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EPS ANALYSIS OF NOMINAL STS-1 FLIGHT
by M. D. Pipher and D. F. Wolfgram

1.0 SUMMARY

This document presents the results of an Electrical Power System (EPS)

analysis of the planned Shuttle Transportation System flight one (STS-1) mission.

The analysis was performed to assess the capability of the Orbiter EPS to
support the planned flight and to provide program tape information and
supplementary data specifically requested by the Flight Operations Directorate
(FOD). The analysis was accomplished using the Orbiter version of the Space-
craft Electrical Power Simulator (SEPS) program, operating from a modified
version of Orbiter Electrical Equipment Utilization Baseline (OEEUB) Revision 4.
The results indicate that the nominal flight, as 'analyzed, is within the
capabilities of the Orbiter power generation system, but that a brief, and
minimal, current overload may exist between Main Distributor 1 and Mid Power
Controller 1, and that Inverter 9 may be overloaded for extended periods of
time. A comparison of results with launch commit criteria also indicates

that some of the presently existing launch redlines may be violated during

the terminal countdown. Sections 5.0 and 6.0 present the specifically requested
tape information and supplementary data.
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2.0 INTRODUCTION

This analysis §s one of a series being perforied by the Consumables Analysis
Section (CAS) of the Mission Planning and Analysis Division (MPAD), in
support of STS-1. The analyses are intended primarily to assess the
capability of the Orbiter electrical power system to support the planned
flight and those contingency procedures which have been, or are being,
developed. Secondarily, they are being used to provide specifically requested
EPS systems performance data to the Flight Control Division {FCD), to
provide representative component time histories to the Crew Training and
Procedures Division (CTPD), and to generate required input to the MPAD

and Crew Systems Division (CSD) Environmental Control and Life Support
System (ECLSS) analysis programs. This particular analysis audresses

the nominal STS-1 flight, as planned.
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3.0 ANALYSIS DEFINITION

This analysis was performed using the SEPS program (ref. 1), operating from
a modified version of the CAS EPS data base, as defined in OEEUB Revision 4
(ref.2). The analysis time line was derived from mission descriptive
information contained in STS-1 Detailed Crew Activity Plan Revision D, STS-1
Flight Requirements Document Revision C, and STS-1 Operational Flight
Profile Cycle 3 (refs. 3 through 5).

3.1 ORBITER EPS MODEL

The SEPS program models the generation and distribution of electrical
power to Orbiter end-item loads in accordance with a predefined electrical
equipment time line. For this analysis, the power generation subsystem
model consisted of three independent Fuel Cell Powerplants (FCPs) having
the steady-state characteristics predicted to pertain at STS-1 liftoff,
see Table 3.1-I. Transient FCP characteristics were not considered.

The Electrical Power Distribution & Control (EPDC) subsystem model was
that defined by Figure 3.1-1 and Takie 3.1-1I. In general, this model

is compatible with the resistance circuit defined in Figures 4.5.6-9 and
4.5.6-10 of reference 6. The line resistances to the Forward Power
Controllers (FPCs) and Aft Power Controllers (APCs) 4, 5, and 6, however,
were modified in accordance with data derived from Level II EPDC Orbiter
Integrated Test (OIT) run #2 (ref. 7). The configuration of the EPDC
subsystem, used in this analysis, is that indicated by the closed contacts
shown in Figure 3.1-1, unless otherwise indicated.

3.1.1 Orbiter EPS Model Limit Sensing

To facilitate the analysis, the SEPS program was commanded to seek out
and identify violations of known EPS constraints. The constraints utilized
in the analysis are those delineated in Table 3.1.1-I.

3.2 ANALYSIS USAGE OF ORBITER ELECTRICAL EQUIPMENT

The utilization of Orbiter electrical equipment in this analysis conforms
to that defined in reference 2, with the following exceptions:

a. The Microwave Scan Beam Landing System (MSBLS) assemblies were disabled
for ascent.

b. The ascent vent door sequence was changed so that all vent doors cycle
only during prelaunch.

c. A cryogenic preconditioning was assumed to eliminate pre-Main Engine
Cutoff (MECQ) cycling of the cryogenic heaters. This analysis modeled
the first on-time of the cryogenic heaters at MECO + 5 minutes.

£




TABLE 3.1-1 - FUEL CELL PERFORMANCE CHARACTERISTICS

FUEL CELL 1 FUEL CELL 2 FUEL CELL 3
CURRENT VOLTAGE CURRENT VOLTAGE CURRENT VOLTAGE
62.5 31.73 62.5 31.77 62.5 31.80
100.0 31.15 100.0 31.25 100.0 31.30
150.0 30.53 150.0 30.65 150.0 30.75
200.0 29.99 200.0 30.13 200.0 30.25
250.0 29.51 250.0 29.64 250.0 29.81
300.0 29.07 300.0 29.18 300.0 29.41
350.0 28.65 350.0 28.74 350.0 29.03
400.0 28.25 400.0 28.31 400.0 28.66
450.0 27.85 450.0 27.90 450.0 28.30
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f TABLE 3.1-II.- SEPS ORBITER ELECTRICAL POWER DISTRIBUTION 3
(\‘ CIRCUIT BRANCH RESISTANCES
Branch Branch Branch 3
Branch | Resistance Branch | Resistance Branch | Resistance
Number | (milliohms) Number | (milliohms) Number | (milliohms)
. ( 1 0.553 39 7.444 77 0.010
; 2 0.463 40 12.612 78 0.010
i 3 0.495 41 9.145 79 Not used
4 * 42 7.444 80 0.010 :
5 * 43 12.612 81 0.010 1
€ * 44 9.145 82 Not used f
k 7 0.272 45 * 83 * ;
f 8 0.223 46 * 84 * .
f 9 0.454 47 * 85 252.600 ']
) 10 1.600 48 5.690 86 197.000 ;
' 11 0.200 49 7.706 87 195.500
1 12 0.946 50 4,832 88 19G.000
> 13 * 51 * 87 205.800
\ 14 * 52 * 90 149.940
; 15 * 53 * o1 137.240
. 16 1.600 54 4,853 92 89.350
h 17 1.450 55 4.853 93 222.060 :
! 18 1.460 56 4,853 94 21.212 b
! x 19 * 57 0.610 95 21.217 |
i 20 * 58 0.010 96 53.846 ;
) 21 * 59 0.010 97 * |
! 22 * 60 0.010 98 * :
23 * 61 0.010 99 * §
24 31.67 62 0.010 100 7.314 %
) 25 31.18 63 * 101 11.738 :
26 390.00 64 * 102 18.870 ;
27 390.00 65 * 103 0.010 ;
Z8 5.780 66 0.010 104 0.010
29 * 67 0.010 105 0.010
30 Not used 68 0.010 106 0.010
31 Not used 69 * 107 0.010
32 * 70 7.920 108 0.010
33 18.310 71 8.480 109 *
34 20.575 72 6.660 110 *
35 19.495 73 * 111 *
36 * 74 * 112 *
{ 37 * 75 * 113 *
38 * 76 Not used 114 *
* Resistance computed at time of circuit solution, based upon instantaneous _
load 3
7
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TABLE 3.1-11.- Continued

b

Branch Branch Branch
Branch | Resistance Branch | Resistance Branch | Resistance
Number | (milliohms) Number | (milliohms) Number | (milliohms)
115 52.140 153 6.010 - 191 0.010
116 137.445 154 23.747 192 0.010
117 67.660 155 11.972 193 *
118 69.140 156 23.785 194 21.700
119 52.470 157 0.975 195 41,000
120 0.010 158 0.765 196 21.700
121 C.010 159 0.925 197 41.000
122 69.060 160 * i98 21.700
123 106.270 161 * 199 41.000
124 32.100 162 * 200 21.700
125 25.560 163 * 201 41.000
126 0.010 164 * 202 0.010
127 0.010 165 * 203 146.000
128 0.010 166 0.010 204 0.010
129 0.010 167 0.010 205 146.000
130 5.255 168 0.010 206 134.000
131 5.155 169 0.010 207 131.000
132 4.140 170 0.010 208 131.000
133 * 171 0.010 209 0.010
134 * 172 * 210 134.000
135 * 173 * 211 134.000
136 * 174 * 212 131.000
137 * 175 * 213 131.000
138 * 176 * 214 0.010
139 0.010 177 * 215 134.000
140 0.010 178 1.080 216 937.000
141 0.010 179 1.040 217 937.000
142 0.010 180 1.110 218 6.968
143 0.01C 181 * 219 6.168
144 0.01% 182 * 220 0.010
145 * 183 * 221 0.010
146 * 184 0.010 222 0.010
147 * 185 0.010 223 0.010
148 0.010 186 0.010 224 0.010
149 0.010 187 0.010 225 0.748
150 0.010 188 * 226 0.200
151 0.010 189 * 227 0.200
152 0.010 190 0.010 228 0.228

* Resistance computed at time of circuit solution based upon instantaneous

Toad




TABLE 3.1-II.- Concluded

Branch Branch Branch

Branch | Resistance Branch ! Relistance Branch | Relistance
Number | (rilliohms) tyumber | (milliohms) Number | {milliohms)

229 0.245

230 2.152

231 0.200

232 0.200

233 0.200

234 185.000

235 185.000

236 185.000

237 185.000

238 Not used

239 Not used

240 0.010

* Resistance computed at time of circuit solution, based upon instantaneous .

Toad
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TABLE 3.1.1-I.- EPS ANALYSIS CONSTRAINTS

Description Limit
BUS UNDER VOLTAGE (VOLTS)
Main Distributor (MD) - 1,2,3, 27.0
Panel - 014, 015, 016 25.5
Forward Power Controller (FPC) - 1,2,3, 26.2
Forward Load Controller (FLC) - 1,2,3, 26.2
Mid Power Controller (MPC) - 1,2,3, 27.0
Aft Power Controller (APC) - 1,2,3,4,5,6 26.1.
Aft Load Controller (ALC) - 1,2,3 26.1
Essential Bus - 1BC, 2CA, 3AB 25.25
SRB Bus A/C - Left, Right 26.15
SRB Bus B/C - Left, Right 26.15
SRB Bus C - Left, Right 25.6
Payioad (P/L) Main Bus at X, = 645 27.0
p/L Aft Body at X5 = 1307 - B,C 25.5
P/L Aux Bus ~ A,B 26.2
P/L Aux Bus at X, = 645 - A,B 26.2
P/L Bus MS/PS/00S 24.2
CURRENT OVERLOAD (AMPS)
Fuel Ce11 Powerplant (FCP) - 1,2,3 545.0
FCP (1,2,3) to Essential Bus (1BC, 2CA, 3AB) 20.0
MD (1,2,3) to MPC (1,2,3) 100.0-
MD (1,2,3) to Panel (014, 015, 016) 70.0
D (1,2,3) to APC (4,5,6) 300.0
(1,2,3) to FPC (1,2,3) 450.0,450.0,300.0
FPC (1,2,3) to FLC (1,2,3) ,’35.0
MPC (2,3) to Essential Bus 1 10.0
MPC (1,3) to Essential Bus 2 p 10.0
MPC (1,2) to Essential Bus 3 e 10.0
APC (4,5,6) to APC (1,2,3) 7 150.0
APC (4,5,6) to ALC (1,2,3) s 100.0
FCP3 to P/L Main Bus at X, = 645 ¢ 441.2
APC (2,3) to P/L Aft Body at Xo = 1307 (B,C)/f 80.0
MPC (1,2) to P/L Aux Bus (A, B) 20.0
FUEL CELL POWER (KILOWATTS)
FCP Maximum Power - 1,2,3 (15 minutes) 12.0
FCP Minimum Power - 1,2,3 (1 hour) 2.0
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TABLE 3.1.1-I.- EPS ANALYSIS CONSTRAINTS - Concluded

Description Limit
INVERTER OVERLOAD
100-150% of rated load 1 30 minutes
150-200% ¢~ rated load 1 2 minutes
Greater than 200% of rated load Instantaneous

1 Inverter Overload Operating Time

- Operating time at overloads between 100 and 150% and between 150 and

200% of rated load is cumulative.

- Three minutes of operating time below 100% of rated load are required
to work off I minute of operating time at overloads between 100 and

150% of rated load.

- Forty-five minutes of operating time below 100% of rated load are
required to work off 1 minute of operating time at overloads between

150 and 200% of rated load.
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d. The ascent lighting configuration was changed to correspond to the

usage approved at the September 6, 1979 Level III Change Control Board
(CCB) meeting. These changes may be summarized as follows:

; : Component
Panel Lights - Right
Glareshield Floodlights

CAS EPS Data Base

Not used for ascent

Not used for ascent

! Left Overhead Floodlight A Not used for ascent

Console Floodlights

as follows:
Component

}
| Reaction Control System
; (RCS) Engine Heaters

Vernier Engine Heaters
: Ho0 Nozzle Heaters

? Fuel Feedline Heaters
Fuel Drain Line Heaters
0i1 Line Heaters
Feedwater Line Heaters

High Load and Topping
Duct Heaters

to the QOEEUB Revision 4 data.

Not used for ascent

CAS EPS Data Base

Enabled during ascent

Enabled during ascent
Enabled during ascent

"A" enabled during
ascent
"B" disabled during
ascent

"A" enabled during
ascent
"B" disabled during
ascent

"A" enabled from pwr
xfr int (PXI)

to Liftoff (L/0)

- 5 min

Two "A" heaters in
both the primary and
secondary systems on
during ascent

Heater no. 1 on from

PXI to radiator
deployment

12
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Analysis Usage

On bright for ascent
On bright for ascent
On bright for ascent

On bright for ascent

e. Ascent heater duty cycles were averaged over time in accordance with
the latest available thermal analysis data (refs 8 and 9). This resulted
in some differences as to when the heaters are enabled, as compared

These differences may be summarized

Analysis Usage

Disabled during ascent

Disabled during ascent
Disabled during ascent

"A" disabled during
ascent
"B" enabled during
ascent

"A" disabled during
ascent
"B" enabled during
ascent

"A" enabled from
PXI to L/0

Four "A" heaters in
the secondary system
on during ascent

Heater no. 1 on from
PXI to L/0 ~ 5 min
and from SRB
separation to OMS-2




M“rﬁ‘*tﬂd\im - .

{ Water Spray Boiler (WSB) “A" heaters enabled “"A" heaters enabled
Tank/Boiler Heater from PXI to L/O - 5 from L/0 - 4 min to
min, then disabled 0MS-2

f. The Auxiliary Power Unit (APU) water heaters were used from PXI to
End-of -Mission (EOM).

3.3 ANALYSIS TIME LINE

The nominal STS-1 flight time line, utilized in the performance of this
analysis, is illustrated in Figure 3.3-1.

T e
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4.0 STS-1 EPS ANALYSIS

The results, conclusions, and recommendations resulting from this analysis,
of the planned STS-1 flight, are discussed in the sections which follow.

4.1 RESULTS

Figure 4.1-1 presents the maximum, minimum, and nominal profiles of total
source power to be expected during the nominal STS-1 flight, as analyzed.
The maximum and minimum profiles shown represent the probability distributions
that the power level due to pseudo-random Thermal Control System (TCS)
heater cycling will occur below the maximum profile 99% of the time and
above the minimum 99% of the time. A review of this figure indicates that
the peak power levels to be expected during ascent, onorbit, and entry

are 29.12 kw, 28.8 kw, and 29.4 kw, respectively. The prelaunch peak power
level of 30.35 kw occurs at 20 seconds prior to liftoff. The ascent peak
power level of 29.12 kw occurs at 5 minutes after MECO. A further review

of the figure indicates that the nominal onorbit power level can be expected
to range between 15.2 kw and 25.8 kw, but that it may peak as high as

28.8 kw or fall as low as 13.5 kw.

Figures 4.1-2 through 4.1-13 present profiles of source power, current,

and voltage for each FCP, and voltage profiles for main buses 1, 2 and

3 at the Main Distributors (MDs). A review of these figures indicates that
the nominal source power levels of FCPs 1, 2 and 3 can be expected to

fall within the following limits:

Fcp Prelaunch* Ascent Onorbit Entry

1 9.5 to 10.1 kw 7.5 to 9.7 kw 4.8 to 8.5 kw 6.6 to 9.5 kw

2 9.2 to 9.6 kw 7.3 to 9.3 kw 5.1 to 8.3 kw 6.8 to 9.4 kw

3 9.8 to 10.5 kw 7.7 to 10.1 kw 5.3 to 8.9 kw 7.2 to 10.2 kw

* Internal power (L/0 - 4 min 56 sec to liftoff)

The average FCP ororbit power levels can be expected to be approximately
6.4 kw, 6.2 kw, and 6.6 kw, respectively.

4,1.1 Constraints Assessment

The SEPS program constraints analysis routines tested for violations of

the constraints identified in Table 3.1.1-1, at each timepoint throughout
this analysis. Only two constraint violations were observed for the flight
as analyzed, one involving extended overloads of Inverter 9, the other

involving current overloads between Main Distributor 1 (MD1) and Mid Power
Controlier 1 (MPC1).
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Figure 4,7-3.- Fuel cell 2 source power
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Figure 4.1-4.-Fuel cell 3 source power
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Figure 4,1-5.- Fuel cell 1 source current
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Figure 4.1-6.- Fuel cell 2 source current

22




ﬂ, T
T e SR
R S S S S
I SRR S T
i 1 A ; 2 Y +
o
- B T I T - SNSRI S . #‘A PO e
RS SRS E—— - R e r
S SRR RENRNS - | [N SUUN SR W
3 i [ g I ” - T —— . $. 9 4 c
i e . o . e .7 PR I DR = -
BN IO LT - PR sl I IITIITTEr oo
[SENIUNS SNDUENOUI SN ——— . e . (S P - o Q. et e i PRV S I }
. S IS SNSRI JOUN R - . . N SR = =
I - (o]
Tl o T ~ RS ISR DU ISR SR S - % B
—— SR wrzo.ﬁ - —— — S — B R == S BRSPS IPSRTE I~ o [ o 0]
_ . . #.t cn - eemin b i L e : o [0 SO SN WS = ﬁﬂ# ” .,
— [}) b
. U U SR N e [ ] bt b
i U DR TR SO ST SIS X SRR JUU o R andll ™
. ; RS N G SUUUNUIUN GOV SRS SV : ‘ . o T ios et e st = ¥ Y N
JASRNURAR SUUUINN QU TUN S R . SN B e e el e = )
: - it :
NS SRR IS 1 [DRNRDURRY TR S RN R PN ] .
USRI WP SEVGNIIIN N lk’g.ll e et i R - DI U |2 3 .
ARG P o o RN B a ] ~
Y i
RSN T UUIUOU S SN SN —— _fe . 3
o et s ol e e e - e e T Rt o e — - <3 3
FERPRINS ISUSRON NSRS Sonavestt IS s IS S a | FRDS Rssens e ! B
. =
DS (PO AU DTN SUUNVD U SN U NUDN S— | D I & 4
.o H SNSRI SIS SEPRNERIT SIS SEPRY JU S s - - m.ﬂ
DURRIDNS SNVDUDINE UDUDUSUREN TONEUTI RIS SNSRI ANPCEN IR ST JURGRURER SRR TR T 1
T T T B ] A
IR DU ARSI SO | TR TSR L) T
. . A ] IR 5
N R SR S L A T
- i - P e S .
. N - — R in_.u
! CHutHeZ ) pHEER 1 THTHEE SRS « i+ BN B N » + ]
t y B R e ' o . PRI S S R e
| L LT LN e S Bl
SRR RERA § st S IS e
i !
¥ ‘
P4 kS :

RPN -




e 0

[ S

R

ety e

B &

- gy

SRR

24

e

e e

P——

g

e

JE—

4.1-8.- Fuel cell 1 source voltage

Figure




— : ! T T - T e S - T
S Ben— ! * .
SUNUR: SV ST SUPUUSE N SIIPO S :
- SRRVSNN ONRARATO DUSUI ANV S i N -
AU DR S . . o
I . - t!i.»Ls.m
R B - SRS S S o= - P S St
[EEPUIEUE: WS WD . . - -5
* %
JUTGNNUROES SENURR S e - e O 7 4 — 8 I J.éﬁo»}l&l}l{
o— ai»# SO S 1?}0.1”‘ PUNSDRITI SNSRI S D S e e ot
- [ TSR SRR N USRS S 1-;! S0, 3 U NSNS SIS NI S SN SRR SR
+ + v
o e i Jillﬂ»f — b s 4,4 e e ey N B e —— — N SN B [«3] B
: . et O i
[N SN EO SS—— : — - —] ®© i
e B p 3 - x|l X 3
— R e e [EOUNSIERINRNY PNV SIS S e R [« &
i SUB TSSO VNI WUV (IO WEUOSIVOIAI N ST g - - SN U SO |n.v..v||.. > ‘w_
=+ @ 1
e ¥} ol S 5 a-El ¥ 3
et - e - - + - JEES S
- - T T S B T R e F &Y w u
_ — o - m T r ° 28
_ IR SO 0 S . 3
w H
,,,,,, I = =1l
— a ] — mw, - ;
N S SRR SO - SN DU e — 3
S - o i i ] e . WS A — 1
- ] @ i
PUPRNPINIES SRS, TSNP SR § ek a1 %) L5 i
J— - . N . % - N ! : — h,
e fl et ot - - - PR S Q [Te) L]
e ] TSN e ! ~ 5] > N 4
: N : ¥R i H [ 4
e ; [ L‘) j L = N :
e | = == - e P P 8] .
SRS S g T S S s narpas " i NI A B—— e :
. H | i (- i : P . « : m ~— 3
H JUNRUT ENVERUNINER ST RN et - R i JURTITE N N R : N ; i * i
e ; PR A 1 Jr:ﬂi . i L A lbull A 1. [ B :
o U WU BUREIUII NS WSS W S - H PO S ! " PO SN SN S S : . i @ .
— IEUULES 3 SRS SUSY N N | e bt | : et e : . : s i
et bt —t - T : . - . = i
I : SRETETN RSO AT ko VIR DTN RO : L L i i o. o
EGUICEU (UG O S i Lol i : : I o i
” B M e B —eere e : w 3
et et S, ORI . ¥ ; - B s N -~ m :
SO, I S e - OO AT ; ; UM . — o P
U SDUNRNE SO JDTUE NS MRS | INOIUAR At ! ! IR b
R . ! i , i b e AL B RS RS P
- T : T i
‘ ' " T ;
e N ] e e O S = ) ; “ — !
o »1('. pus——— JII.:)M‘O:I» 1 i T (=)
M -
. X o . 1
- ] . SR SRS N i S —— -
m il K B T+ 5SS Y | & S S b . 3 Y muwm I s
! e ] !
_ - — - (SII0AYIOLL N K| P
1 1 i :
JUNRERNS DU S VSN S SN
— w'LT . ——_. K S S,
—— - \Ar [T I . u_rll
N M m B S 'l(|.vr —
" . s - . o B e sl e e e RPN ~ [L




. R TR S P— SO PR SURUPOURINY S S UG S S
- JEPEUUUR SR U . I IURER + - DU -
S SEPUSIGIIN S ,l.‘w,l‘ " - PRSI S SO S S - s . SO SR -3
RV DUNSUINIISY U . RN SO SR S o - R S e JERS B n.
! i j ]
- - R SRS S : JENY USSR SV N - - [SRUUUNS SO ST ST SR SRR S T B
e . - -—— e - B - AN - B ettt 3 B il et R SR S — e e S e e e e Simalce i) e i o, <y - v
L i H ] 4
RS [ ISR SNSRI SR o > e i o e - - [E SUDURII S SRR SO SO, RS P
RSN SN, (- RO S, P IS & B SR SN SO MNP IR R S,

»xc. <i‘r..4;€f!\1
CUNNENGINS ORI SUIIRUI SUOR .
PRUIUNIREUE SO S [ U N p—

B e A

ORI

B S

IT et

T

NS U SUSTEY DR S Ll T T ,Mﬂ.ui.t.w, e
D SRS ESURIY DUV ST S NS RN S ” =~ ]
H ¥ + U
- R T o
e N SN ' U DR SN T
-4 PR X w A 3 = o,l-s
g mmmtipesn = el iy Anmm it i e & e e o e —-—— 4 —
: : = “.IE.I
=i S e o = = S W R
BENS BS ST DA — : PR o —
= T T 1 R i i i i N
3 H £ i
] IO DN RSN S i =
: - PR iiii)!rlixw.xlA -y .,)le“nlx‘fLr xl\t:“ﬂ;la PR R : -4
DR -z R SASRRATON SIS SR : . o
s e e B S e S
N BN | H 1 SRS RN N 5 2 wwmm
OO RUREINS RS SOUnERONY ISR TR S RS SO TR SN IDUY MDA I I -
RUialuh SNSEOS Sy SR (SIS S S, - ST oo S IS SIS RS IS IS I S T%‘Wn
USSR _— i — . »(m,..::,tl.l e s om 4
JRENUR SRR DU SRS SN SO S0 dn 55 SN USRS SENUR SSIIUON STNIIPRE SNSRI SO -
- | e et RS NN S . m a
H '|.~ [}
; I IR -
‘‘‘‘‘ 1 | ol NSRS SN 3
. B y : . —
R T 4 3 ey T N ]
. 1 .
N i M f—
IR 7 1 IO PO SN IS TSRS S o
—& V —t

ISR

.

POUPRIIE S - . S—

B e Rt 3

.

TR T
USRI

PO

e ]
+
SRV S

o npst bt s

1-10,.- Fuel cell 3 source voltage

gure 4,

i

F

tapAe

26

R




v
- B e

3.

i

b3

T

5

3

T

i

e e i [N R R -

NSRRI S OUD T g

r—

RS

P} B

“+

e T o

B T e

o

S b

27

Figure 4.1-11.-Main distributor A voltage




< o T T PRI TR

G il ek
s 4 Rt
PR - # PO - - _ - \:14 © - P S . e Nl Rt Tl Rt S Lo
.. DU . e w T T - - R e - - PURSTRSIEE RETEES O i - e
R JRENREUN SR i . PR . B . R [USVRUUN UTIIT S R e an S dh e taiuty P
PR PO b . b SASPUI SR RO S e v i ] openme —a PR b h PURVOINERTNL SEPON .
: ; A
i ! ;
-+ - . o4 BT e - - B s B R T o SNSRIt SRR SN B e B
. . W e b - H JENURDIS SR S S S St cebnee ] R T e B manaty RIS
e IO - e IRV DNURRIN: ISP PSPPI A EFTURDETE ISR SRR EIE R .
- . } - ol | DRSS SRR DRI N N e PO O
b - JUONPUDIE EESRURN SR SRS - . JUDNRINEY S PSS D
. . Sy - e - ORI QFUISIUUE SRS PO TPV IFIRVDY SUAON SIS FEBEIPE BN ‘-
...... S - ~ R, NS RO SN . . RN B P T
- P UPUUIN S .eme PO [P . RN IFRSU AN RUSDRUY IF PRI B - R
5 §
. T . ” - . EIRTINE - > P . . . i . v g - P -yt . .
I RUUURNP ISP, 1 PR S . PRIPRSRS S . PO [ B S s A
[N SRS IR A { C e s B .. . P v Sboan
- I 4 - . - P . . B vod - ) . m
- - . . R - B . PR P S =
. e oy - . . : P - . . PR - P . . ."H !
. e ¥ . . IO . P . s . b o
- . G- - N - praae .- - . - . - - e e . v - E
+ 4
DTS DU ST EUUR DO ] - B « J T F U B 3
IRV DU NP A-...ztii.:;L : NSNS URRUNNY DRI S RSP N DR R F B emd
VIS ST B SRS SRR TR B PRSIV [P [P S . U SVURR U S A
[P = e . SN ISP SUUIPRS PGSR SRR RN [PV DI OISOR IS - .
$-- [ SDUIIRTUN DU [ SEUUIUNEDU S [T DR AR NP S St Sty St
SR SO PO VR SUNNDVDUE SN SRS BRSNS Andndii el 3
JO T S - —— P < s PR PR ey e PR S P Y
- NNUDGS YIS . . - . . PSR RO IEPU SRR A PO B~ 1
&

+ e o e NN SPGI - st . B . . i PP . N E
DU SNPGRS SRS T S —_ e} Y B - R B I I
S SRR SR SR JSUNIISTGE SN - . P N P P . .

s Foepion Sunlie: Rt s D S EOR D SRR =
FUNIUIN EOTUNIPON UPUIPSIFEER I PR . [E i . . . L. B -]

(DRI PRSP SEGHEFERSy VRSP PRGN - PO SN . w R Ly
[T SNSRI SRS S - . NS R . . .
(OO N UG . 1 i . u.
[ 4 - PPN . - - . b B 4 RN —t
B S L s . . . . . - [ 1. NG SR . .
- e R TN R - . F PP - PO SN f .
e PPN - O .. .- N .- . - . . . . P P
IS RN ST R B - - [P SN PO R I . s - .
e on AU SENNPRNPIOS SRR P S T [T . . [ C e B .
. NG T - s — i . . ., L e e PRI PRI N N . . . N
. JUPUS [EEUU R S . . [URDRE G TP . . N . U a
e s |

— 1..-.1-- -1 . . NN N . : . 1. ©)
JURPUEY SPWSIUGS SINNURRFIP RS .- “ . f- PO PR P PR PR
N SR SIPRRPRNI R N bk s . . .- . P L e

. N S B . PP e . - . . N
e s I SO R o . . . PO PR . . . .
.- [T B PP PP B . O i e . . B . .
. P P N . . .o . “ « . p

. . . . o I—— : m

— oy, 1. PR, R . . 3 T
»,
. iy [ 4 o'ge N & : (i 7.4 u'e2

OIS

Figure 4.1-12.-Main distributor B voltage
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b. The initial overload is sustained for two hours and five minutes,
c. With overload time being worked off at one-third the rate of accumulation,

4,1.1.2 MD1 to MPC1 Current Overloads

The current overioad limit, of 100 amps, between MD1 and MPCl was exceeded
at 29:40:00. The current continued to exceed this limit from 29:40:00

to 29:50:00, ranging between 100.21 and 100.39 amps.

: b
4.1.1.1 Inverter 9 Overloads <~ ?

Three times during this analysis Inverter 9 was found to be operating
for thirty minutes in an overloaded condition, ranging from 100-150% of
rated Toad. At no time was the 150% limit exceeded.

The sequence of operation, relative to the first overload, is illustrated
in Figure 4.1.1.1-1. The following observations may be made from this figure: i

a. Violation of the overload time limit is triggéred by activation of
the 0S/PS Panel Lights at 00:55:00, but is due in large part to the
overload conditions which pertained during prelaunch and ascent.

b. The overload condition is compounded by operation of the payload bay

door and radiator latches and motors, and by activation of the OFT
Foodwarmer at 02:35:00.

c. The overload, which ranges between 106-131% of rated load, persists
until 03:27:21, when TACAN #3 is deactivated.

The sequence of operation, relative to the second overload, is illustrated

in Figure 4.1.1.1-2. The following observations may be made with reference
to this figure: '

a. Violation of the overload time limit is triggered by activation of

the OFT Foodwarmer at 23:40:00, but the violation is due to simultaneous
operation of the foodwarmer and TACAN #3.

b. The initial overload persists for two hours and five minutes, until
the OFT Foodwarmer is deactivated at 25:45:00.

c. With overload time being worked off, when below 100% of rated load, é

at one-third the rate of accumulation, the accrued overload time is

rot negated until some time after the OMS/RCS valves are operated
at 33:50:00.

Figure 4.1.1.1-3 illustrates the third overload, and indicates the following:

a. Violation of the overload limit is triggered by activation of the
OFT Foodwarmer at 47:40:00, but the violation is due, once again,
to simultaneous operation of the foodwarmer and TACAN #3.

before the foodwarmer is deactivated.

the accrued overload time is not negated prior to EOM.
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The MPC1 powered electrical equipment which is active, in the analyis,
at 29:40:00 is shown in Table 4,1.1.2-1. The following observations may
be made from this data:

a. The overload Timit is triggered by activation of Flash Evaporator
System (FES) heaters, but is the result of the simultaneous operation
of various Guidance, Navigation, and Control (GNC); Display and Control
(D&C); Development Flight Instrumentation (DFI); Power Generation;
EPDC; and ECLSS equipment.

b. The total connected load, active at 29:40:00, is approximately 3989
watts. Of this total, 591 watts is scaled down to 272 watts, by means
of usage factors, to represent cyclic, or periodic, operations which
are averaged over time. The load which is active in the analysis,
then, is approximately 3670 watts, of which ¢763 watts is supplied
onlﬁ ggom MPCl, while the remainder, 907 watts, is shared with MPC2
or MPC3.

4.1.2 Parameter Excursions by Mission Phase

Program MAXMIN was run to determine how close parameters which failed

to violate their analysis limits, came to those limits during prelaunch,
ascent, onorbit, and entry phases of the mission. The results are tabulated
in Tables 4.1.2-1 and 4.1.2-1I, for information. A review of these tables
indicates that no EPDC subsystem constraint limits were sericusly threatened
during this analysis, other than those discussed in section 4.1.1.2.

4.1.2.1 Comparison with Launch Commit Criteria

The output of program MAXMIN was also used to compare SEPS EPDC subsystem
parameter excursions with the corresponding Shuttle Launch Commit Criteria
(ref. 10). The comparison was made for the period between L/0-04:56 and
L/0-00:07.25, based upon analysis time. The results are shown in Table
4.1.2.1-1. A review of this table indicates that, based upon this analysis,

- some existing EPDC subsystem launch commit criteria may be violated during
the terminal countdown.

No attempt was made to compare analysis FCP operation with the corresponding
redlines, since the steady-state FCP characteristics used in the analysis
are known to be within these limits, see Table 3.1-I.

4.2 UNCERTAINTIES

The following major uncertainties should be considered when interpreting
the results of this analysis:

a. Fuel cell degradation due to accumulated operating time during the
STS-1 flight and degradation between purges were not considered in
this analysis. In addition, fuel cell transient characteristics were
not modeled. Source voltages, and consequently EPDC bus voltages,
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TABLE 4.1.1.2-1.- MPC1 COMPONENTS ACTIVE AT 29:40:00
LOAD POWER (WATTS) USAGE

COMPONENT MPC1 __ SHARED LOADS  FACTOR!
NUMBER COMPONENT NAME ONLY TWPCZ_ _WPCI_ (%)
011304 RGA #4 Opr ; 24.96
034801 PLB F1d1t Elec Assy 1 190.52 75.0
| 034901 PLB F1d1t Fwd Port EAl 146.24
: 034906 PLB F1d1t Aft Stbd EAl 146.24
' 050201 Pwr Dist Assy #1 Mid 9.73
050202 Pwr Dist Assy #2 Mid 9.73
050203 Pwr Dist Assy #3 Mid 9.73
050501 DSC Unit #1 - SDL1 16.60
050502 DSC Unit #2 - SDL2 24.70
050503 DSC Unit #3 - SDL3 16.60
050504 DSC Unit #4 - SDL4 24.70
, 050505 DSC Unit #5 - SDLS , 46.70
| 050506 DSC Unit #1 - SDR1 16. 60
; 050507 DSC Unit #2 - SDR2 24,70
| 050508 DSC Unit #3 - SDR3 16.60
. 050509 DSC Unit #4 - SDR4 46.80
| 050601 DSC Unit #1 - SDC1 16.60
y 050602 DSC Unit #2 - SDC2 4 23.90
g | 050603 DSC Unit #3 - SDC3 16.60
? 050604 DSC Unit #4 - SDC4 17.70
050605 DSC Unit #5 - SDC5 16.60 |
050801 Wdbnd FDM Unl - Mid L1 24.68
e 050803 Wdbnd FDM Un2 - Mid L1 24.68
’ 050805 Wdbnd FDM Unl - Mid R2 24.68
050807  Wdbnd FDM Un2 - Mid R2 24.68
050812 Wdbnd FOM Unl - Mid L3 24.68
é | 050820 Freon Flomtr - Mid Lt3 1.99
050833 Load Sen Accel - MR 2 | 13.95
051112 WBSC LML (A135) - WBM 3.45
& 051122 WBSC LMl (A136) - WBM 3.85
t 051132 WBSC LML (A137) - WBM 4.54
051142 WBSC LML (A138) - WBM. 5.23
| 051212 WBSC RM2 (A139) - WBM 3.16
| 051222 WBSC RM2 (A141) - WBM 2.76 O
| 051232  WBSC RM2 (A141) - WBM .50 Qn'ly,
| 051242 WBSC RM2 (A142) - WBM 5.53 R, AU
051322 WBSC RM2 (A144) - WBM 6.91 % A4
051332  WBSC LM3 (A145) - 100% 2.79 0y,
051401  DC-DC Xducers - Fwd 15.99 S
051403 DC-DC Xducers - Fwd 6.12
051404 DC-DC Xducers - Mid L1 30.20
051405 DC-DC Xducers - Mid L1 8.09
051407 DC-DC Xducers - Mid R2 28.43
051408 DC-DC Xducers - Mid R2 1.97
051411 DC-DC Xducers - Mid L3 0.79
051412 DC-DC Xducers - Mid L3 39.09
35
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TABLE 4.1.1.2-1.- MPC1 COMPONENTS ACTIVE AT 29:40:00 - Concluded
__LOAD POMER (WATTS)  USAGE

COMPONENT MPC1 __ SHARED LOADS  FACTOR!
NUMBER COMPONENT NAME ONLY —WMPCZ  WMPC3_ (%)
051611 SGSC ML1 (Al62) - 100% 92.46

051612 SGSC ML1 (A162) - WBM 15.20

051621 SGSC ML1 (A163) - 100% 65.26

051623 SGSC ML1 (A163) - WBM 7.60

051625 SGSC ML1 (A163) - 100% 30.69

051653 SGSC MR2 (A169) - WBM 22.80

051662 SGSC ML3 (A166) - WBM 30.40

051672 SGSC ML3 (A167) - WBM 45.60

051801 MDM DL1 - Mid Left 1 50.00

051802 MDM DL2 - Mid Left 1 50.20

051803 MDM DR1 - Mid Right 2 50.00

051804 MDM DR2 - Mid Right 2 52.80

051805 MDM DC1 - Mid Left 3 49.10

051806 MOM DC2 - Mid Left 3 52.50

062201 Mtr Cnt1 Assy Mid #1 11.98 22.8
062203 Mtr Cnt] Assy Mid #3 20.20 20.2
062701 PCA Mid #1 40.46 35.3
300201 FCP #1 02 Flowmeter 6.18

300301 FCP #1 H2 Flowmeter 6.18

305301 H20 Vent Ln Htr A 0.44 5.0
305401 FCP1 H20 R1f Vv Htr A 0.17 5.1
305403 FCP2 H20 R1f V1v Htr A 0.17 5.1
305405 FCP3 H20 RI1f Vlv Htr A 0.17 5.1
408105 Pri Fwtr Ln Htr A - TS7 7.75 15.2
4085012  Hi Ld Duct Htr 1 Sec 1 553.60

4086012  Hi Ld Duct Htr 1 Sec 2 254,60

4087012  Hi Ld Duct Noz Ht Gp 1 130.70

4090012  Topping Duct Htr 1 Sec 1 378.90

4091012  Topping Duct Htr 1 Sec 2 468.60

Total Power:

1 Usage Factor = 100% unless otherw

2 pctivated at 29:40:00

2763.19 881.89 24.96

ise noted

- -
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TABLE 4.1.2-1 VOLTAGE CONSTR:NT/LOW VOLTAGE

COMPARISON BY MISSION PHASE

Contraints Minimum Voltage (VDC)
Description Limit (VDC) Prelaunchl| Ascent | On-orbit] Entry
MD1 27.0 28.3 28.5 28.9 28.6
MD2 27.0 28.6 28.8 29.1 28.7
MD3 27.0 28.6 28.7 29.2 28.8
Panel 014 25.5 28.1 28.2 28.6 28.2
Panel 015 25.5 28.1 28.3 28.7 28.2
Panel 016 25.5 28.2 28.4 28.8 28.4
FPC 26.2 27.4 27.6 28.2 27.7
FPC 2 26.2 27.4 27.6 28.2 27.7
FPC 3 26.2 27.4 27.6 28.2 27.7
FLC 1 26.2 27.4 27.6 28.2 27.7
FLC 2 26.2 27.4 27.6 28.2 27.7
FLC 3 26.2 27.4 27.6 28.2 27.7
MPC ) 27.0 28.2 28.3 28.7 28.5
MPC 2 27.0 28.5 28.7 29.0 28.6
MPC 3 27.0 28.6 28.7 29.2 28.8
APC 1 26.1 27.6 27.8 28.5 27.6
APC 2 26.1 27.6 27.8 28.5 27.5
APC 3 26.1 27.6 27.8 28.5 27.2
APC 4 26.1 27.6 27.8 28.6 27.6
APC 5 26.1 27.6 27.8 28.6 27.5
APC 6 26.1 27.6 27.8 28.6 27.2
ALC 1 26.1 27.6 27.8 28.5 27.5
ALC 2 26.1 27.6 27.8 28.5 27.5
ALC 3 26.1 27.6 27.8 28.5 27.2
£SS BUS 1 BC 25,25 27.3 27.4 27.9 27.5
ESS Bus 2 CA 25.25 27.2 27.4 27.9 27.4
ESS Bus 3 AB 25.25 27.3 27.4 27.8 27.4
SRB Bus A/C-Left 26.15 27.0 27.2 N/A N/A
SRB Bus A/C-Right | 26.15 27.0 27.2 N/A N/A
SRB Bus B/C-Left 5 27.0 27.2 N/A N/A
SRB Bus B/C-Right | 26.15 27.0 27.2 N/A N/A
SRB Bus C-Left 25.6 26.3 26.5 N/A N/A
SRB Bus C-Right 25.6 26.3 26.5 N/A N/A
P/L Main Bus at
Xo = 645 27.0 28.8 28.9 29.2 28.8
P/L Aft Body B )
at X, = 1307 25.5 N/A 2 N/A 2 N/A 2| N/A
P/L Aft Body C
at X, = 1307 25.5 N/A 2 N/A 2 N/A 2] N/R 2
P/L Aux Bus A 26.2 N/A 2 N/A 2 N/A 2| N/A 2
P/L Aux Bus B 26.2 N/A 2 N/A 2 N/A 2] N/A 2
P/L Aux Bus A
at X, = 645 26.2 N/A 2 N/A 2 N/A 2] N/A 2
P/L Rux Bus B )
at X, = 645 26.2 N/A 2 N/A 2 N/A 2] N/A
p/L Bus MS/PS/00S| 24.2 27.2 27.3 27.7 27.4

1 Internal Power

Not applicable to this
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TABLE 4.1.2-11 CURRERT CONSTRAINT /MAXTMUM
CURRENT COMPARISON BY MISSION PHASE

Constraints Maximum Current (Amps)
Description Limit (Amps) pretaunchl | Ascent | On-orbit Entry |
? FCP 545.0 354.1 336.0 203.8 | 331.6 g
FCP 2 §45.0 338.6 321.3 og4.4 | 326.8 |
FCP 3 545.0 36.) 349.0 301.9 | 351.8 |
MD1 to MPC] 100.0 74.2 94,1 100.4 89.5 |
MD2 to MPC2 100.0 56.3 57,2 73.7 56.5 i
MD3 to MPC3 100.0 17.5 17.2 21.3 16.4 |
MD] to Panel 014 70.0 14.8 17.8 19.8 | 18.7 |
MD2 to Panel 015 70.0 23.7 23.9 22.2 24.8 |
MD3 to Panel 016 70.0 19.5 19.4 21.3 21,7 |
MD1 to APCA 300.0 100.0 107.8 86.4 | 130.0 |
MD2 to APC5 300.0 86.6 82.1 65.4 | 105.0 ]
MD3 to APC6 300.0 53.9 51.2 43.7 | 85.6 |
MD1 to FPC! 450.0 160.4 164.3 149.9 | 184.6 3
MD2 to FPC2 450.0 167.9 168.2 135.2 | 170.4 |
MD3 to FPC3 300.0 244.5 225.2 208.8 | 246.1 |
FPC to FLC1 35.0 0.8 0.0 0.0 0.9 3
FPC2 to FLC2 35.0 4.9 6.1 3.4 2.5 ;
FPC3 to FLC3 35.0 5.1 5.2 4.9 4.8 |
APC4 to APC) 150.0 36.9 42.1 33.7 33,7 ‘
APC5 to APC2 150.0 322 40,2 26.9 27.0
APC6 to APC3 150.0 18.7 20.9 17.3 17.3
APCA to ALC) 100.0 30.0 19.8 22.3 24.6
APC5 to ALC2 100.0 23.8 16.6 14.0 14.0
APC6 to ALC3 100.0 21.4 15.6 15.8 18.0
FCP3 to P/L |
Main Bus 441,2 N/A 2 N/A 2 NA 2 L NAZ |
APC2 to P/L B |
Aft Body 80.0 N/A 2 N/A 2 NJA 2 | N/ ;
APC3 to P/L C | ;
Aft Body 80.0 N/A 2 N/A 2 wa 2 | N/AC ;
MPC 1 to P/L A :
Aux Bus A 20.0 N/A © N/A 2 nA2 | N/A 2 :
MPC 2 to P/L |
Aux Bus B 20.0 N/A 2 N/A 2 N/A2Z | NAZ |
1 Internal Power §
2 Not applicable to this analysis, se€ Fiqure 3.1-1 |
{
|
|
3
i
i
|
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TABLE 4.1.2.1-1

SEPS ANALYSIS/LAUNCH EPDC REDLINE COMPARISON

CAUNCH
REDLINE ANALYSIS VALUE

[MEASUREMENT DESCRIPTION — MAX ]
Main Bus A Voltage (Volts)] 32.0 28.33 - L/0-00:20,-00:18
Main Bus B Voltage (Volts)l 32.0 28.61 - L/0-00:20,-00:18
Main Bus C Voltage (Volts)l 32.0 | 28.61] - |L/0-00:20,-00:18
ESS Bus 1 BC Voltage (Volts)l 38.0 | 27.29| - |L/0-00:20,-00:18
ESS Bus 2 CA Voltage (Volts)] 38.0 27.24 - L/0-00:20,-00:18
ESS Bus 3 AB Voltage (Volts)! 38.0 | 27.30| - |L/0-09:20,-00:18
Fwd PCA Main A Amps (Amps)2 211.0 - |158.8 |L/0-00:35

Fwd PCA Mains3 Amps 239.0 - |166.8 |L/0-00:35

Fwd PCA Main C Amps 240.0 - |2a4.50 [L/0-00:35

id PCA Main A Amps 93,0 - | 74.1 |L/0-00:35
Mid PCA Main B Amps 51.0 56.3 |L/0-04:00
Mid PCA Main C Amps 6.0 - 117.4 |L/0-01:50,-01:20
Aft PCA-4 Voltage (Volts)! 32.0 27.59 - L/0-00:20,-00:18
Aft PCA-5 Voltage (Volts)] 32.0 | 27.59] - |L/0-00;20,-00:18
Aft PCA-6 Voltage (Volts)! 32.0 | 27.59| - |L/0-00:20,-00:18
Aft PCA Main A Amps (Amps)2 {118.0 - | 95.2 [L/0-D1:50
Aft PCA Main B Amps (Amps)?2 108.0 82.9 (L/0-01:50
Aft PCA Main C Amps (Amps)?2 101.0 - }52.3 |L/0-01:50

] Internal power to T -5 seconds (PXI to L/0-7.25 sec)

2 Internal power to T -30 seconds (PXI to L/0-32.25 sec)

e e Bl
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may, therefore, be lower than those indicated in Figures 4.1-8 through
4,1-10, - :th correspondingly higher current levels.

b. Insiantaneous power levels may be significantly higher than those
indicated in Figures 4.1-2 thruugh 4.1-4, due to pseudo-random TCS
heater cycling. These higher power levels will be translated into
correspoudingly higher branch currents and Tower EPDC bus voltages.

4.3 CONCLUSIONS

Based upon the results of this analysis of the STS-1 flight, it is concluded
that:

a. The nominal flight, as analyzed, is within the capabilities of the
Orbiter power generation system.

b. The operation of Orbiter electrical equipment is, in general, compatible

| with the capabilities of the Orbiter EPDC subsystem. Only one constraint

’ violation was noted, that being a small current overload between MD1

| , and MPC1. Due to the level of modeling fidelity inherent in the SEPS

! ~ program and the electrical equipment on/off configuration uncertainties

i associated with the CAS EPS data base, this current overload may not

i be real. It does serve to indicate, however, that under the existing

! analysis conditions the 100 amp fuse between MD1 and MPC1l may be blown.
Further, if FCP2 fails while ii this configuration, the fuse will

almost certainly be blown due to the effects cf the shared loads identified

in Table 4.1.1.2-1.

| ‘ c. The flight, as analyzed, requires the operation of Inverter 9 above 100%
f ; of rated load for periods of time up to 2.53 hours. The indicated

| ‘ overloads result from simultaneous operation of TACAN #3, the 0S/PS Panel
| : Lights, and the OFT Foodwarmer, but are due in part to the configuration
| | of other electrical subsystems.

4.4 RECOMMENDATIONS

It is recommended that care be taken tc ensure that instantaneous and
prevailing on/off configurations of electrical equipment do not unduly
challenge or exceed accepted EPDC subsystem or electrical component
Timitations.

40
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5.0 TAPE INFORMATION

The SEPS program output tape created by this analysis is tape number X09507.
This tape contains the compacted dictionary on file 1, the Phase I interface
data on file 2, the Phase II interface data on file 3, and the plot data

on file 4.
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6.0 SUPPLEMENTARY DATA

This section presents the output data requested by Pearline E. Collector/CG5,
in support of the FOD STS-1 Configuration Management Library, in accordance
with the Analysis Request Form of Ref. 11. The data consists of specifically
requested grapnical data, SEPS program circuit solutions at specified

times, a component time history, and vehicle configurations at specified
timepoints. In evaluating this data, it should be kept in mind that the

SEPS analysis was initialized on internal power at L./0 - 10:00, whereas,

in actuality PXI occurs at L/0 - 04:56.

6.1 GRAPHICAL DATA

The following graphical data was requested in support of the STS-1 Configuration
Management Library, and is contained herein:

a. Voltage profiles of Orbiter EPDC buses, as modeled by the SEPS computer
program, are presented in Figures 6.1-1 through 6.1-30,

b. Figures 6.1-31 through 6.1-43 present major branch currents as derived
from the SEPS EPDC subsystem model.

c. Figures 6.1-44 through 6.1-113 present profiles of inverter DC load,
AC load, efficiency, phase angle, current, bus load, bus phase angle,
bus current, and current ratio.

d. Profiles of accumulated amp-hours and electrical energy and total
fuel cell power and current are presented in Figures 6.1-114 through
6.1-117.

6.2 CIRCUIT SOLUTIONS

Figures 6.2-1 through 6.2-46 present the SEPS program circuit solutions

at the times specified by the nominal STS-1 Analysis Request Form (Ref 11).

6.3 COMPONENT TIME HISTORY

The component time history of the nominal STS-1 flight, as analyzed, is

presented in Figure 6.3-1.

6.4 VEHICLE CONFIGURATIONS AT SPECIFIED TIMEPOINTS

Figures 6.4-1 through 6.4-18 present the Orbiter configurations derived

from this analysis, for the timepoints specified by the Nominal STS-1-
Analysis Request Form (Ref. 11).
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Figure €,1-2,- Essential 2CA voltage
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Figure 6.1-9,- FLC 3 voltage
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Figure 6.1-10.- Panel 014 voltage
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Figure 6.1-12,.- Panel 016 voltage
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Figure 6.1-14.- MPC 2 voltage
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Figure 6.1-16.- APC ] voltage
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Figure 6.1-18.- APC 3 voltage
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Figure 6.1-23.- ALC 2 voltage
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Figure 6.1-25.- Left SRB A/C voltage
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Figure 6.1-26.- Right SRB A/C voltage
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Figure £.1-33.- Current from DA 3 to MPC 3
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Figure 6.1-34,- Current from DA 1 to FPC 1
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Figure 6.1-36.- Current from DA 3 to FPC 3
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Figure 6.1-37.- Current from DA 1 to APC 4
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Figure 6,1-38.- Current from DA 2 to APC &
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Figure f.1-41.- Current at payload MNB-PL
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Figure 6.3-43.- Current at payload aft MNC
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Figure 6.1-44,- Total jnverter DC load
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Figure 6.1-45,- Inverter 1 DC load
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Figure 6.1-46.- Inverter 2 DC load
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Figure 6,1-48,- Inverter 4 DC load
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Figure 6,1-49,- Inverter 5 DC load
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Figure 6.1-50.- Inverter 6 DC load
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Figure 6.1-51.- Inverter 7 DC load
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Figure 6.1-54,-~ Inverter 1 AC load
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Figure 6.1-587.- Inverter 4 AC load
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Figure 6.1-58.- Inverter 5 AC load
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Fiqure 6.1-60.- Inverter 7 AC load
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Figure 6.1-63.- Inverter efficiency 1A, 1B, 1C
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Figure 6.1-67.- Inverter 2 phase angle
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Figure 6.1-68.- Inverter 3 phase angle
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Figure 6,1-70.- Inverter 5 phase angle

112

.

R

2 ekt e e e b e A T ek




T S

T e
IV - e~ g+

T~

&

e

:r - TT 4l - P T NG W . 0 FE, }_ j
iU ] T
T ANEERn
| . A
+
] 4+
1 T A4
e e ] z .- - e o] -
e N [T Trriadd
T . iw i Ml R
frane I N p—t- 1] ,-’».4 T T - - N = .:
S W
T T T
44T 4 My ] 11
L OHET T N skphupalh
1113 1 TIETE
o
AL .-‘

=

e

i
I
T

1
1
PHASE ANGLE (DEGREES)

418

pi o : 9 L

Lil L1 .

Figure 6.1-71.- Inverter 6 phase angle
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Figure 6.1-73.-Inverter 8 phase angle
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Figure 6.1-85.- Inverter 2 AC bus load
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Figure 6.1-89.- Inverter 6 AC bus load
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Figure £.1-92.-~ Inverter 9 AC bus load
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Figure 6.1-93,- Inverter 1 AC bus phase angle
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Figure 6.1-96.- Inverter 4 AC bhus phase angle
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Figure 6.1-117.- Total fuel cell current
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Figure 6.2-1.- Circuit solution at 10 minutes prior to 1iftoff (initialization)
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Figure 6,2-2. - Concluded
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Figure £.2-3.- Circuit solution at 5 minutes MET
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Figure 6.2-3. - Continued
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