thvn 17,000 hours., B

3.2.1.1.19 Uscfel Life. The inverter st
25,000 Leurs. ireventive r111:cﬁnnce, 5
be conzistent vith the requirerents of ¢

1all have a useful life of mot less than
=*'1cing, repair and replacenent of parts shall'.
s specification.

4.
.
13

.-.

1

3.2.2.1.20 Skelf life. The Inverter st:-li te capable of eperating in accordaaco
virth the ¢

recuirerents .pocified Lierein folloving storage for a ten-year period from i
date of delivery vhen enrosed to the envivonrents of paragraph 3.2.5 and protected by
thc recuircoents defined in Section 5.0.

3.2.2 Puysical Cheracteristics

3.2.2. Inverter Phesical Characsteris t{cs

3.2.2.1.1 VUsisht. The weight of the inverter shall be in accordance vith paragraph
3.1.2.3.
1.2.2.1.2 Center of Cravitiy.

The ceater of gravity of the inverter shall be determineds
in three axes fron a dc

ined reference dazum.

3.2.2.1.3 Gro-th Potential. Sellzer shall, dinless othervuise previded, allev for a
10 perent (...u..u.n sretch poteatial in the total useable volw.e in eleetrical/

clectrsnic/ilectyonachanical devices. A nininun of 10 porcent spare ;lns/sockets !
shall be provided in all esternal counectors. All “sparc-pin" cavities shall be fiiieu !
vith senrling jlugs as appuopriate, . .

1.2.3 Pelizhiliey .

—_—— e e

—-—
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net Le reutic throvgh the sane eennector.  Alse, redundant peths fere elnctncal
viring shall be so tocated that an event vhich darages one path will not darage
N another.,

3.2,3.1 et bt (‘(rr-uxr__"--n arvatien, JQedundant circunits withia the favarter shall

3.2.3.2 Dnheraviag. Derating of inverter corponents shall be utilized to enhance its
reliability.

g
- -
-

3.2.3.3 Failure Deterrent. The inverter design shall incorporate the following:

a. Alternate or redundant reans of prrforning a critical functiorn shall be scparated
physically by the maxinum practical distance, or othervise protected, such that
all functional paths uill not be lost due to a sinple ecvent.

b. VPhere sirilar connections are in close proxinity the inverter design shall
preclule the capability of cross comncction.

3.2.3.4 Frilure Protectiom. There shall be no failure ia the faverter vhich can
cause the iailure of another Inverter vhen operating as a thice-phase assenbly.

3.2.4 lainptainabilicy

3.2.4.1 Tlcsipn Allocations. The design shall incorporate the folloving raintairmbilfity
allocaticus:

a. The inverter shall be designed to allow failed subasserblies to be replaced on
the bench in I0S hours or less after failure identification.

| R The inverter shall be designed to allov bench verification of its electrical

functions vithin TLS ninutes using suitable support equiprent in the maintenance
area.

c. The inverter shall he capable of bemg repaired in the shop in accordancc uith
the skill level of TBS.

d. The invertcr rermoval/installation tire shall not exceced IED ninutes.

3.2.4.2 oesicn Features. The inverter design shall incorporate the following
naintainability features. .

a,  Subassenbly and component installation vithin the inverter shall facilitate

replacerent. Vhere feasible, functional circuit proups shall be pachaged as

easily renovaltle and replaceable rodules. a

b. Arranpenent of subassenblies and compenents uvithia the fnverter shall be
relative to failure rate and conpatible vith redundacy reguirerent,

O

The iaverter shall require no schieduled r-aiu}qn*'m v, including physical
inspection aud parts replacerent.

d. The fuverter nomting provisions shall pernit rernoval and replacement using
standard installation/handling devices,

VoM At 2 v 279
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3.2.5 TInvironnental Conditions

3.2.5.1 Trausportation, Cround ¥andling and Storage. The inverter shall be cap-ble
of nceting the operating perfornance requirerents specified herein after exposur. o
the folloving transportation, ground handling and storage conditions. Ixposure to

traunsportation, ground handling and storage environrents shall be limited to periods
vhen the inverter is num-operating.

The inverter shall be desiened to precluce the use of special tools and
equipneat for the on-site maintenance and repair. t

The fnverter shall not require pre-installati-o acceptance chieclout prior to use.
Vhere feasible, the inverter test points shall be accessible and clearly marked.

The inverter design shall preclude the requirer nt for "inspect and repair as
necessary” (Iran.)

Pressure. l!Maxinun of 15.23 PSIA (sea level), rinimun of 3.47 PSIA (35,000 feet). -

h

-

Mininun arbient of ninus G6SF for six hours
(35,000 fcet). I!Maxirun arbient of plus

115F (ground) for one hour; mauirun corcart-
neat teisperature while en the ground of plus
190F for one hour =nd plus 150F for six hours
per 24-hour period.

Hinimun arbient of nminus 23F, naximun arhinet
of plus 115F; raxinun corpartreng cf plus
190F for one hour and plus 150F for si{x hours
per 24-hour perfod.

Plus 25F to plus 105F for a ten-year pericod.

15 tc 100 percent relative humidity, incluling
conditions vherein condensation takes place

in the forr of vater or frost for up to
30 days.

-

As cncountered in desert and ocean beach areas,
equivaleffit to 14B-riesh silica flour with
particle velocity up to 500 feet per minute
and a parti-le density of 0,25 grass per

cubic foot.

’

As cﬁpgf{éhcnd in tropical climate. Materials
shall not bLe used vhich will support or he
danaged by fungi,

a. Terperature (Air)
1. AMr Transportation
2. Cround Traasporzation
3. Storage

b.

¢, lHNMunidity

d.  Sand and Yust

¢. Tunpus

FOM 1A 138 a2 HLY 220
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3. REQUIRBANIS .
3.1 Iten Definition. The RPC shail function a3 a rasofe pewer control device in
one or more dircct currcat (de) clectrical power systons. The RPC shall also provida

short circuit/overload px*ot.ucuon and a Trip Signal. The RPC function is illustrated
by Figure l. .

: ’r
3. 1 1 Itema Diagran. Appendices ¥, II, and III illustrate the envclope .and rounting
dimmsions of the speciric ’L’C 'rype a.nd Class, )

3.1.2 Zleghrienl Pc‘.-:er C‘.\:-.rs.ctenst.i.c The Electrical Peuwer Chavacteristics, at
the RPC tarminals, shall be as specilic. herein and in accordance with MFC004-002,

3.1.2.1 Irterfaca Diagran. Figure 2 is a schematic block diagrazm in which an RPC
nay be usad, uhe dliz ;r:..x illustrates Slaltle Crbiter aerospace ve.ucle Fower
systcus and ewrrsnb flow, Tie diagren is intended

to assist in determination of the sellu-s' deta.u reqmrements ancl shall mb be
construed as a ~.onstr:nnt on design.

'4- . e - .

3.1.3 Lﬁg.__}_c_q:._t._w;zlcatm. Identificaiion of *!'e RPC shall be as specif J.ed in the
applicable Arponiix. S

3.2 Q‘\ir_a_qg_eristica. . .

3.2.1 REC Perforzance. The RFC 1a.ll be capasle o er=t’15, as -'pe"‘_fxed, when

3.2.1.1 Lifs Drisuiromenis, The REC Rl be decigmied to pronde the nost cost
effestive 1 11c ‘paoxl ~7, censideriny iialau x...-n‘ wi2nce snd/oc refursiziient as
~well as s\.a e-of- t..e-a.r:. harduare de:z;.“ 1sen comzletion of tradeocifs by the selier
to estacliza the opzinws relaticaship tetween hirdwice 1dfe capanility, t-intenancse, -
~andfer refusdic -.;;3::?., tae 2PC opf-rating 1ife 6bje ;'::e will be changsi to hecome

a rcquiresent. - : : »

3.2.1.).1 Operating Lifs, The ..FC shall be capanle of performance, 28 specified
herein, for a Linia of T 100, 030 2FC operating cyeles, '

3 2,1.x.2 "Sv’f'p} Life. As a desisgn oplective, the RPC shall have a mdnfrws useful
ife of 72,500 hours winich is equivalant %o 100 “rhital liissions in a ten-year
pcnod fron date of delivery,

- .8 - .
3.2.1.1.3 J}!tlf 1ife. As a desisn objrctive, the FIC chall te capable of operatins
in sosordinee wilh L poprircacnts speaifiod neretn cay Yo within a peried of

Y

tey yrears Crca date of r.al).vezz*y wvhen exioaed Lo bt cavirounents oF 3,248,

-

3.2.1,2 FRlectrieal Performance, - 47 -

3,2.1.2.1 Crersidng Yoliapes. Thoe L0 r‘prra’inr Told :\Lca .;h.).ll he wu.hi:\ the l*

speeified in Tavlo I aad an illustrated in rigure 3.

-
v

2.2 0,21, Fesa O 0 e, The Tura ™ Tolhe e shiall be 16 volts, alreeh oo
(76e) itiaiiane PYTREPRULIE NS St S SR TS (YN 52 LA AR 0 B SN TR RSNt & SR A

calornad. load, L .

- -

o s "
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flow to the external load is turned off,

(f

ncaso’-oou - L. 1 l [ 1. 7‘“ s

<. * " a - . . .
3.2.1.2,1.2 Turn Off Voltage. The Tum Off Voltage shall be 9.0 wde, plus 0.0,
aninus 2.5 wde. The Turn Off Voltage is defined as that voltage at which eurrmt

-~

3 2.1.2.2 Rated Curreat. The Rated C\urmt s}.nll be as upécificd in the éppltcable
Appmdi.x. The RIC shall not be adversely effected when subject.ed %o the Mgher :
currents specified in the following subparagraphs.

3.2.1.2.2.1 Current Limiting/Cverload. The RPC shall ljrit/imliblt currmt flow to
t.he external load within t.ha time/current linits specified in Figure 4.

3.2.1.2.2.2 farture Current. The RPC shall i‘a.i.l safe vhea mtempting the Ruptu*e

Current specified in the applicable Appendix, Fail safe operation may be provided
by a fusible link, A '

P

3.2,1.2.2.3 IC Rirole Cuprent. The de ripple current during Current limiting/Overload
conditions shall not e.\cel-d Lo percent of the input supply current.

3.2.1.2.,3 Trip Simal. The Trip Signal (TS) shall be a steady-state discrete plus

28 vde, in accordonce with Table I, The TS vde shall be réfercnced to the control
cireuit minus voltaze. Subsequent to Current Limiting/Cverload and Rupture *trip”
conditions, the R™C shall provide the TS continuously whon M 0 to 34.0 vdec is applied

.ab %he RPC conirol termainals.

3.2.1.2.4 Reseb Car:dbility, Subsequeat to “trip" or interruption of current flox,
the RPCmJ pe Pesct .f:.t‘\_n 0.020 scconds, .

-

3....1 2 5§ Reswenze Times, Tho RPC Heoyonee Tines shdl be within the linits ..pcciﬁ.ed.
m Tablo I 2nd Fig'..re 3. .

3 2.1.2,6 Comion liods Rejection. The RPC shall mor-o:-ate'c:omon Yode (C4)
Rejcction capability to prevent inadvertent operaticn vhen a O plus 10 0 volts
peak, dec to 100 @5, 45 pro3ent at the control terwinals,

3.2.1.2,7 @_@_-;Jl. ma2 PPC Electrical Perforzance shall be demonstrated, as a

~ condition of the Puyers' acceplance of cach RPC, 5,000 cinimun opera\ti.ng cycles at

the rated resistive current specified in the appllcablo Appeadix,’

-3,2.2 RPC Phveical Char ,.cteri.,tics.

3.2, 2.1 Weicht, The raximum weight of the RPC shall ..ot exceed that. specificd in
the appl.’i.Cu.olc App'*ldi.x . . s

3.2.,2,2 _P,:_\:_{g_l\gp;.:. The *welope, of the RFC shall confora to tho rr.qnivc: .ents ot the
arnlic:xb]e «‘,Ar"\dix.-

.

3.2.2.2,1 “Friclosuire, The RPC inclosucc shall b9 of Bul xlcimt wmechaniead streagth
tn 'uthat.and the norzal bransit, test, atorage, and use (requirements of ULhis spec-
ification), without causing malnmction or distortion of parta, The RIC ..nclo'uro
shall be all-welded construction and shall net olectriecally interfacce with the

tenainals or oparating plus and minug voltages,

FOUM 14 131-tiwl Fov 370 . 1.5"7
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- 3.2.2.2.2 Tewmdnals, The REC shall ncerperate solder Terminals, Thc PC Tarin

shall confora to tie “Terminols" and "Streagth of Tor.inals!  requirenents specictie

als
ed
4n NIL- u-vuu ~m*mpn 3.4.3.2.

.

3. 2 2.2.3 nn whie Send.  The RPC shall mcoq.or ato . Hermetic Scal, The hex'*at.ic ~

Scal i destinad as A gas tight fusion of the Inclesurc and Tem vn.d.a, utilizi

metals, uhx'so\ s waterials, or other r:.et.d. to metal tonding, The Hemetie S‘.a.l
leakage rate ciiall not exceed L X 1078 stindard cubic centimetors (cc) per sesend per
cubic inch (m)) of the sealed FPC volume, Prior to sealing, the RPC shall be rarzed
of all £as3es and tho vack-1illed to a pressure of cne atzos

resthere with dry nds-czen
and suff '.: b quantity of heliuz for rass spocirencier leak debect tion,

) , Each bock-rill gas shall have a 98 percent
purity and a dev point not above 85 F, _ -

,e
3.2,2,2.3 icwnbing., The RPC shall incorporate inbtegral f£la anse tyze mownting

-provisions 55 illuslrated in the applicadle \gu.:z.!.h(. The motating surface shal
; confira to the envirenmental requirenants of this specification and NFCCOL-LOJ,

The mounting surface finish Qha.ll ensurce the Enclosure Bond Resistance does not
exceed O 00<5 ohm, ) ' ©

T 3.2.2.3 g_'tl.it,rdc. The RFC shall operatc in accordance with the requirenents of this.
i | specilication when mownted in :my posxhcn.

befere failure.

3.2.3.1° Failure Rots, As a cm.l, \.hc RPC f]i,;ht ion relizhilis 7, .¢he:x o-.:.r:.‘.ed
- within the rea ur;':.:‘.ts of 3.2 2 and 3.2.5 N sha._l oe 150,000 h ours mean iiza

3,2.3.2 Failure Deterrent, The RPC .,nul be dc.,xgncd .,uch that »rarsient oub-ol~

: tolerence crnriiiions or cor .ponent :Lcu.lur ¢ will nob cause other conponent or sud-
' systea failoces, : :

- ™

v 3.2.h Urinbainability. The REC i3 dest zndmd a3 hOp Renl..ceable Unit (= u)
; . and saall not require maintcnance,

3.2.5.1 Tx- heteleled 4 t,-vfmn n (Packazed), The REC shall be ea apable of meeting the Ilactiro-
maymetie m" orlormcc ond Jleetrical Desizn requircimts speeificd herem aft->

(Vg o Ty ol to the follewing ersmrtnt.mn c0!.~1Lt..(»n° wnm packaged in acccrd.,..
with Section 5. : - ] A oL
. .‘
a. Mz 4
(1)  Teyperature Binimun eobient of winus 65 Pzl deit (F) far six

hours at "5 €0 genn (1), Mavdnum wbient of plus
15 F (; rﬂ\m\l) for one hour; ruazinwy com p:xrt,r.mt. ‘
teaperature winile «n promnd of plus 19 F for ore Lour
“and plua 150 F for .ix hours.

(2) Pressure Haxirun of 15,27 Loy (10a)
. abzolut: {pria)
35,000 e,

PTG re (s0) inh (4n)
3 (RS .i."llu".-.; . .: ! RPN OL 3.::& i““" .y

: 1N 1A 11t e v . 7 5-18
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CODE IDENT. NO. 03953

NUMBER RCVISION LEITER : )
w0 N Ml
()) Hualdity - 8 to 100 percent rclative humidity, including conditions.
e wvherein condensation takes place in the forn of wator or
fro#tu ‘ . )
b. Groun _ ' S ) .
(1) Tmperatué © NinSmum ambient of minus 23 Fy, - naxizum azbient of plua

115 P, maximun cazpartuent of’ plus 190 F for one honr
and plus 150 F for six hours,

(2) Pressure Maxdioum of 15.23 psh (sea level), mininmn ot 9.76 psh
. (10 000 ft), .
(3) Hunidity 8 to 100 pcrcent relative hum.idity, im:luding cond.‘ tions
. wherein condeneat.ion takes pla.ce in the fom of water .-
or froat, St . .
c. Shoek .- Capable of ‘vithstanding sncck, as '_ S
‘pecuid m 5.2.3. ' .:“ [ ' ‘. o
d. Vibration capablo of withstanding Vibre.tion, Sinusoldal, L
r. Qpecm“ i.n 5:2.30 ° . . ; - >

3.2.5.2 Sboraee. The RPC shall be capable of reecting the Electronaznetic Intor-

ference and nlectrical Jdesim reqnirc:.\mts specified herein after exposure o the
Iollowing storage conditions.,

(packeged or - ;,.acr.aged,) : c

e o —
T
LA .

- (1) Tazperature Minus 23 F to Plua 193 ?- S . : .
'(2) Hunddivy 8 to 100 pcrcent relative hw.iditj, .ncluding conditicns -
' ) vherein condensation tekes pluCO in the form ‘ot water
- " or frost.. .
(3) Pressure Maximem of 15.23 psia (sea level) ; n\minum of 9 75
’ ”18 (10 b olo) ‘t)o . .
(4) Ozone Threo years czposure including 72 hours at O, £0 parts
- per rdlion (ppn), ..hreo ronths at 0.25 pem, and racainder
at 0.0S P,
~(5) Fungus As speeified in 140999-0096. _
(6) Sand and Dust Suspeaded dust (as distingiich.d from blmdnp 2and) 1s
unifopaly diat.rihvv-'l in the pentacted atinsshare, with
porticie &l aes vonpin fyoi t‘."y luwer, lim.t. ot sand (9.03

millincter (nf) doan %0 belcw 0.0001 mm, Mncty perecat

of the dust particles will bo belween 0,000) wa and. 0.00?
ma in diamctor,

b, Unghelbered Faviromacat
(packeged)

(1) "egusature - Minua 23 F to plus 115 F,

LULEIE I F L RSE TR I YO ¥y
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' . (2) Pressure’ Maximum of 15.23 poia (sc.a level), minimuz of 9. 76

' : psia (10 oco rt).

0 (3) Humddity 8 to 100 percent relative humcm.y, inclu&in; conditions
P . ' whercin condensation takes placo .'ur the form of watex' .
g T e - or frost, . D : .

' (I;) Sand and Dast As encountered in desert and ccean beach areas,

' - equivalent to 140.iesh silica flour with particle
velocity up to 5C0 feet per iminute and a pa.rtiele
desnity of 0,25 grams per cuble foot.

(5) Ssalt Fog Salt atmosphere as encountered in coastal areas, the
' ’ effect of which is simulated by exposure to a 1.0
. percent salt soluticn by weizat for 320 days. L.
(6) Rain Haxizum of 19 inches in 2l-hour period “including short
’ peried extremes of four inches for one hour,

(7) Ozone Three years exposure including 72 hours at 0,50 PER,

: : three months at 0,25 ppm, and remainder a2t 0,05 ppa.
(8) Solar Radiation

' A(f9) |

3.2.5.3 Ground Hendline Iasds

the operzting perlocn:nce roguire s.n..a spesified herein after crposure to the
follewing growd han wiing co-if'.itkcn., when. unpaer

Fungus

Solar radlation of 263 Britizh Thermal Unit (e'u)/ft.f'-‘/-
hour for six hours per day for tm weeks, I

As speciticd in "C979-C096

Unnackoned), The RRC shall be capable of peeting

a. §b9.<;£,_}3mh
: Handling

1 b, sheck

C3.2.5.0

Flight Paviromaenta,

hercin during and afizr exposuro to any conbination of th: following eavironmental
extrenes: ) :

a. Pressure

b,  Alrosphere

A ]

c. Tenperature

d,  Hwaidity

Procedure V

AOam = 3.45 puia, 5a

of wrzber o

snged.

As specified in MIL-STD-£810, Yethod 514,7,

As spocified in HIHTD 240, Xe‘hod 516.1,
Procedure I

The RPC shall be capable of operating as specified

16.0 psia, maximum to 1 x 10"-0 s of Hereury (x:.._}lg
or torr) -

Circulating Mlisre: m/ﬂ- sren ot nazdaava prmﬁurc

wimary 2,75 pola, siniswn)
to nesdnal b )..o peaas (35,50 fv).

Minus 65 F to plug 1’3 P in specificd-aty n"phhrc, to
plus 130 © ub 1 x 107 zits («hen wembed on eoldplate),

Do polnt plus 37+ to ,".u Cl [y salini

by wrelefing O perernt vel SRR A AN
mmuum, WL Lons

Ly on prraernt
_._'n u'\v o

AR O RN J

~,-L‘u N r.—m 4 plece i wie o1
Loy fur vy W 30 dyo.

FONRM A 13- 042 Nev - 79

—~mee ad

7 05'20
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e, lirhining The RPC shall not Ly »oveesoly effectad when exposed to
ca.blu core transioaise b "u:“. S Terninel, Tha transient
noll LS & ecupasits o oo telanmlar wave forms, each

havin: a towal enciiy of W rillijoules, Tho first one
hall crest ab two oleovozlzonds after indtiation with a
. tot.o.l dura ion of 1LY vicrvseconds. The second oie shall
. erest at 300 uicrasoecwads arter indtiation with a tot.a.l
duration of €00 microscocnds,

£, Yibroticn Random  ° Acceleration spestral de wiiy (g?/iiz) mcreasing at the
.. " pate of plus aix deaibvals (do) per octave (oct) rronm 25
to ® Hewts (H2), «m:‘.:h A o.t 0.2 g2/iiz fron &0 to 400

Ha, deeressing ab vho voo2 of udnus 3 db/ect from 400
. to 4,&0 ‘ﬂ:) ia Qs.\:h b Y

g+ Agcelovation " Plus and ndrmus 5.0 oy 3 siaubes in each directi.on of
' : ., each of tm ‘-“.hree sutval actes,
h. . Shock - )
(1) Yon-operating Paak acceloration (scirtooth '-ulsw) , 10.0 g, 0,011
' second min‘zaa In ecsh diraction ot the three nutual -
- axes, .
(2) Cperating Peak acesleration (ract-pgalar p\\l* ea), cns tine, 1 5
. & 0,250 grecrd ‘“'uwx, in each diraction of each of
th', thfee 'h'\t“’l P RN '.‘ s .

3. Tas 270 chall be capable of ope:'ating
GREISACR ho coviiormants specified as follows:

18,0 psla, madawr, %o %5 psia, winimun,

b, Atzssihors Standard; adrwatetia, ot the Pressurs exiruaes specified
: . . herein,. 4 )

¢, Tepavaiury (A micn“ lirus 23 ¥ to plus 135 F.

d, lipidihy 8 to 100 pacecat vo)otivd nuridity, including ceanditiens
shcrein eoitonsatise o2 nlice dn tha form of wabter or
- frost for up to :C c'zg.,.

e. Sali Fog * Salt chwoshwere o o 'x,",cr"* in ceastad areas, ko
effect of vhlen in slolibed .)/ evposurs to a 1.0

‘pergeat oalt solubion bere u* kb for 20 days,

. 5318, Tho 290 ched L Y degtopnet 22 sk So be eapehla of haing
handled 2.4 o iparsien Lo using fachlin i 0 Tewngt o Angradation, ubilizing
e.mil-.r.bl«. St of brinstort witih Live z.'i'(, prcp ook "or 'ih.qnmt in asccordance
with Secticn 5 requireaents,

: REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR .
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! osi wiriaction. The BYC shall Lo of cospact ddsizn and of susficiently
, rugged ccnst;uc Lo :1th.,t.a:'d all stresses and operational conditions ..pecx.md
{ herei.n . . - -0
! BT L et e
43.3 1 ‘Zatem..ls, Ports,’ond Procc-ses. o ) " i
3.3.1.1 Mdateri:ls and Frocesses. iaterials and Processes for the RFC shall be in
accord:nce with 0959003 6, to the extent specnm.d in the reqm.r—‘n-:nts tablo of
the purchase onier. | . oy .
3.3.1.2°Parts Stond rgj. _ticn. Partu x.t.ih::-.t:.cn s12l) b'- b ed on selecticn ot ,
qualu:.ca Cirts, vroper G raiing. application, .._..1 a.m...uzmg the mx...ber ot mrt
typés. P'n-f.s util..-' ed shall confora to iu”COO.;—LOO LR "'_‘_ .
3.3.1.37 }’w‘;s Attzchnent. Parts within the “\P': h.e_oum—ei shall hé ’.n,e'c'm'-ed (vended)
to t‘:e RPC assedly by mochanical means, excest citachzent may be effccted x.t.i)‘uing
a'opro" &l fusizle rr.t.crl_.ls with melting points czual to or "rc_t. 2> thaa )(5 Sy or,.
structural achesive bonding in .ccordance with 85790096,
< .. hy . P
3.3 1 l} ’ 1&‘&"&15.3 .p_._; The intemal o acee C; »Yc i .v«c—..‘ld & -of’.¢Ad < u.!' cCCS Ot
intc:val. 30 pirts witain the 5}‘3’ sx n bo cleaned to | ihe cleznliness r;.qmr::aent.s
- v e - - - - I‘ . S N PR S
g of LCM;_QJ“O.\-__ ST . T B T R T
1 3.2.2 5 ard Stand
1 use i.n the ¢ Qc.s:.;:‘. and ecns ...ac:.;on of azs #¥C, cihar han ‘..;.::se s::c-:i.‘"ed herein,
1 shall bé socsicd ia the order of pr:c;i.::.ce speailicd in MIL-ST2- ) hat .
Y ;.;_S._\:_d,a 1I0nRs, when suitable for the rurpese shail . ..
. At San s M E B . e .- P .
1, M - b R
i 3 3.3 Blecirerasaeric Inberferonce and Elechrisgal ;—:‘:wn.
it 3- 5.3 l _1‘._ .=nberiorance.  The aXC chail be designed in accordance wita
iL |83 ,‘iQ-U:':‘:, o i, u\...-&...)q D. .. R "__ . . T
3.3.3.2 The RPC Zleetrical Zisicn shall conforn to the require-
menbs specit 37 except z5 follows, . ST o
3.3.3.2.5 Dx The pwer conswacd by the EFC ch-ll ba the vindmm required, . C |-
consizbent wilh the= "fvxurr. wnls of the applicctlie Jppendix. T T
1 3.3.3.2.2 1-,—.-,, » op. The Voltaze Doop chall nel evceed 0,5 vde for current
4 values Soeas 2o H. 100 ‘ACPCO."!’ of the rated ra;;:: ve current cpesific d in the
apnlic-ile Avn: “21_" : » ) R . i
......".” P oot T e e PR N U D S o AR o
3.3.3 3 [")""L'“ ¢ U ARSI SV AN R Wi "! LRI PR T
- MR P SV doetd
3.3. 3.2 3. Yo -w"-‘_, mc Insulsticn Res i..t.a:v-c, acasured at a ., . L
| ZZ SN T PR 2 (.mxﬂ ) whea bested as
Sl ViR 200053 ) L . . " o
s . - - - ‘ .. - * . . - Lo B .
: 3.3.2.:’_.3.2’ trie Strayzhe The REC £hadl be cipsble of withstanding 1,250
B g : : ..
wnlts 1 hlbumating cucreat (ac), €0 Mz niniar , sential, o, el betwoea the M€
Teralnals (i e Faclogura ns specificd ia 4.0, ..3.-, for period of O
coconla l-i‘;ni-”-'\;u ';.;rin,-; exch Lest, the ledoage cursont whall nob ergeed 1,0 1illi.
ISREAL t\)r ]O til11lwecends,  Subsequaat to .\c.'-l DAL '1'5-:;%.3, the test joteatind
PV eV ) s e, Ty e
P - A Y s 2 Per 80 N -
-y o . -

- - g
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) . . ' ¢ .
3.3.3.2.3.3 TIivedqnce. The Irpei\-\\.c of the RFC, Yctuwcen the pIns control terménal

:md the EFC Faclesure and all other Terudnals, .,‘1111 a0t be lcss than 2,100 oh.as plus
™ or minus 100 ol . . . :

.3 3.2.3.4 Lo:"\r'e Currint. The RPC Leakage Curreat with vlus 31..0 vdc apph».\i e

tween the load tardnals seall not exceed the maxirua s“ccxued in the applicablo
- Appendix.

3.3.b Idetificaticn and Marking. e T T

3.3.2; 1 Tdeatification of P‘.t-ts. Bach part fabricated shall tve identified with a
part nuber, he swie specificasion or gart merbor shall be uscd to identify all
like “-tsxi:'lb » Processes, and parts. Seller shzall assizn a new prart nusber to the

part when authorized changes make the sugersoded p.-rt. ret int:rchangsable with
respec t, to in cmhm., reliability

saffely, lo-istics, tracezdilsiy or rerforaznee.,
For iracciole it s tae paxg me:“,:.fa.ce.tlon saall zdditicnally include the manufac-

turer's identification cede in accordance with LCD Hand®ool Hi-1, and be lot/uc!r.be.
nuzbored or ocrml nuohered vhen roguired,

3.3.1; 2 Identification of A1 Develowment/Cu-lification Test Specinens, Test .
specinms shall be pomuneatly and obviously identilied prior to tcst:‘mg with the

words "TG. TIST CILY" in addiiion to the identificsticn reguired by the Draving/

Specification to preclude taeir use on production itexs. ..e letters shall be
indelible and provide a distineiive and vivid contrast with the color of the spcoimen,
The lettering size ond identificabion location shall be clearly visible to casual
observation, Matorials used for the identification shall e cor.p..tible with the

est spocinag an:l itls ouorating enviromient., hea the size or contigpuvration of tha

E 3

L

such, the ideatification cannot -zpzear on the specine, othexf!snitable
oc‘xcd ""«.al tags shall be uscd. - - -

3.3.4.5 uonlabea. Hoseplabes shall be marked in accordance mth AIL-STD-IBO and
shall mclu.e (-.. e.rr,l_c*olc) itea neme; buyer's centrol nurber; Federal Stoeck
Mumtaorfllorth ASlsabtie Treaty Orpas .izat.*m (FeiMTC); ranufacturer; date of man
facture; ~nd ronufaclurerts serisl nus ar, part nuther, 10* nusber, and code

identii‘ication nusher, - ;‘-.bbrcﬁations, in aceerdance with UIL-ST D-12, nay be used.

Y
S

3.3. l‘.l; 'ror-"'n" ‘Mrrtxf ution Wi, rin;_; Magram., The PPC shall have pm-aa_'xmtly
affixed to tha iaclosure zn indelible and 1o 2zible Terainal Ideatification/diring

Diagren, Lhah identilles each RPC Temminal functicn as specificd herein, and each
RFC mr“wal location.. ‘

-3.3.5 Tm«:cmxh"’ Trazeability shall be p
identificating Lo caeh :".TC identificd in 3.1, 3.
the neans of ("‘J!‘Z‘Plluin. ~ch to 11.-: historical
imust be Lrice-tle Lo rach .J"C. .

3'30501 l.u“’—'.\“i’hj ('}: '}’.ti _r‘

PSSR

¢l W 2 assiring a trae .abil.tj _
ucn id:am t.ifi cation shall ‘provide
eordi.  fenversely, the records

.‘
2u
-
o e

_,‘ n. For lover tfer 4!, .'\.., tracebility elansifi-
eations shall oo csboblished by 6l :‘.'nf,u.nr' rix paterial ., part, assembly, or nd itea-
for rit'tcr'dmn-' the 2rarking and traceability records rc*nur'v} (or azeluded for ozerpt
ftein) for that iten, ‘.ollor/ wbordinate supplice enzirearing decunentatien (e.g.,
drarings and spoeiCieablens) chall spoeify trazeability or r./.,.,pt.i.cn for itaas in
accordance with Lhe applicable classificabions d:fined in 6.1,

- ' RFPRODU

CIBILITY op
ORIGINAL PAGE Iy POOT;IP
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3.3.5.2 Traceability Identification. Each itm identified as traceadle (refor to

6.1 for T, Ty, " ) shall have a traceadility identiffer consisting of the manufac-
turer's code Identification nusber as listed in boD Handbeok H4-1 and a serial, .
lot, or naiber nusber. The serial, lot, or me

bar nuaber shall be :zssizied by the
manufacturer and shall not exceed ten characters (a.lphas, nunerics, dashes, ete.).

3.3.6 Interchanceability. The RPC and intezral parts of the RPC, identified in

3.1.3 shall e interchimigesble in acconlunce with the definition of “Interchangeable

Iteas" specified in LIL-STD-29).. interchangearility shall be provided 2t the attach-

nents of these iteas to their next assaibly, ‘

3.3.6.1 Design Tolerances, Provisions chall be nade for Design Toleranzes such that
each RIC haviag the dizcnsions and characteristics percittcd by this specificatior “¢r

e o

“the azpliczblez Appendix are interchangeable without sclecticn or derarture fron tho
_RPC perferrance spocified herein. . :

3.3.6.2 Use of Standard Parts. lhen standard parts specified in 3.3.1.2 are rot -
available and penadscion is granved for use of a non-standard part due to unavail-
ability of the standard part, ihe cquiracal shall be desimmed so that 4he nonstandard
part can be rerlaced by the shandard parve apprepricte syece, reounting holes, and

other necessary provisions chall be provided for this TUrpose, )

3.3.7 Safcty, The RPC design and operation £iall not impair crer or vehicle safety
when operated .ot the teoperature and proszurs extreates- specified in this specificziien,

3.38 Hrmn Performmcefivzen Mmmiacering, The RFC design shall te horogetccus with
the capasilities and 1icitaticas of hweor Operaiors wagaever a man-sachine InLerfaca
- exdists, including Lorques, forces s ad ctaer characieristics rclative S0 serrice use
and work stetions, The principal design suide for ‘he man-machine interlace shall te
RIL-STD-1472, . - : s ‘ )

.

.s "
. -
- . .
L. v . -
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.
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3. REQUIREMENTS
3.1 Item Pefiniticn. WCCB's built to this specification shall he capable of

performing the follc.inr fuaction: uwndar ail the envirozmeatal condlitions and other
requirerents impocsed by chis soecxtxcn:ion.

a. Carry gurrent in accordance vith its rating as specified in Table I.

b. Autonatically sense an overload and interrupt (trip) the citcuit vithout damage -
"under the conditions specified.

c.

Provide the capability for closing and opening the circuit f'on a remote ‘location
during all condici fons except overload.

This canabxlit, shall provide for clesing (rasctting) the RCCB follouing an automatic
trip but oaly after the overload condition has beea corrected. It shall not be

possible to close and maintaia the RCC3 contacts closed while an overload condition 3
is still present.

-

3.1.1 1lten Diagram. Figure 1 is the block diagram for the RCCB external connections.

3.1.2 Interface Definition.

.3.1.2.1 Flecrrical Pover Characteristics. The electrical power characteristics at
the RCCB inteviace shall be im accordance with #FO004-002,
7

3.1.2.2  Coatrol Inp:t. The RCC3 shall be actuated (set) by application of a é;
24.0-:3.0 Vde sic-al “ppl‘ed through a 1300 + £5 caz, 1 2%t rezistance &t the ecntrol
irTut '**”"*1 nhewm in Fignure 1. Damovwal Tof the cuntrel input voltege shall czen
t;- ---cr:. vs( f,ﬁw Crecs -t rr R NLU % UL Aen “Baitemw -;-'-.“ TP

3.1.2.3 ::5:-7 Porar The RCCB zhall te cauabl‘ of operatfon using 28 Vdc backup
power applizd as lhovm in Figure 1 ac tiaes when line voltage is not availzble. There

shall be ao ccunection within the RCC3 to allow the backup voltage to energice tha

main bus or the lcal, sor for the z2in sus o enorpize the

rackup voltage bus.

3.1.2.4 Flecrrical Conrections.

Contactions to extermal circuits shall be as shown

in Figure i.

3.1.2.4.1 Lliae zni Toad Terninals. Terminal studs shall be used fcr main line and '
load comnncctions as saown in Figure 2. -

3.1.2.4.2 Control Terminnii. The control terminals shall be ccntained in an inte-
grated vire-terrinetion medule in aceordunce with M527726 to zccept pia centast
M539029/01-16-20 pexr HIL-C-3%029/1 and as shoyn in Figure 2.

3.1.3 Item ldentification.

g

The identificaticn of the RCCB shall be as follow::
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Table I. Periornance Requiremeats
Max N
. Voltage Trip Tire 30° to 140°F (Seconds)
.1 Drop Percent Rated Current
' at 70°F 200 400 600 1000
Dash Rated (Rated - 2 : :
Number Cuxrrent Current) min nax min nax ain |- max nin max
-1015 15 0.25 13 4S 1.7 71 0.7 3.4 0.35} 1.2
-1020 20 0.25 14 47 2.2 8 | 0.9 3.5 0.35} 1.2
-1025 25 - 0.25 15 49 2.5 9 1.0 3.7 0.35] 1.3
-1035 35 0.25 6 s2| 28| 10 1.2 ] &1 04| 1.4
-1075 75 0.25 16 | 61y 33| 12| 1.4 |'s.2] o4 | 1.8
-1100 100 0.25 17| 6] 35| 13] 1.4 ] 5.4 08| 1.9
Ultinate Parcent Ra:ed Current _
Trip 30° 70° . 140°F
Hinimun- )
Xo Irip : )
1 hour 115 115 105
Maximum - -
Trip
1 Hour lax 145 140 140
7.5-30
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REVISION LETTER
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Nonenclature & Mfr : Traceability © LRW
C Je Ideut. YNo. Buyer Control No. Seller Part Yo. Classiiication © SRY
RCCB MC454-0027-1015 ' s . : S‘rill . 5w
() 1020 o :

1025

1035
1050 1
' 1075 ) <
: %CC? HC454-0027-1100 . IBS Serial - 8RU

3.2 Characteristics,

3.2.1 Performance.

3.2.1.1 Life Pequirements, The RCCB shall be desiﬁaed to provide the most cost
effective life c2)ability, considering state-of-the-art hardware design. Upon
completion of tradeoffs by the Seller to estsblish the optimum relationship between

hardvare 1ife capability and cost, the following life ohjectives wvill be changcd to
requirements,

3.2.1.1.1 Operacine Life. As a design objective, the RCCB shall be capable of.being
remotely cycled "ON" and "OFF" for a minimum of 50,000 cycles at rated current. In
addition, the RCCB shall be capable of withstanding 100 cycles of automatic trip at
2C0 perceat rated current with remote reset.’

3.2.1.1.2 Useful Life. As a design objective, the RCCE shall have a minimun useful

1ife of 30,000 tours, which are equivalent te 100 otbital uissioas 1n a 10 year pcriod
from date of delivery.

3.2.1.1.3 Shelf Life. As a design objective, the RCCB shall be-cabable of operating
in accordance with the requiremants specified herein any time within a period of
10 years from date of delivery when exposed to the applicable environments of 3.2.3.

3.2.1,2 Electrical Characteriscics.

‘3.2.1.2.1 Ampere Ratings. Ampere ratings shall be.as specified in Table I.

3.2,1.2,2 Voltagze Drop. With ratad voltage and curreat applied'thé RCCB §olta3e dr&p
from line to load tarminals shall not exceced the value specified in Table 1.

3.2.1.2.3 Iuterruptine Caracity, " The RCCB shall be capatle of 1nterrupt1ng currents
as specified fa Table LT when t(sted in accordance with 4,.2,4,1.16,
3.2.1.2.4 Pover Reauirzments, The RCCB shall requlre a maximum current of 3.5 ampcres

at 32 Vde to o;-erate the main cuntacts and a ma«inum control current of 10 willi-
amperes at 40 Ve,

3.2.1.2.5 1Insulation Resistance. The insulation resistance between mutually {nsulated
parts and mounting surfaces shall not be less than 100 megohms when measured with 2
test potential of 500 volts dc at ambient conditions.

FOHM M 131-1-2 HEV 2 10 7.5=33
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3.2.1.2.6 DNi2lectric Withstandine Voltape. The RCCB shall withstand 1250 volts ac
(rms) at 60 liz for a period ol 60 sezonds and shail show no -ovidence or bro.ddos .,

 flashover, or current flow in excess of 100 microamperes,

. * ‘
a. Between line and load terminals with the RCCB in the OFF or TRIPPED position.

b. Between teyminals and parts normally grouhded (such as frame, shell, mounting
plate, etc.) with the main contacts in both CLOSED and OFF (or TRIPPED) positicns.

3.2.1.3 _QgeraCion.'

3.2.1.3.1 Control. With power applied to the line or backup pover terminals, the
RCCB shall be capable of being closed (set) by application of 28Vdc to the control
input, and cpened when the 28 Vdc signal is removed. If power is removed from beth the
line and backup power terminals, the RCCB contacts shcll rewain In the same state as
they were before the power was removed. If power is ugain applied to the line or
backup potier terminals, the RCCB shall assume the state dlctated by the status of the

control input. With minimum voltage applicd to the control faput, the RCC3 shall
operate in a maximum time of 30 nilliseccnds.

3.2.1.3.2 Trip Performance. The RCCB shall interrupt the circuit (trip) within the
limits specified in Table I. ‘

3.2,1.3.3 Trip Mechanism. Uhen an overload condition occurs, the RCCB trip mechanism
shall open the main contacts. The trip mechanism shall not be capable of closing

(re-setting) the main contacts until the remote control switch is moved to "OFF" and
then to "OV" :

3.2.1.3.- Trip Free Cperation. The RCCB shall be designed so that the circuit czunot
be maintained closed when the contacts are carrying overload currents that would
normally trip the RCCD to the open position.

3.2,2 ‘Physical Characteristics. .

3.2.2.1 Envelope. The envelope of the RCCB shall not exceed the dimensions shoin in
Figure 2. : .

Table II. Intervupting Capacity -
Fault Open . Fault Recovery Open
Description System Circuit Current Circuit Voltage
* Voltage Voltage Amperes Transient
1 oCo 28 Vdc 30 £ 2 Vdc 6000 amperxes in 28 V within
1 ¢o 0.0 ter 0.03 0.002 secauds
. ’-‘~8econds after ° L
Sea Level " fault initlation 50 V maxirum
1 0c0
1 co 6
1 x 10°% TORR

*0C0 - Test in which the circuit breaker i{s clesed before initiation of the fault
CO - Test in which the circuit breaker is cloied to complete the faulc

FOnM M 131 -2 v 2270 7.5=34
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3.2.2.2 Mounting. Tht mounting provisions of the RCCB shall be ao shown {n Figure 2,

3.2,2.3 Weipht, The weight of the RCCB shall not exceed 78S pounds {ncluding
terninal hardware.

3.2.2.4 Surface Wear. Interacting surfaces in the RCCB shall be sufficiently smooth
and wear resistant such that particle goneration will.not ptecludn the normal
functioning of the item as specified hereinm,

3.2.2,5 Terminal Nut Torque. The RCCB external terminal fastener torqﬁe shall be
TBDI ) . . : . " ’

3.2.2.6 Orientation. The RCCB shall be capable of oporating in any position and at
zero gravity vhere couvection cooling is precluded.

3.2.3 Environments.

3.2.3.1 Ooerational. ~Tha RCCB shall be capable of meeting the operating performance

requirements specified herein during and after exposure to any feasible coabination
of the following condicions: .

a. Temperature . Hininuné _Plus.30 P'
Maximum: Plus 140 P

b. Pressure Minimum: 1071° Tory
- Maximun: 18.0 psia

c. Hunidicy Min{mum: O percent, relative

' ' _Haximum: 100 percent, relativo
d. Saltvrog Exposura to one petcent salt solution by weiaht,
e, Lightning In accordancc with MFOOOA-OOZ.

f. Random Vibration

() Liftoff and 10 -25 Hz 0.02 g2/us
Boost Vibra- 25 -80 Hz 46 dB/octave
tion Spectra 80 -400 Hz 0.2 g¢/nz |
400-2000 Hz -3 dB/octave
Time duration -~ 1 hour per axis
(b) Main Engifne 10 -30 Hz 0.013 g2/iz -
Vibretion . 30 -60 Mz =3 dBloctave
Spectra , 60-2000 Nz 0.006 p2/Hz
. Time Duration - 12.%5 hours per axis
8. Acceleration Plus ond minus,5g"s ia all axes
| \ : .
hs  Shock Maintain structural integrity when subjected to a

terminal peak sawtoorh shock of 11 milliseconds duration’
and- 40 g acceleration in any directiom,

i. Explosive Atmosphere In accorlance with N 1L=ST-810, 'ethnd 511,
- Procedure I, using butane for fucl.

) .

FORM 1A 138 412 HLy 200 ' 7.5-38 °
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‘ 3.2.3.2 MNea-Onerutional. The RCCB shall be capable of meeting the operatina
erforrance requivenonts specified herein after exposure to the following transporta-~
.{on and storage conditions when packaged in aceordance with Section S.°

a., Temperature Minimum: Minus 65 F for six hours.
" " (Packaged) -
. Maximum: Plus 115 F for one hour, plus 150 -F for six

hours and plus 190 for one hour.

b, Pressure Minimum: 10~ ~10 Torr
Maximum: 18.00 psia
¢. Sand and Dust ~ (1) As encountered in desert and ocean beach areas,
’ {Packaged) ‘equivalent to 140-mesh silica flour with particle
velocity up to 500 feat rer minute and a patticle
density of 0.25 grams per cubic foot, Y.,

(2) Suspeunded dust (as distinguished from blowing

e sand) is uniformly distributed in the protected
atmosphere, with particle sizes ranging from the
lower limit of sand (0.08 millimeter (MM)) down

to belowO.0001 mn (0.0l micron). Ninety percent
of the dust particles will be betweeno.(n()l.mm and
0.002 mn in diameter,

d. Solar Radiation 363 BTUIft /hr for 6 hours per day for two weéka.
(Packaged) - ’

e. Rain (Packaped only) Maxinum of 19 inches for a 26 hour period, 1ncluﬂing
‘ short period extremes of four inches per hour.

£, Héil (packaged only) -Diameter of 0.30 inches with Eall velocity of 66 ft/sec.‘
g. Suow (packaged only) "10.2 lblft

oy .
h. Shock (Bench Handling) As specified in MIL-STD-810 Method 516.1, Procedure V.

i, Ozone o “Three years exposure, including 72 hours at 6.0 parts
: per hundred million (pim) and remainder.at 3.0 phm.
j.  Fungus #s specified in MC999-C096
k. Vibration & Shock In accordance with 5.2.% -

(Packaged)

3.3 Design and Construction,

-3.3,1 Materials, Processes, cnd Parcs.

-

3.3.1.1 Materials and Processes. Mdterials and Processes for the RCCB shall bé in

accordance with ..C979-0096 to the extent specified in the requircments table of the
purchase ovder,

_
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NEW FROM CUTLER-HAMMER

emete load centrgllers
CZITY Leavy doass iightiy.

New Remote Control Circuit Breakers (RCCB) combine the functions
of a relay and a circuit breaker in one compact package. Heavyweight
performers—they mount near the load or power source and are
controlled and/or monitored from remote locations with 22 gauge
control wiring. You save weight, simplify vontrol circuitry and
eliminate heavy cable runs—for lightweight results.

- - Available in single- and three-pole configurations with auxiliary

r"""’ : contacts, RCCBs also feature magnetic latching which assures
> low power consumption and visual ““ON-OFF” indication

' of contact state. Both types meet rigid MIL-C specification

: requirements for 28V D-c and 115/200V A-c, 400 Hz. service.
i

L = Single-pole ratings range from S to 100

X u':r. measure approximately 3° x 1* x 4°

i and weigh in at 12.25 ounces maximum.

¥ o

] N e

$ . i

! e

, o et U
<

i e F
£ |

Theth.. -~ i3 2vailable in

16, 20 an & 00 LS, MEASUNes amem
4" x 3" x 4" and erzhe T1.6 ounces
maxim.m.

-

If weight and power consumption b
€CONOIH Ly At chivuzli, with WINGE :
modifications, RCCDB; cffer stiil “
more. Under- and over-voltage
sensing. Phase and frequency sensing.
Interface capabilities with multi- &
%lexing systems. You name it—

CCBs carry heavy loacs— - atly

To lift more weight off yuir shoulders,

write for the RCCB Data Kit or cail

your Cutler-Hammer Salcs Chice. !
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APPENDIX 7.6

THEORETICAL BASIS FOR SYSTID

THEORETICAL INTRODUCTION

Direct representation of systems on the digital computer by sample
data simulation is a powerful systems analysis technique. Such simulation
requires transformation by the computer of continuous system input func-
tions in a manner which characterizes system behavior. The digital
computation/process by which this transformation is accomplished is known
. as a digital filter. This is an algorithm by which sample values of a con-
tinuous input function are transformed ints samglz vilees of the countinavus
ontrut frnction which would recult {rom opciating uu ihe input with a given
continuous transfer characteristic. The central problem in sample data
simulation is obtaining the digital filter algorithm which e{fects this trans-

formation in the most accurate and efficient manner.

Digital filters may be classified into two major fategories as recur-
sive or non-recursive. Non-recursive digital filter ocutputs depend only on
present and previous input samples; recursive filter outputs depend on
Frevious output values as well. The design methods for these two filter
types are distinctly different as are their propersies. The non-recursive
filter has finite memory and exccllent phase response characteristics but
may require a large number of terms to obtain sharj: cutoff properties.
The recursive filter has infinite mcmory but rather puvor characteristics.
Recursive filters have fewer terms and lend themselves more cfficicnily
to applications requiring sharp cutoff properties. The recursive filter is
the digital counterpart of the linear lumped parameter continuéus fiiter.
For these reasnns, recursive filters are of greater i~ 'erest in systems

analysis by ~ample data simulation 202 will be <unurarizec oriefly.

7.6-1



If it is assumed that the linear system for which a digital

approximation is sought has a transfer characteristic of the form
= m=0 (7.6-1)
H(s) T e—— .
N

where s = jw, then the corresponding digital transfer characteristic nas the
form

2 a. z7d (7.6-2)
3

where z~! is the unit delay operator. It is assumed that the continuous
function H(s) is known or can be determined by established design proce-
dures. The digital filter design prublem is thus reduced to determining
the coefficients aj and bj in H¥(z) such that the continuous filter charac-

teristic H(s) is best approximated for a given number