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ABSTRACT 

This f i n a l  re , lor t  suiwarizes e f f o r t  expended by Hughes A i r c r a f t  

over t he  last t en  months i n  the  enhancement of time domain computer- 

s imulat ion software , development of appropr i a t e  S h u t t l e  Electrical 

Power Dis t r ib i t t ion  and Control  (EPDC) subsystem simulat ion models, and 

i l l u s t r a t i v e  a p p l i c a t i o n  of t hese  computer s imula t ions  t o  systems 

ana lys i s  of t h e  EPDC. 

had been u t i l i z e d  almost exc lus ive ly  f o r  telecommunications systems 

ana lys i s ,  though it  had more genera l  capab i l i t y .  I n  p a r t i c u l a r ,  t h e  

SYSTID simulat ion language allows the use r  t o  genera te  system models of 

recur ren t  i n t e r e s t  i n  a program l i b r a r y ,  which eases t h e  mechanics of 

u se r  appl ica t ion .  

study under NAS 9-13779 included enhancement of t h e  use r  u t i l i t y  aspects 

of t h e  sof tware,  increased E l e x i b i l i t y ,  conversion t o  t h e  UNIVAC 1110 

EXEC 8 operat ing system at  Johnson Space Center (JSC), from i t s  former 

EXEC 2 conf igura t ion  and i n t e r a c t i v e  graphics  c a p a b i l i t y  from the  JSC MOPS 
terminals.  

conversion ( inve r t e r )  and c o n t r o l  (remote puwer c o n t r o l l e r ,  remote-control 

c i rcui t  breaker ,  fuse)  elements were def ined and coded as SYSTID models. 

S imi la r  a t tempts  were made t o  cha rac t e r i ze  and code var ious EPDC load 

elements as SYSTID models. 

design f l u x  of t h e  s h u t t l e  o r b i t e r  EPDC and use r  subsystems, a number of 

these  elements ( p a r t i c u l a r l y  the  load elements) have not been defined by 

Rockwel l  I n t e r n a t i o n a l ,  t he  prime conzractor .  Thus, a c e r t a i n  amount of 

engineer ing judgement and prescience by t h e  Hughes s t a f f  has been necessary 

t o  def ine  t h e  d e t a i l e d  electrical c h a r a c t e r i s t i c s  of t hese  devices  t o  a l e v e l  

appropr ia te  f o r  SYSTID coding. 

u n t i l  very Late i n  the  con t r ac t  e f f o r t ,  I n  def in ing  t h e  EPDC system topology. 

1 

The SYSTID simulat ion sof tware previously developed 

The SYSTID software-related t a s k s  addressed i n  t h i s  

I n  add i t ion ,  a number of EPDC power generat ion ( fue l  c e l l ) ,  

Unfortunately,  due t o  t h e  cur ren t  state of 

A c o r o l l a r y  d i f f i c u l t y  has been experienced, 

1 

'SYSteme TIrne Domafn (SYSTID) simulat ion eoftware,  previously developed by t h e  
study team under NASA/JSC con t rac t  NAS 9-11743. 

v i  i 



1 Recent data obtainkd from JSC on the topology empla3yed in SZPAP computer- 
aided analysis has been employed in the final systemq-oriented SYSTfD 
simulation runs (fault/circutt protection, power profile analysis). mat 

has been accomplished by this study is; 1) significant enhancement of 
the SYSTID timi? 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 11, and the SYSTID Data Book, Volume 111. 

Key words: simulation; time-domain; electrical power systems, shuttle 

orbiter EFS; computer simulation; spacecraft electrical power 
systems. 

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

SYSSID SYStems T I m e  Domain (SYSTID) s imulat ion sof tware,  t h e  

bas ic  s imulat ion language enhanced by t h i s  c o n t r a c t  and 

r e s iden t  on the  UNIVAC 1110, EXEC 8 opera t ing  system. 

EPDC 

EPS 

RPC 

RCCB 

MEC 

MIA 

E l e c t r i c a l  Power, D i s t r ibu t ion  and Control  subsystem. 

E l e c t r i c a l  P a r e r  System ( including use r  loads)  

Remote Power Con t ro l l e r ,  a device f o r  remotely cu r ren t -  

l imi t ing  overload cu r ren t  o r  tu rn ing  o f f  c u r r e n t  t o  var ious  

load elements,  and providing a t r i p  s igna l .  

Remote Control  C i r c u i t  Breaker,  a device  which remotely 

allows u t i l i z a t i o n  as e i t h e r / b o t h  a r e l ay  and c i r c u i t  

breaker.  

Master Events Con t ro l l e r ,  a f a i l - s a f e  pyrotechnic i g n i t i o n  

device,  d r iven  by t h e  computer. 

Mult iplexer  I n t e r f a c e  Adapters,  which provide i n t e r f a c e  wi th  

computer and d a t a  buses. 

PIC Pyrotechnic (PYRO) I g n i t i o n  C i r c u i t s .  

IMU I n e r t i a l  Measuring Unit. 

CPU Cent ra l  Processing Unit (Computer). 

D 6 C  Display and Control.  
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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 Ob j ec t ive s 

hree primary objectives have beet1 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 80 that its user utility and 
flexibility would be increased and it would be made compatible with the JSC 
UNIVAC 1110 FXEC 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 limited system analysis can be performed. 
EPDC systems-level performance analyses include: fault analysis, inserted 
current (lightning) pulso sensitivity, circuit protection device validation. 

These 

These primary objectives, as well as a number of concurrent secondary 
1 objectivns have been crystalized in the Statement of Work , as follows: 

'Excerpted from the contract document 
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1.2 Scope 

The scope of the study, relative to the objectives given above was 
more inclusive for the software-related casks, than for the EPDC performance 

analysis tasks. 

form of prior SYSTID code, defined a series cf tasks well understood (in derail.) 

by JSC and Hughes personnel, and except for some potentially difficult opera- 

tional details required interface with the wd1-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 and 

The former tasks utilized an available data base, in the 

describing documentation.' 

systems performacce 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 term 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. 

such as the Remote Power Controller (RFC) actually chosen for the EPDC may 

exhibit substantially different characteristics). Further, the performance 

analysis carried out by SYSTID simulation was limited to illustrative situations, 

since so little was known about the user load elements. For purposes of 
2 establishing a repeatable baseline EPOC topology, the topology employed in SEPAP 

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

On the other hand, the EPDC element modeling and 

(A consequence of this limitation is the possibility that devices, 

1.3 Technical Approach 

The technical approach used in defining the most critical SYSTID 
language enhancements, their order of completio.l., and algorithm design are 

given in mare detail in Volume I1 of the Final Report, the SYSTID User Guide. 

'See Volume I1 SYSTID User Guide of this Final Report 
'Shuttle Electrical Power (System) Analysis Program, Lockheed Electronics Co./JSC 

1-18 
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In general, a number of SYSTID characteristics and capabilities which had 
existed in the initial implementation' 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 
ni the language t o  simulate telecommunications systems. Therefore, a nunher 
of changes were deemed necessary and implemented, as matters of convenience 
to the user. In addition, the UNIVAC 1110 EXEC 0 operating system require- 
ments 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 "checkpoir,ting" 

features so that the user is guaranteed useful output, even with premature 

termination. A most important and convenient enhancement was the installation 
2 of an interactive 

at JSC could be used with SYSTID.  

graphics capability, so that the CRT/keyboard 1/0 devica 

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 Roche11 International (the shuttle orbiter 
prime contractor), generic data was collected and analyzed. For example, 

hydrogen-oxygen fuel cell modeling data r9J was obtained and scaled for the 

representative shuttle mission. 
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 
3 

much to do with its transient response . 
the current SYSTID RPC model may not truly reflect the detailed 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). 

This generic approach has serious failings, 

Thus, the mechanization chosen for 

'deference prior work by the Hughes staff on contract 

*No light-pen, or direct user interaction with the CRT display is implied 

3Nominally energy storage components, such as inductance and capacitance, in 

NA!39-11743 

conjunction with disapative resistive losses determine this response. 
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2.0 RESULTS 

The study r e s u l t s  f a l l  i n t o  the  ca t egor i e s  of SYSTID enhancement, 

EPDC element mcdeling, and EPDC performance ana lys i s .  

2.1 Software Deve 1 opment Re s u l  t s 

Each sof tware enhancement t a s k  i t e m  given i n  t h e  SOW SUMMARY af 
Sect ion  1.1 has been completed and documented. (Task 3.3) 

Volume I1 (SYSTID User Guide) of this Final. Report w F l l  con ta in  

a l l  opera t iona l  and d e s c r i p t i v e  d a t a  necessary f o r  t h e  u s e r ,  as w e l l  as a 

t a s k  item-by-item d e s c r i p t i o n  of changes generated dur ing  t h e  study. 

Volume 111, (SYSTID Data Book) of t h i s  F i n a l  Report conta ins  a l l  

program l i s t i n g s ,  f16w c h a r t s  and data l i s t i n g s .  

2.2 EPDC Element Modelinq 

The s h u t t l e  o r b i t e r  EPDC subsystem can t e  cha rac t e r i zed  by 
func t iona l  subse ts  as fol lows:  

1. Power source elements (only f u e l  cells, with t h e  cu r ren t  

2. Power conversion elements ( i n v e r t e r s )  

3. Di s t r ibu t ion  elements (cables)  

4. Control  elements (RE, RCCB, f u s e s ,  diodes)  

5 ,  User i n t e r f a c e  (load elemel& c h a r a c t e r i z a t i o n )  

d e l e t i o n  of stand-by b a t t e r y  power) 

The following material w i l l  suxmnarize t h e  SYSTID models generated t o  d a t e ,  

i n  t he  order  given above. 

summarized i n  Sec t ion  5.3. 

The support ing analysis f o r  t h e s e  models is 

2-1 
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DESCRI ?T.IOA\ : 

The fuel ce l l  model outputs a voltage that i s  dependent on the load impedance 

and the dynamic source impedance of the fuel  ce l l  model. 

the nominal voltage output wanted. 

An input parameter is 

USAGE : 

Ih < FUEL CELL (E,  RL) > t0UT 

Where: I N  = ground node 

E = nominal output voltage, volts  (user-selected) 

RL = instantaneous load impedance, ohms 

VOUT = output voltage (node) 

SYSTID CODE: 



SYSTlD LIBRARY MODEL DATA 

DESCRIPTION : 

The inver te r  modulates the DC p w e r  flow as supplied by the f u e l  c e l l ,  a t  a 

400 Hz rate, EO as t o  provide single-phase AC user  load power ... su i tab le  i n t e r -  

connection of th ree  inverters  then provides 3-phase AC power. The inver te r  cons is t s  

of three sub-models, a mult ivibrator ,  f i l t e r ,  and outpilt coupling transformer. 

STSAGE : .- 

VIN < INVERTER (F@,E ,  CPF, RL) r VOW, IS, Hs 
Where: V I N  i s  the s w r c a  node voltage, vo l t s  

FRQ i s  the  o7eratiag frequency, Hz 

SYSTID CODE: 

~ O b E L  

1 

E is the nominal output node (AC) voltage,  VO-LS pea 

CPF i s  the  composite power f ac to r  of t he  loads 

VOUT is the  AC output node voltage, vo l t s  

I S  i s  Dc current  drawn from source 

RS i s  the  impedance presented t o  t he  source, ohms 

Lo 

e 
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SYSTlD LIBRARY MODEL DATA 

--iGqTF- -- -- 
* .c , - 7- L I. !. : i CiOliP IU 

MULTI VI BRATOR (INVERTER) :CONVERSION 1 ! 

-- 

I 
1 
1 

i 

i 

i I 

I 
i 

I 

I 

i 

I 

t 
1 

t 
I 

I 
I 
I 
! 

I 
! 
I 

1 

I 
I 

CESCRi . T I O N  : 
.... Thic sub-aodel af the inverter provides +he modulatisz (:hzpping\. G+&ILLLC> 

of the inverter. 1 t i s  typically a externally-clocked monostable cLrcult operating 

nominally a t  4bJ Hz, but w i t h  the capability to be clocked a t  arbitrary rates.  

USAGE : 

L'?N < MULTIVIBRATOR (FRQ,'E) > VOUT 
Where: VIN i s  the Dc; source voltage (node) 

FRQ i s  +he clock rate,  Hz 

E i s  the nominal output 

VOU'I i s  the  AC output voltage (node) 

SYSTID CODE: 

1 

i 

TURN 
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SYSTID LIBRARY MODEL DATA 

f 'iUDEL : GROUP ID 
TRANSFORMER (INVERTER) CONVERSION 

PAGE DATE 

I 

I 
I 

i 
I 
I 
1 

i 

! 
I 

I 
I 

i 
1 

I I 

i I 
i 
1 
I 

I 

I 

DESCRIPTION : 

This sub-model of the inver te r  provides coupling of t he  f i l t e r e d  square-wave 

output of the  multivibrator to the load elements. This is cu r rec t ly  a liqear 

transformer d e l . .  .actual hardware mechanization may require t h i s  to be a 

saturating-core device (non-linear) . 
USAGE : 

V I N  < TRAt!SFORMER (CPF) > V W T  

Where: VIN is  the f i l t e r e d  m l t i v i b r a t o r  (source) voltage (node) 

CPF is  the coapos€Le paver f r c t o r  of the load element(s) 

VOVT i s  the AC output voltage (node) 

SYSTID CODE: 



SYSTID LIBRARY MODEL DATA 

DESCRIPTIOK: 

The cable model will output voltage, source current and instantaneous 
input impecance, as seen by the source. Its main use is as a connection between 
EPDC subassemblies/elements where the complex impedance transmission characteristics 
are of importance. 

USAGE : 

VIN < CABLE (R,  C, XL, RL) > VOm, Is, RS 
Where: V I N  =' input voltage (node) 

R = resistancelft. 
C * capecitancelft. 
XL = length of cable, ft. 
Rt = load impedance (instantaneous) 
v0uT = output voltage (node) 
IS = current drawn from the source, amperes 

= instantaneous impedance viewed by source, ohms 

SYSTID CODE: -- 

I' 
A '-- 



SYSTID LIBRARY MODEL DATA 

1 1 ?,*?SI.: I 

GROUP ID 

DESCRIPTION : * 
The remote control  c i r c u i t  breaker is  bas ica l ly  a switch tha t  cu t s  off i f  any 

parer  exceeds some maximum p w e r  threshold. 

determined by the  adjunct load and ID number. 

The power ra t ing  is  a var iab le  

USAGE : - 
VIN < RCCB ( I D ,  RL), > VOm, I S ,  Rs 

Where: V I N  = source voltage (node) 
I D  = - i d e n t i f i c a t i o n  (Rockwell/SEPAP s ix-d ig i t  number o r  an 

v0uT = output voltage (node) 

RL = load impedance, ohms 

IS = current  drawn from source, amperes 

RS = impedance viewed by source,  ohms 

a rb i t r a ry  index  of event sequence) 

S Y S T I r  CODE: -- 

* 
Model stays of f  once t r ipped,  f o r  the duration of the simulation. 
outputs the load element I D  and time of t r i p -o f f .  

It a l so  

2-7 



SYSTID LIBRARY MODEL DATA 

DESCRIPTION : 

The remote power con t ro l l e r  i s  e s sen t i a l ly  a current  l imiter  and c i r c u i t  
breaker device tha t  monitors the power drawn by the  load, l i m i t s  and cont ro ls  

overload currents  which can be r e se t  by external  command. 

* 

USAGE : - 
V I N  < RFC (ID, RL) > VOUT, IS,  RS 

Where: V I N  = source voltage (node) 

RL =-instantaneous load impedance, ohms 
I D  = i den t i f i ca t ion  (Rockwell/SEPAP) s ix-d ig i t  number o r  an 

VOUT = output voltage (node) 

IS = source current ,  amperes 

RS = instantaneous impedance viewed by source, ohms 

a rb i t r a ry  index of event sequence 

SYSTID CODE: 

* 
Once t r ipped,  the model s tays  off f o r  the dura ion of the  simulation. 
analogous output t o  the t r i p  s ignal  is given by model indicat ion of load 
element I D  number and time of t r ip -of f .  

An 

J 



1 :IC?L!,: I 

USLSE : 

V I N  < CURRENT LIMITER (RL, CMAX) > VOUT, I S ,  RS 

Where: V I N  =' input voltage (node) 
CMAX = maximum (rated)  allowed cur ren t ,  amperes 

VOUT = output voltage (node) 

RL = instantaneous load impedance, ohms 

= instantaneous impedance viewed by source, ohms 

IS = instantaneous current  drawn from source, amperes 

I 

GROUY 11) 

SYSTID CODE: 



SYSTID LIBRARY MODEL DATA 

1 t 
NODEL: GROUP I D  I 

IDEAL DIODE 1 CONTROL 1 
DESCRJ IT=: 

The idea l  diode equivalent c i rcu i t  can be represented by a simple junction 

poten t ia l ,  i f  conducting in  the forward d i rec t ion ,  and an open c i r c u i t  i n  t he  

rewrse current  d i rec t ion ,  as follows : 
V = 0.7 vo l t s  1 

V 

FORWARD ----illlll- t (junction poten t ia l )  
j 

REVERSE v v 

Where : 

SYSTID CODE: 

USAGE : - 
YIN < IDEAL DIODE (RL) > VOUT, IS, RS 

VIN is input voltage (node) 

RL. i s  load impedance, ohms 

IS i s  the  current  drawn from the source, amperes 

Rs i s  the iaqedaace viewed by the  source, ohms 

2-10 



SYS’I-D LIBRAnY MODEL DATA 

DESCRIUPIION : 

This diode model represents a more l ike ly  physical rea l iza t ion ,  employing 

the  diode equation t o  relate the bulk resis tance,  t o  changes i n  the current  flaw 

and junction potent ia l .  It is  s t i l l  an idea l  device i n  tha t  the reverse current  
is 1 ma. 

USAGE : - 
V I N  < REAL DIODE (RL) > VOUT, IS, RS 
Where: V I N  i s  the source voltage (node) 

RL i g  the  load impedance, ohms 

IS i s  the  current  drawn from the source, amperes 

RS is the  irnpedance viewed by the  source, ohms 

SYSTID CODE: 

2-11 I 



SYSTID LIBRARY MODEL DATA 

- 
8 

i PAGE 
GROUP ID 1 ..',-.-,1 7 . 

I - - - - - - *  

I CONTROL 
I _- 

?USE - -__c_- 

L S F A Y  ElODEL NA%S : 
FUSE - 

DESCRIPTION : 

The fuse i s  a load current  cont ro l  device modeled by an instantaneous 

log ica l  switch actuated 
* 

by a rated power threshold. 

USAGE : - 
V I N  < FUSE ( I D ,  RL, PMAX) 7 VOZTT, I S ,  RS 
Where: V I N  = input voltage (node) 

PMAX = maximum (rated) power allowed, watts 

RL =' instantaneous load impedance, ohms 

VOUT = output voltage (node) 

IS  = source current ,  amperes 

RS = instantaneous impedance viewed by source, ohms 

I D  = load element i den t i f i ca t ion  

SYSTID CODE: 

WODEL 

I 

1 Is 
!? 
$8 

4 I R A N  
U T R A N  

3 
6 

1 0 0  
20 

END 

P M A X )  R E T U R N  

0 T HE 
' kU3ED LOAD 1 

* 
Model s tays  off when tripped f o r  the  duration of the simulation. 
outputs the load element I D  and time of t r i p -o f f .  

It a l s o  



SYSTID LIBRARY MODEL DATA 

, 

I GROUP ID 
LOGICAL SWITCH ! CONTROL 

i 

1 
! 

1 
I 

i 
I 

i I 
i 
I 

DESCRIPTION : 

The switch elcnent i s  employed i n  the SYSTID simulation t o  provide a 

loss less  connection between any two topological nodes. 

both for topological rind sequence control. 

I t  is  therefore used 

USAGE : - 
VIN < SWITCH ( I D ,  RL) > VOLT, RS 

VOUT = VIN 
Rs =RI, RS I S  INFINITE IN VALUE 

ID = ANY EVENT SEQYENCE T.DENTIFICATION NUMBER 

WHEN THE SWITCH IS  CLOSED OTHERWISE, VOUT I S  ZERO, 

SYSTID CODE: 

2- 13 

e VOUT I R 8  



SYSTID LIBRARY MODEL DATA 

DESCRIPTION 

This function is an extension of Q FACTOR where the coefficients m y  vary 
The function takes a second order transfer function in the complex with time. 

vari; ble s, 

a s + a  1 0 

blS + bo 
F(s: = 

and produces 

-1 the z-transform in the sampled data operator z 
constants over the sample time interul, but are allnred t o  change with time. 

. The coefficients ai, bi are 

USAGE 

I N  < ZED1 ( A l ,  AO, B l ,  BO) > OUT 

where: IN = input s transform 

A 1  = first instantaneous numerator coefficient 

A 0  = second instantaneous numerator coefficient 

B1 = first instantaneous denominator coefficient 

BO = second instantaneous denominator coefficient 
OUT = z transform equivalent output 

, 
S Y S T I D  CODE: 

MODEL 

b l a  
$8 

END 

a OUT 

2-14 



SYSTID L'BRARY MODEL DATA 

- I ?:CnZL .DESCRIETION : SECOND ORDER BI-LINEAR I GROUP xu i PAGE i DATE 
i I 
i- 

I 
' Z-TXANSFORM WITH VARIABLE COEFE ICIENTS 1 MATE - - --- 

DESCRIPTION : 

This function cornput-s the bi-linear z-transform for a second order tranefer 
function i . 1  the s domain whose coefficients vary with time (though cmstant over 
a given sample period) i.e., maps 

-2 A ,-I + Q  - 0 0 
Q z  +a1' 2 a s2 + a,s + a 

b2s  + h,s t b 
into G ( z )  = 2 

2 G(s) = 

0 

- USAGE : 

I N  e Z E . 2  (A, A l ,  A 2 ,  BO, B1, B2)  > OUT 
Where: IN = input transform in 8 domain 

A 0  = 1st numerator coefficient 
A 1  = 2nd numerator ccefficient 
A2 = 3rd numerator coefficient 
BO = 1st numerator coefficient 
B 1  = 2nd denominator coefficient 
B 2  = 3rd denominator coefficient 
OUT = output z-transform 

SYSTID CODE 



I 

GROUP ID PAGE I CONTROL 
W C E L  : 

I SEPAP L@ADS 

1 

I DATE 

USAGE : - 
V I N  < LOADS ( I L ) - >  RS 

where: V I N  = source voltage node 

I L  = SEPAP load number (load group) 

RS = impedance presented t o  t h e  source 

I SYSTID CODE: -- 

2-16 
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SYSTID LIBRARY MODEL DATP- 

I ------- 
SEPAP LOA= i CONTROL i 

L W S  SYSTID CODE (CONTINL'ED) 

V t  CLEUENTS 

r I 3 r R  

R 

I 
I 
I 

i I 

i 
i 

i 
! 
; 

! 

i 
I 
I 
! 

I 

I 

i 
! 
! 

1 
i 

i 

I 
i 

I 

I 
I 

I 

I 
1 



2 . 3  EPDC Performance Analysis 

The Events Generator,  i n  conjunct ion wi th  t h e  LOADS and EPDC models 
l i s t e d  i n  Sec t ion  2.2, w a s  employed' t o  e x c i t e  t he  s t e p  response of an  RCCB, 

RPC, and FL'SE dr iv ing  a r e s i s t i v e  load from t he  f u e l  c e l l  source,  as shown 

schematical ly  i n  Figure 2.3-1. I n  add i t ion ,  t i e  i n v e r t e r  was a l s o  t e s t e d  f o r  

s t e p  response when supplying a r e s i s t i v e  load. Figures  2.3-2(a) and (b) dis -  

play the  fuel ce l l  bus vol tage ,  and bus cur ren t ,  r e spec t ive ly ,  as the RPC, RCCB, 
FUSE, and i n v i r t e r  are exc i ted .  Figures  2 .3 -3 ,  2 . 3 - 4 ,  2 .3 -5 ,  and 2.3-6  dfriplay 

the  t r a n s i e n t  c u r r e n t  f low of t he  W C ,  RCZB, i n v e r t e r ,  and FUSE DC i npu t  paths .  

EVENT I GENERATOR 

7 

--- 

INVE ATE A 

FIGURE 2.3-1. EPDC ELEMENT TRANSIENT KESPONSE 
SYSTID TEST CONFIGURATION 

-- 

'l'he Event Generator actua3 l y  d r i v e s  l o g i c  i n t e r n a l  to the  device;  the  l o g i c a l  
switches are shown e x t e r n a l  t o  the  RPC, RCCB, FUSE, and i n v e r t e r  as a matter 
of convenience. 

2-18 



FIGL?E 2.3-2a. FUEX CELL BUS VOLTAGE VERSUS 
TIME, FOR SEQUEh'CED LOADS 

FIGURE 2.3-2b. FUEL CELL OUTPUT CURRENT VERSUS 
TIME, FOR SEQUENCED LOADS 

2-19 



3 

FIGURE 2.3-3. RPC INPUT CURRENT VERSUS T I M E  
(SEQUEhCED OFF/CN) 

F IGURE 2.3-4. RCCB INPUT CURRENT VERSUS T I M E  
(SEQUENCED OFF/ON) 

2-20 



FIGURE 2.3-5. INVERT% DC I N P U T  CURRENT VERSUS 
TIME (SEQUEKCED OFF/ON) 

? 

FIGURE 2.3-6. FUSE INPUT CURRENT VERSUS TIME 
(SEQUENCED OFF/ON) 

2 - 2 1  



The c m p l e t e  EPDC subsystem topology of Figure 7.1-1 w a s  exercised 

by t he  Event Cenerztor and LOADS model, i n  o rde r  t o  d i sp l ay  the  e n t i r e  slmu- 

l a t i o n  c a p a b i l i t y  of SYSTID. 

f o r  t’. s pr3liminary : tage,  only r ep resen ta t ive  subse t s  of t h e  EPDC topology 

wr-:e s - 1 ~ ~  t e d  € c y  cutput  ana lys i s .  

To minimize output  da t a  t o  manageable l e v e l s  

These rLpresenta t ive  subse t s  included: 

Y!in DC bus A, main bus B, main bus C vo l t age  and c u r r e n t s  

Local DC bus cu r ren t  fed by t h e  main buses A, B,  and C i n t o  

l o c a l  DC load groups 

Currents of load group (DC) fed  by l o c a l  buses  i n  A, B,  and 

C main bus groups 

DC cu r ren t  drawn by an i n v e r t e r  as fed by a l o c a l  bus,  f o r  

each main bus group ( t h e  AC output  c u r r e n t s  of i n v e r t e r s  

d r iv ing  t h e i r  load groups w a s  no t  displayed t o  minimize 

computer ou tput ) .  A r ep resen ta t ive  sample of t he  i n v e r t e r  

AC output  is givel, i n  Sec t ion  5.3.1. 

Currents  of dioded a f t  sub-bus loads ,  i n  groups A, B, and C 

Essen t i a l  bus cu r ren t s  i n  t h e  main bus B group 

Table 2.3-1 lists these  outputs  i n  g r e a t e r  d e t a i l  by i d e n t i f y i n g  

nodes and branch numbers cons i s t en t  with Figure 7.1-1. 

responses are given i n  t h e  same order  l i s t e d  i n  t h i s  t a b l e  by the  CALCOMP 

p l o t s  which follow. 

The appropr i a t e  

2-22 



TABLE 2.3-1. EPDC 'A"- ' RESPOSSE PLOTS IK :i-QLTENCE I N  WHICH THEY FOLLOW 

I 
- 

EPDC 1 Element 

Main bus A 

Forward, l o c a l  
DC bus A 

Local bus A 
DC load group 

Inverter  
bus A 

Aft  sub-bus 
AB 

Plain bus A 

%in bus B 

Forward l o c a l  
DC bus B 

Local bus B 
DC load group 

I n v e r t e r  
bus B 

* 

Current .'Voltage3; 
I d e n t i f i c a t i o n  

I 101 

I 120 

I 1 2 1  

I 19 

I 512A 

v 10 

I 201 

I 220 

I 2 2 1  

I 29 

- 

Figure 

2.3 - 7 

2.3 - 8 

2.3 - 9 

2.3 - 10 

2.3 - 11 

2.3 - 12 

2.3 - 1 3  

2 .3  - 1 4  

2 .3  - 15  

2.3 - 1 6  

Comments 

Curren: drawn from 
f u e l  c e l l  1 

Current  drawn from 
main bus A by l o c a l  
bus loads  

Current drawn b j  
load group 1 2 1  

DC cu r ren t  drawn 
by i n v e r t e r  when 
supplying load 
group 123  

Dioded cu r ren t  
drawn by load 
group 512 from 
a f t  l o c a l  bus A 

L'oltage output  of 
f u e l  c e l l  1 

Current drawn from 
f u e l  c e l l  2 

Current drawn from 
main bus B by l o c a l  
bus loads 

Current drawn by 
DC load group 221 

DC cu r ren t  drawn 
by i n v e r t e r  when 
supplying load 
group 223 

Refer t o  Figure 7.1-1,  the EPDC topology f o r  symboi keying. 
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Table 2 .3 -1  (Continued) 

EPDC Currentfvoltage 
E 1PRF;I  t Identification 

- 

Main bus B 

Main bus C 

Forward local 
DC bus C 

Local bus C 
DC load group 

Inverter 
bus C 

I 1 

Main bus C 

Essential 

v20 

I 301 

I 320 

I 321 

I 39 

I 531C 

V 30 

I 271 A 

I 271 B 

2 . 3  - 18 

2 . 3  - 19 

2 . 3  - 20 

2 . 3  - 21  

2 . 3  - 22 

2 . 3  - 23 

2 . 3  - 24 

2 . 3  - 25 

2 . 3  - 26 

Comments 

Dioded current 
drawn by aft load 
group 523 from aft 
local bus B 

Voltage output of 
fuel cell 2 

Current drawn from 
fuel cell 3 

Current drawn from 
main bus C by local 
forward DC loads 

Current drawn by 
DC load group 321 

DC current drawn 
by inverter when 
supplying load 
group 323 

Dioded current 
draw'. by aft load 
group J31 from aft 
local bus C 

Voltage output of 
fuel cell 3 

Current drawn from 
main bus A by 
essential load 271 

Current drawn from 
main bus B by 
essential load 271 
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FIGURE 2 . 3 - 7 .  

FIGURE 2.3-8 .  
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FIGURE 2.3-9. 

FIGURE 2.3-10. 
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FIGURE 2.3-13. 

FIGURE 2.3-14. 
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FIGURE 2 . 3 - 1 6 .  
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FIGURE 2.3-17. 

FIGURE 2.3-18. 
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FIGURE 2.3-19. 

FIGURE 2.3-20. 
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FIGURE 2.3-21. 

FIGURE 2.3-22. 
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FIGJR3 2.3-23. 

FIGURE 2.3-24.  
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FIGURE 2.3-25. 

FIGURE 2.3-26. 

2-34 



3.0  CONCLUSIUNS 

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. 

device for SYSTID user input/output has added another dimension of user 

convenience . 
Incorporation of the JSC MOPS (Hazekine 400oC) CRT terminal as a 

The study achievements in the tasked areas of shuttle electrical 

power system element modeling and performance analysis are more conditional 

than the clear-cut status of the software tasks. 

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. 

detail on ERW: elements, their bus assignments, and characterization of 
load devices, the performance analysis has necessarily been merely illustrative 

tu 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. 

The preliminary discussion 

Similarly, due to lack of 

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 respl-nses at certain interesting points, as load states are varied. 

The latter observations of SYSTID outputs at appropriate points c8n be used 
to size circuit protection devices (RE, 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 simulgtions for 
useful system prediction and design analysis. 
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4.0 RECOMMENDATIONS 

Based on the results of the study and the knowledge gained about 
the shuttle EPDC by tlughes study staff, it is possible to reconmend that the 
following additional tasks, as described in the abbreviated statements 

below be pursued. 
is presented in Figure 4.0-1. 

A functional task flow overJiew of the proposed follow-on 

The original EPDChser subsystem SYSTID simulation and performance 
analysis goals continue to be worthy of implementation. 

continued fluidicy of the EPDC and user (load) subsystem design, more 
inmediate 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. 

However, given the 

Therefore, it is recomnended that a well-researched, validated and 
documented EPIX/load subsystem element modeling effort be undertaken as a 
follow-on study effort. 
modeling efforts carried out in this contract have provided a seciire foundation 

which will underlay the follow-on element d e l i  13, and eventual system 
modeling and performance analysis. 

The enhanced SYSTID software and preliminary E W C  
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5.0 GENERAL DISCUSYTON 

In t roduct ion  --- 5.1 

The mate r i a l  i n  t h i s  s ec t ion  w i l l ,  1) int roduce t h e  basic concepts 

of t he  time-domain s imulat iun of continuous systems, as exemplified by the  

SYSTID software enhanced and u t i l i z e d  i n  t h i s  study e f f o r t ,  2) provide 

add i t iona l  d e t a i l  on t h e  EPDC element model representa t ions  summarized i n  

Sect ion 2.2. 

Acknowledgement is made a t  t h i s  po in t  of those Hughes s t a f f  members 

rho have cont r ibu ted  d i r e c t l y  t o  t h i s  s tudy,  o r  t o  a n c i l l a r y  e f f o r t s .  

I n  o a r t i c u l a r ,  t h e  outs tanding SYSTID enhancements generated by Dale Paynter,  

with inper -ac t ive  graphics  l/O c a p a b i l i t y  as added by John Forbes, must 

be noted. 

I v a r  Highberg, Nels Palmquist, and Johnet ta  MacCalla. 

The EPDC da ta  research  and inodeling e f f o r t s  were c a r r i e d  out by 

5.2 SYSTID Discussion 

Some time ago, t h e  need t o  accu ra t e ly  s imulate  real systems, 

p a r t i c u l a r l y  telecommunications systems, became apparent ,  and a ti=-domain 

s imulat ion e f f o r t  w a s  f n i t i a t e d  [78] a t  Hughes, on t h e  Surveyor program. 

These e f f o r t s  of M. Fashano, W. Mayfield, N. Wagner and o the r s  were c a r r i e d  

forward i n  succeeding years  by D. P a y i t e r  and M. Fashano (and R. J .  Rechter) 

under two NASA JSC con t rac t  e f f o r t s  r76, 771, culminating i n  t h e  SYSTID time- 
domain s imula t ion  software. 

e f f o r t .  

s imulate  t e l ecomunica t ions  systems, i t s  design was d e l i b e r a t e l y  made 

s u f f i c i e n t l y  genera l  t o  allow rep resen ta t ion  of a genera l  set of phys ica l  

systems. Thus, the  app l i ca t ion  of SYSTID t o  the  s h u t t l e  e l e c t r i c a l  power 

system was s t r a i g h t  forward; only new l i b r a r y  models, t o  repreaent  t he  s h u t t l e  

elements w a s  necessary (Volume 11, User Gutde, r epor t  w i l l  l i s t  the  tele- 

communications system model l i b r a r y  c u r r e n t l y  ava i l ab le  i n  SYSTID) . 

1 

2 

SYSTID represented a s t a r t i n g  point  f o r  t h i s  study 

Though the  main t h r u s t  f o r  SYSTID'S genesis  and a p p l i c a t i m  was t o  

'The SAMDAT simulat ion sof tware 

2NAS9 - 11 743 
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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 completc 
systems (e.g., telecommunication, power, electronic, and servocontrol 
subsystems) . 

The program accepts as input a topological black box description of 
a system, automatically generates thi? appropriate algorithms, and then 
proceeds to execute the simulation program. 
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. 

Thus the user is not necessarily 

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 FORTRAN arithmetic expression involving any intrinsic 
SYSTID parameter, constants, variables, FORTRAW library 
functions, SYSTID library functions, model output nodes 
and user-supplied FORTRAN functions. 

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. 
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. 

One unique characteristic of SYSTID 

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, 8 ,  as G(s).  

applied is that of the bilinear z-transform difference equation representation 
of G(s) .  The transfer function may be defined in several ways in terns of its 

The technique 

5-2 



poles and zeros or as m e  of the classical filter functions such as Bessel, 
elliptic, etc. 

formations in addition to the numerical processing such as integration anc 

differen .fation. 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 sample data routines accomplish all the necessary trans- 

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 functions 
whose response does not approach zero at high frequencies. 

aliasing of the system driving signals, however, is still possible if the 

user chooses an inappropriately low sampling rate. 

Note that 

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 

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. 

.ble to the cser t'or any purpose, whether for SYSTID or not. Thus, 

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. 

phase reads the user input description of all models and/or a system and 

proceeds to formulate the corresponding F@RTRAN algorithms. 

The first 

In t h k  

phase, the program checks for input errors such as erroneous model refetemes, 

dangling nodes, etc. in which case appropriate error messages are issued,, 

If the first phase terminates without fatal errors, the FORTRAN routines Ere 

automatically compiled and collected with the SYSTID library fo form the 

second phase, that of executing the simulation. 

Output from the pragram includes plots as well as tabulated data. 
Conventional output is any system node which may be individually selected, or 
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PROBLEM DESCRIPTION 

0 ELEMENT TOPOLOGY 

0 PROGRAM CONTROL 

0 PARAMETERS AND VARIABLES 

FIGURE 5.2-1. SYPTID TIME-DOMAIN SIMULATION 
SOFTWARE FUNCTIONAL FLOW 
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any varia\.lle whether intrinsic or u3er-defined. 

the printer os well as a digital plotter (e.g., CALCOMP, SC 4020). 

data can be formatted, under user control, for either &1/2 by 11 inch pages 

or the full 11 by 14 inch page. In addition, input/outpvt can be a c c d a t e d  

with a CRT/keyboard terminal, as exemplified by the JSC MOPS (Haxeltine 400OC.) 

terminal. 

Plots can be produced on 

Printed 

(Digital plotting is installation-depenaent .) 

The 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. 

matter of fact, the plot routines are indeed intrinsically named postprocessors. 

Utility routines are available to perform any necessary input/output for the 

user. 

As a 

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 =de of the machii.? time. The primary means is that 

of saving the results of the first phasc (the collected simulation package) 

for subsequent reruns with alternate input data. 
entail a load-go operation, with input data provided at execution time by use 

of the DATA identifier in the first phase. 

Rerun would chen simply 

Some theoretical aspects of sampled data simulation which underlie 

SYSTID are surmnarized in Appendix 7.6. 

5.3 Technical Discussion of SYSdD Models 

As the figure below illustrates, the shuttle EPDC can be functionally 
represented by I) source generation, 2) source conversion elements, 3) power/load 
distribution and control elements, 4) user subsystem load elements. The entire 

shuttle electrical power system (EPS), from t5e analysis and simulation view- 

point, must include the user load elements, since they influence the electrical 

power, distribution and control (EPDC) subsystem so extensively. The stutus 

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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SOURCE 
ENERGY 
CONVERSION/ 
POWER 
GENE RATION 

POWE R I  
LOAD 

SC; RCE 
POWER 
PROCESSING I DISTRIBUTION 

AND CONTROL 

I 

I 
I 

OFUELCELLS I *INVERTERS I .DISTRIBUTION BUSES 
.SWITCHES (TRANSFORMERS 

REGULATORS) 0 RCCB 

0 FUSES I 
I 

SUBSYSTEM 
LOAD6 

INTERNAL 
PROCESSING 

I 

I 
I 

i OTRANSFORMERS 

1 .INVERTERS 

.TRANS-ORMERlRECTIFlERS 
REGULATORS 

OEM1 FILTERS 

I I 

ELTCTRICAL POWER SYSTEM 

EFSC -- 

FIGURE 5.3-1. FZWXIONAL ELEMENTS OF THE 
SHUTTLE ELECTRICAL POWER SPSTPM 

are given in Appendix 7.5 for these EPDC elements, such as the inverter, RPC, 
RCCB, etc. 
particularly (as the zmple data sheets of Appendix 7.4 show) for transient 

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

The level. of detail for the w e r  load elements I s  much poorer, 

The data to follow will be largely schematic in nature. 

of the detailed analysis is dependent on arbitrarily assumed equipment mech- 
anizations, and lending an unjustified credence to the models should be 
avoided. Clearly, the Bodification to these SYSTID mode13 can be made in a 

straightforward manner, as soon as the equipments are. selected and are 

described in adequate detail for SYSTID modeling. 

Much 

5.3.1 EPDC Models 

Fuel Cell &del Development 

The fuel cell is clearly an inportant, if not the most important 

EPOC element, in terms of its perfom?nct. 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 [7@:, which unfortunately did not cover a sufficiently 
wide range of output current variation, or peak cairrent, relative to the fuel 

cells anticipated for shuttle use. 
1 network proposed 

to rxtrapclation w t ' r  the wider output current changes anticipated for the 

shuttle EPDC simulation. Table 5.3-1 is reproduced from this reference. (The 
2 Apollo hydrogen-orygen fuel cell system manufactured by Pratt and Whitney 

was deemed most applicable to shuttle EODC simulation). 

The non-linear second order RC lowpass 

by McKechnie as an equivalent circuit thus was not amenable 

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

I AI EO R1 R2 R3 c1 c2 
(Amps) (Amps) (Volts) (Ohms) (Ohms) (Oluus) (Farads) (Farads) 

(Ptatt 6 Whitney, Xjdrogen-oxygen) 

0 
1.4 
3.0 
4.2 
5.5 
6.8 

0 
1.6 
3.2 
4.8 
5.4 

1.4 
1.6 
1.2 
I. 3 
1.3 
1.2 

1.6 
1.6 
1.6 
1.6 
1.6 

37.18 
76.71 
36.03 
35.44 
34.99 
34.56 

6.232 
5.363 
5.132 
4.957 
4.818 

0 1.28 12.62 
1.12 11.8 
i.12 11.26 

0.1575 
0.128 
0.157 
0.096 
0.091 
0.087 

0.038 
0.0561 
0.0542 
0.0486 
C. 0204 

0.1755 
0.1392 
0.170 

0.00951 0.256 15.66 3.41 
0.0143 0.226 18.78 1.79 
0.0129 0.227 13.2 1.45 
0.00389 0.232 8.56 4.43 
0.00314 0.217 10.67 3.83* 
0.90271 3.199 9.25 5.03 

(General Electric) 

0.00811 0.423 7.99 1.88 
0.00186 0.0969 5.38 2.445 
O.OOi66 0-0613 5.63 1.96 
0.00175 0.0414 5.46 3.56 
0.00111 0.026b b.0 6.91 

(Hydrazine-oxygen) 

0.179 0.344 0.244 0.957 
0.106 0.182 0.2208 0.55 
0.133 0.230 0.167 0.433 

* 
The nominal 34.99 volt case was chosen, with C1, C? decreased by a factor 
of 10, in order to reduce the FC's rise time to convenient values. 

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

2The transient respomes 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 t o  AC, as shown in 
Figure 5.3-2. 

r--- 1 r----- 1 

FIGURE 5 3-2 TYPICAL FUEL CELLIINVERTER SYSTEM 

The equivalent circuit employed for the fuel cell Is given by the 
simple' RC ladder network, as shown in Figure 3.3-3. 

FIGURE 5.3-3. FC EQUlVALENT CIRCUIT 

VOUT 

3 
'Deceptively so, since R1, R2, Cl, C2 are functions of nominal outpat voltage 
and load current. IF particular, a variable gain compensates for insertion 
lcss, so steady-state response is unaffected by the RC network. 
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The DC output voltage of t h i s  f u e l  c e l l  versus output power a f t e r  

5000 hours of performance is given i n  Figure 5.3-4. 

3 

0 4 8 12 16 20 

OUTPUT POWER . K I LOWATTS 

In crder t o  e s tab l i sh  the reasonableness of the SYSTID model, with 

respect to its transiect response, a s t e p  change in FC load was mechanized, 

a s  shown i n  Figure 5.3-5. 

WHERE RL, AND RL2 TOOU 

SYSTID 1 2  "<;2-, ami ON VALUES n. RESPECTIVELY OF 1.0 AND 

MODEL 

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

Inverter Model Development 

The inverter procureaent specification (see Appendix 7.5) was used 
as a basis for generation of a representative block diagram. 

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

Functionally, 

This simplistic block diagram ignores some potentially important 
aspects of the inverter's performance, i.e., internal regulation and circuit 

protection, output transformer mechanization (nonljmear saturating-core opera- 

tion with final waveform filtering for instance), and sensitivity to composite 

load power factor. 

require internal definition of the device by the vendor. 

Obtaining these and other detailed characteristicswill 

Monos tab le M d  t ivibra tor (Invert e r) 

The output of the multivibrator has an idealized waveform given in 

Figure 5.3-8. 

where 

and 

E = nominal output voltage 

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

Waves haping Filter (Inverter) 

A lorpass filter is used to attenuate the odd harmonics present in 

this waveform, and produce an accsptable approximation to a sinusoidal tiaveform. 
In particular, a second order Chebyshev function with peak-to-peak ripple of 

0.1 dB, and a ripple bandwidth 1.25 times che nominal multivibrator center fre- 
quency (clock rate) of 600 Hz. 
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FIGURE 5.3-6a. FUEL CELL TERMINAL (LOAD OR OUTPUT) 
VOLTAGE VERSUS TIME WITH A STEP 
CHANGE IN L O  CURRENT (RESISTANCE) 

0 

t 
0 

FIGURE 5.3-6b. FUEL CELL OUTPUT CURRENT, IBUS, 
DELIVERED TO LOAD FOR A STEP 
CHANGE IN LOAD RESISTANCE 
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A DC 
FUEL CELL 
INPUT 

FIGURE 5.3-7. SYSTID INVERTER MODEL BLOCK DIAGRAM 

VOUT TOAC 
0 USER MONOSTABLE WAVE- COUPLING 

MU LTI V I BRATOR LOAOS TRANSFORMER SHAPING ' 
FILTER 

J 

FIGURE 5.3-8. TYPICAL OUTPUT WAVEFORM OF THE SYSTIDMULTIVIBRATOR 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. 

serve some inherent degree of self-regulation and minimize core weight, this 

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

(In order to pre- 

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

vE7-l  MU LTI V I  BRATOR 

VOUT TOAC 
USER 
LOADS 

ORtVER 
AMPLIFIER 

1 1 
1:N 
TURNS 
RATIO Cpr Cp2 PRIMARY PLUS REFLECTED SECONDARY 

INTRA-WINDING CAPACITANCE 

I+,. Lp2 PRIMARY WINDING INDUCTANCES 

V ~ N  IS FILTERED AC INPUT, FROM MULTIVIBRATOR 

VOUT IS AC VOLTAGE DELIVERED TO LOAD 

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

For assumed values of active device a?d tzansformer parameters, a 

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

- -  "out - 
"in 1.5 x S2 + .263 S + 571.0 

(1.414 CPF) 1.07835 
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NOTE: For three-phase operation, the inverters are configured to effectively 

coup:e :heir ;>tput; ir. .. :;];e-connection, as sketched below: 

1 2 

3 

r 

In the simulation, the multivibrator outputs are sequenced in phase angle 0 
120°, 240°, to achieve three-phase Dperation. 

A s  i n  the case of the fuel c e l l ,  the SYSTID inverter model was teseed 
for step response, as shown in Figure 5.3-10. 

R L ~  = 1 Ci 
R L ~  = c ~ f i  

FIGURE 5.3-10. SYSTID INVERTER TEST STEP RESPONSE 
DIAGRAM 

The resultant transient responses are given in Figures 5.3-ll(a) 
and 5.3-11 (t) . 
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FIGURE 5.3-lla. INPUT DC CURRENT (REPRESENlING FUEL 
CELL) TO INVERTER VERSUS TIME, FOR 
A STEP CHANGE I N  IKVERTER LOAD 
IMPEDANCE 

FIGURE 5.3-llb. INVERTER AC OUTPUT VOLTAGE VERSIJS TIME, 
FOR A STEP CHANGE I N  INVERTER LOAD 
JMPEDA!:CE 
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Distribution Bus (Cable) Elodel Development 

A physically realizable powcr transmission cable is best represented 
For purppses of convenience, we shall by a distributed parameter equivalence. 

allow a simplified lumped-parameter equivalent circuit, namely 9 first order 
RC ladder network 

t 
"IN 

RT = total cable loss, ohms 

CT = total cable capacitance, farads 

RL = the load resistance, ohms 

and where 

RT = (R) (XL) 

CT = (C) (XL) 

XL, length of cable, feet 

R, ohnslfeet 

C, faradslfeet 

The overall transfer function can be shown to be 

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, i n  series with a logical switch, to 
indicate conduction state. 
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Real: 

This representation employs the fundamental diode junction equation 

where 

= junction reverse (saturation) current, amperes Isat 

TH = constant = q/KT 

AV = junction pctential, volts 

Frou which we may define 

1 dI THAV 
39 Isate 

- = - =  
% dV 

where 

% = junction impedance. 

An equivalent circuit may thus be drawn: 

2nd R the impedance presented to the source, which delivers I ampeyzs is 

given by 
S' s 

RS - 5 ,  + %  
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Remote Control  C i r c u i t  Breaker (RCCB) Model Development 

The RCCB passes  load cu r ren t  based on i t s  r a t i n g  which ranges from 

15 t o  100 amperes f o r  the  var ious  dash numbers u t i l i z e d  i n  the  EPDC, wi th  a 

vol tage  d r o p s  0.25 v o l t .  A t  some overload condi t ion ,  given as a percentage of 

r a t ed  c u r r e n t ,  the  RCCB must t r i p  and r e l i e v e  the  load (200 percent  of r a t e d  

cu r ren t  is minimum t r i p  l i m i t  wi th  the  t r i p  time being a decreasing func t ion  

of overload c u r r e n t ) .  It  is a l s o  capable of being remotely energized,  i . e . ,  

POWER 

MAIN BUS 
POWER 

set' o r  opened. 

ance, from a bus o the r  than the  main buses,  over a range of 24.0 t o  40.0 v o l t s  

s h a l l  set t h e  RCCB. Removal of t h i s  vo l tage  au tomat ica l ly  opens the  load cir-  

c u i t .  

The c o n t r o l  vo l tage ,  appl ied  through a 1 . 3 K  ohm source resist- 

A 28 vdc backup bus c i r c u i t  can a l s o  energ ize  t h e  RCCB, an2 i t s  load .  

CON1 POL RCCB w 
VOLTAGE 

24-4OV 5 10 mA 

The func t iona l  f low of t h e  RCCB is given i n  Figure 5.3-12. 

IL 5 2 lAAfED NO TRIP 

t L  ? 2 lRATED TRIP 

TTRlpS 10ma l L = 6 0 0 0 A  

1 

? h e  RCCB cannot be closed while  an overload cond i t ion  exis ts  (magnet ical ly  
l a t ched) .  
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0per;i t ional Sequences:  I f  both main and .,ii;:kup power bus vol tages  

are removed, RCCE is not  t c  -Sange s t a t e .  

I f  con t ro l  vo l tage  is rem; . RCCB mast open. 

If overload occurs ,  main con tac t s  will t r i p  

open. In  o rde r  t o  close load c i r c u i t  again,  

con t ro l  vo l t age  m u s t  turn RCCR OFF, then ON. 

The RCCB was modeled i n  SYSTIC by assuming a dual  r ep resen ta t ion ,  one 

A logical  c o n t r o l  sequence, h e  o the r  an RLC network s lmula t ing  a t y p i c a l  relay 

merhanizat ton. P i c t o r i a l l y ,  

'J LOSS 

USE R 

ELEMENT 
- 
7 * 

INPUT SOURCE 
CURRENT RELAY 

's > NETWORK 

SYSTID 
SENSING 
AND CONTROL 
--w.., 

(EVENT 
GENERATOR) 1 

VLOSS 0.2sv 

FIGURE 5.3-13. RCCB SYSTID MODEL FUNCTIONAL FLOW 
DIAGRAM 

Thc RCCB t r a n s f e r  func t ion  represent ing  load cur ren t  flow t h u s  

A second o rde r  response g iven  by the becomes t h a t  of the  relay network. 

following C(s)  

(19.46/T:) 
C(s)  = - 

S2 + (6.25/T0)8 + (19.46/T2) 0 

To = 1 0  ms, -the r ise time 
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U ; . I ~ . I .  . .  , . 1 rtalny c o i l  r e s i s t a n c e ;  r its intrawinding (or d i s c r e t e )  capa- 

c . i : < : : x t  I , !, 1 i. re lay  c o i l  inductance. 

\ , J t t >  t ha t  t he  , . i r r u i t  analyzed f o r  t r a n s i e n t  response h e r e  is t h e  

10.1.1 ( . i  Y~ I ! ; :  . !'rt~sum;ibly, 8 similar  c i r c u i t  ex i s t s  f o r  t h e  con t ro l  c - i r c u i t s  

((.rirrciit s imr:Intion technique assumes no RCCB t i m ?  cons t an t s  d i r e c t l y  i n  con- 

i r o l   it^^). 

i i l c .  t r a n s i e n t  response of t h e  RCCB is t e s t e d  i n  a SYSTID confipura- 

t i  '11 si- r l . i r  t o  t h a t  shown f o r  t h e  i n v e r t e r  i n  Figure 5.3-1G, i.e., dr iven  by 

an ic.-.al v o !  tage source,  allnwing t t e  measurement of RCCB input  c u r r e n t ,  as 

s ! t t w ~  in 1 . :  :ure 3-3-14. 

R t  nt , t  C .  h w t > !  C o q t r i l l c r  (RPC) Madel De-Jelopment - _ ~ - . _ _ _ _ -  

! ~ I C  RFC is  a power c o n t r o l  device which can be c o n t r o l l e d  remotelv, 

11: ~ i r n i  I.!r ! . i sh ion t o  t h e  RCCB. The RPC d i f f e r s  from t h e  RCCB mainly i n  its 

. ib:  i i t v  t s q  ! i m i t  t h e  cur ren t  de l ive red  to  t h e  load, as vel1 as provide t r ip -o f f  

~ V C ' I  10:ltl 1)rotection. The  RPC can t e  turned on with c o n t r o l  w l t a g e s  less than 

; 4  volt';. brit morc t!un 9 v o l t s  DC. For vo l t ages  beideen 6.5 v o l t s  arid 9.0 vdc, 

t l l r .  R1.f' v i ;  I be shut  o f f .  No t r i p  i n d i c a t i o n  is c u r r e n t l y  a n t i c i p a t e d  for t h e  

P Y ,  ' 11  t l w l i , ; i i  For a n a l y s i s  p irposes,  t h e  SYSTID RPC model i nca rpora t e s  t r i p  

f i id it . . it  ion .  'The o v e r l a o d / t r i p  c h a r a c t e r i s t i c s  of t h e  RPC arc given i n  

1;i;~l1rt~ 5. 5- I -). 
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FIGURE 5.3-14. CURRENT DELIVERED TO THE LOAD BY THE 
RCCS VERSUS TIME, AS A FIWCTION OF A 
SfEP CHILVGE I N  L0.0 RESISTANCE 

TR dNSI ENT OV E RS HOOT DURATION 
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FIGU12 5.3- 15. RPC CL .;RENT LIMITING C W X T E K I S T I C  
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In  add i t ion ,  a f a i l - s a f e  c a p a b i l - t y  s h a l l  exist, i .e.,  a f u s i b l e  l i n k .  

The maximum load range of t hese  devices is 20 amperes. 

are gene ra l ly  suppl ied  irom t h e  s h u t t l e  e s s e n t i a l  buses,  and may be  reset, sub- 

sequent t o  t r i p p i n g ,  w i th in  20 ms. h i t i a l  tun.-on t i m e  is s2 ,5  m s ,  wi th  turn- 

The c o n t r o l  vo l t ages  

of f  t i m e s 5 4  m s .  The rise times are 

3 e  RPC func t iona l  flow is 

gene ra l ly  5 2  m s ,  t he  f a l l  times 14 ms. 

given by Figure 5.3-16. 

SENSING SOUACE 
CURRENT 
LIYITER 

EVENTS 
GENERATOR) 

FIGURE 5.3-16. RPC FUNCTIONAL ?:LOW D I A P . 2 1  

The func t iona l  flaw i n  Figure 5.3-16 is similar t o  t h a t  of t he  RCCB, 

except t h a t  t h e  relay elemenc is rep laced  wi th  the  c u r r a t  limiter model. 

I n  similar fa sh ion  t o  t h a t  i l l u s t r a t e d  by Figure 5.3-10, t h e  s t e p  response of 

ehe RPC is given by Figures 5.3-17(a) and 5.3-17@). 

5.3.2 LOAD MANAGEMEKT AND SEQUENCING 

I n  o rde r  t o  e f f e c t i v e l y  i n t e r f a c e  with t h e  enormous volume of d a t a  

involved i n  t h e  s h u t t l e  EPS, a model w a s  developed f o r  access ing  a s tandard ized  

load-defining d a t a  base. 

consistency is maintained between t h e  SYSTID s imula t ion  and t h e  SEPAP/RI  a v a i l -  

a b l e  d a t a  format. 

This model and its usage are implesented such t h a t  

In conjunction with t h e  LOADS model, a sequencer and a s soc ia t ed  s o f t -  

ware were developed such t h a t  a given sequence of even t s  (or equipment time 

p r o f i l e s )  could be e f f e c t i v e l y  used t o  c o n t r o l  t h e  SYSTID s imula t ion .  
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FIGURE 5.3-17a. SOURCE CURRENT DRAWN BY R X  VERSUS 
TIME, AS A FUNCTION OF A STEP CHANGE 
I N  RPC LOAD IMPEDANCE (CURRYNT) 

FIGURE 5.3-17b. RPC IMPEDANCE VIEWED BY SOURCE VERSUS 
TIME, AS A FUNCTION or A STEP SHANGE 
I N  LOAD IMPEDANCE (CURRENT) 
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! I I  I a ) t +  : 1 . 1 .  I : . ' I -  i. it!. tht.  above d a t a ,  .he model accesses t h e  sequencer  ( L 3 A D O N )  

I ' t . .  (!* . : . I : !  ii-ii e f  tile c'cluipment mode. Equipment modes nave been  derined R S :  

0 = ON 

1 = st.11dby 
-. - . - s b o r t  c i r c u i t  f a i l u r e  

7 = o;?cn c i r c u i t  f a i l u r e  

.'t-h open f o r  d e f i n i t i o n  

7 = OFF 

1 Op*r.i:  i t in o f  ! hc LOADS model r e q u i r e s  UNII'AC d a t a  e lements  i n  TPFS named 

"!.O.\DSSS" w?tt>rc NNX = 3 d i g i t  1oa.i number. I f  a 2ata e lement  is n o t  avaLl- 

cibl(,. t h t -  j ) . irt icular load  i s  d e f a u l t e d  tc an open c i r c u i t .  The format of the 

J.it.1 t . l t m ~ ~ i i t  < * a ! ~  bc. seen i n  Appendix 7.1,  wnich describes the procedure  f c t r  

bu i It1 in$: t ! I $ ,  load d a t a  base .  

: I : ( %  scqucrwcr ro i l t i ne  LOt230N is t h e  i n t e r f ace  t o  t h e  Event Data F i l e  

5 .  *: i . i c *  !i! lY'Fl.E. L'sr of LOAWN iz as fo l lows :  

CAI.1. LOADON (ID, MODE) 

ID = 6 d i g i t  e q u i p n n t  number or  3 d i g i t  SEPAP s w i t c h  

rlumber 

?IODE = m d c  os t h e  dt>vicc. a t  t h i s  timc 
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Creat ion  of t he  Event Data f i l e  is accomplished wi th  the  SORT 

rou t ine ,  w5ich reads  da t a  ca rds  de f in ing  t h e  t i m e  sequence f o r  a l l  equipment 

and system conf igura t ion  and writes a compact d a t a  f i l e  organized for rap id  

access using minimal computer core .  

-w 

Figure 5.3-18 d e s c r i h s  t h e  procedure necessary for prepa ra t ion  of 

MERGE 

t h e  Load Data Base. 

DATA PREPARATION 

DATA USAGE 
------ 

@ ROC KWE LL 
LOAD 8US 
-1GNMEKT 
CARDS 

4 
@GENERATE 

L J 
COMPACT EVENT 
DATA F I  LE 

-------- - 

w 

LOADSMOOEL 

SORT DATA AND 
GENFRATE LOAD 
ELEMENTS 

ASSISNMENTS 

LOADON 

ROUTINE 
* * WTE RFACE 

EOUIPMENT 
PARAMETERS 

MODE VERSUS 

SEOUENCE 'r' 

6). 0.0. @ARE INPUTS FROM 

@, ($, @ARE COMPUTED OUTPUTS 

ROCKWE LLlJSCiLEC 

FIGURE 5.3-18. SYSTID EPDC LOAD DATA P~~EPARATION 
PROCEDURE AND SEQUENCE 
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APPENDIX 7 . 1  

EPDC TOPOLOGY AND LOAD BUS ASS1C:NMENT DATA 

AS PROCESSED FOR SYSTID SIMULATION 
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APPENDJX '.I - EPDC TOPOLOGY AND LOAD BUS ASSIGNMENT AS 
PROCESSED FOR SVI;TTD SIMULATION 

' i ' i ~ t b  data  i n  this appendix subsec t ion  provides :he following information:  

1) an 1,;IW pology chosen f o r  SYSTID simulat ion and performence a n a l y s i s ,  

namely c l w  L,EC schematic reproduced as Figure 7.1-1, 2)  a l i s t i n g  of bus assign- 

ments dt-rived from t h i s  schematic,  

The load switches shown i n  F i g i r e  7.1-1, as displaycd i n  t h e  small po r t ion  

~f t h e  overa l  topology below, are l o g i c a l  i n  aa tu re ,  i.e., f o r  purposes of 

cnergi;:iiy a g iven  load group ir. the  LEC SEPAP t!me p r o f i l e  ana lys i s .  

Switches 275 and 101 i n  this topology s e c t o r  

are examples of l o g i c a l  elemcnts found through- 

out t h e  schematic of 7.1-l...in some i n s t ances  

they a l s o  correspond t o  actual  devices.  

'i'hc aclri.i1 c i r c u i t  p ro tec t ion  devices ,  i.e., RPC, RCCB, 01- fuses  are ik*-'uded 

w i t h i n  c~acli load groue  ... f o r  ins tance ,  load gioup 171 inc ludes  load t! ;,ients 

f : ivcsn 1,s * t ' ~ b l e  7.1-1, each load element having i t s  own c i r c u i t  p ro t ec t ion  

d e v i c e .  l'hc l i s t i n g  of TabLe 7.1-2 d i sp lays  the  topology i n  t a b u l a r  form as 

gc~ric.rotc*tl f o r  SYSTID, f r u n  t h e  connec t iv i ty  dal,  of Figure 7.1-1. The bus 

assii;iiinl*nts shown a r c  i n  terms of load broups.  not ye t  i n  load element form. 

1.1-1 



1'ARJ.E 7.1-1. EXAMPLE LISTING OF LQAD GROUP I71  E L E H E m  
(KSSEXTIAL SUB-BUS 3 A R / D I E )  

i'I.EZ.1ENT 
ELEMEST NAME 

(WARM-UP) I (OPERATE) I '~ooOuuo 
U S E R  TIMLNG W I T  

I "40y0@10 

LQAD CONTROL A S S F M L Y  UNIT 82 

t-i 
Nw4020(! 

r - 
(16%0300 LOAD CONTROL ASSEPrBLY 'WIT 83 

WATTS 

PATED 
LOAD SUSSYSTEH NAME DISSI- 

ENVIRONMENTAL CONTROL 40 

26 AND L l F E  SUPPORT 

ELECTRrCAL P(IWER 

CONTROL 
~. DISTRIBUTION AND ?S 

 tab!^. 7.1-3 t a b u l a t e s  t h e  load groups a c t u a l l y  coded i n  SYSTID, i n  

scbqucntinl o rder  as read f i m  l e f t - t o - r i g h t  on Figure 7.1-1, first main bus A, 

thcu H, a i d  Fi.~.il!.y C. Nnt a l l  of t h e  loads were coded, due t o  t h e  ominous 

numhcr 01- incons is tenc ies  i n  t h e  base d a t a  ... a s u f f i c i e n t  number w e r e  coded, 

to givc :I r4 eaningfu l  representa t ion  of t h e  EPDC/user system, 

e s t c m s i r n  c f  t h e  coding, given a val ida ted  d a t a  base,  w i l l  r e c t i f y  t h i s  s i t u a t i o n .  

DIW L o  t l iscrepencies and omissions i n  t h e  SEPAP bus assignment d a t a  (Appendix 7.2) 

:IS fttrnislrcd to  Hughes by LEC/JSC,  some a r b i t r a r y  assignments were made i n  t h e  

cons t ruc t ion  of thesz load groups. 

Straight-forward 

As :in <.xarnple of how t h e  Appendix 7.2 da ta  has been u t i l i z e d  i n  generat ing 

these  SYSTID load group assignments, w e  may t ake  load group No.  171, and trace 
its development as suamarized i n  Table 7.1-1 above. 

J 

From Figure 7.1-1, we note  t h a t  load group 271 is dr iven  by " e s s e n t i a l  

Ims 3 AR" ( a l t e r n a t e l y  s t a t e d ,  f u e l  cell No. 1, cross-coupled t o  both main load 

qroup, IX buses  P 2nd B). From Table 7.2-1, t h e  EPDC!user subsystem element 

7.1.2 
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SHOULD BE 36) 

A!& FIGURE 7.1-1. SEF'kD ELECTRICAL POWER DISTRIBUTION 4 

NETWORK SCHEMATIC 
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bus assigiiiilt*nts;, t t e L  11...i D l L ,  has A r Z  ‘o-d elements. (DlE is the  no ta t ion  

for  1 0 . 1 1 ,  main i. IS A ,  e s s e n t i a l  DC sub-bqis). These t h r e e  elements (one 

clemcnl  I I . I .  two s t a t e s )  were given i n  Table 7.1-4. Thus, a t  any given mission 

p1iasci. t t r c .  master timing u n i t  w i l l  be i n  e i t h e r  i t s  o f f ,  on or standby mode, 

and &)ne 01- both 111 t he  load c o n t r o l  assembly urlits w i l l  be energized. 

Additional infonuation can be  gleaned from Table 7.2-1, namely, whether a 

p a r t i c u l j r  c i r c u i t  p ro t ec t ion  device has been s e l e c t e d  f o r  a given load 

clcment. 

timing un i t  (page 7.2-4, p o i n t e r ) ;  as a counter-example an  RP(C) has been 

se l ec t ed  for tho siqtal condi t ion ing  u n i t ,  IE#0413000 (see Appendix 7.3, 

page 7 - 3 - 1 1 .  In  similar fashio.i, from Appendix 7.3, page 7-3-5, we determine 

that ttic Load c o n t r o l  assembly u n i t s  Y2 or 13 i d e n t i f i e d  from Appendix 7.3, 

page 7.3-9, both employ f u s e s  as c i r c u i t  p ro t ec t ion  devices ,  

cliostn for t h e  i l l u s t r a t i v e  s imula t ion  purposes of t h i s  s tudy  is t h a t  an 

fuse  w i l l  be chosen as t h e  r ep resen ta t ive  c i r c u i t  p ro t ec t ion  device unless  

otherwise ind ica ted .  

1 

For example, no p a r t i c u l a r  device has been s e l e c t e d  f o r  t h e  master 

The convention 

Fur ther ,  t o  i n d i c a t e  which load groups have a c t u a l l y  been represented 

by load clement decomposition and modeled i n  SYSTID a s o l i d  d o t  has  been 

placed ad jacent  t o  t h e  load on t h e  schematic of Figure 7.1-1, 

F i n a l l y ,  Table 7.1-4 lists t h e  load e l e o e n t s  obtained from t h e  LEC 

SEPAP card  d a t a  supplied t o  Hughes, as a func t ion  of bus assignment. Note 

t h a t  this Lis t ing  does not have load group s o r t i n g ,  p e r  t he  topolgoy of 

Figure 7.1-1. 

‘As determined by the  SYSTID Event Generator 

PRJ3CT;IDING PAGE BLANK NOT FILMED 
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TAB 7.1-2 

SYSTTr LOAD PUS ASSIC'?JI."'- LISTINGS (EPDC TOPOLOGY) 

c FUFL E L  ( ~ 1 0 1 , 2 ~ , )  V O I  
V O l  SWI s t  CH 1 O l r w l O ~  V 1 0 0 ~ 1 0 1  

~ o o , . ~ o o , o o o o ~ ~ ~ ~  DC RUS 4 L a m  

V I 0  * 
V l l  
V l l  
V l l  
V I 1  
V l l  
V l l  * 
Pll=J 

7.1-7 



I L L C  I .i-_? SYSTIL) LOA[$ BUS ASSIGNMENT LlSTINGS (EPDC TOPOLOGY) 
(Continued) 
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TABLE 7.1-2 SYSTID LOAD L S e.. :,L-NML. 2 I.IqTINGS (EPDC TOPOLOGY) 
’Zont irru ?d ) 
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TABLE 7 . 1  - 3  

S i S T I D  LOAD DEFINITIOK LISTING 

KOl'E: 1. 'Ti\ R L L W  li,CLUDES LOAD GROUP ITEI.1 N O . ,  BUS IDENTIFICATION,  
OAll E1,i 'XhT I D  NO. AND NAME, AND WATTAGE CONSUMED. 

MAIN BUS A L O S  
L O 4 D l l Z  

1 e 10100 
1010110 
1 1  O l d 0  

U 0 3 0 1 U O  
UOfOaOo 
t+010!00 
h a l o 1  00 
6660100 
h1n010o 
7 0 !  0iOO 
70 0 Q O  
7010bOO 
70  O S O I )  

226 3 0  0 0  0 
2 060r)Or) 
2 9 070000  
221fO000  

31 a 0000 

7 0 f o ' i 0 o  

7 0  4 01uu 

U0070 v 0 0 7 0 1 0 0  0 0  
k 0 0 7 0 3 0 0  

4n31OIOcI 
U 0 3 3 0 1 0 0  
5 270000  
5 I 3 0 0 0 0 0  

RP 
RP 
R P  

R P  
RP 

R C  

RP 
RP 
QP 
RP 

!S 

3 

RP 
RP 
RP 
RP 
R C  

RP 

160.00  
55e00 
0r00 

60 00 
60.00 

r o o  
25.08 

39.20 

g0.00 
to8:18 600 .  0 

2tto.n 

:&fiJ 
8:: !; 15e00 

eua o 
10r00 

lbO.00 

455,OO 
310 .00  
510.00  

19.50 

12.50 !:18 
1188:88 
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RP 
RP 
R P  
RP 
UP 
RP 
RP 
RP 
RP 
R P  
F 

9P 
RP 
RP 
RP 
RP 
RP 
R P  
RP 
t 
R t  
R P  
c 
I 
? 
RP 
RP 
RP 
RP 
f 
C 

I 
F 
c 

9P r 
I 
I 

bP 

i 
t 
1 

1 
1 
1 
1 

t 1 

I 
t 
t 

I 

1 
1 
I 
1 

I 

t 1 
1 
1 

i 
t 
f 
t 
i 
1 : 

i 
t 
! t 
t 

94.50 

128:88 

h:!! 
tt:88 

30 4 p . 0 0  a 0 0  

4 000 

42000  

u2.00 
r r ? . O O  

4 ,oo  
4 0 0 0  
42.00 
O Z a O O  

Y 100 
u2000  
Y r o o  

ua.00 
8 r o o  

ui?,oo 
4 2 a 0 0  
82.00 oi?*oo 
42.00 

Y of.00 000 

u p 0 0  

9 l r o o  

u $ r o o  

&3i 

i$II 
k88 
R88 
56.00 

b7rOo 
D l  A 21  05ozo!, Q U A N T I T Y  G A G X V G  P R O O €  m2 1 b 7 o O O  
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TABLE 7.1-3 SYSTID LOAD DEFINITION LISTING 
(Con t inued ) 

,WIN BUS A L W S  
L O A D S 1  

3 
4 

N 
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f i 
Y I  
s a  

1: sm 4, 

TABLE 7.1-3 
(Continued) 

SYS”I’D LOAD D E F I N I T I O N  L I S T I N G  

MAIN BUS A LMDS 
L O A 0 1 6 1  

RP 
RP 

L O 4 0 1 7 1  
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TABLE 7.1-3 SYSTID LOAD 3EFINITION LISTING 
(Continued j 

1. 
L O A O I l I  

baa S008OtOO t C P  .Z START + SUST MTR 1 6000.00 

7.1-15 



TABLE 7.1-3 SYSTID LLLiD DCSLNITlOh TASTING 
(Cont inbed) 

MAIN BUS B LOADS 
L c i A D b O l  

1 RP 
I RP 
1 UP 

c 
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TABLE 7.1-3 SYSTID LOAD JEFIFiITION LISTINC 
(Cont i n w d )  

MAIN BUS B LOADS 

L O A D 5 d 3  

1039200 

so 0 2 0 0  
3OfOIOO 
ioJoaoo 

t82#% 
4 ! 9 0 1 0 0  

c 
UP 
C 
RP 

RC 

U P  
c 
F 
U t  
C 

RP 

R C  

7.1-17 



TABLE 7.1-3 SYSTID LQAD DEFINITION LISTING 
(Cont h u e d )  

WIN BUS B LOIWS 
L O A D L T t  

1. O a t  4060100 t LO40 CNTLR A88V-tUO *l 1 7Y.00 
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1. 

4. 
0 .  
4. 
7. 
0 .  
9 .  

1 0 .  
11. 

i: 

L O A 0 3 2 1  
1 

1 
1 

-FhD 1 

1 

A3 34 30050590 FCP =s PUMP + nao IEN~OU 1 1so.eo 
A3 3C 2170300 TACAN 85  1 150.09 
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I :  
3. 
4. 
5 .  
6 .  
7. 
8 .  
Q. 

14. 
15. 

re, 
19. 
20. 
21 a 

23 
a d  a 

t t : 

L a .  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

L O A D S 3 1  

L O 4 0  

1 
1 

1 
1 

f 

f 

i 
f 

i 
1 
1 
1 
1 
1 

1 

i 
1 

3 b  

1 
1 

i 
i 
I 
1 

U E e a o  
u2m00 
u2,d0 
u2.00 
(1 e o 0  

uz.00 uL,cSo 
24 . 
21 .00  

I 3 U . 5 0  
13u.50 
32,n0 
8U.00 
z0.00 

&:E f 
28.1: 

zn .00  

g 0 . 0 0  
0.00 

100.00 

Z f l . 0 0  
05,00 
1uw60 

5 0 0 0  
u.00 

9 0 . 0 0  
207.30 

35.00 
u0.00 
80,00 
u0.00 
u w o  

1 
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T A X E  7.1-4 

LISTING OF LOAD ELE?ENT BLiS ASSIGPWXTS, AS PROCESSED PROn 
CARD DATA (APWNDIX 7.2) 
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TABLE 7.1-4 
(Continued) LEG CARD DATA (APPENDIX 7.2) 

LISTING OF L3AD ELSMEhT BUS ASSIGNMENTS, AS PROCESSED FROM 

*I*********$************ BUS I3 A 1  S b  . . . . . . . . . . . . . . . . . . . . . . . . .  
?on 1 O Z O O  
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TABLE 7.1-4 
(Continued) LEC CARD DATA (APPENDIX 7 . 2 )  

LISTING OF LOAD ELEMENT BUS ASSIGNMENTS, AS PROCESSED FRON 

. . . . . . . . . . . . . . . . . . . . . . . .  P l J S  ID - 1  ***$*********************  
u!Sfl9')r)O 

7.1-23 



TABLE 7.1-4 LISTING OF LOAD ELEMEIT BUS ASSIGNHENTS, AS PROCESSED FROM 
(Continued) LEC CARD DATA (APPENDIX 7.2) 

* * * * * * i * * t * ~ * * * * * * * * * ~ * *  R I I 8  I n  3 l Y  * * * * * * * * * * * * * * * * * * *$** * * *  

** 

Z 
7 

* *  
n 

0 

r) 
P 

I? 

* * * * * * * * 4 * * * * * * * * * * * * * * *  eus 10 n i b  . . . . . . . . . . . . . . . . . . . . . . . .  d 
i J 1 1 n p n 0  

. . . . . . . . . . . . . . . . . . . . . . . .  RU6 I n  D L  S * * * * * * * * * * * * * * * * * * * * * * * *  
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TABLE 7.1-4 LISTING OF LQCS ELEMENT BUS ASSIGNMENTS, As PROCESSED FRi)M 
(Continued) LEC CARD DATA (APPENDIX 7.2) 
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TABLE 7.1-4 LISTING OF LOAD ELEMENT BUS ASSIGNMENTS, AS PROCESSED FROM 
(Continued) LEC CARD DATA (APPENDIX 7.2) 
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TABLE 7.1-4 
(Continued) LEC CARD DATA (APPENDIX 7.2) 

LISTING OF LOAD ELEMENT BUS ASSIGNMENTS, AS PROCESSED FROM 
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APPENDIX 7.2 

Sl'PAP DATA BASE (CARD IMAGE DATA AS FURNISHED BY LEC) 
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APPENDIX 7.2 

SEI'AP DATA RASE 

' l : t l~ l ( -  ?.?-t ~!i .splays t h e  images of car2 Jnta  suppl ied by LEC. The 

I i : . ~ . . t l  q t t i j u i e i i t  i t e m s ,  reading across are bus i d e n t i f i c a t i o n ,  c i r c u i t  

l : i - o t c . < c t  i , l l r  tlt*vicc ( i f  s e l e c t e d ) ,  EPDC or load e l e i n e r i l  procurentent s p e c i f i -  

i"i i  I ~ U I  li~tiiibt~r, and element i d e n t i f i c a t i o n  number. The nomcnclature w i l l  

I N ,  <IC.! i i : c * t l  i n  tiw following tab les .  %e equipment l ist  K ~ S  obtained i r o m  

LIN. I . lc .ctrical  Equipment L i s t  da ted  Jv ly  23, 1974 wi th  modi f ica t ions  based 

on t l i c .  t l . i t c i  in tile l a t e s t  Rockwell power p r o f i l e  a n a l y s i s  document da ted  

d r i r i c ~  2 6 ,  L37$. The bus desc r ip t ion  nomenclature iised t h e  tol lowing format: 

:!id 

'B . , I  11 

Descript ion 

POWER TYPE 

A = ac zomponent 
D = dc component 

MAIN BUS IDENTIFIERS 

1 = Main dc bus A 
2 = Uain dc bus B 
3 = Main dc bus C 
4 = P/L Direct from F/C 3 

SUB-BUS ASSIGNMENT 

F = Forward Local dc bus 
M = Midbody loca l  dc bus 
A = Aft  local dc brrs 
E = E s s e n t i a l  dc hus 
D = DFI dc bus 
L = LH D&€ Panel 
R = RH D6C Panel 
0 = OOSCB Panel 
P = P/L S p e c i a l i s t  Panel 
S = Mission S p e c i a l i s t  S t a t i o n  
T = ALT Panel 
W = P/L Bus 
P = General (any o t h e r  d i r e c t  loads)  

7.2-1 



De sc-r i p t i on  

L O  ClASS 1i~ICATLON 

1 = Direct t o  ):rotintl 

2 = Return t o  !;roit:id 
3 = l n v e r t c r  c~r AC 
t,: PIL 

AC PHASE DESCRlPTiOK 

A or R or C = 1 phasc 
Far 76 or 30 loads ertcr phase lc t tcrs  
consecutively.  (NOTE I This  i s  d i  f ft>rrt-iit 
than Rochel l  which reqt:irea e n t r y  01 2 or 3 
BUS IDS). 

F e r  i i i s tancr . ,  MIS ID DIF2 r ep resen t s  t h e  following information: The 

i t c a m  ( ! ? I ( : )  is ;I IX: load, 011 iici: (M:) BUS A, i n  p a r t i c u l a r  on forward local 

( 1 ~ : )  hrs. w i t h  n s i n g l e  point  ( r e tu rn  wire)  ground. S i m i l a r l y ,  AZF% ind5citec 

. I  101d ~*I~-l;rcnt t h c  (;SE from bypass c o n t r o l  r equ i r ing  a power, on main BUS B, 
i qirw:trcl I W : I  L bus,  i n v e r t e r  output.  

111~. KITX or load clcmcnt ncmnc la tu re  convention used i n  t h e  l i s t i n g  

,)r ~ ' ; t l > L c -  7.3-1 rcading from l e f t - t o - r i g h t  i s :  

X 

Used f o r  hcadcr t i  
SS >i)i XX 

I I 
INcxlc, i.e., standby = 0 ,  opera t e  = 1 (CEC) 

P a r t i c u l a r  u n i t  No., i.c., ?1,2,3. . .  

c c n c r i c  u n i t  ID, i . e . ,  master timing trait  

Subsystem, i . e . .  connmica t ions ,  G II N 

7.2-2 



a
 
d
 

c
 

7.2-3 



4
 

I 



Ir 
.c

I 
c
 

7.2-5 



.-
I 
I 

c
i

 

(
1
.
 

u
a
 

4
4
 

c
 t
 

a
m
 

a
a
 

u
u
u
c
h
o
 

tra
c

rz
a

 

7.2-6 



U
 

C 0 
V

 
L

 

7.2-7 



Q
 

'u
 

3
 

E: 

rn 
U
 

7.2-8 



, 

a
 

aJ 3
 

c: 
4
 

U
 

c: rJ 

'3 

C
 

7.2-9 



JJ 
c 0 - a a, 3

 
C 
.r

( 

7.2-10 



,-. 
73 
N
 s C
 

.A
 

4J 

V
 

W
 

d
 

I 
c4 

r- W
 

a
 

r.) 
c? 

J
 

7.2-11 



7.2-12 

I
'

 



-- t
i
 

a, P
 

I
#
 

*
 

7.2-13 



w
 

4
 
a
 

L
 

7.2-14 

I 



t
 

t ? *- 

7.2-15 



.- 2 1
 

r
 
- ..4 U
 

L: 
3
 

L
, 

4
 

I
 

-8
 

I 

7.2-16 



R
~

R
O

D
U

C
IB

IL
~

 
OF THE 

O
K

IG
E

A
L

 PAG
E IS POOR 





7.2-19 



7.2-20 



. 

7.2-21 

1 



1 



I I I i 1 I I i 

7.2-23 



o
o
o
o
o
o
o
o
o
o
o
o
o
o
 

o
o

o
m

o
o

o
o

o
o

o
o

o
 

o
o
o
 

4
9

0
 

r
(
 

I 

7.2-24 



u
 

W
 

7.2-25 



7.2-26 



7.2-27 



m
 al 3 

c 

7.2-28 



TABLE 7.2-2 SEPAP TOPOLOGY DEFINITION 
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TABLE 7.2 -2 (Continued) 

02 

03 

09 

10 

I f  

1 2  

13 

1 4  

1 5  

36 

17 

19  

20 

2 1  

22  

33 

24 

2 5  

20 

. -  
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TABU 7.2-2 (Continued) 

I 

27 

29 

30 

31 

32 

33 

34 

35 

36 

37 

39 

4 1  

4 2  

43 

5 1  

52  

53 

60 

61 

I D E i T  1 FI CAT! ON 

Essential Bus 1 BC 

Inverter Bus B 

Main dc Bus C 

Main dc Bus C Load 

Fwd d c  Bus C 

. .  . 

Midbody Local dc Bus C 

Aft Local dc Bus C 

RH D&C Panels Bus C 

Li( DCC Paircls Bus C 

Essential Bus 2 CA 

Inverter Bus C 

Fwd Sub-Bus AB 

Fwd Sub-Bus BC 

Fwd Sub-Bus CA 

A f t  Sub-Bus AB 

A f t  Sub-ihs BC 

A f t  Sub-Bus CA 

Main Bus Tie - A, B, C 

Fwd Sub-Rus ABC 



111 

1 1 2  

113 

1 1 4  

115 

116 

121 

2 22 

4.23 

131 

141 

1 4 2  

151 

161 

1 7 1  

211 

212 

213 

214 

215 

216 

1 D l G 2  

' D1C3 
! 

D l G l  

DlS2 

D1P2 

DlTZ 

D l F 2  

D1 Fl 

D l F 3  

Dl141 

DlAl 

D1A4 

D l F 2  

D l L 2  

D S E l , D l E l , D Z E l  

DZO? 

D 2 G 2  

D2G1 

D2S2 

D2P2 

D2T2 

I__---_ - -- _-___-- - 

IEE:?- !:I Z.4TI os 
___-_I_- - -_--- -- 

X2i:i A On-O;. i , i t  c /h  Pane; 

P k i n  X dc L o ~ d s  (Bus k t u r n )  

!Hain A dc Loads (Local Ground) 

Nain A Mission S p e c i a l i s t  c / b  P ~ ? r . z l  

Main A Payload S p e c i a l i s t  c /b  Pancl  

Plain A ALT c / b  Panel 

Fwd Local A dc Loads (Bus Return) 

Fwd Local A dc Loads (Local GroLir,rI) 

Fwd Local A I n v e r t e r  Loads 

Midbody Local A ac Loads [Locai Cround) 

A f t  J,ocal ,I dc Local (Local Groun4) 

A f t  Local A Payload 

RHDGC Panc l  Bus A Loads 

LiiPCC Panel Bus A Loads 

E s s e n t i a l  Bus 3 AB Loads 

Main B On-Orbit  c / b  Panel 

Main B dc Loads (BUS Return)  

Main 13 dc Loads (Local Ground) 

blain B blission S p e c i a l i s t  c /b  P n n c l  

Main B Payload S p e c i a l i s t  c/b Pancl 

Main B ALT c/b Pancl 

I 



TABU 7.2-2 (Continued) 

LO? n nEF I I! ! -!‘?C)N ------- 
( 5 4  LOADS; 

---- 
I 

2 2 2  

223 

231 

2 4 1  

242  

2 51 

261 

271 

302  

311 

312 

313 

314 

315 

316 

3 2 1  

322  

323 

325 

331 

C 

D2F1  

D2F3 

D2E11 

D 2 A 1  

D2A4 

D2R2 

D 2 L 2 ,  D 

D ~ E I ,  r ~ E I , D ~ E ~  

D4W4 

D302 

D3G2 

D 3 G 1  

D3S2 

D3P2 

D3T2 

D3F2 

D3F1 

D3F3 

D3D2 

D3M1 

i I 
! IDENTI cic,\’rIos 

-- -- 
T * 3  Local b Z :  !.03iS (dLls Returcsj  

I 

F\cd Local  R dc  Loads (Local  Ground) 
i _ .  

Fwd Local  I; I n v e r t e r  LoaGs I 

Midbody Local  B d c  Loads (Local  Ground) 
i 

A f t  Local  B dc  Loads (Local  Ground) 

A f t  Local  B Payload 

RH D&C Pane l  Bus B Loads 

LH D&C Pane l  B u s  B Loads 

E s s e n t i a l  Pus 1 BC Loads 

Blain C Payload 

Main C On-Orbit c / b  Pane l  

Main C d c  Loads (Bus Re tu rn )  

Main C d c  

Elaifi C Mission S p e c i a l i s t  c / b  Panel  

Main C Payload S p e c i a l i s t  c / b  Pancl  

Main C ALT .c/b P a n e l  

Fwd Local  C d c  Loads (Bus Return) 

Fvd Local  C d c  Loads (Local Ground) 

Fwd Local  C Inverter Loads 

Fwd Local  C DFI 

Loads (Local Grcund) 

Midbody Loco1 C d c  Loads(Loca1 Grocnd) 

7.2-33 



TABLE 7.2-2 (Continued) 

371 

I 

34 1 ! D3A1 

351 I I D3R2 

361 1 D3L2 

DZEl,D3El,DlEl 

412 

423 

433. 

512 

DlF2,DZFZ 

DZF2,D3F2 

D3F2,DlFZ 

A f t  Local C d c  Lorrds (Local Ground) 

RH D&C Y a n c l  Bus C Loads 

L1I D&C P3ncl Eus C Loads 

531 

GO1 

602 

! Essent ia l  Bus 2 CA Loads 

D3A2, DlA2 

D1F2 ,D2F2 ,D3F2 

DlA2,DZAZ ,D3.\2 

Fwd Sub-Bus AB Loads 

Fwd Sub-Bus BC Loads 

Fwd Sub-Bus CA Loads 

A f t  Sub-Bus A B  Loads 

! 

i A f t  Sub-Eus BC Loafis 

A f t  Sub-Bus CA Loads I 

I 
i 
f 

! 
I 

Fwd Sub-Bus RBC Loads 

A f t  Sub-Bus ABC Loads 
I 

! 

. 
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I 

TABLE 7.2-2 (Continued) 

( I  I S  -?OT.\L) 
------ 
C 0 I\ *< i' CT S 

:;()!!E 

0 1  

10 

11 

11 

11 

11 

11 

11 

1 0  

1 2  

12  

19 

1 2  

10 

13 

10  

1 4  

1 4  

10 

1 5  

I O  

--- 

-- ---- -- 

_I- 

TO 
SQ*;!I 

lo 

11 

09 

09 

09 

09 

09 

09 

1 2  

09 

09 

09 

19 

13 

09 

1 4  

09 

09 

15 

09 

1 6  

-. -- 

----. - - 

- 

- .  . 

111 

112 

113 

1 1 4  

115 

116 

- 

1 2 1  

122 

!,23 

- 
- 

131  

- 
1 4 1  

142 

- 
151  

.- -_--- -- 

.00371 

.00001 

.02320 

.a2168 

.04339 

.02320 

.00893 

.00234 

-00419 

.00243 

.00487 

.00908 

00001 

,00605 

.03339 

.00946 

.04339 

.00447 

.00826 

.00604 

. O O S 2 6  . .  

SY I TCI I 
yos I ?' f 0:: 

C 

C 

C 

C 

C 

C 

C 

OF 

C 

C 

C 

C 

C 

C 

C 

C 

C 

OP 

C 

C 

c 

--.--. 



TULE 7.2-2 (Continued) 

C 

c 

m s ' ,  L;;: 

$;.-I'l'c.: :;(I. 
ASD 

P 

1 0 1 

1 7 0  

171 

172 

173 

174 

175 

180 

201 

210 

211 

212 

213 

214 

21 s 

216 

217 

220 

221 

222 

223 

- 

):;:i:;l.: is 
, ,,r .. -. .\,,-':. 

1 6  

10 

17 

17 

17 

20 

03 

10 

02 

20 

21 

21 

21 

21 

21 

21 

21 

20 

22 

22 

29 

- 
Ti! 
'C 

( I ! )  

17 

09 

15 

16 

17 

17 

60 

20 

21 

09 

09 

09 

09 

09 

09 

09 

2.' 

09 

09 

09 

- 

- 
* 
Nodal connections as listed reflect diode current flow 

7.2-36 

i 

* , .  .. .._.. . . I .  . . ... ! ,-.. 
,_ ._. .  . . 
. !  . , .  

. . * _  

.00845 

. 0000 1 

. O W 7  

. 0000 1 

.00001 

. 00001 

.00001 

.00001 

.00371 

.00001 

.02320 

.02168 

.00523 

.01774 

.01785 

.00199 

. 00 199 

.00119 

.00119 

.00199 

.00644 

SXITC!? 
?:IC j'] J ('I: 

(: 

c 

c 
OP 

0 I' 

C 

C 

F!) 

C 

C 

C 

C 

C 

C 

C 

OP 

OP 

C 

-- . .._ 
-.. 

. 



TABLE 7.2-2 (Continued) 

_ _  _-_.-- -- 
~ t i : ~ ;  s w :  

/,::I1 
5',,'1 T U j  :<:? . ____--.- 

2 2 3  

230 

231 

240 

241 

24 2 

250 

251 

260 

261 

270 

271 

272 

273 

274 

275 

280 

301 

302 

310 

311 

c 

._.- -; ' -z-- 

9 ); >; 1 ( J' s 
t:ow __- -.. 
22 

20 

23 

20 

24 

24 

20 

25 

20 

26 

20 

27 

27 

27 

30 

01 

20 

03 

03 

30 

' 31 

31 ----- 

29 

23 

09 

24 

09 

09 

2s 

09 

26 

09 

27 

09 

25 

26 

27 

27 

60 

30 

09 

3i 

09 

A 

-_-- -- 
iiES I b I jit 

VALl:l: 
(0i;;:S) -- 

.00001 

.OOG05 

.04339 

,00946 

.DO572 

.00447 

.008'26 

.012S6 

.00826 

'. 81 123 

,00001 

00447 

.00001 

.00001 ' 

- 00001 
e 00001 

.00001 

.00371 

.00447 

e 00001 

. 0 2 3 2 0  

. .a0 5?-4 . 

sivi xi: 
'GS i '1' I l, :; -- 
C 

C 

C 

C 

C 

OP 

C 

C 

C 

c 

C 

C 

OP 

OP 

C 

C 

OP 

C 

DP 

C 

C 

* ~o . ln1  connections 3s. l i s t e d  r c f l c c t  diadc  cur ren t  flow. 
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TABU 7.2-2 (Continued) 

31 3 

315 

316 

320 

321  

322 

323 

3 2 4  

325 

3 3 0  

331 

340 

34 1 

350, 

351 

360 

361 

37 0 

371 

372 

31 

31 

31 

3 0  

32 

32 

39 

3 2  

32  

30 

3 3  

30 

34 

3 0  

35 

30 

36 

30 

37 

37 
- "  

09 

09 

09 

09 

32 

09 

09 

09 

3 s  

09 

33  

09 

34 

09 

3s 

09 

36 

09 

37 

G9 

35 

. *. 

. 2 4  1 2 . i  

, ( I 1  3?1 

. ( I1635 

. 0 0 6 3 9  

.Od419 

, 0 0 2 4 3  

,00734 

.(IO756 

.00001 

6.06361 

.00605 

t o 4 3 3 9  

. 00946  

. 0 0 8 4 6  

,09826 

,02204 

.(IO826 

. 01 074 

.00001 

. 0 0 4 4 7  

.@0001 

d 

D 

C 

C 

c 

OP 

C 

C 

C 

c 

C 

OP .. 

C 

C 

C 

C 

C 

C 

C 

C 

E 

c 
or 
. .. 

? 

. .  
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TABLE 7.2-2 (Continued) 

------ 
1U35 1 S'i Cli; 

AXIJ  
SI?T'TCi 1 :.:O . 

3 7 4  

375 

S i r  

----- 

401  

402 

403 

404 

405 

406 

407 

4 08 

409 

412 

4 23 

431  ' 

501 

502 

505 

504 

505 

506 

so 7 

- 
.,...f.- :o;*. :. I . L I s 

.\Q!!!. 

1 0 

0 2  

30 

1 2  

1 2  

12 

22 

22 

22 

32  

32 

32 

4 1  

4 2  

43 

14 

14 

14 

24 

24 

24 

.. 
-----A_I_ 

34 

--- 
TO 

AUJE 

37  

37 

G O  

4 1  

6 1  

43 

42 ' 

6 1  

4 1  

43 

6 1  

42 

09  

09 

09 

51 

62 

53 

52  

62 

51  

- 1  - 1 --- 

.- 

53 

- ----.--e 
'I i;?[J;: 
1)iCD': 
fa. 
374  

375 

L_-- 

- 

4 0 1  

402 

403 

404 

405 

406 

302 . 
408 

409 

- 

- 
501 

SO2 

SO3 

504  

505 

506 

-- - :: 1: !:. i S'I'OR 
vi, LllE 
(01 ?.!a 

---a- 

. O O O C ' 1  

. O O O f i l  

.00001 

. O O O O l  
, 00001  

. 00001 

. ofloo1 

.00001 

.ODOOl 

*.G00Gi , 

.00001 

.1)0001 

.00447 

.00447 

.00447 

.00001 

. 00001  

.00001 

.00001 

. 0 0 0 0 1  

. oonn1 

.4ooor c 



TABLE 7.2-2 (Continued) 

508 

509 

512 

523 

531 

601 

602 

@ 

:ONSl:Cl'S 
XOi.IE 

3 4  

34  

5 1  

52 

53 

61 

62 

TO 
':ODE 

6 2  

52 

09 

09 

09 

09 . "  

09 

I___. - 

___--_ --- 
IUiS I S'102 

\?;Il,U I:, 
(Ofi:.IS 1 - 

- 0 0 0 0 1  

. O O n O l  

. 0 0 4 4 7  

. 0 0 4 4 7  

. 0 0 3 4 7  

. 0 0 4 4 7  

. 0 0 4 4 7  
* 

C 

C 

C 

C 

C 

C 

C 

I -  

* 

7 . 2 4 0  



APPENDIX 7 .3  

LISTING OF EPDC AND USER LOAD ELEHENTS BY SUBSYSTEM 

(FROM ROCKWELL PROFILE ANALYSIS DOCUMENT, DATED 

13 AUGUST 1974 AND LBC MEMlFtANDA) 
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TABLE 7.3-1 

EI’DC USER SUBSYSTEM CODE NUMBER L I S T I N G  

01 

02 

03 

05 

06 

07 

os 
09 

15 

16 
20 

21 

22 

30 
31 

32 

40 

50 

51 
52 

ClJ1DAKCE NAVIGATION & CONTROL 

COMMlXtl CATIONS 

DISPLAYS & CONTROLS 

OPERATIONAL FLIGHT INSTRUMENTATION 

DEVELOPMENT FLIGHT INSTRUMENTATION 

ELECTRICAL POWER DISTRIBUTION & CONTROL 

DATA PROCESSING 

PAYLOAD MANAGEMENT 

UNMANNED K I T  

EXTERNAL TANK 

S O L I D  ROCKET BOOSTER 

MAIN PROPULSION 

ORBIT MANEUVERING SYSTEM 

REACTION CONTROL SYSTEM 

POWER GEHERATION SYSTEM 

CRYOGENICS SYSTEM 

AUXILLARY POWER UNIT 

ENVIRONMENTAL CONTROL c* LIFE suwom 
HYDRAULICS 

DOCKING 6 CARGO HANDLlNG 

MECHANICAL SYSTEM 6 LAM)ING 

7.3-1 



TABLE 7.3-?. SH!TTLE SliBSVSTEM ELWEKT CODE AND PRIME 
POWER LISTING 

160-  30 
55-90 

160.33 
55.31; 

160,3?; 
5 s - S O  
2c.co 
20.00 
2C-GC 
45 .00  
4 5 . C O  
4S .30  
4 5 . 0 0  

Fir. 53 
9 4 - 5 0  
F4.50 
lC7.77 
1C7.77 
IC?. :7 
1C1.77  

S9.2C) 

1 5 2 . 7 0  
152.70  

2 L O C  
2 3 - 2 6  
2 3 . r ~  

2.9c 
2. YC 
? , 9 C  
4 , C G  
4.co 

1 0 . h 3  
10.bS 
10.65 

3.3g 
3.30 
6-20 
6-50 

5 9 - 2 0  

G L  3101i 10 1 G3 
01ClG1 C 11 3 - 
3101Q1 c 1 r3. ' 2 3  
C1010121G.-ll 
'?1210i313301 
3 ! 0 1 0 1 ~ 1 ~ 3 1 ~  
C I G3015301 G3- 
C10301C302G3 
cic301~39300 
3 1 C 4 O  1640 I C3 
31 0401 90209 
0 1 0 4 0 1 c 4 0 3 ~ ~ 3  
0 1 9401 C404 33 

01C70'?21 
9 1 0 R 0 1 Gtc 0 1 -2 J 
01 0801 trbOi'00 

OlG901GYOlt3 
51 0301 ;33;'\;3 
C 1 C901393 3 G  3 
C103013934.9 
31  1101 1101 3 3  
0 I 1 10 1 1 1 32 9 > 
c :  1201 1201 b 3  
C1120L12023iJ 
0 1 1 3 0 1 1 3 0 1 0 3  
01 130113c7',3 
3: 13G11303ii; 
011401140!P3 
011401140?31 
011401140303  
Oil601 16CL33 
01 1601 1bOSiS  
i m 7 0 1  1 /013G 

1111 701 179303 
31 1 Y G l  i 8i)l j 2  
21 1801 1 R G Z d 3  
CllJ01193153 
C119011907bJ 

- 
cioaoi obo3oa 

01 1701 170; 5.3 
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TABLE 7.3-2 (Continued) 

sii imiE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING 

SUBSYSTEM: COMMUNICATIONS CODE 02 

S/S WATTS 

200co 
IC.i?rl 

5,CO 
2c.co 
12-50 
12-50  
lC*30 
1c.00 

3 - 0 0  
3-00 
5-03 

24-30  
24-00 
34-00 
3 4 , C O  

1co-00 

1co.00 
10-00 
15.90 
15-90 

cc0.co 
25.6 

6 - 6 0  
lSC,CO 
1sc,co 
1SO.CO 

0-  C.G 

CODE 

0 2 0 i o  2 c i c 1 c.3 
02 0102 3 102GU 
O?O 202020c, c9 
C2 0302G 3 0 O d  
0204020COlGO 
OZOGOZ d4O?Oil 
32050L OS 0 I C 2 
02 0502 C5 0200 
CZ06010b0 100 
C20602 06 02 C3 
O N 7 0 2 0  l O C 0 0  
~ 2 0 7 0 2 O ~ O l  Oc1 
O2O702C1802 0 3 
92100210013~ 
e2 IC02 1002 33 
02 11021101 G3 

CZL 102 1102irO 
021202120cc3 
CZ 13321301 3 3  
C3L 30213WO*:: 

021c0003 
02 15000J 

C21402160000 
C21502170100 
0 2  L50217O20d 
021502170303 
02 1 RO2 180G00 

7.3-3 



TABLE 7.3-2 (Coat inued) 

SltliT'TLE SUBSYSTEM ELEMENT CODE AND PRIME POWER L I S T I N C  

S UUS YS TEH : C OMMUN ICAT IONS (C OM' I NUED 1 

S/S WATTS 

22.00 
78.00 
22-30 
78.00 
12.00 
7R.00 
3 1 - 5 0  
37-50 
35,CIO 
35.CC 
35,CO 
3 5 o C O  
3 0 ,  CO 
1 C - C O  
17-00 
1 1 - 3 0  
3C-00 
30.G3 
s o - 0 0  
s o - 0 0  
15.00 
15.00 
15-00 
io.ca 
10*00 

5 - c c  
5,cc 
5.00  
5 . C O  
4 ,  CS 
4 - 0 0  

l C 0 . C O  
0.00 

160,OO 
2 0 ,  oc 
sc,oo 

395-09 
1cr)*oo 
1CG.00 
20-90 
2 C I O C  
@ 5 . C O  
8 5 - C O  

2'35.00 
7 3 5 . C O  

1 5 - 2 c  

7 .3 -4  

0 t 2 90 2 2 0 0 1 3:) 
0L2c0210011rJ 
02200??00L03 
D220027CC: 10 
c220022c0303  
022@c2?003 I 3  
C221022101  GJ 
szz  1022 103 c3 
C228022RCI~.l 
C229022832C!O 
C 2 2 8 0 2 2 8 0 3 3 3  
C ?  2802 2604 0 3  
c230023c01 rJd 
023007300209 
CZ160L310103 
02 1602 31 0 ' 23 
3209G23301 SO 
020902 3 30203 
020902340100 
c2c9073402c3 
C Z 3 50 2 3 5 0 0 C 3 
3239023901 30 
02 390? 3952 G J 
C Z 4 0 0 2 ~ 0 O 1 ! 3 0  
Oi'40024002 01 
02 41 OGir 1 
024201 0.3 
02420203 
02470300 
0742 C4 'IO 
07470100 
07470?00 
0?4@OCGO 
02490C.00 
02 500O03 
02 50 1000 
01510000 
02511000 
025201 03 
02 5202 93 
G252 1 1  3 3  
07 52 1 2 0 3  
02 530 I O 0  
0 2 ~ 3 O Z C O  
02  531 IO3 
0 2 5 3 1  203 
02 %0G\3!1 



TABLE 7.3-2 ( C o n t i n u e d )  

StllTL’IX SUBSYSTEM ELEMENT CODE AND PRIME P(IWER L I S T I N G  

siiisyswtt: DISPLAYS AND CB~TKOLS CODE 03 

S /S WATTS ELEMENT CODE -- I . .  i ~ Y < ~ ~ ~ ‘ I ’  :<AMI: _-- 

14-60 
14-60 
14-60 

35.00 
4C.00 
40.00 
40-00 
4 0 , O O  

1 3 2  30 . 00 
5.00 
b-CO 

2C.c)O 
4 , C O  
4 - 0 0  
4 - 0 9  
4.CG 

S C * O O  
50-00  
S C . 0 0  
4c*oc 

ZO?. 30 
2C7-10  
2C7.30 
7c7-30 
12c-30 
12c-00 
120000 

8 - C C  

3 5 - 0 0  

3 ~C103010100 
C 3 C 10 30  10200 

030103(J3 
C303030301JO 
0 3 C3C30 302 
03O403040103 
0 304423 04 0ZC.O 
930503050103 
C 3C5030502C3 

0 3 C 6 0 C G O  
o312ocoo 

C 31 3031 30C 33 
03140C03 

C 3 1 50 3 1 50000 
C31703170100 
c3170317c2co 
C31803 I801 00 
C 31803 180260 
C319031901CO 
0319031903GO 
0 3 19O’JlYO%O 
031903190400 

0321010J 
03 21 O Z C J  
03210300 
032 1 C4 CS 
03220103 
0322 O? 0 3  
0 3 2 2  0 3  5 3  

03250325GC 03 
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TABLE 7.3-2 (Continued) 

: ~ l l L * l l ' l . ~  SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING 

S~'2-YSl ' l~!4:  DISPLAY AND C(Wl'K0L i. LGHTiN: CODE 0 3  

I 'L TEGWAL L I G H T  S - 1  Ff T / C T Q  
I h I F G P  AL L I G H T  S-OVt+lJ 
I%ItCHAL L I C H T S - Q I G P T  
1 :JTFGRAL C ItiHT > - R E A 9  
A h l ' i C h l C f A l L 9  C T S - L E F T / C l Q  
AFIFtCYC I . ' l l C R  L T \ - C V h C  
A h M V C  I A T C Q  L f  S-R IGb 1 
KID CtT.K FLCCf' L T S  - 1 
M I C  CCCK FLCCL L T S  - 2 / 3  
M I L  C t C K  FLCOL' L T S  - 4 / 6  

P I 0  D t C K  FLCCC LTS-PbF.€L 
LC!c U t C K  SLEEP S T A  L T S  
LnR D E C K  N A S T f  MGMT L T S  
L h H  O t C K  GALLEV I IGhT 
A I K L f l C K  L I G H T S  
C A P I N  FLCCC L I G k T S  AFT 
C C A d E S H I F L C  F L O L T S  -LEFT 

CL Y 1 E H C C h  SCLt F LCGOL T S  
PI L C T  Ci lhSCLE FLOLTS-HVT 
P I L C T  CGNSCLF FLr )LTS-LFT 

E P F R C t h t C Y  LIGHT - 1 
F P t R G t Y C Y  L I G P T  - 2 
PfiYLCAFI P A Y  FLCC?C: L T S  
M A : ; I P  S P C T  L l C k T  
RNLjZ L I G V T  

D C C K l h G  S P C r  LIGHTS 
C + k  STATCIS  BOAHC 
C + W  AhhUhlC I A T r l R  A S S Y  
C + h  AhhUh a S S Y  - C U I E S C T  

P I I ?  c t w  F L c a D  L T S  - 5 

G L a w s H r  E C C  F L C C T S - R  IGHT 

H r w  F T A  P / L  Lrs 

134.CO 
1 2 4 ,  GO 
1 3 4 . i C  
134.GO 

23.30  
2 3 . 3 0  
2 3 - 3 0  
1 9 . 4 0  
19 .40  
1Y.40 
19 .40  
1 9 . 4 0  
18- 50 
18 .  so 
15.30 

lC3.50 
29.HC 
E9.90 
( ' 9 , S ( l  
29 .80  
2 9 . R C  
29 -8C 
tc.co 
29,YO 
2 9 . 8 0  

2c0.00 
ICO*CC 
30-00 

15o.co 
36.00 
24 .00  

2.CO 

C33103313130 
C331033102G3 
rJ33103310 $00 
333103310430  
C33303330100  
0333033302CO 
0333033303CO 
0 3  35033501 CG 
9 3 3 5 0 3 3 5 0 2 6 0  
0 3 '3503 350 303 
0 3 3 5 0 3 3 5 0 4 0 3  
C 3350 33505  00 
0 33603360C03 
3'338C338CCOO 
c 3 3 9 0 3 3 9 3 ~ ~ 3  
0 34 10 341 03G3 
3 3 4 2 0 3 4 ? 0 1 0 1  
C 342034202G3 
C34203420300  
C 34203420400  
C 34203420SOO 
034203420hCO 
0 3 4 3 0 3 4 3 0 3 0 0  
0 3 4 5 0 3 4 5 0 1 0 3  
0 3 4 5 0 3 4 5 0 2 0 3  
0 3 4 9 0 3 4 9 0 0 0 3  
0350G35C0003 
0 3 5 103  5 1 0003 
G35400110 
0 3 55 0000 
0 3  56  OC 0 0  
0 3  5600  10 
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TABLE 7.3-2 ( C o n t i n u e d )  

Sll~Il”~1,E SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING CODE 04 

S I  MSYS [EM: OPERATIONAL FLIGHT I N S T R M A T I O N  

S/S WATTS 

6 O m O O  
6C-00 
40mOO 
35oCO 
35000 
3 5 m C O  
35-00 
35-00 
35.00 
4c.00 
40 -00  
2 6 o C O  
3OoCO 
35.00 
35,CO 
f5-00 
3 5 - 0 0  

C -  30 

ELEMENT CODE 

040304030103 
C 4 0  304iJ302 00 
0404040400C3 
0405060501 03 
0405040502 0 3 
C40504050300 
C40604060100 
C40604060200 
04C604060309 
040704070000 
040304090t00 
04C904090010 
0 4  11041 10000 

04 120 A 03 
04 120203 
04 130CGO 4- 
0 4  140CCO 
04150000 
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TABLE 7.3-2 (Continued) 

SIIUTTLE SbBSYSTE.4 ELEMENT CODE AND PRIME POWER L l S T I N C  
SUBSYSTEM : LEVELOPMENT FLIGHT INSTRUMENTATION CODE 0 5  

ELI'PIEN'L' NAME S / S  WATTS 

60,'10 
6 C , C O  
4 C . C O  
3 5 , C O  
3 5 , c c  
3 5 , O C  
3 5 . C G  
35,cc 
5C.OC 
50,CO 
5G.CO 
4 C . C O  

C, 60 
0.60 
0.60 
5.60 
S ,  60 
5, t o  
c, 30 

ELEMENT CODE 

C4O3d503013 1 
C4G3052302 0 3  
Cb 040 5040C 03 
c4050s0501 c3 
0405O50502 03 
C405050503C3 
C40505050403 
04G505G60@ 30 
O S C T O 5 C 7 O C ~ O  
050705O801 C! 3 
0507050802tiJ 
050905C90003 
0~1205120003 
O'~1305130103 
0513051307C3 
c 5 1 5 0 5 1 4 0 0 0 3  
0 5 1605 I60 190 
C516051602C2 
G5180!A 8 O C O 3  
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TABLE 7.3-2 (Continued) 

SI11V"I . I~  SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING 

S IIBSYS'l'14;M : ELECTRICAL WWER DISTRLBUTION & CONTROL CODE 06 

S / S  WATTS 

G.CO 
coo0 
0.00 

7 S - C O  
25000 
2 S - O C  
25-00 
75,co 
75,co 
75oCO 
90-00 
90-00 
90-90 

760.00 
2 6 G , O O  
26C.00 

1600 CG 
1CG,0C 
160.00 
20.03 
20.00 
20,oo 
2C.CO 
Z O O C C  
2 C * O O  

3 C 0  00 
3cocc 
?C,OO 

5 . G O  
75.00 
8-00 
8 - 0 0  
8.00 

ELEMENT CODE 

0601c6010100 
C 6 C  106 31 02 Gd 
06C 106 01 0 3 0  1 
0602060201 33 
06C2060202CO 
060306C301OJ 
C60306010? 00 
060406C401bJ 
560606040703 4- 
0 6 04 06 04 0 3 03 q-. 
C6O506C50 103 
06050605 C? 03 

CG06060601~0 
C606060602 03 
C6C606J6O3 03 

C6C5060503513 

06070607d130 
060706070203 
C 6 C 7 0 6 0 7 0 3 C O  
C60806ObClCJ 
C60806080201 

C6100610O101 
C61U06 100230 
C61006100300 

06 1 1 000 I 
C612061201U3 
061206120LC2 
061206120301 
0 6 1606 16 06 UCI 
061 806 1 R O C 9 3  
061 906 1901 03 
961 90619Cl C 3  
C61906190303 

0608063~03 CJ 
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"ABLE 7 .3 -2  ( C m t  inued) 

SII~IT'I'LE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING 

Sll t5SY S'I'EM: DATA PROCESSiNG CODE 07 

l ~ l , l : b l k : I 4 T  N A l l E  S /S  WATTS ELEMENT CODE 

6CC.CO 
6CO. 00 
6CC.C3 
6CO.CO 
6CC.CO 

4O.CO 
4o.co 
4c.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
53.00 

8.30 
5 3.00 

8.CC 
40.90 
40 .03  
4 C . 0 0  
4C.00 
4C.LC 
4C.00 
4CoCO 
40.0C 
4 0 . 0 0  

5o.bc 
C0.6C 
50.60 
20.00 
1c.00 
20.00 
1c.co 

C ~ 0 1 0 7 0 1 0 1  O S  
070107010?03 
C 7 ~ 1 0 7 0 1 0 3 0 3  
C7010731340 3 
0701 07'31053 1 
C 703070301 00 
C 7C7C7 03Oi  L1 J 
C7030 70 30309 
070307GWd-  ~ 

070307040! 
0 7 0 3 0 7 0 4 0 2 ~ 0  
070307040303 
0 7030 7 04 Ok 0 3 

07050C30  
0706CCC3 

C 7090 709C1 O i l  
27C9C7090119 
O70907O90? 33  
:7O907O30213 

07100133 
07100201  
071003 C 3  
07 1 O 0 4 C O  
07 1101C3 
07 1102c'c) 
07 11 0303 

0 7 1 2 07 1 2 0 L 0 0 
0713071 3GCuI) 

07140001 
071507 150103 
071507150:dJ 
07150715C3CO 
C 7 160 7 160 1 Ug 
C7160716C1 1 J  
07 160 7 1  60,' C 7 
0 7 1 6 0 7 1 6 0 l l  1 
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TABLE 7.3-2 (Continued) 

SlllI'l"l'1~E SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING 

S UBS Y STE M : PAY LOAD MANAG E: 3, NT CODE 08 

s/s wvrs ELEMENT CODE --- I*: I I;bli*:N'I' *LlMl, 
.I ---- 

t ' /L  - A S C E \ T / t Y T R Y  
p/L - SORlIE 
ALX C + k  U R I T  
ALY C+h AhhUN A S S Y  
IJfiPANhEID K I T  
5bhSYS S E G  CCkTR Uhi I f=1  
SbHSYS FCL! C C h l R  UNI1=2 
f X f F R h A L  fPNK 
P'LP - P P I  

4 C. 00 
40.00 

175.00 
4 C - O U  

961.50 
5769.20 

10.00 
15.00 

370.00 
190-00 

20.90 

CBClCb010103 
C6OlO8 0 I0203 

08020000 
0803OC 00 

OHObOiGI 
090401 C3 
080500CO 
08060COO 
C9GOOGOl 
0Y01000J 
09 02 0 (i 03 
1 S O O O C N  

150115010C33 
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TABLE 7.3-2 (Continued) 

S1111T'l'1J5 SUBSYSTEM ELEMENT CODE ANI) PRIME POWER L I S T I N G  

SlIliSYSTEM: SOLID ROCKET BOOS ' ER CODE 16 

ELEMENT CODE ICIaICMi-N'r i \ lr\ME S / S  GJATTS 

P A l t  C Y R O  A S S Y  
R A T t  C Y R P  4 S S Y  
W L C  - StT 1 
V L P  - S t T  2 
13CP U E I  = l  
MCM LIkI  =2 
PIG I f M I T I C h  - SET 1 

PIC S F P A R A T I C h - S E T  1 
PIC. I C N I T I C N  - S E T  2 

PIC S t P 4 W I l I C : ~ - S E l  2 

S I ( ,  c c w  - S E T  2 

5 4 F F  4 A R Y  C f V t C F  

Slc l  C ( N I J  - S E T  1 

I V C  t fY0'1 4ECIRC S Y S  

4 2 0 c o  
4?.00 
15.00 
15-00 
? 5 , 0 0  
35-90 

coo0 
coo0  
coco 
0.00 

zc  .oo 
2c-00 

?C6*00 
75.0C 

15011SO10103 
150116010iG3 
150116020103 
1501 16020200 

16C4 0 19.3 
160402Cl 

15C316353103 
15031  6050% O ?  
150316060103 
150316060200 
150116070100 
150116C70200 

16080003 
16OY0003 
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TABLE 7.3-2 (Continued) 

SlI\l'lY".K SUBSYSTEM ELEMENT CODE AND PRIME POWER L I S T I N G  

SIIHSYS'I'EM: MAIK PROPULSION SYSTEM CODE 20  

I,: I I 1.: ~i I 8:rJ '1' NAN I.; S / S WATTS ELEMENT CODE 

v,I I r\, I Pit. 1.I'hTRCLLER-1 
PJI i \ f NT, CCNTRCLL tR-2  
M A l h  thG CCNTRCLLER-3 
VAlh F Y G  b T R  = 1  
PAlh t \ G  bTR =Z 

LC,! PPFVALVE SClENClC 
L C 2  PPEVALVE S C L E N O I C  
L f  L PHFVALVE SCLONOIU 
L b 7  PHFV4LVE SfLENCIC 
Lb2 PRkVALVE SCLENt7IO 
Lh? PWtVbLVE SCLCNnIO 
L C 2  F 4 D  VLV = I  C/R SCL 
L L 2  F 4 L  VLV =2 C / t r  SGL 
L b 2  F 4 L  VLV = 1  C / t l  S O L  
I t { /  F 4 0  VLV = I  C / O  SOL 
L)'/ F + C  V L V  =2  C / B  STL 
L H ?  F4lJ  VLV = Z  C/H ,,L 
L P I  T C P P I N C  VLV OPEN SflL 
L t i ?  R t C H C  VLV CPEN SCL=1 
L I ' L  R E C R C  VLV C P E h  SCL=2 
L P 2  R E C P C  VLV CPEN SCL=3 
FI/CRi' L C Z  F E t r  D I S C  S Vi  
T T / C H P  LC2 FEtC: DISC S V I  
t l / T P P  LH? F F E I I  DISC 5 V 
f l /r 'Kt '  LH2 FEkC UISC S V 
k I / f ' R t '  W E C I R C  U [ S L  S V 
tmrw K € C I H C  c l s c  s v 

I i t , '  F k t l ' L h  RELF SHLTCFF 
M A I P I  P Q U P  SYS-CCNTINI;EIt 
LH/ PlcESS h I'ISC B Y P A S S  
fT  V E h T  V L V  I5C SOL VLV 
L L ?  FLFnLLhr RFPRESS VLV=1 
Lt.2 F C k S L Y  R F P R F S S  VLV=? 

Y A i n  E ~ T ,  H T R  = 3  

L i ,  FtfI 'Lni R F L F  SHUTCFF 

7S0.00 
750.C0 
750  . 00 
3C0.00 

42.00 
4 2 - 0 0  
42.00 

42.00 
42.00 

tco.oe 

3 C O - 0 0  

42.00 

42.CO 
42.CO 
42.00 
42-00 
42.00 
42.00 
42.00 
4 2 - 0 0  
42.00 
42.00 
4 2 - 0 0  
42.00 
42.0'3 
42.00 
4 2 - 0 0  
42.cc 
42.CO 
4 2 . C O  

42.00 
4 2 - 0 0  
42.03 
42.00 

2 c 0 1 2 0 c 1 0 1 3 3  
2 0 0  120c 1OLCO 
L0012001030.3 
2 0 0 2 2 0 0 2 0 1 0 ~  
200220020c00 
2 0 0 2 2 0 0 2 c  300 
2303200301CO 
2003200303CO 
2 0 0 3 2 0 0 3 0 3 0 3  
2O0420340103 
2 0 0 4 2 0 0 4 0 2 0 3  
2004200403GO 

20050COO 
20C60COO 
20070101) 
2 0 0 7 0  7 00 
?COR01 Gi) 
2008 OLOO 
2 0 0900 00 
2 0 l 0 0 1 0 0  
2 0 1 0 0 2  co 
2010C300 
2 0 1  10100 
2 c  11 cr'oo 
2 0 1 2 0 1  03 
201202c3 
2 0 1  3 0 1  01 
2 0 1 3 0 2 0 3  
2 0 1 4 0 c 0 3  
30 1 t>OC'C'3 
20150901 
'9 1 6 0 2  53 
7 j :  70POO 
2 9 18 0 1 00 
2 3 1 R 0 z 311 
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TABLE 7.3-2 ( C o n t i n u e d )  

SI1U’L”I’LE SUBSYSTEM ELEMENT CODE &ii) PRIME POWER L I S T I N G  

sutwsmfii: MAIN PROP~ULSION SYSTEM (CONTINUED) CODE 20 

ELEMENT NAME S/S WATTS ELEMENT CODE 

Ltt? F t t r L h  R E P H E S S  v L v = i  
L H 2  F C € U L 4  H E P R t S S  VLV=2  
H I  C R C S S P V t H  VLV = 1  
i 4 t  r ,HCSSCVER VLV =2 
tit C R C S 5 C V t R  V L V  = 3  
FNG I’F SLPPLY ISC SCL = l  
CNC, H €  qL1’PI.Y ISC SOL = Z  
t h T  H f  SLPPLY IS0 SCL = 3  
VEH HE SUPPLY 1 S C  S C L = l  
V t t i  t i E  S L P P L Y  IS0 >EL=? 
HE r!LCWLI‘F\ SCL VLV = I  
HE eLcWuh SCL VLV = 2  
LC2 P R F - S S  h FL C Y T L  S V 1  
Lf!? P R E S S  h FL CNTL SV? 
CC.2 P P E S S  N FL CNTl S V 3  
LH? P R E S S  h F L  CVTL SV1  
L t i l  PPfkSS h FL CNTL S V t  
LH2 P Q F S S  h FL CNTL S V 3  
FT  LLLAGE SIG ChO P K G  = I  

E l  L L L A G E  ’ i I G  ChlU P K G  = 3  
OWOP LOW LFV SNSR 5IGCND 
PRPP L C A C I N G  S h S R  SIGCNO 
M P S  O F L l A  P G S E  

t i  IILLAM S I G  CNO P K G  = 2  

42.00 
42.0C 
42.00 
4 2.00 
42oCO 
42.CC 
42.00 
4 7 . 0 0  
4 2 . 0 0  
42.00 
42.00 
42 .00  
42.03 
42.00 
4 2 . 0 0  
4 2 .  GO 
4 2 . 0 0  
4 7 . 0 0  
3 3 . 3 1  
3 3 . 3 3  
7 3 . 3 3  

7 -  00 
7.CG 

14.90 

1 20190iOJ1 
2 0 1 9 0 7 0 3  
2 0 2 0 0 1  00 
202002c 1 
2 0 2 0 0 3 0 3  
202 10 100 
20210203 
2 0  2 10 303 
20220103 
20220203 
202301CI3 
202302 30 
202401 33 
292402 00 
2 0 2 4 0 3 0 3  
20250100 
2 0 2 3 0 2  G O  
202503Ui) 
20270103 
2C.2 702 00 
2 0 2 7 0 3 0 0  
10280COO 
~ o z Y o c u o  

2 ‘I 3 2 2 0 3 2 00 3 0 
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TABLE 7.3-2 (Continued) 

StIllTTLFi SUBSYSTEM ELE?IENT CODE AND PKLNE POWK LISTING 

CODE 2 1  SJBRSYSTEM: ORBITAL MANEUVERING SYSTEM 

ELFMENT N A N E  

t w v  ( .CI \TRCL VILVE = i  
f ' i G l h F  C C h T R O L  V A L V E  = t  
f F i ( ; I N t  C C h T R P L  V A L V E  = 3  
tNGIY'; C T N T R C L  V A L V E  =4 
I ' L  I S f L  V L V S - S E T  1 
t i t  I S c L  V L V S - S E T  2 
H t  l S C L  V L V 5 - S E T  3 
V A P C R  I S C L  ' J L V S - S E I  1 
V A P C R  ISCL V L V S - S t T  i! 
V A P C R  I S C L  V L V S - S E T  3 
V A P C R  I S C L  V L V S - S E T  4 
Q U A N T I T Y  C A C I S G  P R O R E  = I  

C L A N T I  I Y  G A G I N G  PROBE -3  
C L A h r T I T Y  C A G I N G  PRCBE -4 
Ht ISC V L V = I - A L X  K I T  
H t  I S C  V L V = Z - A U X  K I T  
V A P C R  ISC V L V = l - A U X  K I T  

Q C A h T I T Y  CiACIhG P R O H E  = ?  

V A P C R  I ~ C  V L V = ~ - A U X  KIT 
ENT, G I Y R A L  A C T U A T O R  -1 
ENG G l W I l A L  A C T L A T f l R  =2 
ENG C I P I I A L  A C T U A T n H  = 3  
thG G I P H A L  A C T L A T f H  =4 
PRlIP T K K  I S C  V L V S  
C {CSSFFFI :  Y L V S - S E T  1 
C H C ) S S F E E C  V L V S - S E T  2 
CH( . :SSFFFC V L V S - S F l  3 
T t i t P M A L  C h T L  H1R = 1  
THFRP4L CNTL t i T R  =2 
FNI; nnlvrhf i  SOL V A L V E  = I  
EhCI A P C I Z C ,  S C L  V A L V E  = 7  
rHEf{PL C k l L  h T R S - 4 U X  K I T  
P' IOP T h K  I S 0  V L V - A L i X  F I T  
C R U S S f  I t I: L 1Nt I - T R S  

ENGINUE = ?  H E A T E R  
ENGINE = I  P' I -ATER 

V A L V E  Pmmm IN? 
V A L L f  P C S  IhO-AUX K I T  
PRUP L C h  L F V E L  SENSCR = I  
P R O P  L O h  L E V E L  S E K S O R  - 2  

S/S WATTS 

56.60 
56.00 
56 .00  
56.00 
24.00 
i4.CO 

24.00 
24 .00  

2 4 - 0 0  
24-00 
24 .00  
6 7 . 0 0  

67. .00  
07.00 

k 7 . 0 0  
24 .00  
24 .00  

24.00 
1 3 4 . 5 0  

24 .00  

134 .50  
134.50 
134.50 
32.00 
32.00 
32.00 
32.00 

7CC.00 
7CO.CO 
56.03 
56.00 

7C0.00 
?2.00 
50.00 
5o.oc 
5C.00 
0.40 
0.40 
11.25 
11.25 

ELEMENT CODE 

210121010103 
2 101 210102 co 
2101210103C3 
2 10121 0 10400 
2 10221 0201 09 
71 3221020209 
213221020300 
210321030100 
2 10321 0302 00 
210321030300 
21C321030400 
210S21050100 
210521C50200 
LlC521050503 
2 1052 1 050400 
210621060100 
2 1062 1060?03 

21070100 
2 1070,- 00 

210921090iCO 
2109210902C3 
2 1 C921090m 
2 10923 090403 
2110211000c0 
1 1321 1301 09 
211321130203 
211321130?00 
ti 1421 1401 03 
211421140200 
2115211s01LJo 
2 1 15 2 1 150i 00 
21162116CCCO 
211821160000 
Z 1 1 92  1 1 90 C (2,) 
21202120016~ 
212021200700 
212121210003 
212221220003 
21232123ClCO 
7123212301C3 
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TABLE 7.3-2 (Contisued) 

l t - e L S I k R  - F k i  14C2 
IbWLSlEY - A F I  2 4 c 4  
~ + r C S l ~ M - v t u \ l  E f l  Fbfi OZC2 
l h P c . S I t H  V F R I V I E W  A F T  04C4 
HCY t - E L I U P  ISCL V L V  - F A D  0401 
L Y  P ' F L - I S i L  V L V - F d C  O 2 C t  
kIP ?ELIUP I S C L  V L V  - 4 F r  O A C l  
LP b E l l U P  ISCL Y L V  - A F T  C.4CZ 
PROP P A K I F  I S C L  V L V  - F R U O R C l  

P R C P E L l A N l  ISCL V L V - V t R Y O G C l  
T 4 W  I S C  1 F R S T  V L V -  Fwf? 0 4 0 1  
rAhv 1 S C  i t - R S T  VLV-AFT O t l C l  
T A h K  b E A l t Q S - b f T  L E f T  04C4 
l A R K  H f j A T E R S - A F T  R I C h T  0 4 5 4  

PROP C A N I F  ISCL V L V  - 4 ~ ~ i b 0 1  

P A I N  EhG H E A T E R S - F b C  14 14 
W A I a  E R G  H F A T C R S - A F T  24 24 
PRfP F F t C  L I N E  H T H S - A F T  08C8 
P H F 5 S  P i h i t L  H T H S  04C4 
FfLt c V \  t f T R S - F Y P  C4C6 
V t  Q V l E R  F h C  HTWS-Fb3 02c2 
V; R h  I F 2  i-hL H I R S - 4 F  T 0 4  C4 

5 6 - 3 3  
S O I C O  
IS,CC 
15.CO 
8 4 - 3 0  
E!4.C0 
?4-rJC 
e 4 - 3 0  
@ 4 - 0 0  
$4,C5 
co.co 
@4-00 
8 4 , O C  
5 5 - 0 0  
5 5 - 0 0  
10,oo 
1 0 , O I )  
16-00 
2C.QC) 

l h C I O O  
5. co 
5.sc 

2Z'212201 O C C ?  
2 2 ! l 2 2 2 o z 0 u c ~  
220322C3OCC 3 
22C42234OCC3 
2ZC622G60CGO 
220722070GC3 
22CB22C8CC co 
223922090bC3 
2 1 102 2 I03C c 3  
2 Z l l t L i 1 0 0 C 0  
22 1222  120~33 
22 132213uOOO 
22 1422140C03 
22152215C003 
22162216COCO 
22172217CCGO 
22182218ccGn 
221922190300  
2220222000c3  
22212221 0000 
222222220cco 
2 2 2 3 2 2 2  30063 



TASLe 7.3-2 (Cont iued)  

33-00  
3 3 o C O  
61-00 
6'1.00 
1 6 o C O  
16-00 
15.00 
15-00 
15-00 

15c.00 
15QoCO 
1 5 C 0 0 0  

33.00 
33.cc 
33.CO 
1c.00 
1 c. 00 
1c.00 

c0cc.00 
e000*0(!  
eOC G. 00 

15.00 
1 5 o C O  
15.00 

150.00 
150.00 
15C. 00 

3SC13SC10103 
3cc 1300 io100 
~00230020100 
30C230020200 
30C330030130 
300330030200 
300430040100 
300430040L 00 
3 0 04 30 G 4  0 3 C 0 
30O53C0501 C3 
30C530050700 
330530050300 
3306300601 CJ 
30C6300602 00 
3CG630060 3 C 0  
3C(36300701 OU 
30C6300702CO 
3@C6 3007@W?O 
3CC830O801 C 3 
3OQR3008C? GO 
30083~080~03 

301%! C S  
30  15 O L  33 
30 15 0 3 G 0  
301 7 C i  GO 
3C 1 7 C I  GO 
301 70 403 

7.3-17 

J 



TABLE 7.3-2 (Continued) 

SH'JTTLE SUBSYSTEI ELEi\E:,= COt!i: AXD ?HEX PO'Plt;k LLSTISG 

SUBSYSTEM: CRYOGENICS SYSTEM CODE 31 

ELEENT SAXE S/S WATTS ELEMf!rT CODE 

LC.800 
' C , O P  
l C , O G  
1 C - O b  

1 - 3 G  
4-90 
4-90 
c -co  
-.oo 
C ,  30 
c ,  33 
C, 30 
c, 30 
1-00 
1.GO 
1-00 
1.30 

26.00 
c .4c  
2-50 
0.20 

56-90 
5 6 - C O  
5 6 . C O  
5 6 , C G  
5h.CO 
5 6 , O O  

5 6 ,  CO 
56 .20  

3 9 4  0 >o 
3 5 4 . 5 c  

81-00 
81,CC 
81.00 

56.CO 

3 x 1  3 1  '31 C 1  L 3 
3 1 c713121 a2 5 2  
3LG13IC103C3 
310 1 3  1 C 104 CI) 
3 1323 1 !I? O C C 3  
3 1 c33 103c 1 co 
31S331C302C3 
3 13331 3303 99 
310331030400 
3104310401 G O  
31C43104020G 
31C431040300 
31G431040400 
31 953 1 CSOl 00 
3135310502C3 
3 1 C 5  3 1 05 0 ?OO 
31053105040C~ 

3 LObOQ(r9 
3 1  06CC 13 
3107CCOO 
31370C ! O  

3 1  1131 120233 
3 1  1131 1L03t3 
3 11 13 1 1 3 0  ! 0 3  
31 1131 1 3 0 2 ~ 3  
31153115@:f3 
3 115 31 150.2 I 3 

3 1 1 5 3 1  1 5 C x C  
711531  lSG41.1 
311731 170!*"*i 

3117311303C2 
3117311RC1(~3 
31113118ClCC 
? 1 1 7 3 1 l a C 3 ~ 3  

31 1131 lZOl C3 

'31 1731 1 7 ~  C 3  

7.3-18 



TABLE 7.3-2 (Continued) 

TIXJTTLE SUtSk’STEU. ELP?ESr CODE AKD PRUE POW&R LLSTINC 
SUBSYSTEM: AUXILIARY PWER UNIT CODE 32 

ELDENT NAXE S/S WATTS 

4c,oo 
4 C - C O  
4 C O C O  

15C-00 
150-00 
150-00 

50.0C 
S O - G G  
5 0 - 0 0  
5c-00 
30,co 
50 co 

1-00  
1.00 
1-00 

lCC-00 
1co,o9 
1C0,OO 

6 8 - 3 0  
6 8 -  3C 
68-30 
4 8 - 3 0  
t 8 - 3 0  
6 8 - 3 0  
50-90 
sc.00 
sc.00 

ELEMENT CODE 

3 2 C: 2 3 2 02 0 lc12 

3 2 C2 32 02 0 3 99 
3?G332030100 
32G332030230 
3 2 0 3 3 2 0 30 3 ir 0 
32C532050100 
325532050703 
320532050300 
326732070103 
3207320702G3 
3207320703CO 
3208330801C3 
32083208CiG3  
32083208C3Ca 
1 2 C Y 3 2 0 9 0  l C 3  
3? 09320907 00 
326932090332 
3235321001b3 
321 032 100200 
321032100303 
3n132t 101 00 

32  1 A 32 1 A0100 
3212321231C3 
32 12 32 1202 C 3 
3?123?120303 

32.573202020a 

371137110i~3 

7.3-19 



TABLE 7.3-2 (Continued) 

S/S WATTS 

s c c  ,ci' 
qcc .cc  
5co.cc 
7 7 c . 9 0  
27c,cc 
2 IC ,cc 

E4.0C 
3C.6C 
2 3 . c . J  

IC1,CO 
1c1-03 

1Fic.co 
l@C,CO 
1ec.cc 
IBCoCO 
lPC.CC 
4c.00 
4C.00 
4C.CC 

3 3 3 . 3 3  
1 3 3 . 3 3  
3 3 3 . 3 ' 7  

4 7 , C C  
55.GC 
5 5 - 0 0  
5 5 . c 3  
150.0C 
15C0: 'C 

iec-co 

ELEMENT CODE - 

4CC 14cc1u;33 
4Lc14ccli:o3 
4 bL14QC1030.3 
4'.C2413;1791OG 

40C2400203CJ 
CCC343G30UGG 
40C34CC3G31G 
4iC34003Ci23 
4OS44?704C: L C  
4OC4400402 C 2 
4PC54005Ol C9 
4\ 'C54@C507 c 3  
4 C C 5 4  3'3503 SZ 
4i3c540c504 c3 
4 12 C 5 40 0 50 ?J 0.3 
4 C C 5 4 G O 5 0 b C C  
43G6400hOlGO 
4 OC64C G602C3 
40C64CC6C390 
40C7400701C3 
4c/ 0 74 CO IC / C  0 
42C 7 4 C G 7 0 2 C  3 
4COR4CC6OC 7 3  
43ir94cc9c1 c 3  
40L34OOYC2 011 
40C240i30 3L.d 
4 :13401001L? 
4 L34"lOCllC) 

4 LC24 QC 2 0 2 L 3 
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TABLE 7.3-2 (Continued) 

SHUTrLE SUBSYSTEY EL&?E.XT CODE AND PRIXE PO'XER JaISTING 

SUBSYSTEM: ENVIRONMENTAL CONTROL 6 LIFE SUPPORT (CONTINUED) CODE 40 

S/S WATTS 

5 5 . 0 C  
F5.CO 
5-30 
5-40 

4 5 5 . 0 0  
455,CO 

1c.00 
1 2 . 3  
10-00 
120.00 
sc.0c 
10.00 
10.00 
4 - 9 0  
4.00 

4 . C O  
8.0  

31c.00 
-310.00 

8.OC 
8 .00  

500.00 
420.00 
'rec.cc 
SCG.00 

4.00 

4 2 0 .  cc 
4 6 C . C  

1 c . 3 0  
10.00 
12.50  
1 2 . 5 0  
6.09 
6.00 

19.50 
1 9 - 5 0  

0 .00  
0.00 

6 7 . C C  
67.CC 

ELEMENT CODE 

4 L 114C11010'3 
4 ~ 1 1 4 0 1 1 0 2 C O  
4 j l l 4 C l l l l C O  
4 9 1 A40 I 1  1 Z 20 
4@124C120109  
4 0 1  2401201'Ci) 
4 C * 1 3 4 0 1 3 0 ~ b 3  
4 1440 140C 6 J 

4 3 1 4 4 0 1 4  1009 
43164C160(  VI 
4 ; ~  1 7 4  C I ?  03uO 
4C184CLBC300 

4 3 2 0 4 3 2 0 0 1 C ~  
4C23402002C3 
4020402003C3  
SC2C402004CC 

4 0 2 1 0 C O O  
4G2701 G O  
46?703(30 
4O780; 2 3  

40;'901 u0 
4P23G; 1 3  

40290; 3 3 
4C?90: i 9  
4 0 2 9 0 ;  $'tl 
4 3  3co; C...J 
4 0 3 G .# 3 ? 
4 0 3 1 0 1  L O  

4331  C,'LC 

4(3120;25 
4G 32 O? Cu 
403301 00 
4 0  33 0,' ?! 3 
4 0 3 4 C i  C 3  
403407 i; 2 
403501  33 

4 0 1 940 1 9Cr Of, 

4 0 2 a ~ 3 U 3  

402YOi 2 ~ ,  

403507Ct3 

7.3-21 



TABLE 7.: -2 (Continued) 

LG F X T E N C  v a L v E  
V A I h  LLi; i , f A R  UPLK V L  = 1  
M A I N  LDC (SEAR U P L K  V L  = 2  
PAlh  L C G  G t A R  UOLW VL = 3  
P A I N  L 9 G  L E A R  U P L K  V L  =4 
LC'; C t A R  LLCP Y L V  = I  
LLC, C t A R  CLCP V L V  = Z  
LEG G ~ A H  r.LwP V L V  = ?  
Lt i  W f T K A C r  L i d C  V L V  
Rf IJLNCAr\ : r  S / T  V A L V E  = I  
REllLrUCAhlI S/C V A L V €  =2 
M A I h  PLIYP = 1  C E P R E S  V L V  

M4lh F C V P  = 3  C E P R E S  \ L V  
ClHC PQTf-H PUPP = 1  
C l C W  PCTCH PUYP =z 
CICl PLlTGH P G Y P  = 3  
R h S V R l R  = l  V C L U P E  SENSOR 
R C S V O I R  =1 VCLUP'E SERiSnR 
R € S V f l l P  = 3  V C L U M E  5tF ISQR 
SSPF = 1  S Y S  5 I C  V A L V E  
SSMF = ?  S Y S  5 / C  VALVfC 
S S V F  = I  S Y S  S / O  V A L V E  
L I  E L E V C R  I - T R  P K T  = 1 / = 2  
L T  F L € Y C h  t - T R  f ? K l  = I / = ?  
R I  € L t V f \  P T R  B F T  = l / = P  
RS F L F V r Y  t iTP E K T  =1/=7 
l l Y I ) R 4 L L I C \  C C r \ T I N U t D  
H?C B C l t k 1 . 4  = I  S T M  S I C  V L  
ti,?(? b l  I L E R  = I  STP S I C  VL 
H:T R I ' I L E P  = 3  S T M  S /C  VL 
H?f R L I L E R  = 1  K F E N  V L V  
H7U BCllLFH = 2  X F E Y  V L V  
tl,!L! R L l L F H  = 3  XFE? V L V  
H/(. R C L R  - - I  T H R l  C h T L  V L  
H7C H i L H  = 7  T H R W  ChTL V L  
t i 3 C  6 C L H  = I  T H R M  C h T L  VL 
MIC: H C l L F R  = 1  F L E C l  C C Y T  
H 7 C  8 C I I F R  = 2  F L F C T  CCNT 
I I l C  R C I L ' a  ='3 E L E C T  C O N T  
t l7C ~ \ C I L t ~  = 1  H F A l t Q  
tl21: Q L I L f R  = 2  W F . / L T t Q  
t l l f '  H C l L t N  = 3  P k A T t R  

rcaih: vtilvp =2 LEPRES V L V  

wri iww' 71 C T V  GKE 

S/S WATTS 

2c.00 
2c.cc 
20.cc 
20.00 
20.03 
PO.GC 
20,oc 
Z 0 , O C  
23.39 
2c.00 
20.03 
26oCO 
i S O C O  
26.00 

1561.0 
1561.0 
8.00 
8.00 
8.CO 

2c.co 
20.00 
2G.00 
50.00 
50.00 
50.30 
sc.30 

ic.00 
zc.co 
2C.CO 
sc. 3c 
50.00 
5C.00 
z0.co 
? C O O 0  
20.co 

7.00 
7.CO 
7.cc 

!CO 00 
t c c . 0 0  
1cc.30 

5.a 

7.3- 22 

1561.0 

ELEMEhT CODE 

5 C C 1 5 0 C l O C O G  
50020100 
50020200 
50020300  
50G2@4@0 
50030 100 
5co332co 
500303CO 
500402CI) 
50J5Cl G3 
50C50Z CO 
530601 LO 
500602 03 
50060300 
502701 OC 
500702dO 
5 0 0 7 0 3 0 0  
330801 C3 
5 C C 8 0 7 00 

500301CO 
50C90?03 
50090 300 
5C lCOl00 
50 10c; co 
50103360 
5Oi004 C3 
531 00901 
5 d  1 1 0 1 C 3  
501 102 UO 
3 0 1 1 0 3 G 3  
5G1201 C O  
5012010a 
5C)1203dO 
5C13013G 
5C130200 
5G1303CO 
50140!ZL1 
50 140iOa 
5 0 1 4 9 3 (J 0 
5 c  15c 1 c o  
501502C3 
5L1 bC7CO 
5G 103 1 CI 

5 o o a o ~ e o  



TABLE 7.3-2 (Continued) 

SHU1'ILE SL'BSYSTCI E L E X E X  CODE ANC P R L i  POWER LISTING 

CODE !O s [rfisysyoi: HYDRAULICS POWER SYSTEM (CONTINUED; 

ELEMENT ::AXE S/S WATTS ELEMENT CODE - 

5 , o  
5.0 
1-00 
1.0 
1.0 
1 -00  
2.0 
io 0 
2 - C  

sc.co 
sc,cc 
5C-00  
2 5 - 0 0  
2 5 , C O  
2 5 - 0 0  
5o.co 
sc.co 
5 0 , c o  
50.30 
5C.30 
50.30 
ec.co 
80.03 
e c - e o  

50 1 6 0 x  0 
5C 1603 CC 
SC170CCO 
5ClBC1 GO 
50 1802 GO 
5 0 1 9 C C O O  
501 90951 
502002 c)3 
sc200100 
502201 C3 
50270203  
SO220360 
502401 00 
5 6 2 4 0 2 6 0  
5 C 24 0 300 
5C250103 
5CZ50403 
502503CO 
50250400 
5i325osco 
532 5 J b O O  
532601 03 
502697 GO 
50260301 

7.3-23 



TABLE 7.3-2 (Continued) 

1 6 C C .  co 
15C,CO 
0 c . c o  
60,i'O 

z c c * c o  
2 c c . 0 0  
140.00 

14o.cc 
zzo.cc 

15.00 
3 c c . 3 3  
7cc.co 

11.co 
2CO.  cc  
zc0.cc 
2CC.Cd 
:cc,oc 

14c .w 

60.50 

5 1 I! 1 17c' C 3 
51 C Z O C O l )  
5 10 3 0 t  CO 
5 1  O 5 O C O O  
510601 03 
5 10602 CO 
51t i70103 
510701G.J 
5108COCO 
51 c9ccc  3 
511cccIco 
511100;J 
51 i z o i  nli 
51 L?O2 33 

51 14s1140c~c3 
5 1  15OOqO 

f, 1 165 1 160c 33 
5 1 1 7 G C C 0  
51180CUG 

7.3-24 



t 
I TABLE 7.3-2 (Continued) 

SHUTTLE SUBSYSTEM ELEMENT CODE AM> PRIME POWER LLSTLNG 

SUBSYSTEM: MECHANICAL SYSTEM AND LANDING CODE 52 

ELEMENT Nk','E S/S WATTS 

15.00 
15,cc 

2co.00 
2c0.00 
2co . GO 
?CO.OO 
2co .oo 

4co.00 
4C0.00 

5.00 
5.00 
IC.00 

140.00 
llCO.00 

10.00 
1co.00 

io .00 
ICC.00 

200 -00 

ELEMENT CODE 

52010c00 
5202occ3 
52040000 
3 2 05 0000 
52060000 
52 0 700GO 
520800CO 
52 100000 
52160COO 
521700C3 
52 180003 
52200000 
52260000 
52270000 
52 300OCG 

5L 32 52 32 0000 
523352330000 
523452  340003  
52 3552350000 

C 

7.3-25 



APPENDIX 7.4 

SAMPLE SET OF USER LQAD ELEMENT DATA SHEETS 

(GENERATED FROM VENDOR INFOBMATION BY KU/JSC) 
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l- 
J 115 
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0 2 (1 6 E 10 12 1.1 I6 18 20 
TIME - F\IILLISECO~dDS 

CUi3RENT 

VOLTiZGE OU i ' W T  (VOL 

> 
I- -_ 
z 
L 

w 
c3 

Figure A 
P C l 5  Tr;rnsicnt Fiespnnse 
to Step Load C h m s 2  

VOLTAGE OUTPUT 
(0.003 Ot I*.:  S!iOi(T ClRCUi 

Si; CUZZENT (AXPS) 

TIME -SEC. 

Figure B Pel 7 Powrplant I inofdance 

T i  

Figure C' 
PC17 Short Circuit 
Ca pabi! i ty 

(REPRODUCED FROM PRATT AND WHITNEY AIRCRAFT DATA) 
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APPENDIX 7.5 

PROCUREMENT SPECIFICATIONS FOR CRITICAL EPDC ELEMENTS 

@OCWNTS GENERATED BY ROCIWELL INTERNATIONAL) 
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COOL IDEHT. NO. 039S3 

i .  scorn r 

ntir spcc i f i ea t ion  cstnbl is l ics  tIic pcrfor rmcc  , clc-sir,r., dcvcltynncnt nnd v e r i f i c a t i o n  
tequirer.icnts for R single-phase nodular i nvc r t c r  r e fe r r cd  LO here in  an t he  lnvc r t c r .  

1.1 Sc l l c r ' s  Cc;iaf;~ncnt Internal CcsiCn. Except as otlrctvisc spccificcl  the  rcqufrc- 
ncnrs of t h i s  s p c c i i ~ c a t i o n  a rc  tint fir:cndcd to restrict  i n v e r t e r  i n t c m n l  design 
Bxxccpt for  tlwsc a rcas  necessary for conpnt ib i l i ty  r : i t l i  t h c  dcsigrt requircments 
specif i c d  hcrein.  

1.2 Sub-Tier St:pplicr Contrnt.  
apcc i f i ca t i rn ,  the seller shall i i posc  t h i s  spccif icrrt ian an suh- t ie r  supp l i e i s  vi  t h  
dcsicn respons ib i l i ty .  

- 
--.. --- -- 

I.lrcrc ncccssnry t o  ncct tlic rcqtr i rcrents  o i  this.  --- 

.- 
Ttle fo1lot:tnZ docur.cr.t:; of the  c::act issue s b . n  forn a p a r t  of this specificztfon 
t o  t hc  cxtcnt spccificJ Iicrcin. 
rcfercnccd hcre in  and tIic content of t h i s  spcc i f i cn t inn ,  ttic content of t h i s  spec i f ica-  
t i o n  s h a l l  take precedence. 

In  the event of a cclnf l ic t  bctrrccn tIic dociaacnts 

SPEC1 FI C1TIC::S 

' Fedcr& * .  
Hili t n ry 

ffIL-C-S541B( 1) * 

30 June 1970 

1 IIL-c- 70 7 38 
5 Dcccnbcr 1369 

t I It- e- 8 3 7 2 3 
26 llarcti 1365 

I!Ifl.-I-XCGOR 
17 llny 1972 

r 111.- I - 2 72 7 3~ ( 3) 
3 June 1965 

rBC-Spec-q-lA 
October 1967 

.. 

. , 

. -. - 
_ _  

ihmdinE, Electrical x c !  I.iC!itninr Protcc t ian ,  
f o r  Acrospnce Syctcrt: .. 

.-Utenicnl Conversion Ccittfccs on Aluminum and 
a '  Aluninun Alloy 

Cable, C l c c t r i c a l ,  I'.rrospncc Vcliicle, Ccncral 
Specif icat ion f o r  

Cmncctor,  Elcct-ric,  Ci rcu lar ,  h v i r c n r e n t  
r e s i s t i n g ,  Ccncr;rl Spccific.?tiori f o r  
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Grinping of Llec t r i c n l  Conncctians, At:quircc:cnt.s 
for  
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Connector, Rcceptaclc, Elccgric.1 

2 h t e r i a l s  and r t o c c s s c ~  cdiitrol ntrd Ver i f i ca t ion  
System f o r  Space Shuttle  Progran Suppliers  and 
Subcant ractors 

E l e c t r i c a l  Design Rccqutrcxeni;s f o r  1:lectrical  
Lquipcant Uti l ized  on tho Space S h a t t l c  t'cbicle 

Xnstru;..cntation Kequlre;;..mts for Stypliers clnd 
Sub-contractors f o r  the Space Shu t t l e  Progr'~m 

# -  

'ilechanical Orbiter Pro jec t  P a r t s  List 
'. 

Elcc t r i cn l ,  Elcctronic  and -Elcccraacchanical (EEE) 
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Marking for Shipcent and StornZc 
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Stnndnrcla and Ciwcif J.cnf. l.otis, Order pf 
Precadcttcc for Sclcct  lnn of 
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Test ?:rthods for Elcc t ronic  and Elccttical 
Ccmponcnt Parts I 

Defini t ions of f t cn  I.cvala, Itens Exchange, 
riodcis ;u~d i:eintcrl ItcslS 

Elcct  roragnct i c  I* , tc r fc tcnce  Cl ia rnc tcr i s t ics  , 
Rcquirwcnts  for Eqiiipncnt 

!:ofse l!easarcncnts of Shipboard 'I!aclrinery an3 
Equiprcnt 

Par t s  and Equiprcnt , Procctlcre - Packaging ,- 
and Packing of 

Envlronncntnl Test !!ctliods 

\ 

E l e c t r i c a l  Por:ctr, Aircraft ,  Cmrnctcristics and 
Utilization of 

c 

Fcdcral Supply Cndc for t!nnitfncttlrcrs' ::am to  
C d c  

Requitcr.cnts fo r  Sol~!crocl Elcctrlc.nl 
Connections 

8 

. 



3.1.2 Intarface UcEir.ition 

3.1.2.1 hve1r;w. 
cxcc :d t he  J imnsions sham i n  Figure 2. 

Tliu l iwcrtcr  cnw1oy.c nncl its e t t x l i w n t  provlstons s h a l l  not 

3.1.2.2 l l o u n t i i r ~  
Figure 3 and in accordance with tlie rcquircrrntr  of p x a g r q h  3.2.5.2.C.2. 

3.1.2.3 !!eight. Tlic invcrtcr s h a l l  trave e mxiixm r:cicht of (T3D) p m d s .  

3.1.2.4 Cmling 

3.1.2.4.1 Colrlpletc Conling. - 
by contact with the aounting surface. 
i n  tlic spacecraft  by tfrc tuyar. 
less than 
invcrtcr  bnacplatc n t  tlic Pollor:!nl; tcrpratures by coolant f l m t  fo r  ta tcd inverter  
loads : 

Tlic r.iountin(: pro-ristci~q of tlic 'nverter s h a l l  be as thotm in . 
8 -  

Tlic Inverter olrall be c!asif;ned for conduction cooling 
.'n alwlnim t:ountin& surface will be provided 

Tlrc m w t i n g  mrfiicc vi11 have n contact aren.of net 
square incherr. The spncccr.tft rmi: t t iEZ surf ice  vi11 t:aintaln the 

Tenpcrn t urc Invcrtcr Stirfncc c Inv. Surface 
Condition 

I A )  Ilwinun 120 F (l?axji:um) 14022 P 

(b) ltfninun 35 2 2 . F  S 5 5 2  F 

Tmp. A!mvc Tnlct Tcnp. Move fi:tlet - 

3.1.2.4.2 &at Fltix. 
of tlic coldpfntc tcr.ilwraturc cliritribuciarl. 
itivcrtcr sirrEacc nrcn o l rn l l  t c  sl;ntm I J ~  calcqlntf.cn i.ot to cxcccd E2 trntta pcr squ.?rc 
Inch, 
surfacc r b a l l  br! 500 IZU per hour per square foot per dcgrcc F, niniaurr. 

3.1.2.4.3 Ccnlfnl: Siirfacc T?.E!z)2 
of G3 nfcm-.!nctlcr; Pi:!; ncd 
indientcrl run-out. 
platc  t r i t l i  0,?5-lttclt boltn iorq~rctl t o  70 pfu:; ar n f t p  5 fnr.lr-pouncln. 
r~cnstirc:?cnta s!inll i::,I: c a m  t!ic f !stness of ttle i;rycrtcr h x p l a t c  tlrrac;p,h cnctr cf --- T I 3  Iinlcr; i n  chc test plata. 
Scl lcr  natl the nu:rcr. 

ticat flux londfnr: :;!:all IIC nr-nnged to8tnl:c rnxinun ..rd-,tntqc 
Tlic n.txfr .::n lrcat f lux in any local  

Tiicrr:nl conditctanca bctt:ccn tlic i;;vcrtcr I i x c ~ l n t c  and the c,o!.dplatc cnouritin~ 

Tlic iti?rc?rtct bnncplntc? d i a l 1  liavc J surface f i n i s h  

Tlic bn::cplatr. - s l t n l l  ! , I !  vcasurrd 'for flatness vhcn Loltcd t o  n t e s t  
flntticss dcvintinn of not r:otc than 0.010 i n d \  tolit1 

Ccptlr !:age 

Tlic tatit p l n t c  usad d w l . 1  be r m i n l l y  ;.cccptablc t o  thr '  

*. 
.& 

1: *' . . .. 



1.1.2.5 Trperatcr'c Scnrr. Tlic itivcrter stifill incnrjioratc it trarrsdticcr i n  
~ccorclancc r r i t t i  q v c i ;  ica:ian :;i3XlL006 \.hicli s!iall rritviltc an clcctrf c a l  s i g n a l  
moportiotial  t o  tkc  ii\l:crtcr intcrrral  tcqwr; l turc .  
~ceistarrcc virc itauticl ccrisor vidr tlic follcwirig c t inrac tc r i s t ics :  
r t  75 dcGrccs, F; 455 c:rr.rs ,+. 2 pcrccnt at  22 dcgrtcn r; and 650 ohns 22 pcrccnt  at 
!48 dcgrccn F. 
w x n s f v c  invcrtcr tcnpcra turc  i n  t h c  cvcnt of inpeading f a i l u r e  due to  A nnlfunet ion 
)t overload. 

?!:e trmm!rircr s l r n l l  cons i s t  of B 
500 ohns 2 2 pcrccnt  

Tlic tranctluccr s h a l l  Lc loca tad  t : i t i r i r r  tlrc ' invcr tcr  t o  i n d i c a t e  

L1.2.6 The i n v c r t c r  s l rnl l  bc clcsigncd t o  s e a l  thosc por t ions  of the 
: i r c u i t  that t r i l i  t u r n ,  spark or outgas tcceusc of clcctrical avcrloiid e t  a h a r t  
circuit. 

3.1.2.7 Finish.  
colctplntc natiny, sur faces ,  nancpl,.-t! 2nd conncctors s1:all be chcn-filncd q c r  

Scal ing.  

A l l  arcns of tlic i nvc r rc r  c::poscd t o  cs tc rn i t l  cnvironncnts ,  except 

0 -  
iffL-C-SS111 Class Ih,  

3.1.2.8 r i b r a t i o n  I s o h t i o n .  
tion i s o l a t o r s  arc no t  rcquircd.  

Tlic invcrtLr  s h a l l  bi! Ccsigncd so thd t  e x t e r n a l  vibra- 

3.1.2.9 C l c c t r i c a l  twxcctors. Tlic e l e c t r i c a l  cotincctars used for tlra i n v c r t c r  
ootptrts s h a l l  be su t* tn l ly  acccptnblc ta t!i@ Euycr Gild tlic Scllcr and d ia l1  bc governcd 
by :!FOO\M-560, Orb i t c r  pro jec t  pr,rLs U c t  and tlic io1lo::ing: 

a. 

I 

b. 

C. 

d .  

C. 

f .  

1:cyed c y i i n d r i c a l  ( ~ r c f o r n b l p  bngrnc: 1oct:inL) configurat ions pcr !!fL-C-83723 
s l rn l l  Lc u t i l i e c d ,  i f  poss i t l c .  

I n  nppf icn t ions  t:!;crc tlir IXI.-C-C3723 ha::onr:t f.t:ilc cannat he usccl &:IC t o  v i r c  
gnugc l i a i t : i t i cns ,  threaded coup1i:i; c1csil:ns nay La et-ploycci. 3 u y w  approval .  
is required ; r i o r  t o  usiagc. 

P..ctnngular connectors s l i n l l  be pcr Buyer sp3c.f f icac ion  !fC414-GlltE and may be 
cr;ploycd i n  Jrosc applicarisns i h r c  c y l i n k  t c n l  conncctors vi11 n d t  a l low 
s u f f i c i e n t  v i r c  pczctt-t ian.  

SIC i n v c r t c r  conncctor s h a l l  bo r.ountcd on t h e  f ron t  panel. 

Biiycr appr'cwd is required prJor t o  usngc. 

Socket contac t  nrrnnccncnts s h a l l  Ire uscct as t he  "lmt" or  cnorgizad h a l f  t,.lren a 
connccti.on is brc!:cn, 

Coirrrcotor kcys sl rnl l  t n  rlcsl,:ntrcl s!icIi t h a t  cngagcncnt of tlrc I:oys occurs  prior 
t o  cngagcncnt of tlic contacts ,  

* 4 
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3.1.2.12.1.1 ? 'c) l tnp? S p i ! : ~ . s .  
f n v c r t c r  s l r n l l  Rot c::ccc(! t!ie values rspccificd i n  .:iL-ST3-4Gl p a r q p p l i  6.9.  

Short durnt fon  tpi!:cs a t  t!!e dc. input tcminals of the 
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PACE [ . --- i ' "7- - * - I  '1G.X 4 0  12  I 
3.1.2.11.3 f'liort Ci rcu i t  Scnwit:z. 
fncnrporatcci i s  t2rc iirwrtcr t o  cor;lIctc ,I ZC v o l t  t k  c i rc : i i t  c::txrnal t o  tfic inve r t e r  
under tlic fo1hi:in:; con,!itic?trn. !.?:en ';lie i t ivcr t r r  is ::i;ljcctecl to an :o\*crlm(! of 
225 percent of i.:?cd currcnt  fo r  15 sccont!s "1 sc'c(?i?J, xid t o  300 5 30 pcrccct  of 
ra tcd  output  ct .rrcnt for a Jura t ion  of 5 sccands plus or rims cnc second, t he  invc r t c r  
slid1 cniise a grountiiiil: s i g n a l  (reicrcnc.  2 :o the  rlc m-entivc t c m i n a l )  t o  be applied 
t o  t he  overlaitrl siCna1 octptit tcminal of tlic inverter. 
the c i r c u i t  nust Le capatlc of carrying 3 relay c o i l  cutrcnt of 0.2 arpcrcs at  2S:O vdc 
and a l i g h t  bulb load of 0.040 mpcrcs a t  26 vric. 
iiicoqorcrtcd an tlrc i i ivcr tcr  t o  ve r i fy  cont inui ty  f r c n  tlrc i t iver tcr  overload ind ica t ion  
signal t o  the  warning  l i g h t  i n  tiic cabin. 

Ctirrcnt scasin): a i d  cmulitirnin!: c i r c u i t r y  s h a l l  be 
------I* -__._ II_- I 

t!rc Ccvfcc used t o  c m p l c t c  

A "push-to-test" s r i t c l i  s h a l l  be 

a. A resistive l a ~ d  of 70 d i r s  in scrics rrftb a 1::1157 rcctificr, or cquivalcnt .  
uhilc c c n t h a i n g  t o  c e e t  tiic pcrfar:-.tncc r equ i r r rxx t s  spec i f fed  hcrcfn. 

A r c s i s t f v e  load of :?.5 a i r s  i n  scrics v f t l i  :a l::liZ7 r c c t i f i c r ,  @f cl;u,*:alr?nt. 
s h a l l  c c t i v a t c  cite r!,ort-c%rcuit sensing cap.?bi l i ty  of the inwrter. 
r c c t i f h r - r c s i s t i v c  lcncl nust tc rrr-ovcd a t  tl:c t i n e  the  cvrr lnad t r i p  s i c n a l  
is act ivated.  
wi th in  115 v o l t s  p l u s  cr r:inus 10 rcrcrtit with in  IC9 r.illisccc::ds a d  t r ans i cn t  
vo l tazcs  i n  cxc~s-5 of 19; ~01;s peak sh.tll not appear. 

c -  

b. 
niis 

Upon m t o v a l  of titis load tlv- oit trut  ro1tny.c s l ra i l  s t a b i l i z e  to 

3.1.3 Ice:: 1dc:itifica:iw. Tlic ii!ctttiflc.?tfon of t!:c invnr tc r  shall bc as follwza: -- 
Kor.cnc laturc 
.and Iffg. CMtc 

Invcr tc  r 1IC495-~012-OF31 TP.; 

Buyer ' T. se l Ecr * 6 

Idcnt  . ::o. Con t r o f ::o . Par t  !:a. -- ------ --- 

Cnpc i tat 
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1 F -  

3.2.1 l'erlamancc - 8  a 

3.2.1.1 tiwertcr Fcrforr.;mcc 

3.2.1.1.1 + ~ I ~ t ~ t r  Ecc.i::tmec. l l i c  cxtcrior canfictrrat ion-of  the  invcrtcr shall 
!lave insu1atit : : i  prc; icr t ics  to  prcvcnt t- lcttr icrrl  clioc!: t o  personnel. SubscqucRt t o  
asscnbly nrid i 1 . y  pottirig or sealhip, rcqr l i rcd ,  a nininun i n s u l a t i o n  r c s i s tn txc  of 
100 ncp,oIms is rcquircd 1wtr.rem tlic dc inpiit tcm.inrrls and tlir h v c r t c r  cas2 2nd the 
r c  o t pu t  tcw. innls  2nd cosc a t  t po ten t i a l  of 100 v o l t s  niainw. 

3.2.1.1.2 k p u t  Parer. Tlrc l nve r t c r  shall nect a l l  pcr fowsncc  r cqu i r c t cn t s  of this 
s p c c l f i c a t i n a  vlien o p t j t e d  wi th in  tire norztd stc;dy s t a t e  dc voltage range s y x i i i c d  
i n  para;;rapli 3.1.2.12.1. 

.- 3.2.1.1.2.1 & y t  bt:sccptil t i l i ty.  ::a clrancc i n  indication, raalfmctim, or 
d c ~ r d a t i c n  i n  p2cior1:ancc t ; t i ; i l l  !:c ptaZwcd in t!ic !avctt.cr r4wa m l i  jcctcd tc the  
dc input ri Ijplc apccifictf-  in parzgraph 3.1 .Z. 12 1. 
dc bus Ly tLc  i:i*:crtcr s h a l l  not be consickred as p a r t  of the  r i p p k  cncrgy  for 
susccpt  iti li t y  . 

Yhc r i p p l e  cncr;..?. placed pa t he  

3.2.1.1.2.2 Input Tr.msicnts 

! 
i- ___. . _  



c l ~ .  :;mi :I;c inccr tvr  
cu. i - , . i~  L.; ,,3 :'! ;.c;cr.::~ C I  :'!:* t i  c i t r r r , r t t .  

; ' ; ; i l l  :.ti:r.::.it !c;rlly l j n i t  tile :..i::?t::tn +art c i r c u j t  octt7ut 

I -- -..-I-- 



3.2.1.1.8.3 ----- :*ot,*r Star+,!n;. -- A cwiaha t ion  ol t h r e e  fnvcrt t?rs  rthtch farr.s R thrcc-  
~ 4 i ~ : e  eritput ::hall be caprtt!c oi s ta r t in ) :  a 540 w a t t  ntnintm, tl*Tcc-pliasc. fiiGuctfon 
mtor vith a start i i :g pct:cr I;.stor of 110 icss than 0.25;  ant c fJ3 p k m t  ::&*tar 
itwwli cur ren t ,  and t 0.75 l . i ~ ; , ? f n ~  rimniny. pcn.lzr f a c t o r  vitile car ry ing  a balanced 
three-pfiase 1U5 va steady-state  load. 

3.2.1.1.9 Efficfcncy. 
0.35 laCginp, axid 1.0 uni ty ,  the  inver te r  s h a l l  opcra tc  'at a n i n f m  of So pcrccat  
cf f i c icncy  C r m  half-rntcd load t o  fu l l - r a t cd  load. 

- 
?!it11 a dc Input of 24 to 30 wolts cmd p:cr  factor bco:e& --- - 

3.2.1.l.iO Operatiiif; Posi t ian.  
posit ion. 

3.2.1.1.11 c i s e  Patat!= f3x-n :tic i nvc r t c r  is cennccted to two ocher i n v e r t e r s  
to forn a tlirce-p!iate oz tput  the p k u e  ro t a t ion  shall l e  A-E-C. 

3.2.1.1.12 Miasr? 9 isplacct -nt .  1%- the  i trvcrtcr fs cnncectcd to  tbm aii:cr tnvrrtcrs 
to € a m  tiizcc-p!:A:z our; ut , A: c!isplaczxn: ac:h 11c:r;a:n .Idj.ic>i\t phases s h a l l  be 
120' plus or nines 1.4 c!eErccs t d c r  conditions Frou no load to  f u l l  lcmi and pcvcr 
f a c t o r s  fron 0.70 la?ging t o  0.9 leading incltiJinp, unity power f a c t o r  w i t h  c i t h c r  
balaacad 3-plrasc lcad or r t i th  p ? m e  unbalavce as spcc i f i cd  I n  ptraRr.apn 3.2.1.1.13. 
Il\c k g l c  shall be the  relative 6ispl~cct*ii t  be t txen  tlic zero vnlt;tge poiiits cn t he  
vam foms nf the th rcc  pltascs. 
fnvcrt i l r  ta  t?ic :wxt i nve r t e r  i n  C!IC follctiaq sequence: 
to  phase C and pIram C to phase A. 

fie i nvc r t c r  shall bc eapnbk of opera t ing  ita 

* -  

----- 

A p!i.-ise-Ioc!t a i f la l  s h a l l  bc suppl ied fro3 CYX 

p1;lrc A to p h r c  C, pknclc C 

3.2.1.1.1h O u t p i t  !'o!-t*?:c :'y'!:f:*t !cn. 
not  c:ccccd ouc ivrcctit r : i r i l e  t.;wr.itinC r:ith input  pc*:cr c o n d i t t m s  i n  JCCO~~:CICC w i t h  
paragraph 3.1.2.12.1. 

i::C irtvcrter cutput  voltn:,c roc!ulatioa ?;itall - ----- 

3.2.1.1.X I:a.rr?forn. Tltc l in-tn-crest  f ac to r  ~ 1 1 ~ 1 1  n e t  cxcccd tlic lirits of 
1.414 .c, j.0 pcrccnr aad tlit: oiwrv..ci c!*-..:*:.? t n  tire c rwt  fnctnr f ro-t no load t o  l u l l  
land a t  any input'vn1t;i::c tliall not C::CCOII 10 pcrccq. 
s1iall riot excccd 4 pcrcclnt a i d  no irit!ividud 1i:rr:umic d t n l i  cxcced 3 percent of tlrc 
f untl.uicn t a 1. 

Tlrcr t o t a l  ttnrrriairic coc tca t  

0 

9 



Sound Pever 
Level - l.Q Cl GO 59 37 34 32 - 54 SO 
dB RE:10'12 L'ntt 

b- - SFcCCli  __ - T::tcrfcrc?cc-T:& -_ __- %;e spcccir iiitcrfcncncc lcccl shall hc 65 dB raxicwm 
frcn 300 iiz to SCOO iir. 

3.2.1.1.13 
th.-.n 1 7  ,C.W !lours. 

0;wrstiq;: - - -. -. - -. ___ L i f e .  nrc lavcrtcr s h a l l  trave an operating l i fe  af not-less 

3.1.1.1.13 Cscful Life. The Lnvcrtcr shall havc a useful life of uot less than 
25,003 Lwrs. 
be cotinis:ent rrIt11 ti:e requirerents of :itis sy-ecif icxt ion.  

3 .2 .1 . l .20 -SFclf-I i_f_ct 
r r i t ! ~  t?tc rcc:uircr.c:itz , ;xcff  icd :.crcin f1~110vi11~ storage for a ccn-ycpr perfac! f rom 
6atc oi icl:*:cry t*iic:i c-:pnscd t o  t!:c cnv:ronrcnts o i  paragraph 3.2.5 and protcctcd by 
t::e rcr::iirc:rents rltficcd i n  Scct'on 5.0. 

3 . 2 . 2  Eiys! tal Ctsrzczcrist ics  

- -- - 
Prc.ra.itivc r?ainrcrranoe, servicing. repair and rcplaccnent ol parts shzll 

Z i c  in-rcrtcr s! -.I; Ec ca::+lc of eitcreting i n  accordance 

--.----- .---- 

I 
I 

1 3.2.2-1.1 I.'c?if,lrt. -- - 
3.1.2.3. I 

arc trcirht of ttrc inverter s?rall be in accordance v i t b  parnsraph 

. 
. D  

t '  ... 



3.2.3.2 
ra: i i; l~ i lit y . 
3.2.3.3 --- Falltirc ---- 9etcrrcr.t. TIie i nvc t t c r  desim shall lneorporatc the f a l l w i n g :  

a. 

!x*r:q--i:?g2 kratiiig of i r ivcr te t  cor:pcxrcnts s l ra l l  be u t i l i &  to  enli.mce its . 

cUtcntatr: or rcllundaat reams of jwrfornlnp, a cr i t ica l  fwctiw. d d l  be separated 
physically by t!ic rstxhun prac t i ca l  dis tance,  or ottiervinc protccted. such that 
a l l  f w c t i o n a l  paths w i l l  not bc lost due to a sinp,lc cvcnt. 

Ificre s!:*iL.-tr mnnactjozs .?re i n  close prnsinity the invcr tc r  J e s t s  s h a l l  

. 

€I. 
preclulc  tire c q m b i l i t y  of cross connection. # -  

3.2.4.1 rksQ2 Allocations. The desim s h a l l  incorporate the folltwfnl; m i n t a f n k b i l i t  
allocrrticrr\r; : 

a. The ir:crtcr &all IC cIccsimed t o  allow f a i l ed  sultasscrhlics t o  bc rcplaced on 
tlic 11cnch in  ?A! hours or lcst after f a i l u r e  i d m t i f i c a t i o n .  

nrc' i r iv r t tc r  slaall be dcsimed t o  allar bench varif€cat€on of Its  c l c c t r f c a l  
funct iass  uiUrin XJiZ ninutes using su i t ab le  suppart equipccnt in  thc a i n t e n a n c c  
Jrca. 

p. 

C. IIIC in-mrtcr sliall be capablc of-being rcpaircd it i  the slinp in accotdancc crith 
tlic sl:fll l eve l  of --_- TBS. 

~ I C  iuvcr tc r  rcnaval / instal la t ion tire slrrll not c::cccd LEE n inu tc s .  d. 

3.2.4.2 ! ~ ~ i ~ ~ ~ ~  Fcntorcs. The lnvcr tc r  dcsign s h a l l  i f i co rp ra t c  tlrc f o l l v i n e  
:mint airiabii ity fea tures  . L -  



e. flit itivertcr sh1A IT! ctcsjyr.cd t o  yrccluik tlic usc of special  too ls  .and 
cqttirncirt ftjr tlic cn-sitc naintc:;mcc mc! rcrair.  t 

3 

f .  

e. 
h. 

Sic fnvcrtcr shn?L IIOL require prc-ii;:;t.ilI.~ci .: x c c p t m c c  cl:ecl:out prior t o  cse. 

Llacrc fcasiblc, tlic inverter  test points  shal l  !IC acccssiblc and clearly nqrked. 

Thc inver te r  clesipi s!:nll prccludc the rcqriircr n t  for "inspect and repa i r  as 
ncccssilry" (Iran.) 

3.2.5 tnvironncntal  Conditions 

3.2.5.1 T!rc inver te r  shall  bc captblc 
of tlci*t Inz t!ic oycratin(; ;?clrforrz::cc rcquirrrcnts  spccif  icd !icrcin After cxposutL -EO 
the  follorrin: tr imsportation, grnund handling and storncc conti5tior.s. 
t ransportat ion,  r,raund timdliny, and s torazc cnvironcents sliall  be l i n i t c d  t o  pcfi-ods 
viacn tlic i avc r t c r  is nm-operatine. 

- 
T r ~ a $ ; p r t a t i n n ,  Croimd l!mdlinZ and Storage. 

Exposure to  

a. 

b. 

C .  

A. 

0.  

Tccpcraturc (Air) 

1. Alr Transportation 

- 
l!lninun m t i c n t  of ninus GSF for  s i x  h a w s  
(35,000 feet). 
llSF (crou:~J) for OIIC kour ; n:a::€rm cor?stt- 
ncnt te;tpcr..rturc vhilc cn t!ic ground of p l u s  
13OF for onc !lour .tnd plus 150F fo r  sir hours 
pcr 24-hour period. 

I!.?xirr.un arbicnt of plus 

? 

2. Ctound Trmsporza t im Mnlniin .wLicnt of ninus 23F, n a x f z s  nrhinct 
of plus 11SF; rmir.un corpartncnt cf ?ius 
130F for o x  lrotrr and plus  150F for s ix  k u r s  
pcr 24-1ioar period. 

Plus 2SF t o  p l u s  10SF for a tm-year pcrj?d.  3. Storegc 

I'rcssert?. Ifaxitmn of 15.23 PSIA (sea l eve l ) ,  cinicun of 3.47 PSIA (35,COO fcct). - 1  
I -- 

Iltmidi t y 

Santl and h s t  

15 tc 100 pcrccnt r c l a t ivc  liunidity, inc!*:*!irq 
cotid I t inns clia re in  cog (!ens a t  ion t nkc s p 1 o cc 
i n  tlx fom of c a t e r  or f r o s t  for up t o  
30 days. 

; 
1 

i 
I 
I 

As cncoutrtorcd i a  dascrt and OCCi\I\ bench arc ix ,  I 
equivalcrTt t n  14?l-rx!sli s i l i c a  flcur trith 
pnrtic1.c vr:.ocity try t o  590 l c c t  pcr  m i n r : t c ?  
and n par t t - l c  tlc.nsity of  0 .25  p,ra:r.s per 
cu!)ic foot.  . 
AS cxpciid:tccd in tropfcnl c l innte .  
s h a l l  not hi: usccl trhich t r i l l  support o r  he 
clnnngcr! by r U t l f i i .  

- r t  
1. b '. 

t fntcri  a l e  
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3.2.1.2.2.l Ccrrmt Lkitind,JClterl... Tho R X  shall  lk i t / i ,nh ib i t  current flaw t o  
the exkernrrl load w i t &  tha thTcurrent  limits specified in  Figure 4. 

3.2.1.2.2.2 ?-u;a Ctirrmt. ?he s h d l  fdl s d c  xhm iltcrxupting the Rtt~t~re 
Current specific4 L3 the aF?lic&le Appe?dix. Pail safe operation m q  be povidcd 

3.2.1.2.2.3 =?Se C u r x a t .  me dc r i n l a  cur:ent during Current fMtlng/Oyerload 
conditions shall  EO% excotsi t:ro percent of the input s u p p 4  cunmt. 

. .. , 

by a b i b l e  link. .- 

3.2.1.2.3 Er&jizxiL Tha Trip Si@ (TS) shall be a steady-state discrete plw 
2% vdc, in i?ccord;.,?cc with Table I. The TS vdc shall. be refexcllccd to the cor~t,ml 
circuit &us voltage. Sabsequmt to Cui*rs:t Lkitjtt&tcrlocui a 4  Rupture (i trip" 
coEditfons, the ?X shall  provide the TS conthuouslj: whcn L O  to  34.0 vdc i s  ap?Ued 
.at  'tho R?C control tccain'ds.. 

3.2.1.2.4 Beset C-.?+iS. S\iS3quc?t t o  @tripa or intermptim of current flw, 
-0 Qy he reset xi,t?!in 0.029 seconds.. 

in Tablo ]I 3nd.FigJre 3. 
' 3.2.L.i'.5 ?.L.srrrnzo ~LZCS. Tho F!PC Reswnse Tkes shall be w i t h i n  the &+,J spccifiic: 

fp, 

3.2.1.2.6 ~ n ~ @ ~ 3 t o l i c c t i o q .  TIIS RPC sha l l  incor;orata Coaman Kode (a) 
Rejection c.?pability t o  p r c v m t  inadvcrtmt operation when a M plus 10.0 volts 
peak, Gc t o  100 XHz, i s  p x m t  at tha control tensinrils. 

I 
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1 .  

' 'i !. (2) Prc~;:;urc 



:. 
.. 
. .  b. Gmung . -  

. (1) Tomperature 

d. Vibratioq 

kxbium of 15.23 psia (sea level); minimum o f  9.76 psi. 
(10,Ooo n). . 

'HE 
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(3) ItuJddi$y . . .  
.. * ' 

(4) Sand a d  hst  
?. .. . 

( 5 )  S a l t  Fog 

. . (8 )  Solaz. Radiation 

: ( 9 )  rungus 

k t a x h n a  of 15.23 psi3 (sea ley&); m5.nirnm of 9.76 

8 t o  io0 pcrcat relativo h d d i t y ,  incluciiq conditions 
wherain condensation taka place in the fonn OS watar 
or frost. .. 

p i a  (10,033 f t ) ,  

. . 
As mcou+ered in desert ,and ocean beach aw, 
equivalent t o  U+O-nesh sfflc3 flour with pwticle 
velocity up t o  503 f ee t  per ircitiute and a Fiwticle. 
desnity of 0.25 grms per cubic foot. 
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- 
perforzing :kc follctinr, fcnctiocs w.cicr a l l  the etxiro-aaental codltioas and other 
r t q u i r c m n t s  €=pored by this specification: 

a. 

b. 

Carry current In accordance with its rating as specified i n  Iablt  1. 

Autouatlcally sense an overload and iotcrrupt (trip) the circuit without damage . 
d e r  the conditions specified. 

. .  

- i  3.1.1 Itea Diegrim. Figure 1 is the block diagram for the RCCB external connections. 

3.1.2 Interface Lkffnitioa. 

7-5-29 





Dash 
Wsnbet 

-1013 

-1020 

-102s 

-1035 

-1050 

-1075 

-1100 

mjx 

'I' 

8 

9 

10 

11 

12 

13 

Rated 
Current min 

0.7 

' 0.9 

1.0 

1.2 

1.3 

1.4 

1.b 

13 

20 

25 

35 

50 

7s 

100 

__ 

Ifax 
Voltage 

at 7OoF 
(Rated 
Current) 

- Drop 

0.25 

0.25 

. 0.25 

0.25 

0.25 

0.25 

0.25 

- - 
1 

Trip Tic.@ 30' to 14OoF (Seconds) 

Percect Rated Current 

- 
nin 

3.3 

14 

15 

26 

16 

16 

17 

- 
too 

Fax - 
4s 

47 

49 

52 

, 56 

61 

63 -- 

400 1 - 6 0 0  

lain 

1.7 

2.2 

2.5 

2.8 

2.9 

3:. 3 

3.5 

I - 
nux - 
3.b 

3.5 

3.7 

4.1 

4.6' 

.3.2 

5.4 

- 
Percent k i t e d  Current 

tiltinate 
*iP 

. .  I- 
naxilam - 
Trip 
1 Hour :lax 

14OoF 

105 

140* 

1Ooo. . 

min 
~~ 

0.35 

0.35 

0.33 

0.4 

0.4 

0.4 

0.6 

1.2 

1.2 

1.3 

3.4 

1.6 

1.8 

1.9 

7.5-30 
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1 gonenclaturc 4 PIfr Traceability Ulrl 
Buyer Conttol Ma. Seller Part No. Classification . SRU - C 3e Idelit. 80. 

3 .  

RCCB )IC4 S4e.27-1015 TBS . 8.ri.1 tlgt 
0 io20 I 2; 107 5 - . I  : I I-.. 

Wsb-6027-1100 T8S Seth1 SRU 
I 

RCCB 
0 

3.2 Charm t e t i s  tics 

3.2.1 Perfonance. 

3.21.1 _Life Pe~p i rcae i~ t s ,  
effect ive life cZ?&il i ty ,  considering state-of-the-art hardware design. 
completion of tradeoffs by the Seller  t o  establ ish the optbum relationship bemen  
hardvare l i f e  capabili ty and cost, the following l i f e  objectives w i l l  be changed to 
requirementc, 

3.2,l.l.l E a c i n a ,  Life. As a design objective, the RCCB shall be capable of'bei 
remotely cycled "OX" and ''OFF" f o r  a minimum of 50,080 cycles at rated current. In 
addition, the RCCS shall be ca3able of withstanding 100 cycles of autaarJtic t r i p  at 
200 perceat rated curreat with resote reset.- 

3.2.1.1.2 Useful Life. As a design objectfvc, the RCClb' s h a l l  have a aiafjrm uscfu 
l i fe  of 30,000 kours. which are equivalent to  100 orbi ta l  missions in a 10,pear per 
from date of delivery. . 
3.2.1.1.3 Shelf L2fe. 4% a design objective, the RCCB sha l l  be capable of oyerati  
in  accordance with the requirenents specified herein any time within a period OP 
10 years from date of delivery when exposed t o  the appl icable  environments of 3.2.3 

h e  RCCB shall  ba designed to provide the most cost 
Upon 

-_ -_ . .- 
& 

1 

. .  
3.2 .l. 2 Electr ical  Chnracterist icr . I I 3.2.1.2.3. .Ampere Ratings. Ampere ratings sha l l  be-m specified in Tabla 1. 

3.2.1.2.2 Voltaze - Crop. With rated voltage and current applied the RCCB voltage d 
from l i n e  t o  load tanninals shall not exceed the value spec i f i ed  i n  Table I. 

3.2.1.2.3 Interrupting Caracity. The RCCB shall h capamo o f  interrupting curren 
os specified in Tiiblc-LL cti\en t t s t ed  in accordance with 4.2*4*1.16. 

3.2.1.2.4 Pover Rsni~rmexnt~, The RCCB shall  requite a mnxfmum current of 3.5 o m  
at Vdc to o: s r t l t e  wain cuntncts and a mu::i5um control cur ren t  of 10 1.; 
.mpcres at 40 VCc:. 
3.2.1.2.5 Insulation Resisconce. The Insulation resistance between mtua l ly  insul 
parts and mouirtinp; suriacea shal l  not be less than 100 megohms when measurcd with i 
twit potential of 500 v o l t s  dc OS ambient conditions. 

. 



7 I. Between l ine  and load terminals with the RCCB i n  the OFF or TRIPPED posit ion.  

Fault  
Description * 

b. Between t e m i n a l s  and p a r t s  normally grounded (such as frame, s h e l l ,  vounting 
plate,  etc.) with the  main contacts i n  both CLOSED and O I T  (or TRTPPED) posit ions.  

Open - Fau l t  
System Circui t  Current 
Vol tag@ V d t a g e  Amiperes 

3 m  2.1 3 Operat ion. 

3.2.1.3.1 Control, With power applied t o  the l i n e  or Gackup power t e m i n a l s ,  the 
RCCB s h a l l  be capable of being closed (set) by appl icat ion of PbVdc t o  the control 
input,  3nd opened when t h e  2SVCic s igna l  is removed. 
l i n e  and backup lower terninals ,  chc RCCB contacts stinll renafn in the  sane state as 
they were before the pover was rernoved, 
backup pot:er terminals, the RCC3 shall a s s m e  the sta te  d ic t a t ed  by the  s ta tus  of the 
control input. 
operate in a raxiaum tine of 30 milliseccnds. 

I f  power is removed f r t m  bcth the 

If pover i s  qain appl ied  t o  the l i n e  or 

Xith mininun voltagP- appl i ed  t o  the con t ro l  iaput ,  the RCC3 shal). 

3.2.1.3.2 Trip Perfonnacce. 
limits specif ied i n  Table I. 

The RCCB s h a l l  In t e r rup t  t he  c i r c u i t  ( t r i p )  within the 

3.2.1.3.3 TrID Mechanism. 
sha l l  open t h e  main C O R C ~ C ~ S .  
(re-setting) the main contacts u n t i l  the  remote con t ro l  switch is wved t o  "OFF" and 
then t o  "ON". 

3.2.1.3.1; T r i p  Fret? Operation. 
be Eaincalned ctoscd !men rhe cctntacts are carrying overload currents  t ha t  r;ould 
nornuilly t r i p  the RCCB t o  the o?en posit ion.  

Vhen an overload condition occurs, the RCCB t r i p  mechanisn 
The t r i p  aechanisn shall no& be capable of closing 

The RCCB s h a l l  be designed so that t he  circuit cznnot 
--e- -- 

3.2.2 Physical Character is t ics .  

3.2.2.1 Envelope. 
Figure 2. 

The envelope of the RCCB s h a l l  not exceed *the dimensions shorn i n  

. Table XI. Interrupt ing Capacity - 
Recovery Open 

Circui t  Yo1 rage 
Transicn : 

- - 2 z y  -0.01 tu 8.03 1 28 0.002 V within scc !rids ' 

--8ecpnds after - , .  . -  
Sea Lcvcl f n u l  t iii i t i i r t  lon SO V' n3xirt!m 

*OCU - Test i n  wlrfch the c i rcu i t  breaker is elc,.;cd before intt icltfon of  tlta f n i i l t  
CO - Test  i n  which tho circt l f t  breaker is cio.:cd t o  cociplcts the faulc 
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3 . 2 . 2 . 2  Haunting. 

3,2,2.3 ttelr91t. 
terminal hardware. 

3.2.2.4 Surface Wear. 
and w a r  rcsismnt such that par t ic le  g~nera t ion  wil1,aot preclude the normal 
functioning of the item 88 specified herein. 

Tne mounting provisions of the RCCB sha l l  be ar rhown fa Figure 2. 
? 

The veight of  the RCCB shal l  not exc ted 'T I  pounds including 

Interacting surfaces in  the RCCB sha l l  be suff ic ient ly  smooth 

3.2.2.5 Terminal Nut Torque. The RCCB external terminal fastener torque shall be 
TBD. 

3.2.2.6 Orientation, 
zero gravity where convection. cooling is precluded, 

3.2.3 Environments. 

The RCCB sha l l  be capable of operating in  any position and a t  

3.2.3.1 O?erational. "The RCCB sha l l  be capable of meeting the operating performance 
requirements spccificd herein during and after exposure t o  an9 feasible  combination 
of the follow3ng condltionsr . .  

a. 

b. 

C. 

d. 

e. 

f .  

R. 
i 
h, 

3. . 

Temperature 

Pressure 

Hinimum: P lus  30 F 
Maxianap: Plus  140 P 

Xinimuar: Torr 
b X b u o l :  18.0 

Ruqidity wintrnw: o percent, r21ativa 

Sal t  Fog 

Light n in8 

.HRxir~um: 100 percent, re la t ive  

Exposure to  one percent sal t  solution by weight, 

li' accordancit vi th ~~0004-0O2 . 
Random Vibration 

(a) LiftoEf and 10 -25 Hz 0.02 g2/Hz 
,+G dB octave 

400-2000 tiz -3 dBfoctava 
Time duration - 1 hour per axis 

4 Boost Vibra- 2s -80 It2 
t ion Spectra 80 -400 nz - 0.2 $ /Ha - 

(b) *Main Engifne 10 ~ 3 0  Hz 0.013 g2/ifZ 
Vibration . 30 -60 Hz -3 dB/octavc 
Spectra , 60-2000 112 0.006 P , ~ / H Z  

Tfmc Duration - 12;s liours per axin 

P l u s  and m2nusJ::S(ii i a  a l l  axes 

Maintain s t ructural  integri ty  when subjected t o  a 
terminal peak snwtoorli shock of 11 nilliseconds duration 
a d  40 acceleration i n  any direction. 

I:a acconla~cc wi 111 :: FI.-S?I4i lO,  T1c.ihk.l' 511, 
Proccdnrc 1, using butano for iucl. 

A'ccclerot ton 

Shock 

Jkptosive Atmosyzlirrre 
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a. 

bo 

c 

d. 

e* 

f. 

8. 

h. 

i* 

j* 

k. 

.ion and storage conditions when p3ck3god i n  accotdancc with Swtion 5. f -  

Temperature 
(Packaged) - . 

Pressure 

Sand and h s t  
(Packaged) 

Solar Radiation 
(Packaged) 

Rain (Packaged only) 

Hail (packaged only) 

Snow (packaged only) 

Shock (Bench Bandling) 
. I  

Ozone 

Fungus 

Vibration &*Shock 

: 

Hinlmum: Minus 65 F for s ix  hours. 

Haximum: 

Xiairnun: 10-l' Torr 
Haximirar: 18.00 psla 

Plus 113 F for one hour., plus 1 3 Q . P  f o r  six 
hours and plus 198 for one hour, 

(1) As encountered i n  dese r t  and ocean beach areas. 
cquivalenc t o  140-mesh s i l i c a  f lour  with p a r t i c l e  
velocity up t o  500 fee t  :er minute and a particle 
density of 0.25 grams per cubic foot.  

Suspended dust (as dibstinguished from blowing 
sand) is uniformly d i s t r ibu ted  in the  protected 
atmosphere, with particle sizes ranging from the 
lower limit of sand (0.08 millimeter (IN)) dcwn 
t o  belov~OOaL rn (0.01 rricron), Ninety percent 
of the dust par t ic les  will be between0.0301mm and 
0.002 nun in diameter. \ 

I -  

(2) 

2 363 BTU/ft /hr fo r  6 hours per day for two weeks. 

Kaxinuur of 13 inches for  a 24 hour period, including 
short period extremes of faur inches per hour, 

.Diameter of 0.30 Inches with f a l l  velocity of 66 ftfsec. 

10.2 'lbf f t2 

As specif ied in XU,-STD-810 Method 516.1. Procedure V. 

Three years exposcre, including 72 hours a t  6.0  parts 
per hundred million ( p i n )  and rcmainder.at 3.0 phn.' 

4s specif ied in NC999-CB96 

4 

In accordance with 5.2.5 
. (Packaged) 

3.3 Dcs5qn and Construction. 

~3.3.1 Mn'tertals, Proccsses, cnd Parts, 

3.3.1.1 MatcrioZs and P r a c c s s ~  Materials and Processcs for  the RCCB s h a l l  be In  
accordmce with ,:C3>9-0036 t o  the extent specificd i n  the ,requirements table of Chc 
purchase order * 



New Remote Control Circuit Breaken (RCCB) combine the functions 
of a relay and a circuit breaker in one compact package. Heavyweight 
perfonmn-they mount near the bad or power m u t a  and arc 
antrolled and/or monitored from remote locations with 22 gauge 
control wiring. You save weight, simplify control circuitry and 
eliminate heavy cable runs-for l i t w e i f i t  results. 

Available in single- and three-pole OOnfisuntiOns with auxiliary 
contacts, RCCBs also feature magnetic latching which assures 
I O ~  power consumption and visual "ON-OFF' indicakion 
of contact state. Both types rigid MIL< specilication 
requirements for 28V D-c and 115/2OOV A-c, 400 Hz service. 

Singk-pole ratings range from 5 to 100 

-q--+ '- 

measure approllimrtdy 3' x 1" x 4' 
I -3 weigh in at 12.25 ounces nuximum. 

If weight and Fowr coastlmption r J 
fconollty atciIIi c!t"+>', air> iii;t;ntr 
mojificcrtions, RCCUa Gr;c?t Still 4 %  
more. Under- and over-voicqc 
sensing. Phase and frequency sensing. 
Intcrf'ace capabilities Nith multi- 4 

lexing systems. You n : i m  i r -  ii CCBs carry h c i w  !c:r,s- t t l v  

! 

TO lift more ucrght OF jwci ihodder;, 
write for the RCCB Dllra Kit er cail 
your Cut Ier-H~rnmer Salcs C'ficc. i 
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APPEHDIX 7.6 

7.6.0 



THEORETICAL BASIS FOR SPsTID 

THEORETICAL INTRODUCTION 

Direct  representzition of systems on the digital computer by sample 
data simulation is a powerful sys tems analysis technique. Such simulation 

requires  transformation by the computer of continuous sys t em input func- 
t ions  in a manner  which characterizes sys tem behavior. 
cornputation/process by which this transformation is accomplished is known 

The  digital 

. as a Gigital filler. This  is an algorithm by which sample values of a con- 
tinuous i n m t  function are transformed intc sis;?2 vzlces c.f :>.- ;o..:;..~~US 

atit+ f-n.-tion which wocM r e s u 9  :=ax. o+idiillg uu i k  r n p c  wirn a grven 
contimoos t ransfer  characterist ic.  
r imdzt ion  is obtaining the digital filter algorithm which effects this t rans-  
forma tior? in  the most accurate  and efficient manner. 

The central  problem in  sample data 

Digital filters may be classified into two major sategor '  res as recur -  
s ivc o r  non-recursive. 
present and previous input samples; recursive fi l ter  outputs depend on 
previous output values as well. 
types  a t e  6istirictly different as aie their proyeriies. The non-recursive 
ftlter bas finite memory  and excellent y'nase response character is t ics  but 
may require a l a rge  number of terms to obtain sharp  cutoff properties. 
The recursive fi l ter  hzs infinite mcmory but ra ther  p o r  Characteristics. 
Recursive f i l t e rs  have fewer terms and lend themselves r z = r e  cff:,cicr,::i 

to applications requiring sharp  cutoff properties. The recurs ive  filLer is 
lhc digital counterpart  of the l inear  lumped parameter  continuous fiiter. 
For these reasons, recl:rsive fi l ters are of grea ter  : l - ' e res t  in systems 
m? lys i s  55' .. ;.:t;plc data sinrulatinn il !< wil l  be *;um:?-.ariJ :*e oricf l  j . 

Non-recursive digital filter outputs depend only 02 

The design methods €or these two filter 
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If it is assumed that the linear s y s t e m  €or which a digital 

approxinmtion is sou,nl;t has a trntisfer Characteristic of the form 

n-(I 

where s = j ~ ,  then the corresponding digital transfer characteristic has the 
form 

N- 1 

- 1  where z 

function H(s) is known or can be determined by established design proce- 
dures. The digital filter design prvblen is thus reduced to deterrniniq 

the coefficients a. and b. in H+(z) such that the continuous filter eharac- 
teristic H(s) is best approximated for a given number of terms. 

is the unit delay operator. It is assumed t b t  the continuous 

J 1 e 

One digital filter design technique is based on the standard 

z-transform, defined so that the impulse response of the digital filter is 

idcnti-a\ to the sampled impalse response of the corresponding cort' in~ixas  

filter. The standard z-transform of E(s) is given by 

H ~ ( s )  = C H(s+jmws)  
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or in t e r n i s  of the  filter i:npu\sc r e sponse  hit) '. 

0 

H*(z) = TE h(LT)z-' 
t =o 

where  

S = r t j w  

H(s) = Laplace transform of h(t) 

(7.6-4) 

i 

, radian sampling frequency 2r 
8 = T  w 

H*(P) = Laplace transform of sampled filter impulse response 

- = e st. unit delay operator 

= H*(s)I s = In(z)/T, 2-transform of h(t) 

-1  
2 

H(t) 

For s g r e a t e r  than some critical frequency w 

the form 
X(s) is assumed to have 

C' 

K/." (7.693) 

where n > 0 and y\ is 2. zsr.stact. 

Bquations 7.6-3 .ad 7.64 are the dlgital filter tranufer fuactians which 

approximate  t l u t  of the continuous filter. 

The d i sag reemen t  between the digital  filter c h a r a c t e r i s t i c s  provided 
by thc s t anda rd  z - t r ans fo rm a n d  the contir.uous filter Charac te r i s t ic  in  the 

baseband ( -WS / 2  I o I 4 / 2 )  is known as freq.iency a l i a s ing  e r r o r  a n d  r e s u l t s  

from ternis'  of the form H(s i jmrJs), m # 0. 

whcncver ~ h c  continuous f i l t e r  c h a r a c t e r i s t i c  is not  bandlimited to the  base- 
hit!. 
[or c h i s +  II(a)  is a r.ttio:iaI function of Y. 

T h i s  d i s a g r e e m e n t  is p resen t  

L ~ i ~ f o r ~ . ~ i ~ a t c I y  t!iis i s  the case fo r  most lu:i!pcd pra : t :e tc r  systetr s. 

'rhus, for r h y s i c a l  systems of 
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inlct-c:..;t, t l w  :.t.-tii(:a*-(: /-c:~:ii:ior~~i :ric\ds W ( s !  e H(s) in t he  baseband a n 2  

a l i a s ing  crrcr i:> prcscnt to S O R ~ ~ '  dcgrce. 

For iiirrlicr o r d e r  conLi:iuous t i l t e r  t r a n s f e r  funct ions ( n  in  E q u z -  

t i o n  7.6-5 is largej having a critical frequency utc much less than the  sample 

f reqi icncy wg. a!iasiri& error is suff ic ient ly  smali t ha t  t he  s t a n d a r d  

z - t r ans fo r t t i  y ie lds  xscLi1 results. 

ne i thur  of tlicsc ccmditions are  met. 

z - t r a n s f o r m  r e s u l t s  i n  prohihiri\-e . i l iasing errors  in  t h e  d ig i t a l  f i l t e r  i re - 
quency c h a r a c t c r  i stic. 

In m a n y  p r a c t i c a l  s i t ua t ions ,  however ,  

In t h e s e  cases,  the  s t a n d a r d  

F r e q u e n c y  a l i a s i n g  error m a y  be avoided  i f  d ig i t a l  f i l t e r s  are 

des igned  by m e a n s  of a n  a r t i f i c e  known as the  b i - l i nea r  = - t r a n s f o r m .  

b i - l inear  z - t r ans fo r t ? :  i x r p s  the  e n t i r e  c o m p l e x  s plane  into a n  s 

boundcd by t!ic l i n e s  s 

is defined by 

The 

plane  1 
- j w  12 a n d  s = - j w  /2. The b i - l i nea r  z- t ransfor t r ,  1 -  8 1 S 

(7.6-6) 

where s 

st i tut ion of t h c  uni t  de l ay  o p e r a t o r  z = e D 

- j d S / Z  and T is the sample in te rva l .  This becomes upon sub- 
-1  -SIT 1 -  

The digi ta l  filter t r a n s f e r  funct ion,  H::(z) is d e t e r m i n e d  by subs t i tu t ing  the  

bi-linear z-transfor111 in to  the  continuous f i l t e r  t r a n s f e r  function H ( s ) ,  

H*'( z) = H( s) 

l t z  
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OIIC aspcct o f  the di;:Itxi filter so obtained is that a Ron-linear warping i s  

i1iipartt.d to i t s  frcclilc 11Ly scalc: in a c c o r d  with the t r ans fo rma t ion  

(7.6-9) 

This transformation is depicted i n  Figure 7.6-1 which plots normalized 
warped frcqiicncy -, versus n o r m a l i i e d  unwarped frequency a. 

warping is nct ;I s i g n i f i c a d  cons t ra in t  on the  ve r sa t i l i t y  of the b i - l inear  

z - t r ans fo rm.  
ple frcqucncy w high compared  to the  c r i t i c a l  f requencyc ,  of the  continu- 

ous  fi l ter .  F u r t h e r m o r e ,  f requency warping may be compensa ted  fo r  by 

prcwarping  thc c r i t i c a l  f rcquencies  of the continuous f i l t e r  so tha t  t r a n s  - 
formed f requencies  w i l l  be shif ted back to the  d e s i r e d  ones.  

obviates  i naccurac i e s  due to  a l ias ing  error, the  b i - l inear  z - t r a n s f o r m  is 

F requency  

The warping may be  a r b i t r a r i l y  reduced  by making the  sam- 

S C 

Because  it 
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