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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 resu l t s  of an E l e c t r i c a l  Power System (EPS) 
analysis o f  the planned Shutt le Transportat ion System f l i g h t  one (STS-1) mission. 
The analysis was performed t o  assess the capab i l i t y  o f  the Orb i te r  EPS t o  
support the planned f l i g h t  and t o  provide program tape in format ion and 
supplementary data spec i f i ca l  l y  requested by the F l i g h t  Operations Directorate 
(FOR). The analysis was accomplished using the Orb i te r  version o f  the Space- 
c r a f t  E l e c t r i c a l  Power Simulator (SEPS) program, operat ing from a modif ied 
version o f  O rb i t e r  E lec t r i ca l  Equipment U t i l i z a t i o n  Baseline (OEEUB) Revision 4. 
The resu l t s  ind ica te  t h a t  the nominal f l i g h t ,  as analyzed, i s  w i t h i n  the 
capab i l i t i e s  o f  the Orb i ter  power generation system, but  t h a t  a b r i e f ,  and 
minimal, cu r ren t  overload may e x i s t  between Main D i s t r i bu to r  1 and Mid Power 
Cont ro l le r  1, and t h a t  Inver te r  9 may be overloaded f o r  extended periods o f  
t ime. A comparison of r esu l t s  w i th  launch commit c r i t e r i a  a lso indicates 
t h a t  some of the present ly ex i s t i ng  launch red l ines may be v io la ted  dur ing 
the terminal countdown. Sections 5.0 and 6.0 present the s p e c i f i c a l l y  requested 
tape information and supplementary data. 



2.0 INTRODUCTION 

This analysis Ss one of a series being perfor:$ed by the Consumables Analysis 
Section (CAS) o f  the Mission Planning and Analysis D iv i s ion  (MPAC], i n  
support o f  STS-1. The analyses are intended p r ima r i l y  t o  assess the 
capab i l i t y  s f  the Orb i ter  e l e c t r i c a l  power system to  support the planned 
f l i g h t  and those contingency procedures which have been, or  are being, 
developed. Secondat-i ly, they are being used t o  provide speci f  i c a l  l y  requested 
EPS systems performance data t o  the F l i g h t  Control D i v i s i on  (FCD), t o  
provide representat ive conlponent time h i s t o r i es  t o  the Crew Training and 
Procedures D i v i s i on  (CTPD), and t o  generate required input  t o  the MPAD 
and Crew Systems D iv is ion  (CSD) Environmental ContYol and L i f e  Support 
System (ECLSS) analysis programs. This p a r t  i c u l  ar analysis atidresses 
the nominal STS-1 f l i g h t ,  as planned. 



3.0 ANALYSIS DEFINITION 

This analys is  was performed us ing the  SEPS program (ref .  1). operat ing from 
a modi f ied  vers ion of the CAS EPS data base, as def ined i n  OEEUB Revision 4 
(ref.2).  The analys is  time l i n e  was derived from miss ion desc r ip t i ve  
in format ion  contained i n  STS-I De ta i l ed  Crew A c t i v i t y  Plan Revis ion D, STS-1 
F l i g h t  Requirements Document Rev i s i o n  C, and STS-1 Operat ional F l i g h t  
P r o f i l e  Cycle 3 ( re fs .  3 through 5). 

3.1 ORBITER EPS MODEL 

The SEPS progran models the generatiqn and d i s t r i  bu t i an  o f  e l e c t r i c a l  
power t o  O r b i t e r  end-item loads i n  accordance w i t h  a predef ined e l e c t r i c a l  
equipment t ime l i n e .  For t h i s  analysis, the power generat i on  subsystem 
model consisted of three independent Fuel C e l l  Powerpl ants (FCPs) having 
t h e  steady-state c h a r a c t e r i s t i c s  pred ic ted t o  p e r t a i n  a t  STS-1 1 i f  t o f f ,  
see Table 3.1-1. Transient FCP character i s t i c s  were not considered. 

The E l e c t r i c a l  Power D i s t r i b u t i o n  & Cont ro l  (EPDC) subsystem model was 
t h a t  def ined by Figure 3.1-1 and Takle 3.1-11. I n  general, t h i s  model 
i s  compatible w i t h  the res is tance c i r c u i t  def ined i n  Figures 4.5.6-9 and 
4.5.6-10 o f  reference 6. The l i n e  res is tances t o  the  Forward Power 
Con t ro l l e rs  (FPCs) and A f t  Power Con t ro l l e rs  (APCs) 4, 5, and 6, however, 
were mod i f  ied  i n  accordance w i t h  data der ived f ram Level I1 EPDC Orb i t e r  
In tegra ted Test (OIT) run #2 ( r e f .  7) .  The con f igu ra t i on  o f  the EPDC 
subsystem, used i n  t h i s  analysis, i s  t h a t  i nd i ca ted  by the  c losed contacts 
shown i n  Figure 3.1-1, unless otherwise indicated.  

3.1.1 O r b i t e r  EPS Model L i m i t  Sensins 

To f a c i l i t a t e  the analysis, the SEPS program was commanded t o  seek out  
and i d e n t i f y  v i o l  at ions of known EPS const ra in ts .  The cons t ra in ts  u t  i 1 i zed  
i n  the analys is  are those del ineated i n  Table 3.1.1-1. 

3.2 ANALYSIS USAGE OF ORBITER ELECTRICAL EQUIPMENT 

The u t i l i z a t i o n  of Orb i te r  e l e c t r i c a l  equipment i n  t h i s  analys is  conforms 
t o  t h a t  def ined i n  reference 2 ,  w i t h  the  f o l l o w i n g  exceptions: 

a. The Microwave Scan Beam Landing System (MSBLS) assemblies were d isabled 
f o r  ascent. 

b. The ascent vent door sequence was changed so t h a t  a l l  vent doors cyc le  
onl"y during prelaunch. 

c. A cryogenic precond i t ion ing  was assumed t o  e l im ina te  pre-Main Engine 
Cuto f f  (MECil) cyc 1 i ng  of the cryogenic heaters. This analys is  modeled 
the f i r s t  on-time of the cryogenic heaters a t  MECO + 5 minutes. 



TABLE 3.1-1 - FUEL CELL PERFORMANCE CHARACTER ISTICS 

FUEL CELL 1 

CURRENT 

62.5 

100.0 

150.0 

200.0 

250.0 

300.0 

350.0 

400.0 

450.0 

FUEL CELL 2 

VOLTAGE 

31.73 

31.15 

30.53 

29.99 

29.5 1 

29.07 

28.65 

28.25 

27.85 

CURRENT 

62.5 

100.0 

150.0 

200.0 

FUEL CELL 3 

VOLTAGE 

31.77 

31.25 

30.65 

30.13 

CURRENT 

62.5 

100.0 

150.0 

200.0 

250.0 29.64 250.0 

300.0 29.18 300 .O 

350.0 28.74 350.0 

400.0 28.31 400.0 

450.0 27.90 450.0 

VOLTAGE 

31.80 

31.30 

30.75 

30.25 

29.81 

29.41 

29.03 

28.66 

28.30 
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TABLE 3.1-11. - SEPS ORBITER ELECTRICAL POWER DISTRIBUTION 
CIRCUIT BRANCH RESISTANCES 

Branch 
Number 

39 
40 
41 
42 
4 3 
44 
4 5 
46 
4 7 
48 
49 
50 
5 1 
5 2 
53 
5 4 
55 
5 6 
57 
58 
59 
60 
f5 1 
6 2 
6 3 
6 4 
6 5 
66 
6 7 
6 8 
6 9 
70 
7 1 
72 
7 3 
74 
7 5 
76 

- 

t 

Branch 
Branch Resistance 
Number (mi 1 1 i ohms ) 

1 0,553 
2 0.463 
3 0.495 
4 * 
5 * 
C * 
7 0.272 
8 0.223 
9 0.454 
10 1.600 
11 0.200 
12 0.946 
13 * 
14 * 
15 * 

Branch 
Res i s  tance 
(mil  1 iohms) 

7.444 
12.612 
9.145 
7.444 
12.612 
9.145 * 
* 
* 
5.690 
7.706 
4.832 * 
* 
* 
4.853 
4.853 
4.853 
0.010 
0.010 
0.010 
0.010 

16 
17 
18 
19 
20 
2 1 
2 2 
23 
24 
25 
26 
2 7 
2 8 
2 9 
30 
3 1 
32 
33 
3 4 
35 
36 
37 
38 

0.010 * 
7.920 
8,480 
6.660 * 
* 
* 

Not used 

1.600 
1.450 
1.460 * 
* 
* 
* 
* 
31.67 
31.18 
390 .OO 
390.00 
5.780 * 

Not used 
Not used * 
18.310 
20.575 
19.495 * 
* 
* 

* Resistance computed a t  time o f  c i r c u i t  solut ion,  based upon 
1 oad 

Branch 
Eranch Res i stance 
Number (mi 11 i ohms) 

77 0.010 
78 0.010 
7 9 Not used 
80 0.010 
81 0,010 
82 Not used 
8 3 * 
84 * 
S 5 252.600 
86 197 .OOO 
87 195.500 
88 190.000 
87 205.800 
90 149.940 
9 1 137.240 

instantaneous 

92 
93 
9 4 
95 
96 
97 
98 
9 9 
100 
10 1 
102 
1.03 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 

89.350 
222.060 
21.212 
21.212 
53.846 * 
* 
* 
7.314 
11.738 
18.870 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 * 
* 
* 
* 
* 
* 
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TABLE 3.1-11.- Continued 

Branch 
Number 

115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
14 3 
144 
145 
146 
147 
148 
149 
150 
151 
15 2 

Branch 
Number I-- 1P1 192 

193 
194 
195 
196 
r97 
i98 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
2 1  0 
21 1 

I 

Branch 
Number 

153 
154 
155 
156 
157 
158 
159 
160 
161 
16 2 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 

Branch 
Resistance 
(mi 1 1 i ohms) 

52.140 
137.445 
67.660 
69.140 
52.470 
0,010 
(9.010 

69.060 
106.270 
32.100 
25.560 
0.010 
0.010 
0.010 
0.010 
5.255 
5.155 
4.140 * 
* 
* 
* 
6 

* 
0.010 
0.010 
0.010 
0.010 
0.010 
0.Cr:G * 
* 
* 
0.010 
0.010 
0.010 
0.010 
0.010 

Branch 
Resistance 
(mil l iohms) 

0.010 
0.010 * 

21.700 
41 .OOO 
21.700 
41.000 
21.700 
41.000 
21.700 
41.000 0.010 

146.000 
0.010 

146.000 
i34.000 
131 .OOO 
131.000 

0.010 
134.000 
134.000 
131.000 
131.000 

0.010 
134.000 
937 .OOO 
937 .ooo 

6.968 
6.168 
0.010 
0.010 
0.010 
0.010 
0.010 
0.748 
0.200 
0.200 
0.228 

* Resistance computed a t  time o f  c i r c u i t  so lu t ion  based upon instantaneous 
1 oar! 

8 
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Branch 
Resistance 
(mi 11 i ohms) 

0.010 
23.747 
11.972 
23.785 
0.975 
0.765 
0,925 * 
* 
* 
* 
* 
* 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 * 
* 
* 
* 
* 
* 
1.080 
1.040 
1.110 * 
* 
* 
0.010 
0.010 
0.010 
0.010 * 
* 
0.010 

* 

1 



TABLE 3.1-11.- Concluded 

. 
Branch 

Branch Resistance 
Number (r i 1 1 i ohms) 

229 0.245 
230 2.152 
231 0.200 
232 0.200 
233 0.200 
234 185.000 
235 185.800 
236 185.000 
237 185 .OOO 
238 Not used 
239 Not used 
240 0.010 

. 

+ 

Branch 
Branch Re1 i s  t ance 
Yumber (mi 1 1 i ohms) 

M," 

J 

Branch 
Branch Rel istance 
Number (mil l iohms) 

* Resistance computed a t  time o f  c i r c u i t  solut ion,  based upon instantaneous 
1 oad 



TABLE 3.1 .l-1.- EPS ANALYSIS CONSTRAINTS 1 

D e s c r i p t i o n  I L i m i t  I 
BUS UNDER VOLTAGE (VOLTS) 

Main D i s t r i b u t o r  (MD) - 1,2,3, 
Panel - 014, 015, 016 
Forward Power Cont ro l  1 e r  (FPC) - 1,2,3, 
Forward Load C o n t r o l l e r  (FLC) - 1,2,3, 
M id  Power C o n t r o l l e r  (MPC) - 1,2,3, 
A f t  Power C o n t r o l l e r  (APC) - 1,2,3,4,5,6 
A f t  Load C o n t r o l l e r  (ALC) - 1,2,3 
E s s e n t i a l  Bus - lBC, ZCA, 3AB 
SRB Bus A/C - L e f t ,  R i g h t  
SRB Bus B/C - L e f t ,  R igh t  
SRB Bus C - Le f t ,  R igh t  
Payload (P/L) Main Bus a t  Xo = 645 
P/L A f t  Body a t  Xo = 1307 - B,C 
P/L AUX BUS - A,B 
P/L Aux Bus a t  Xo = 645 - A,B 
P/L Bus MS/PS/OOS 

CURRENT OVERLOAD (AMPS) 

Fuel C e l l  Powerplant (FCP) - 1,2,3 
FCP (1,2,3) t o  Essen t i a l  Bus (IBC, ZCA, 3AB) 
MD (1,2,3) t o  MPC (1,2,3) 
MD (1,2,3) t o  Panel (014, 015, 016) 
MD (1,2,3) t o  APC (4,5,6) 
MD (1,2,3) t o  FPC (1,2,3) 
FPC (1,2,3) t o  FLC (1,2,3) 
MPC (2,3) t o  Essen t i a l  Bus 1 
MPC (1,3) t o  E s s e n t i a l  Bus 2 
MPC (1,2) t o  Essen t i a l  Bus 3 
APC (4,5,6) t o  APC (1,2,3) 
APC (4,5,6) t o  ALC (1,2,3) 
FCP3 t o  P/L Main Bus a t  Xo = 645 
APC (2,3) t o  P/L A f t  Body a t  Xo = 1307 (B,c),/' 
MPC (1,2) t o  P/L Aux Bus (A,B) 

FCP Maximum Power - 1,2,3 (15 minu tes )  
FCP Minimum Power - 1,2,3 ( 1  hour) 



TABLE 3.1.1-1. - EPS ANALYSIS CONSTRAINTS - Conc 1 uded 

. 
Descr ip t ion  L i m i t  

INVERTER OVERLOAD 

100-150% o f  ra ted load : 30 minutes 
150-200% c' ra ted load 2 minutes 
Greater than 200% o f  ra ted load Instantaneous 

I n v e r t e r  Overload Operating Time 

- Operating time a t  overloads between 100 and 150% and between 150 and 
200% o f  ra ted load i s  cumulative. 

- Three minutes o f  operat ing t ime below 100% o f  ra ted  load are requ i red  
t o  work o f f  1 minute of operat ing t ime at  overloads between 100 and 
1 5 a  o f  ra ted load. 

- F o r t y - f i v e  minutes o f  operat ing t ime below 100% o f  ra ted  load are 
required t o  work o f f  1 minute o f  operat ing t ime a t  overloads between 
150 and 200% o f  ra ted 1oa.d. 



d. The ascent l i g h t i n g  con f i gu ra t i on  was changed t o  correspond t o  the  
usage approved a t  t he  September 6, 1979 Level I11 Change Contro l  Board 
(CCB) meeting. These changes may be summarized as fo l l ows :  

Component CAS EPS Data Base Analys is  Usaqe 

Panel L i g h t s  - Right  Not used f o r  ascent On b r i g h t  f o r  ascent 

G l  a resh ie ld  F l o o d l i g h t s  Not used f o r  ascent On b r i g h t  f o r  ascent 

L e f t O v e r h e a d F l o o d l i g h t A  N o t u s e d f o r  ascent O n b r i g h t f o r  ascent 

Console F l o o d l i g h t s  Not used f o r  ascent On b r i g h t  f o r  ascent 

e. Ascent heater duty cyc les were averaged over t ime i n  accordance w i t h  
the l a t e s t  ava i l ab le  thermal analys is  data ( r e f s  8 and 9). This r e s u l t e d  
i n  some d i f f e rences  as t o  when the heaters are enabled, as compared . 
t o  the OEEUB Revis ion 4 data. These d i f f e rences  may be summarized 
as fo l lows:  

Component CAS EPS Data Base Analys is  Usage 

/I 
I; React ion  Cont ro l  System Enabled dur ing  ascent Disabled dur ing ascent 
I (RCS) Engine Heaters 
I 

I Vernier Engine Heaters Enabled dur ing  ascent Disabled dur ing ascent 

H20 Nozzle Heaters Enabled dur ing  ascent Disabled dur ing ascent 

I; Fuel  Feedl ine  Heaters "A"  enabled dur ing "A"  disabled dur ing 
as cent ascent 
"B* d isab led  dur ing "B" enabled dur ing  

9 ascent ascent 

Fuel  Drain L ine  Heaters "A"  enabled dur ing "A" d isabled dur ing 
as cent ascent 
"B" d isab led  dur ing "B" enabled dur ing 
ascent as cent 

O i  1  L ine  Heaters "A"  enabled from pwr "A" enabled from 
x f r  i n t  (PXI) P X I  t o  L/O 
t o  L i f t o f f  (L/O) 
- 5 min 

Feedwater L ine  Heaters Two "A" heaters i n  Four "AN heaters i n  
both the  pr imary and the secondary system 
secondary systems on on dur ing  ascent 
dur ing ascent 

High Load and Topping Heater no. 1 on from Heater no. 1 on from 
Duct Heaters P X I  t o  r a d i a t o r  P X I  t o  L/O - 5 min 

deployment and from SRB 
separat ion t o  OMS-2 

. - .. . . ..- . , - , , .-- 
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t. Water Spray Bo i l e r  (WSB) "AM heaters enabled "Aw heaters enabled 
Tank/Boi 1 er  Heater from PXI t o  L/O - 5 from L/O - 4 min t o  

min, then disabled OMS-2 

f. The Aux i l i a r y  Power Un i t  (APU) water heaters were used from P X I  t o  
End-of -Mission (EOM) . 

3.3 ANALYSIS TIME LINE 

The nominal STS-1 f l i g h t  time l ine,  u t i l i z e d  i n  the performance a f  t h i s  
analysis, i s  i l l u s t r a t e d  i n  Figure 3,3-1 .  
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4.0 STS-1 EPS ANALYSIS - 
The resu l t s ,  conclusions, and recommendations r e s u l t i n g  from t h i s  analysis,  
o f  the planned STS-1 f l i g h t ,  are discussed i n  the sec t ions  which fo l l ow .  

4.1 RESULTS 

F igure  4.1-1 presents the maximum, minimum, and nominal p r o f i l e s  o f  t o t a l  
source power t o  be expected dur ing the  nominal STS-1 f l i g h t ,  as analyzed. 
The maximum and minimum p r o f i l e s  shown represent  the probabi l i  t y  d i s t r i b u t i o n s  
t h a t  the  power l e v e l  due t o  pseudo-random Thermal Cont ro l  System [TCS) 
heater  c y c l i n g  w i  11 occur below the  maximum p r o f i l e  99% o f  the t ime arld 
above the  minimum 99% o f  the time. A review o f  t h i s  f i g u r e  i nd i ca tes  t h a t  
the  peak power l e v e l s  t o  be expected dur ing ascent, onorb i t ,  and e n t r y  
are 29.12 kw, 28.8 kw, and 29.4 kw, respect ive ly .  The prelaunch peak power 
l e v e l  o f  30.35 kw occurs a t  20 seconds p r i o r  t o  l i f t o f f .  The ascent peak 
power l e v e l  o f  29.12 kw occurs a t  5 minutes a f t e r  MECO. A f u r the r  rev iew 
o f  the  f i g u r e  ind ica tes  t h a t  the nominal o n o r b i t  power l e v e l  can be expected 
t o  range between 15.2 kw and 25.8 kw, but t h a t  it may peak as h igh  as 
28.8 kw or f a l l  as low as 13.5 kw. 

F igures 4.1-2 through 4.1-13 present p r o f i l e s  o f  source power, cur ren t ,  
and vol tage f o r  each FCP, and vol tage p r o f i l e s  f o r  main buses 1, 2 and 
3 a t  the  Main D i s t r i b u t o r s  (MDs). A review o f  these f i g u r e s  i nd i ca tes  t h a t  
the nominal source power l eve l s  o f  FCPs 1, 2 and 3 can be expected t o  
f a l l  w i t h i n  the f o l l o w i n g  l i m i t s :  

1 - FC P Prelaunch* Ascent O F , ~  b  i t E n t r y  

i * I n t e r n a l  power ( L / O  - 4 mirr 56 sec t o  l i f t o f f )  

The average FCP onorb i t  power l e v e l s  can be expected t o  be approximately 
6.4 kw, 6.2 kw, and 6.6 kw, respect ive ly .  

I 4.1.1 - Const ra in ts  Assessment 

The SEPS program cons t ra in t s  analys is  rou t ines  tested f o r  v i o l a t i o n s  o f  
the cons t ra in t s  i d e n t i f i e d  i n  Table 3.1.1-1, a t  each t imepo in t  throughout 
t h i s  analys is .  Only two cons t ra in t  v i o l a t i o n s  were observed f o r  t h e  f l i g h t  
as analyzed, one i n v o l v i n g  extendcd overloads o f  I n v e r t e r  9, the  o ther  
i n v o l v i n g  cu r ren t  overloads between Main D i s t r i b u t o r  1 (MD1) and Mid Power 
Cont ro l  i e r  1 (MPC1). 
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4.1.1.1 I n v e r t e r  9 Over 1 oads 
1 . 

Three times dur ing t h i s  analysis I nve r te r  9 was found t o  be operat ing 
f o r  t h i r t y  minutes i n  an overloaded condit ion, ranging from 100-150% o f  
ra ted  load. A t  no time was the 150% l i m i t  exceeded. 

The sequence o f  operation, r e l a t i v e  t o  the  f i r s t  overload, i s  i l l u s t r a t e d  
i n  F igure 4.1.1.1-1. The fo l l ow ing  observations may be made from t h i s  f i gu re :  % 

5 a. .V io lat ion o f  the overload t ime l i m i t  s's t r i gge red  by a c t i v a t i o n  o f  
the OS/PS Panel L igh ts  a t  00:55:00, bu t  i s  due i n  la rge  p a r t  t o  the  
over load cond i t ions  which per ta ined during prelaunch and ascent. 

b. The overload cond i t ion  i s  compounded by operat ion o f  the  payl.oad bay 
door and rad ia to r  latches and motors, and by a c t i v a t i o n  o f  the OFT 
Foodwarmer a t  02: 35: 00. 

c. The overload, which ranges between 1Q6-131% o f  ra ted  load, pe rs i s t s  
u n t i  1 03: 27: 21, when TACAN #3 i s  deactivated. 

The sequence of operation, r e l a t i v e  t o  the second overload, i s  i l l u s t r a t e d  
i n  F igure 4.1.1.1-2. The fo l low ing observations may be made w i t h  reference 
t o  t h i s  f i gu re :  

a. V io la t i on  o f  the overload time l i m i t  i s  t r i gge red  by a c t i v a t i o n  o f  
the OFT Foodwarmer a t  23:40:00, but  the v i o l a t i o n  i s  due t o  simultaneous 
opera t i  on o f  the f oodwarmer and TACAN #3.  

b. The i n i t i a l  overload pe rs i s t s  f o r  two hours and f i v e  minutes, u n t i l  
the OFT Foodwarmer i s  deactivated a t  25:45:00. 

c. With overload t ime being worked o f f ,  when below 100% o f  ra ted  load, 
a t  one- th i rd the r a t e  o f  accumulation, the accrued overload t ime i s  
r o t  negated u n t i l  some time a f t e r  the-OMS/RCS valves are operated 
d t  33:50:00. 

i Figure  4.1.1.1-3 i l l u s t r a t e s  the t h i r d  overload, and ind ica tes  the fo l lowing:  

I a. V io la t i on  of the overload l i m i t  i s  t r i gge red  by a c t i v a t i o n  o f  the  
OFT Foodwarmer at 47:40:00, b u t  the v i o l a t i o n  i s  due, once again, 
t o  simultaneous operat ion o f  the  foodwarmer and TACP,W U.3. 

i b. The i n i t i a l  overload i s  sustained f o r  two hours and f i v e  minutes, 
before the f oodwarmer i s  deact i vated. 

I c. With overload time being worked o f f  a t  one- th i rd the r a t e  o f  accumulation, 
the accrued overload time i s  not negated p r i o r  t o  EOM. . la 

I 
I 4.1.1.2 MD1 t o  M P C l  Current Overloads 

The cur rez t  over1 oad 1 i m i t ,  o f  100 amps, between MD1 and MPCl was exceeded 
a t  29:40:00. The current  continued t o  exceed t h i s  l i m i t  from 29:40:00 
t o  29:50:00, ranging between 100.21 and 100.39 amps. 
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Figure 4.1.1 . l -2 .  - Inverter 9 current (23 .0  - 35.0 hrs) 



Figure 4.1.1 . l-3.  - Inverter 9 current (47.0 hrs - EOM) 



The MPCl poNered e l e c t r i c a l  equipment which i s  act ive, i n  the  analyis,  I 

a t  29:40:00 i s  shown i n  Table 4.1.1.2-1. The f o l l o w i n g  observations may 
\ 

be made from t h i s  data: 

a. The overload l i m i t  i s  t r iggered by a c t i v a t i o n  o f  F lash Evaporator 
System (FES) heaters, but  i s  the r e s u l t  o f  the  simultaneous operat ion 
o f  various Guidance, Navigation, and Contro l  (GNC); D isp lay  and Control  
(DQC) ; Development F l i g h t  Instrumentat ion (DFI); Power Generation; 
EPDC; and ECLSS equipment. 

# 

b. The t o t a l  connected load, ac t i ve  at  29:40:00, i s  approximately 3989 
watts. O f  t h i s  t o t a l ,  591 watts i s  scaled down t o  272 watts, by means 
o f  usage factors,  t o  represent cyc l ic ,  or per iodic,  operat ions which 
are averaged over time. The load which i s  ac t i ve  i n  the  analysis, 
then, i s  approximately 3670 watts, o f  which 2763 watts i s  suppl ied 
only from MPC1, wh i le  the remainder, 907 watts, i s  shared w i t h  MPC2 
o r  MPC3. 

4.1.2 Parameter Excursions by Mission Phase 

Program MAXMIN was run t o  determine how close para-meters which f a i l e d  
t o  v i o l a t e  t h e i r  analysis l i m i t s ,  came t o  those l i m i t s  during prelaunch, 
ascent, onorbi t ,  and en t ry  phases o f  the mission. The r e s u l t s  are tabulated 
i n  Tables 4.1.2-1 and 4.1.2-11, f o r  information. A review of these tab les  
ind ica tes  t h a t  no EPDC subsystem cons t ra in t  1 im i  t s  were ser ious ly  threatened 
dur ing t h i s  analysis, other than those discussed i n  sect ion 4.1.1.2. 

4.1.2.1 Comparison w i th  Launch Commit C r i t e r i a  

The output o f  program MAXMIN was a lso used t o  compare SEPS EPDC subsystem 
parameter excursions w i th  the corresponding Shu t t l e  Launch Comni t C r i t e r i a  
( r e f .  10). The comparison was made f o r  the per iod between LJO-04: 56 and 
L/0-00:07.25, based upon analysis time. The r e s u l t s  are shown i n  Table 
4.1.2.1-1. A review o f  t h i s  tab le  ind ica tes  that ,  based upon t h i s  analysis, 
some e x i s t i n g  EPDC subsystem launch commit c r i t e r i a  may be v io la ted  dur ing 
the  terminal countdown. 

No attempt was made t o  compare analysis FCP operat ion w i th  the  corresponding 
redl ines, since the steady-state FCP charac te r i s t i cs  used i n  the analys is  
are known t o  be w i t h i n  these l i m i t s ,  see Table 3.1-1. 

4.2 UNCERTAINTIES 

The fo l l ow ing  major uncer ta in t ies  should be considered when i n t e r p r e t i n g  
the resu l t s  o f  t h i s  analysis: 

a. Fuel c e l l  degradation due t o  accumulated operat ing t ime during the  
STS-1 f l i g h t  and degradation between purges were not considered i n  
t h i s  analysis. I n  addit ion, f u e l  c e l l  t r ans ien t  cha rac te r i s t i cs  were 
not modeled. Source vol  tages, and consequently EPDC bus voltages, 



TABLE 4.1.1.2-1. - MPCl COMPONENTS ACTIVE AT 29: 40: 00 

LOAD POWER (WATTS) USAGE 
COMPONENT MPCI SHARED LOADS  FACTOR^ 

NUMBER COMPONENT NAME ONLY MPCZ -- (%) 

RGA #4 Opr , 
PLB F l d l t  Elec Assy I 
PLB F l d l t  Fwd Por t  E A 1  
PLB F l d l t  A f t  Stbd E A 1  
Pwr D i s t  Assy # l  # i d  
Pwr D i s t  Assy #2 Mid 
Pwr D i s t  Assy #3 Mid 
DSC U n i t  #1  - SDLl 
DSC Un i t  #2 - SBL2 
DSC U n i t  #3 - SDL3 
DSC Un i t  #4 - SDL4 
DSC U n i t  #5 - SDL5 
DSC Un i t  # 1  - SDRl 
DSC U n i t  #2 - SDR2 
DSC Un i t  #3 - SDR3 
DSC U n i t  #4 - SDR4 
DSC U n i t  #1 - SDCl 
DSC U n i t  #2 - SDC2 
DSC U n i t  #3 - SDC3 
DSC U n i t  #4 - SDC4 
DSC U n i t  #5 - SDC5 
Wdbnd FDM Unl  - Mid L1 
Wdbnd FDM Un2 - Flid L 1  
Wdbnd FDM Unl  - Mid R2 
Wdbnd FDM Un2 - Mid R2 
Wdbnd FDM Unl - Mid L3 
Freon Flomtr - Mid L t 3  
Load Sen Accel - MR 2 , 

WBSC LM1 (A135) - WBM 
WBSC LM1 (A136) - WBM 
WBSC LM1 (A137) - WBM 
WBSC LM1 (A138) - WBM 
WBSC RM2 (A139) - WBM 
WBSC RM2 (A141) - WBM 
MBSC RM2 (A141) - WBM 
WBSC RM2 (A142) - WBM 
WBSC RM2 (A144) - WBM 
WBSC LM3 (A145) - 100% 
DC-DC Xducers - Fwd 
DC-DC Xducers - Fwd 
DC-DC Xducers - Mid L1 
DC-DC Xducers - Mid L1 
DC-DC Xducers - Mid R2 
DC-DC Xducers - Mid R2 
DC-DC Xducers - Mid L3 
DC-DC Xducers - Mid L3 



TABLE 4.1.1.2-1. - MPCl COMPONENTS ACTIVE AT 29: 40: 00 - Conc 1 uded 

LOAD POWER (WATTS) USAGE 
COMPONENT M P C ~  SHARED LOADS  FACTOR^ 

NUMBER COMPONENT NAME ONLY - (%I 
051611 SGSC ML1 (A162) - 100% 92.46 
051612 SGSC ML1 (A162) - WUM 15.20 
051621 SGSC ML1 (A163) - 100% 65.26 
05 1623 SGSC ML1 (A163) - WBM 7.60 
051625 SGSC ML1 (A163) - 100% 30.69 
05 1653 SGSC MR2 (A169) - WBM 22.80 
051662 SGSC ML3 (A166) - WBM 30.40 
05 1672 SGSC ML3 (A167) - WBM 45.60 
051801 MDM DL1 - Mid L e f t  1 50.00 
051802 MDM DL2 - Mid L e f t  1 50.20 
051803 MDM DR1 - Mid Right  2 50.00 
051804 MDM DR2 - Mid Right  2 . 52.80 
051805 MDM DC1 - Mid L e f t  3 49.10 
051806 MDM DC2 - Mid L e f t  3 52.50 
062201 M t r  Cn t l  Assy Mid #1 11.98 22.8 
062203 M t r  Cn t l  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 H t r  A 0.44 5.0 
305401 FCPl H20 R l f  Vlv H t r  A 0.17 5.1 
305403 FCP2 HZ0 R l f  Vlv H t r  A 0.17 5.1 
305405 FCP3 H20 R l f  Vlv H t r  A 0.17 5.1 
408105 P r i  Fwtr Ln H t r  A - TS7 7.75 15.2 
4085012 H i  Ld Duct H t r  1 Sec 1 553.60 
4086012 H i  Ld Duct H t r  1 Sec 2 254.60 
4087012 Hi  Ld Duct Not Ht Gp 1 130.70 
4090012 Topping Duct H t r  1 Sec. 1 378.90 
4091012 Topping Duct H t r  1 Sec 2 468.60 

Total Power: 2763.19 881.89 24.96 

Usage Factor  = 100% unless otherwise noted 
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1 
I 

I 

I 

I 

I 
I 

I 

1 
I 

1 1  i 

j 

I 

I 

I 
I 
j 

Contraints 

Descr ip t ion 

MD1 
MD2 
MD3 
Panel 014 
Panel 015 
Panel 016 
FPC 3 
FPC 2 
FPC 3 
FLC 1 
FLU 2 
FLC 3 
MPC I 
MPC 2 
MPC 3 
APC I 
APC 2 
APC 3 
APC 4 
APC 5 
APC 6 
ALC 1 
ALC 2 
ALC 3 
ESS BUS 1 BC 
ESS Bus 2 CA 
ESS Bus 3 AB 
SRB Bus A/C-Left 
SRB Bus A/C-R i ght 
SRB Bus B/C-Left 
SRB Bus B/C-R i ght 
SRB Bus C-Left 
SRB Bus C-Right 
P/L Main Bus a t  
Xo = 645 
P/L A f t  Body B 
a t  X = 1307 
P/L i f t  Body C 

1 I n te rna l  Power 
Not appl icable t o  t h i s  analysis, see Figure 3.1-1 
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COMPARISON 

,imit (VDC) 

27.0 
27.3 
27.0 
25.5 
25.5 
25.5 
26.2 
26.2 
26.2 
26.2 
26.2 
26.2 
27.0 
27 .O 
27.0 
26.1 
26.1 
26.1 
26.1 
26.1 
26.3 
26.1 
26.3 
26.1 
25.25 
25.25 
25.25 
Zs.15 
26.15 
Zi: j 
26.15 
25.6 
25.6 

27.0 

25.5 

?re1 aunchl 

28.3 
28.6 
28.6 
28.1 
28.1 
28.2 
27.4 
27.4 
27.4 
27.4 
27.4 
27.4 
28.2 
28.5 
28.6 
27.6 
27.6 
27.6 
27.6 
27.6 
27.6 
27.6 
27.6 
27.6 
27.3 
27.2 
27.3 
27.0 
27.0 
27.0 
27.0 
26.3 
26.3 

28.8 

N/A 

N/A a t  Xo = 1307 25.5 
P/L Aux Bus A 26.2 N/A N/A N/A 
P/L Aux Bus B 26.2 N/A N/A N/A 
P/L Aux Bus A 

;;Lxlu; B 
26.2 N/A N/A N/A 

26.2 
$ L X ~ u f  i!:PS/OOS 24.2 

N/A N/A N/A 
27.2 27.3 27.7 

L 

BY MISS ION PHASE 

Miniiiium Voltage' 

Ascent 

28.5 
28.8 
28.7 
28.2 
28.3 
28.4 
27.6 
27.6 
27.6 
27.6 
27.6 
27.6 
28.3 
28.7 
28.7 
27.8 
27.8 
27.8 
27.8 
27.8 
27.8 
27.8 
27.8 
27.8 
27.4 
27.4 
27.4 
27.2 
27.2 
27.2 
27.2 
26.5 
26.5 

28.9 

N/A 

N/A 
N/A 
N/A 

N/A 

N/A 
27.4 

4 
1 
1 
1 

1 
1 

1 
1 
1 
1 

(VDC) 

On-orbi t 

28.9 
29.1 
29.2 
28.6 
28.7 
28.8 
28.2 
28.2 
28.2 
28.2 
28.2 
28.2 
28.7 
29.0 
29.2 
28.5 
28.5 
28.5 
28.6 
28.6 
28.6 
28.5 
28.5 
28.5 
27.9 
27.9 
27.8 

N'A N /A 
N/ A 
N/A 
N/A 
N /A 

29.2 

N/A 

N/A 

1 

Entry  

28.6 
28.7 
28.8 
28.2 
28.2 
28.4 
27.7 
27.7 
27.7 
27.7 
27.7 
27.7 
28.5 
28.6 
28.8 
27.6 
27.5 
27.2 
27.6 
27.5 
27.2 
27.5 
27.5 
27.2 
27.5 
27.4 
27.4 
N/ A 
N/A 
N/ A 

N/ A 
N/A 

N /A 

28.8 

N/A * 
NIh 





TABLE 4.1 -2.1-1 SEPS ANALYSIS/LAUNCH EPDC REOLINE COMPARISON 

1 I n t e r n a l  power t o  T -5 seconds fPXI t o  L/0-7.25 sec) 

I n t e r n a l  power t o  T -30 seconds (PXI t o  L/0-32.25 sec) 

MEASUREMENT DESCRIPTION , 

Main Bus A Voltage ( v o l t s ) ]  
Main Bus B Voltage ( ~ o l t s ) ~  
Main Bus C Voltage ( ~ o l t s ) ~  

E S S B u s l B C V o l t a g e  ( ~ o l t s ) ~ 2 5 . 5  
E S S B u s 2 C A V o l t a g e  ( ~ o l t s ) l 2 5 . 5  
ESS Bus 3 AB Voltage (Vo1ts) l  

Fwd PCA Main A Amps 
Fwd PCA Main73 Amps (Amps)2 
Fwd PCA Main C Amps (Amps)2 

i d  PCA Main A Amps (Amps)2 
l i d  PCA Main B Amps fAmps)2 
Mid PCA Main C Amps (Amps)2 

A f t  PCA-4 Voltage ~ V o l t s ) '  
A f t  PCA-5 Voltage f v o l t s ) ]  
A f t  PCA-6 Voltage I V o l t s ) l  

A f t  PCA Main A Amps (Amps)2 
A f t  PCA Main B Amps ( ~ r n ~ s ) ~  

LAUNCH 
REDLINE 

RN 

27.7 
27.7 
27.7 

25.5 

- - 
- 
- - - 
27.0 
27.0 
27.0 

- 
: -  

A f t  PCA Main C Amps ( ~ r n p s ) ~  I- 

* 

- 

28.33 
28.61 
28.61 

27.29 
27.24 
27.30 

- 
- 
- 
- - - 

27.59 
27.59 
27.59 

- - 

MAX , 

32.0 
32.0 
32.0 

38.0 
38.0 
38.0 

211.0 
239.0 
240.0 

93.0 
51 .O 
6.0 

32.0 
32.0 
32.0 

118.0 
108.0 
101.0 52.3 

ANALYSIS 
MAX 

- 
- - 
- - - 

158.8 
166.8 
244.50 

74.1 
56.3 
17.4 

- 
- 
- 

95.2 
82.9 

L/O-01:50 

VALUE 
Tlmt 

L/O-00:20,-00:18 
L/O-00:20,-00:18 
L/O-00:20,-OO:16 

L/O-00:20,-00:18 
L/O-00:20,-00:18 
L/O-09:20,-00:18 

L/O-00:35 
L/O-00:35 
L/O-00:35 

L/O-00:35 
L/O-04:OO 
L/O-01:50,-01:20 

L/O-00:20,-00:18 
L/O-00;20,-00:18 
L/0-00:20,-00:18 

L/O-31:50 
L/O-01:50 



may, therefore, be lower than those indicated i n  Figures 4.1-8 through \ 

4.1-10, - i t h  corrcspondingly higher cur ren t  levels .  

b. Instantanenus power l eve l s  may be s i g n i f i c a n t l y  higher thatv those 
ind ica ted  Tn Figures 4.1-2 thrd~ugh 4.1-4, due t o  pseudo-random TCS 
heater cyc l ing.  These h igher  :,ewer l eve l s  w i l l  be t rans la ted  i n t o  
correspsf idingly h igher  branch currents and lower EPDC bus voltages, 

Based upon the r e s u l t s  o f  t h i s  analysis o f  the  STS-1 f l i g h t ,  it i s  concluded 
tha t :  

a. The nominal f l i g h t ,  as analyzed, i s  w i t h i n  the c a p a b i l i t i e s  o f  the 
Orb i te r  power generat ion system. 

b. The operat ion o f  Orb i te r  e l e c t r i c a l  equipment is, i n  general, compatible 
w i t h  the c a p a b i l i t i e s  o f  the Orb i te r  EPDC subsystem. Only one cons t ra in t  
v i o l a t i o n  was noted, t h a t  being a small cur ren t  overload between MD1 
and MPC1. Due t o  the l e v e l  of modeling f i d e l i t y  inherent i n  the SEPS 
program and the  e l  e c t r i  ca l  equipment on/off conf i gurat ion unce r ta in t i es  
associated w i t h  $$e CAS EPS data base, t h i s  current  overload may not 
be real .  It does serve t o  ind icate,  however, t h a t  under the e x i s t i n g  
analys is  cond i t ions  the 100 amp Fuse between MD1 and MPC l  may be blown. 
Further,  i f  FCP2 f a i l s  wh i le  ii t h i s  conf igurat ion,  the fuse  w i l l  
almost c e r t a i n l y  be blown due to  the e f f e c t s  e f  the shared lodds i d e n t i f i e d  
i n  Table 4.1.1.2-1. 

c. The f l i g h t ,  as analyzed, requi res the  operat ion o f  I nve r te r  9 above 1 0 0 %  
o f  rated load f o r  periods o f  t ime up t o  2.53 hours. The ind ica ted  
overloads r e s u l t  from simultaneous operat ion o f  TACAN X3, the OS/PS Panel 
t i gh ts ,  and xha OFT Foodwarmer, but dre due i n  p a r t  t o  the conf igura t ion  
o f  other e l e c t r i c a l  subsystems. ' 

4.4 RECOMMENDATIONS I r 
I t  i s  recommended tha t  care be taken t u  ensure tha t  instantaneous and 
p r e v a i l i n g  on/of f  conf igura t ions  o f  e l e c t r i c a l  equipment do not unduly 
chal  1 enge or exceed accepted EPDC subsystem or  e l e c t r i c a l  component 
l i m i t a t i o n s .  



5.0 TAPE INFORMATION 

The SEPS program output tape created by th is  analysis i s  tape number X09507. 
This tape contains the compacted dict ionary on f i l e  1, the Phase I interface 
data on f i l e  2, the Phase I 1  interface data on f i l e  3, and the p l o t  data 
on f i l e  4. 



6.0 SUPPLEMENTARY DATA - 
This sec t ion  presents the  output data requested b y  Pear l  i n e  E. Col lector/CG5, 

. 
i n  support o f  t h e  FOD STS-1 Conf i g i l r a t i o n  Management L ib rary ,  i n  accordance 

I 
4 

w i t h  t h e  Analys is  Request Form of Ref. 11. The data cons is ts  o f  s p e c i f i c a l l y  
1 

requested graph ica l  data, SEPS program c i r c u i t  so lu t i ons  a t  spec i f  i e d  I 

times, a component t ime h i s to ry ,  and veh ic le  conf igura t ions  a t  spec i f  i e d  
t imepoints.  I n  eva lua t ing  t h i s  data, it should be kept  i n  mind t h a t  the 
SEPS analys is  was i n i t i a l i z e d  on i n t e r n a l  power a t  L/O - 10:00, whereas, 

I 
L i n  a c t u a l i t y  PXI occurs a t  L/O - 04:56. 

6.1 GRAPHICAL DATA t 

The f o l l o w i n g  graph ica l  data was requested i n  support o f  the STS-1 Conf igura t ion  
Management L ib rary ,  and i s  contained herein: 

a. Voltage p r o f i l e s  o f  O r b i t e r  EPDC buses, as modeled by the SEPS computer 
program, are presented i n  F igures 6.1-1 through 6.1-30. 

b. Figures 6.1-31 through 6.1-43 present major branch cur ren ts  as der ived 
f ram the SEPS EPDC subsystem model. 

c. Figures 6.1-44 through 6.1-113 present p r o f i l e s  o f  i n v e r t e r  DC load, 
AC load, e f f i c i e n c y ,  phase angle, current ,  bus load, bus phase angle, 
bus cur ren t ,  and cu r ren t  r a t i o .  

I d. P r o f i l e s  o f  accumulated amp-hours and e l e c t r i c a l  energy and t o t a l  
f u e l  c e l l  power and cur ren t  are presented i n  F igures 6.1-114 through 
6.1-117. 

r 6.2 C IRCU I T  SOLUTIONS 

I F igures 6.2-1 through 6.2-46 present t h e  SEPS program c i r c u i t  so lu t i ons  
I a t  the times s p e c i f i e d  by the nominal STS-1 Analysis Request Form (Ref 11).  

I 6.3 COMPONENT TIME HISTORY 

The component t ime h i s t o r y  of the nominal STS-1 f l i g h t ,  as analyzed, i s  
presented i n  F igu re  6.3-1. 

I 

6.4 VEHICLE CONFIGURATIONS AT SPECIFIED TIMEPOINTS 

Figures 6.4-1 through 6.4-18 present t he  O r b i t e r  con f i gu ra t i ons  der ived 
from t h i s  analys is ,  f o r  the t imepoints s p e c i f i e d  by the Nominal STS-1 f 

Analys is  Request Form (Ref. 11). 1 
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F i ~ u r e  6.1-7.- FLC 3 voltage 
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Figure 6.1-20.- APC 5 voltage 
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Figure 6.1-73.- ALC 2 voltage 



























Figure 6.1-36.- Current from DA 3 to FPC 3 
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Figure 6.1  -37.- Current from DA 3 t o  APC 4 
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Figure 6.1-52.- Inverter 8 DC load 
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Figure 6.1-57.- Inverter 4 AC load 4 
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Figure 6.3-58.- Inverter 5 AC load 
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Figure 6.3-5P.- Inverter 6 AC load 
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Figure 6.1-61 .- Inverter 8 AC load 



Figure 6.3-62.- Inverter 9 AC load 
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Figure 6.1-63.- Inverter efficiency 1A,  JB ,  1C 
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Fiaure 6.1-65.-  Inverter efficiency 3A, 38, 3C 



Figure 6.1-66.- Inverter I phase angle 



Figure 6.1-67.- Inverter 2 phase angle 



Figure 6.3-68.- Inverter 3 phase angle 
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Figure 6.1-69.- Inverter 4 phase angle 
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Figure 6.1-70.- Inverter 5 phase angle 
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Figure 6.3-7J .- Inverter 6 phase angle 



Figure 6.1-72.- Inverter 7 phase angle 







Figure 6.1-75 .- Inverter I current 
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Figure 6.1-76.- Inverter 2 current 



Figure 6.3-77.- Inverter 3 current 
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Figure 6.1-79.- Inverter 5 current 1 I I 
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Figure 6.1-80. - Inverter 6 current 



Figure 6.1-82 .- Inverter 7 current 





Figure 6.1-83.- Iqverter P current 
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Figure 6.1-84.- Inverter I AC bus load 
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Figure 6.1-85.- I n v e r t e r  2 AC bus load 
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Figure 6.1-89.- Inverter 6 AC bus load 



Figure 6.3-90.- I n v e r t u  7 AC bus load 



Figure 6.3 -91 .- Inverter 8 AC bus load 



Figure 6 .3 -92 . -  Inverter 9 AC bus load 



Figure 6.3-93.- Inverter 1 AC bus phase angle 



Figure 6.1-P4.- Inverter 2 AC bus phase angle 





Figure 6.1-96.- Inverter 4 AC bus phase angle 





Figure 6.1-08.- Inverter 6 AC bus phase angle 



Figure 6.1-99.- Inverter 7 AC bus phase angle 
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Figure 6.1-100.- Inverter 8 AC bus phase angle 4 

i 

i 

142 

^--. . vlv--7.y----- 







Figure 6.1-103.- Inver ter  AC bus current 2A, 28, 2C 





, - Figure 6.1-105.- Current ratio - Inverter l/Bus I 



Figure 6.1-306.- Current ratio - Inverter 2/Bus 2 



Figure 6.1-107.-Current ratio - Inverter 3/Bus 3 



Figure 6.1-308.- Current ratio - Inverter 4/Bu~ 4 
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Figure 6.1-309.- Current ratio - Inverter S/Bus 5 
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Figure 6.3-133 .- Current ratio - Inverter 7/Bus 7 
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Figure 6.1-133.- Current r a t i o  - Inverter 9/Bus 9 
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Figure 6.1-136.- Total fuel cell power 
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Figure 6.2-1. - Continued 
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Figure 6.2-2. - Continued 
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Figure 6.2-4. - Continued 
_ - _ - _ _ _ _ _ _ _ _ _ _ _  ____-_+I  --- --- _-_I.--- --- 

.OOOO .0070 
- ---- -- • '3000 .0062 --- -- -- 

.mou--;TOO~-- r n r -  - -- - ; naoo - --;~~on------ YlJmrrr- - m o o - -  --- 
.0000 . 0000 
.oooo .oooo 

.OODO .--- - -- ----- .oooo .oooo *"#&- --.----- . 0000 .oooo ---- 

.DUO~---;Uour--.uuOo - .oOOO ----.UOOO 
.U"O :"t$ 
.00(30 _ __ ________-_ - _ _ _ _ _ _  -- -_--_.-- 1- 1- 7 - ---- -0179 .00D$- - .  --- --.- . --.. 

-.0021 .ooo 
.oooo .0002 

.OOOO .0000 29.2245 .0000 INF. .OD00 .OD22 
_ _ _ _ _ _ _ _ . . _ _ . - - - - - - -  -----I-- 

.0002 -4880"-  --- -. 
.oooo 

.uoO.-'-- 

.0002 
-6500 

. - 
.OOilO .oooo .DO00 .DO00 IWF. .DO00 -1850 

- -- - - ---------- -- .OOOO .OOOO .OD00 .0000 INF. .OOOO . . I850  - 6  3% ----. 
-;GOUU-;00[10--- ;U00U - ; DO00 IFIF; - ; 0000 -1F5U- -;6500 
.OOOO .COO0 .OOOO .OOOO INF. .OOOO e l 8 5 0  .650C .0008 
.OD00 .OOOO .OOOO .DO00 INF. .OOOO .OOOO 

29.0538 29.17118 29.22'85 28.9766 29.1110 29.0863 .oooo 
- -.- . F ~ O O E  71 - ~ ~ 1 ? r - ~ - ~ a ~ 0 5 + 6 - ~ ~ ; m ~ r - 1 ~ ~ u o ~ r - - ~ ~ ~ o 0 3 1 - - l 7 ; ~ 0 1 ~ -  ZE;~r i86* -28.01 36 - 28.0245 ' ' 

2,*:8!! %: 11 :! 3B 2s:PSFS 28.66ss 8 . 6  za.6623 28.7322 z8.4oao zs.4453 2s.sooe ~ > - ~ ~ # ~ .  76i,26r ---- a 

--I NODE 31 T O  90  2b.7486 27.7798 27.7563 27.8102 28.9310 29.0298 29.0653 27.9727 28.014 28.0193 
CO NODE 4 1  T O  50 27.8810 .DO00 .OOOO .DO00 28.4668 28.4635 28.9581 27.4107 27.4063 27.4079 
.!!- - .. - - NODE 5 1  T O  60 26.1168 26.1135 26.1168 28.4487 28.11511 28.4993 27.3992 27.3988 27.3984 28 .459  

uuurm-~u-7u---~r5IJ-Zg;vm7--2Tim3 2 . ~ ~ i r - - - z r : i ~ ~ ~ - - - z . ; r n ~ 7 - -  ---;ooao- z c u t i ~ r - ~ r . ~ r n - -  .DOP 
NODE 71 10  BD 28.0610 .OOOO .!lo00 2;.2245 29.22115 29.2243 .OOOO .oooo .0000 .0008 

. - -  - ----..----- - - _  __- _ -- A _-- . - -.--. - -- + - - 

FUEL CELL FUEL CELL FUEL CELL 
SpUKCE 1 2 3 

-- SWITCH CON 1 1 
r :a . ~ ~ ~ ~ ~ -  ____I_____ _ _ - -  .- 

- t W F R t R T - - - - - m n .  rv  
VOLlIGE 79.21 29.31 29.38 
PIRASITIC .DO00 .OOOO .OOOO 

. g g  ---- .-_-+ ~ ! ~ o . _ D p ~ 0 ~ ~ L e _ ~ 2 o o o o ~ ~ ~ o ~ o o _ o _ L ~  - -. .- - _ _ _ _ _ -  _I_.-_._--__- - ---- - - -  
A H  cEnAlN 

- CRYOGEN UcAGL --m, =. SlmfI- t-tOAf,,Rm-Atr PRDD' -------- --- - -- --- 
I L B S I  tLBS1 tLBS t t LBS I 

.--... -----" -,.- 
e****INVEPTER STATUS***** 

- - ~ W i r m ~ ; - 8 0 ~ ~ m f W O i W - - - ~ i * i ' f F i * N G  P A l l S t - Y I W E k f C P i l * * ~ l T * * * * ~ 7 O A R E U F - - - 0 ; ~ . -  
INVER7ER PUR. FAC. CURRENT PYR. FIC. CURRENT EFF C I  NCY R L t l O  POU R ~b!$?) (IMP! it:! I ~ H P )  PEE CENT t u k t ~ t  

- - -  - - - ---- - . -_ - -___"_I ..- - - - - - 



n
 
o
 

m
k

N
 

;E: m
m

N
 

m
rO

w
 

=re 1 
0
0
'0

 
*
Y

)D
 

N
U

E
 

3K: i I I 
o

w
n

 
N

w
e

 
2g2 
... 
i I I I I 

n
lro

 
F

Y
I w

 
Q

rn
R

 
N

F
C

 
., . . 

F
b
n
* 

i I I W
O

 
W

B
-0

 
*
n

n
 

D
P

.0
. 

*
I. . 

(1
1

 
I 

i ! or-m
 

O
P

Q
 

rc
o
s
 

F
U
O
 

.
I
.
 . 

:F cco
 

q
2
 

F
 
n

 
.I. . 
-Pm 

I I I i 
3
%

 
C

 
M

 

:f: I I 
n
h
n
 

2C
r: 

w
w

.0 
.,. . 

-N
O

 
W

W
N

 
e

r
r
- 

i i r
 iu

o
 

e
l
-
 

I ! ! 1 I 

-cd
 

m
m

.4 
::

2 . . . 
=
*
IF

 
m

9
m

 
C

C
r. I 

-m
 d 

r-n
-4 

o
rlo

 
m

m
a

 

"i i O
O

Q
 

m
u

m
 

Q
Q

Q
 

C
r-c 

*.. I I 
w

n
 

Q
u

m
 

O
rn

N
 

D
U

 
... 

u
rm

n
' i %

!L' 
*
a
d
 

O
I0

.m
 

.. 
*.I 

')*I 

0
1
.0

 j 
3
 

. .. 
zzd 

'-'"I 
D

O
4

 

n
m

d
 

N
I
R

 
w

n
r

j 
.a. 

-i 1 
m

a
d

 
o

m
- 

?? f 
as2 
5:9 . .. 
sg:: 
Y

)Y
)w

i f i I 
r

m
u

t 
N

N
N

t
 I i [ I 









.D
m

-! 
n

r
n

r
 

9
0
.- 

9
C

.W
l.. . 

b.. 
yA

L
 

. 
, m

Y
Im

 t,, 
' 

C
l
u
u
 

I 
1. I 

*
Q

c
b

o
o

 
1 

m
-0

0
0
 

n
u

-
0
0
0
 

r
W

N
0

0
0

 
t 

-=I- 
O

Q
W

 
c

o
t
 

xrF 
I 
;
 

,'L't; 
2

'
 

Z
Z

Z
 

z
z

ilz
 

m
 

m
u
m
 

m
m
m
-
 

C
C

C
C

W
 

N
N

N
N

N
 I 

I 
I 

o
o

a
 

o
b

o
~

 
0

0
0

 
0
0
0
0
 

I
/
 

0
0

0
 

0
0
0
. 

s 
??? 

'q
=
?
?
 

I ! 
i 





i Figure 6.2-5. - Concluded _ -- - --- --- .---- - .- ---- -- .---- --- -* 6 

1.C. INVERTER SET 2 HAS AN OVERLLL EFFIClENCY.OF ,7650 
\ 

r c c u n u L r r c o  urrr-HRS OF SOURCES 11970.45 AND Z O L O S  r1012.-58 11ok(-~a6 - -.--- ----.----- -- 



- Figure 6.2-6.- Circuit solution at 16 minutes MET 

----- ------ - ---- - 
DC D l S l R I I U T I 6 M  METUORI STITUS 

.................................................................................................................................. - 
I kisftok tLhPSE0 t 1 h E  r 2 6 6 6 f  ~ Y M E  k ? t ~  . 0 0 ~ 4 1 ,  k E X l  INPUT t l n ~  r27S83 

tOThL SOURCE POY€A 2 5 ~ 9 S l d b b b  TOT-&l D t l A t  1 0 ~ 3 3 ? S i a B 6 1 6 ~  R t F E R k k t t  kbdt 1 ACCURACY ~ O ~ ~ O ~ S O a L U T ~ O N S 3 ~ ~ ~ J J I r _ P P T E O ~ . ~ ~  6 . .  - * -- - - - - - - - -- - -- - 
B ~ L U C W  SOURCE SOURCE LOAD LOhb LOAD L O I D  LOAD BRA NCH BRhNCH 

NO RM su VOLTAGE CURRENT PP PR 
0 1 0 0  OR RPC 

VOLT16t CURRENT RESISTANCE CURRENT RESISTlNCE VOLTfiGE R E S ~ S T ~ N C E  SHUNT 

----t+***++*cli--dhwwnv- 



f 
N

N
N

 
1 

0
0
0
 

P
O

D
 

I "' 
I 

w
.
.
.
.
.
 

I 
i 

.lO
O

O
O

O
 

b
o
o
 

8 i 
o

m
 

3.00, 
O-DPOC 

LO
O

Q
O

W
O

~~O
O

 
m

Y
)m

 
m

Y)Y)",b%
n 

EZZ 
R

O
O

D
O

D
C

 
D

D
O

D
D

O
O

O
D

U
O

O
 

O
R

O
O

O
D

D
 

1 
=: 

n
n
n
 

O
D

O
O

O
D

 
n

n
n

n
m

n
n

 
pZgZ22ZE

ggZ 
, 

m
 

.................... 
'

.
 

... 
...... 

'Y
E

 
0, 

-
 -
 -
 -
 -
 -
 -
 
-
 

-
 
- 

- 
-
-
.-

, 
......................................................... 
l
r
C
n
I
C
~
I
s
P
~
0
0
1
u
m
P
C
N
P
n
r
L
O
N
m
a
 

N
I

 N
I
 
I
 
I
 I
 

I
l
l
-
 
r
r
n

 
n

 
r

N
C

n
n

W
m

C
 

r
-
W

N
m

N
 

N
m

a
r
C

C
tn

 

n
-
n
 

L
I 

=
I
N

N
 

I 

....... 
n

c
~

r
n

~
r
-
c

 
N

N
N

N
N

N
 ! 

L
.

 
I 

3
 

W
. 

D
O

0
 

O
D

D
D

O
C

 
0

0
0

' 
0
' 

a 
O

D
 

- 
O

D
0

 
O

O
O

D
O

O
 

0
0
0
. 

0
 

E
 

i 
0
0
 

1 
O

O
O

m
D

C
 

O
D

0
 

0
0
0
0
0
0
 

O
O

O
D

O
O

 
=! 

=- 
0

,
 

0
0

0
0

0
0

 
?!?'? 

, :?'???? 
! 

=!?'?. 
.. 

, 
O

O
D

G
O

D
 

! 
i 

I 
.*

*
'*

*
*

 
.

I
:

 

m
I-C

 
; r

o
c

l
0

m
n

 
m

o
 

m
r-m

 
0

IY
)
n

S
D

. 
h

l
W

,
 

6
 

O
b

C
 

m
m

l
 
n
 

n
m

m
 

n
o

. 
.,. . 

.
.
.
.
.
.
I
 

... 
.I*

 . 
?

?
 

- - 
9

-
c
 

N
I
N

W
C

I
 

8 

N
P

C
 

O
C

P
Y

ID
Y

) 
' 

r
t
6

' 
6
 

&G 
l?

 N
 

s
n

r
-
o

t
~

l I 
! 

g 
N

P
z
 



Figure 6.2-6. - Continued 
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Figure 6.2-8. - Concluded 
- ..- --.----- -- ------ --------.---..--. *- ------ -.---.-- 

1.C. IrtVEPTER SET 1 H I S  AN OVERILL-EFFICI-EJ_CT O f  a 7 6 5 6  -. --- -------- "- -.-- -.---.- 

I-C. INVERTER SET 2 HAS AN OVERILL E F F I C I E N C T  OF . 7 6 5 0  

.-. - - -  . - . I.C.__INV-EZTER SET 3 HbS I f 4  ~ o ~ R ~ L _ L - E F _ F - I C ~ E ~ ~ Y -  OF *765&- -  - -.- .. . - + - . .--- . ------- --- 

-----.,- - ------ 16229.51 I N @  LOAOS ICCUFULITED YITT-HRS OF SOURCES le98P.56 -lj.9_8-O0.2S --- 
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Figure 6.2-9. - Continued 



Figure 6.2-9. - Continued 





Figure 6.2-9. - Continued 
-- -- ---- --- -- --.-- 

NODE 1 TO 10  *0000 29.0784 29.3122 29.3563 29.0019 29.2517 29.2252 .0000 
NODE 1 1  TO 2 0  .0000 

p&-- -- .- 28.9333 28.8807 28r7297 28.7783 28.8621 28.5052.-.28.5685 28.6309 28.3565- 25:!98P 
4 RODT?t-TO- 3 0  - 7 E S 3 S ~ 7 T ; 3 U f f - l T ; 3 0 8 z  T;3U53-7T;JUVI- '  -28;3501 28 ;33SC-- -28.3213--- - 3 U U U  77;21344--- -- 
N NODE 31 10 40 

NODE 1 1  T O  50  
27.0501 27.9225 27.8592 7 7 . 9 1 * 2  28.8526 29.1702 29.2116 28.1132 28.1609 28.fbOb 
27.8026 .0000 .OOOO -0000 28.7130 28.7161 20.7118 27.6615 27.6610 2l .6586 

NODE 51 T O  60 *----.-- 26.3664 26.366I  26.3630 28.7035 28.1063 28.7045 27.6515 27.6519 27.653W 
R O O t a r T 0 - 7 ~ 7 B n ~ m 7 U 7 T - 7 7 .  1 2 8 ; 3 2 3 S U U D 2  Z 28 : 6;*-- 
NODE 71 To 80 28.3163 .OD00 r : : : F m 2 .  29,3562 000  00 .Do00 533: .oooo 

FUEL CELL FUEL CELL FUEL CELL 
SOURCE 1 2 3 

-- S'IIICH CON 1 1 1 
f U R R E R T - - z a r .  3s 

Z 7 8 ' j - - - - - - -  

--- 
VOL 1 IIGE 29.23 -94  
PARASlTIC 

29.50 

-- - TEHP IBO:!!!~ 1~1~:!!8~.,~88!8 -- -*-  - . mr - - - - - - - - - . ------------ ---- - - 
AH QENl IN 

---  CRVOGEN USAGE -- ------.--- --.-- -. -- m m t T ~ m - F R ? l u  
ILBS) (LEIS) (LBS) ILBSI  

----- rn . -  A - - -  . -- -- --- --.--- 

--- *--- - ---- - * + * * + I N V E R f E R S 1 A T U S * * * * *  . 
nmrmrlXT.WSEICLTIFm*W--- - ~ * * * m T S * l ? S I A G L T T W I S E -  f R V C A T t R 8 i i * T F 1 I S ~ U C U A R C A 7  --KG- 

IMVERTER LOAD PYR. FAC. CURRENT LOAD PYR. F1C. CURRE N? 
IYLTT) 

EFFICIENCV RATIO POY R 
I A ~ P  t t vh 1 1 AMP 1 PER CENT tuhC 1, 





-- Figure 6.2-30.- Circuit solution at 35 minutes MET 

-- - -- . - - . - - . -,---- - I  --I-- - . _ . _ _ _ _ _ _  --- 
DC D I S T R I B U T l O N  NETYORW STATUS 

************+************************L**********************************************~*~~~~*~**+-*****************._~~*-+************ ------- - 
HISSION  ELAPSE^ TIME r 5 8 3 1 3  T IM€  STEP .D4417 NEXT I N P U t  TIME - 5 8 5 @ 3  

TOTAL- SOU_RCE POMER ~ a ? % i . 4 B b b  ?GTii D C l &  bAE21@=?&5 R.E~REN.cE NODE- -_-I -bCCURACY - -- .----. -- eO0 lD  SOLUTIONS- lT-T-EkP1ED -. 6--  - 
BPANCH SOURCE SOURCE LOAD 

\ qO RN SY V O L l l G E  CURRENT 
LOAD 

P  P 
L O l D  

PR 
LOAD LOAD BRlNCH BRANCH DIODE OR RPC 

VOLTAGE CURRENT RESISTANCE CURRENT RESISTANCE VOLTAGE RESISTANCE SHUNT -- - * * * - * * * + m - - r r m r m r r r r r w . r r r w m ~ ~ c ~ l 1 ~ 1 ~ ~  
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Figure 6.2-10. - Concluded 

- A.C. I N V E R T E R  S t T  1 HLS AN OVERALL EFFltIENCdO_F e 7 6 4 6  - - - - . . - - - - -  -- ------- -- -*- 
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-- - - -- Figure 6.2-12.- Circuit solution a t  a5 minutes MET 

b . - - - -  - --- -- -- *. -- .---- ---- - - - * - - -- - - A - - -----..- ------ --we- 

DC DISTRIBUTlON NETYORK STATUS 

L 0*O***********+************************d****************************************************************************************** -- ---- - -- --- ----- -. - .-- .- - - - - -- . - - - - - -- - - -- - F UISSlON ELAPSED TIWE .75000  tint STEP .00858  NEXT I N P U I  TIME - 7 5 5 5 6  

F lOTAL SOURCE - - -  POYER ,- 22602.7302 ____- - _  ._-._ TOTIL-DCIAC LOAD Z i O ~ ~ ~ I ? ? l ~ - R ~ E ~ ~ R ~ N C E  NODE - -- 1 ACCURACY .OUlO SOLUTIONZ ATTEMPTED 8 

I B-INCH SOURCE SOURC L O A D  L O A ~  LOID L O A D  LOID BRANCH BRANCH 
! 

DIODE OR RPC 
\ No RN s u  VOLTAGE CURWENS PP PR VOLTAGE CURPENT R E S I ~ T ~ ~ C E  CURPENT RESISTANCE VOLTAGE RESISTANCE SHUNT 

- - - -" -. - 
t 

~ - t ~ ~ ~ ~ ~ t ~ ~ . ~ r r t + . m + + o m r m * s o r * w m r m w r r r n m r r r r r r m m r ~ r ~ r w ~ ~ ~ w - r m w v w ~ w v r r r m r v ~ r m ~ ~ r m r m i ~  
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Figure 6.2-32. - Concluded 
- - --- - - - --------Ap- __________ _ _ _ _ - _ _  - 7 ---. -- -- ---- ---- -- 

- - 1A 570.1333 - .?27'4 . . - -lB - 5tD-9332 --.- ---* -. 7 1  E- - ---- 6.8155 601.8582 -.9C73 5.2335' 07638 .7b79 - 716 .Y 588 
6;3665 . '527;802b .- -A 2.951lJ- - -. 

I C 102:5333 -.6817 6.1551 512.5660 -.9UlY C.Y571 -7650 
Ci7635 - -7650 - 7 2  ' 680.9586 

-7241 630.7625 

- - -- - - -- .-A -. . - - - -- A-C- INVERTER SET 1 "A_S__1N!?SL'!ERILL :IFIC_ '_NC_I_ OF- --?TfJ'!6 -- -.--- ----.-- -ye----- .--- --- 
21 3'41.2800 -7650 e7665 
2e 

-.7433 
372 .boil0 

,0629 318.7910 - -7'499 
.9957 

- .st08 3 7 2 . 9 ~ ~ 6  
3.0330 

.9990 3.2eS1 
153.9608 

.7650 -7506 Y87.0588 
- 2c - -  - 35T.*oo0t? - :*L237- .-. - --.-*zfJ9s -.- -357*029-3--- -9999 - 3.10Yb -7650 m7238 Y66.666t 

A.C. 1NVERltR.SET 2 HRS AN OVEEALL EFFICIENCY O F  -7650 
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Figure 6.2-33. - Concluded 
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Figure 6.2-1 7. - Concl llded 

I .C .  INVERTER SET 2 HLS bN OVERbLL EFF IC IENCY OF , 7650  
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Figure 6.2-18. - Concluded 
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' A.C. INVERTER SET 2 HbS AN OVERALL EFFICIENCY OF - 7 6 5 0  
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Figure 6.2-10. - Concluded 

-- A.C. INVERTER SET I H I S  I N  OVERILL EFFICIENCY OF - 7 6 0 6  - -- 

A.C. INVERTER SET 2 H I S  AN OVERALL EFFICIENCY OF r 7 t 5 0  . 
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Figure 6.2-20. - Concluded 
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Figure 6.2-23. - Concluded 
..* --- ----.------ ------------- 

A.C. INVERIER SET 1 HAS AN OVERALL EFFICLE_NCY OF -7639 .,------ - --- --- 

\ 4.C. IRVERTER SET 2 HbS hN OVERALL EFFICIENCY QF .7650 

4CCUMlJLATEO UATT-HRS OF S O U I S  .--- ---.- 59rl_I0.79 I N 0  LOADS 5575]6-.9 5 5.6JLO-*_Z3-- 



-- - Figure 6.2-22.- Circuit solution at 3 day 8 hours 30 minutes MET 
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Figure 6.2-23. - Concluded 
- -- --- - --- 

AI.. INVERTER SET 1 HAS AN OVLRILL EFF IC IEkCY OF .76& 

\ A.C. INVERTER SET 2 HAS AN OVERALL EFFICIENCY OF - 7 6 5 0  -. 

ACCUMULATEO UATT-HRS OF S O U I E S  -- -.---.----- - 8 0 1 2 5 5 ~ 8 3  8 5 2 M z 8 8  AND LOADS 803373 .16  -. 



C
 

i5 Z ul 
U

 
a

w
 

a
u

 
2
 

a
 

O
C

 
V

) 
W

t- 
O

u
l 

O
W

 
*
a
 

a
 W

 
L1 

t
 

-I 
0
 

>
 

W
 

U
 

I
 

P
 

U
*
 

z
+
 

u
l 

LT
* 

m
ul 
W

 
Y

 

x
r- 

U
Z

 
;L
 W

 
a
 

a
m
 

a
2
3
 
0
 

W
 

U
 

6
 
t
 

P
I

 
a
t
 

0
-
 

-
/
I
-
 

u
l 

W
 
a
 

C
 

n
z
 

I
W

 
O
R
 

-
I=

 
3
 

U
 

W
 

a
0
 

a
 I
 

o
r

 
A

-1
 

0
 

>
 

0
 

-
a
 

0
0

 
2
 

0
 

=
a
 

0
0

 
J
 

W
C

 
U

Z
 

a
 w

 
3
0
 

0
0

 
L

O
2

 
U
 

W
W

 
U

C
1 

a
-
 

3
C
 

0
 -1

 
u
lo

 
>

 

a
 

I
Y
)
 

U
 

b
Z

 
*
a
 

0
 

m
e

 
2
 



- - 

Figure 6.2-24. - Continued 
--- 
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Figure 6.2-24. - Continued 





Figure 6-2-24, - Concluded 
-----< - ---- - ---..-.----- -- 

1.C. IkVEPTEG SET 1 HIS A?{ OVEEILL EFFTCIEWCY OF -7646- ------- 
2 1 339.2800 -.?3$7 4 .DO47 3S0.9368 2 ~ 9 C b 7  .7 b50 .7 at43 413-5033 
23 321 -7100 -.7383 3.9110 3SOtBYCU 2.8769 .765U -7350 629,SCbS 

-_--_. _--__+ 2C ---_- X$.Er.QDDQ - . I R ; i D $ ~ Z 5 1 5 4 8 ~ Q 6 Q l - . ~ -  ~(;992€- 2 eZD05 -,---.- r7.650- , , J Z L  + . ~ E ~ * E ' ! S Z  

1.C. INVEPTER SET 2 HAS bN OYEPILL EFFICIENCY OF -7650 
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Figure  5.2-25. - Continued 

WOOF 1 t o  10 ;oodo 29,?5s9 i ~ r 8 2 6 6  z c b a f s b  2 9 . t i z s  2 9 . 1 ~ 4 6  29.7921 .OOOO .OOOO .OOOO 
MOPE 11 TO 20 2 9 r 5 0 4 0  29.5r91-29.3751 29.3052 2961297 2911222--~9.1165 29.1991 2 8  9914 8.9923 W--- --- - - ROE- mu-m ~ - - - ~ ; V ~ ~ T - Z ~ ; V J ~ B - Z B  . P B ~  2 5 ; ~ 7  15 - -LB~GG-- -  1.mm~4x.r r r  

0 NODE 31 TO 40 $S: ie ' ie  5 7 28.5167 29.6859 29.7142 29.7789 28.6573 8.7282 28.7279 
W NODE 91  TO 50  28.6359 .0000 .0000 .OD00 t9.3645 29.3612 29.3606 28.3107 $8.3087 28.3101 

a+ --.- MODE 5 1  TO 60  27.0195-27.0112 27.0145 29.3'451 29.3459 29.3533 28.2951 2 8 . 3 $ j 2 8 - _ ~ & ' 5 ~  29:;35: 
-WUDr.  a 1  T u - r v  U;~~~T---;UUUO-~~.Y 59 

NODE 71 TO BU z'$:G- ? E X  z8:i%G $!:!::: 8 $9.8388 .OOOO .OOOO .OOOO .DO00 

- --- -*- - -.- ------ -------a*--- -.---.--- *. - ----- --- 
FUEL CELL FUEL CELL FUEL CELL 

SOURCE 1 2 3 
-- SLITCH CON 1 1 1 

-TUl?RCnt'-?. r~ L J r r r  
--- 

VOLTAGE 29.87 %:b; 29495 
PIRASXTIC .OOOO • 0000 .0000 

--"--.- I E ~ P  IBO.DOOO i e o ~ o u o o  i ~ o . o o o o  -mt - - - - - - - - - - -  - . _ _ - _  _--- _-- ._ _ - .- _.- - ----- *--- --- 
AH PEMAiN 

- - *------ - CRYOGEN USAGE - 
- R f r - t r -  

---*-- 

I L B S I  (Lest I L B S I  fLBS) 

..- ---- b*b**INVERTER STATUS++**+ 
n w ~ w W n i a ~ r m 5 T l r i r r ~ - - -  r r m r n m r n 8 m m - ~ r n s ~ - 1 m T E ~ ~ * ~ ~ ~ ~ -  V 

INVERTER PYR. TAC. CURRENT LOAD PUR. FIC. CURRENT EFFICIENCY RATIO %&--- 
tk!r'!l IAWP) f V A I  t AWP ) PER CENT tUATTl / 
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Figure 6,2-26. - Concluded 

x- - 1.C. INVERTER SET 1 H A L A N  OVERILL EFFlCIENCY OF .7646-- - 

A.C. INVERTER SET 2 HAS AN OVERALL EFFICIENCY O F  .7650 

ACCUMULATED UITT-HRS O F  SOURCES -- ----- 96-6133.64 I U D  LOADS 910157 .02  9 0 7 7 9 0 L 2  













Figure 6.2-27. - Concluded \ 

-. -̂ --I_-----_- - _ I - . _  -__ _ - - --- - - - - - - - . - - . - - - - 
-7 

A.C. ItJVERTER SET 1 HAS AN OVERALL EFFICIENCY OF -7646 
A__,. -----I--- .- ______I__- .----- 

2 Q 339.2800 - e l 3 6 7  4 60047 390.9368 
2 B 328.7100 - e l 3 0 3  3.9190 33Q.8990 69951 2.96'47 69935 

-7650 
2 . 8 7 6 9  

.7*03 
- .. -- .. 2 c  --.-- - _ 3 5 1 . * 4 0 0 0 - - ~ b L 2 3 1 - - 4  * 2 8 9 5 - 3 5 _ 7 a 9 2 U - - * ? 9 _ 9 9  3.1046 -_-- -.---- a7650 - 7 6 5 0  .-,323k-. - 7 3 5 0  - 4 6 6 . 6 ~ .  

t I . C .  INVERTER SET 2 HAS AN OVERALL EFFICIENCY OF ,7650 . 

ACCUHULLTEO UAT1-HRS OF SOURCES 9l-&0_29.61 _P,lS~~5-.70 __._._ ___- 974536.11 AND L O ~ D S  
I 





Fiaure 6.2-28. - Continued 
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Figure 6.2-28. - Concluded 
_ -______ --------.- ----- 

A.C. I N V E R T E R  SET 1 H L S  AN O V E R L L L J ~ F I C ~ E _ N C ~ . . 7 6 Y b - -  _ _ _ - _  ___-.- - ------- ---- 
4.0047 540-9368 .9951 2.9641 -7  650 0.7bO3 2 L -.7367 113.503 3B%:fP88 -.7303 3.91'40 330.8440 .9935 2.8769 -7650 .71150 2 0 1290686. 

- -- - 2c .- 3-57 . f J 0 0 0 - - . 1 Z 3 1 .  q..t895 SSJj929-3. - - - .  .9999 .. .. -- -. 3.1PC6 ------- 07650 ---,- ~ 7 2 3 k  --- o66.666. 
\ 

1 .C .  I N V E R T E R  SET 2 H b S  L N  O V E R I L L  E F F I C I E N C Y  OF -7650 
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- -- -----...-- --- 
I D C  D X S T R I B U T I O N  NETWORK S T 1 T U S  
i. 
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Hfsffbk ELAPSED txnE 3f . f f l l i  t t ~ t  f t t ~  
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a0iilk N E X T  INPUT T f U E  S3.3MW 

t TOTAL SOURCE POVER t l 9 b 3 . 8 f 9 &  T O T A L  D C l A t  L O ~ D  2 b 5 5 8 6 3 0 3 7  R&_~ENCE MODk 1 ACtUR_kCJ.- . O O I P _ ~ O ~ , U f t O N S  ATTEMPTED-_ ,C-- -. -. ---- 
I \ B R l N C H  SOURCE SOURCE LOAD L O A D  

NO RN S V  VOLTAGE CURRENT P P 
LOAD L O A D  L O A D  BRANCH BRANCH 

P R  
010 t OR RPC L V O L T A ~ E  CURRENT R E S I S T A N C E  C ~ I R R E N ~  RESISTANCE VOLTAGE R ~ ! , S T A U ~ E  snmt  
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Figure 6.2-30. - Concluded 

1.C. INVERTER SET 1 HAS ANOVERlLL EFFIClENCY OF m7646 

I 2 1 339: BOO - .7161 4.  097 
3.8190 3;1.9360 f !Xt:T :?% .700s 28 

-9951 193.5033 ::::!A% -.7303 .8CYO 69935 -7350 429.6863 
-.7237 L ,--.--- _ZC r , t e es533~oz~.33336~~-9e I.. 1o.q ~16-5.0-7 2.s.L- 66.6ku 

\ 1.C. INVERTER SET 2 H1S h~ OVERALL EFFICIENC; OF .7650 

ACCUMULITEO U1TT-HRS OF SOUJES ----.-.-.--- 980072.91 AND L O A D S  923215.02 -- 920819.70 - 
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Figure 6.2-33.-  Circuit solution at 2 days 5 hours 41 minutes 4 seconds 

- -- - - -- - --- 
DC DISTRl0UTlON NETWORK STATUS 

................................................................................................................................. 
l-'-'---- M!SSION E l h P S E O  T I ~ E  53bibr4b TIME f f E P  606325 NEXT INPUT TlHE 53.69833 

TOTAL S O U R C ~  POuER 2271,3.4333 T o t h L  b c l l t  10Ab zizbe.I i (I i  R E P ~ R E ~ c E  WODt 1 A C C U R A C ~ - - - - - ~ 1 D S O L U T _ f ~  A T T E M P T E D D ! L -  L L -  - - - . - -- 
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Figure 6.2-34. - Continued 
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Figure 6.2-34. - Concluded 
-- ------- -- -------- 

A.C. INVERTER SET 1 HAS AN OVERALL EFFICIENCY OF .76S6 ---. --- 

'. A.C. INVERTER SET Z HAS AN OVERALL EFFICIENCY OF .?650 
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Figure 6.2-35.- Circuit solution at 2 days 5 hours 51 minutes 4 seconds 
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Figure 6.3-35. - Concluded 
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A.C. T N V E R I F R  S C T  2 H b S  AN OVERALL CFFlCIENCY O r  . 7 6 5 0  

A.C. JNVERr-rR_SFI_ >-  H b S  AN OVER?l-L E f f  ICI€NCY O f  7645  
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Figure 6.2-36. - Continued - - -- ---- --. *-- - I_____ _ !I- 218 0 
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Figure 6.2-36. - Concluded 

---_--!~tC* 1NYLRTER SET 1 HAS AN OVERLLL EFF1C-l-EJCJ OF a 7 6 9 6 .  - - - - - - - - ----- -- 

\ A.C. IkVEPTER SET 2 HAS I N  OVERALL EFFICIENCY OF -7650  

9914ft.62 I N D  LOADS 9330-5-1..2~----- ACCUMULITED U ~ T T - H R S  OF S%UI.E_ES ---------  ~ 931.!921.3*- - - -  ---- - .  . -- 
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Figure 6.2-38. - Concluded 

4.C. I h V E R J E R  SET Z H I S  AH OVEFALL E F F I C I E N C Y  OF . 7 6 5 0  

I C C O l ' U L I 1 E O  U I T T - H R S  O F  SOURCES - -- -- - --. - -. -- --a-w--- 993377.91 I N D  L O I O S  9 3 5 6 6 9 . 8 7  - - - ~ 3 3 2 3 4 . 0 5 - -  -- -- 
* 
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Figure 6.2-39. - Continued 
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Figure 6.2-39. - Concluded 

A.C. INVERTER SET 1 HAS AN OVE,@-ULF_FJ.CILNNCJIOF -Lb% -- - -  . --- - -- -+I-- -- -- -- ---- - -- 

\ 
1.C. INVERTER SET 2 HAS AN JVCEALL EFFICIENCY OF - 7 6 5 0  

I-- - - L A.C_.-_I_NV-E>tER SET 3 - H ? I  A-N 0VERA~-EFFIC~ENC.Y-O_F -...- .?bCS_. - - -- - - - - - - . a --. ..- ---- 

ACCUHULATED UATT-HRS OF SOURCES 995397 .17  &NO LOADS 9375.5.1-.-58- 935-11.7-~00-.. I--- -- -* ------ - -  - --.- ----- -- ---- 
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Figure 6.2-43. - Concluded 
" - - - - -  ---..---------- _ _  - -_ - -- -.----s- -- 

A.C. INVERTER SET 1 HAS AH OVERALL EFFICIENCY OF -.----- .---------- , - - - . -  ---_------... --- -. ._-.- ?.?6U_s -.---- . . - * -  ---. " .--- ---. --.. . -- -- .- 

\ A.C. IhVERTER SET 2 HAS AN OVERALL EFFIClENCY OF - 7 6 5 0  

ACCBKULATEO WATT-HRS OF SOURCES Q97C18.77 AND LOLOS 939~S.55.J_9 .-.-.- - 
*_ .___ _---_ ___-_- -------------------- - 93?001,3Q--, .--- -------------- 





Figure 6.2-43. - Cantinued 
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Figure 6.2-41. - Concluded 

4.C. IhVERTER SET Z H1S AM OVERlLL EFF IC IENCV OF - 7 6 5 0  
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Figure 6.2-42. - Continued 
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Figure 6.2-43. - Continued 
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Figure 6.2-44. - Concluded 
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Figure 6.2-45. - Continued 
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Figure 6.2-45. - Continued 
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Figure 6.3-3. - Continued 



















Figure 6.3-1. - Continued 
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0 5 1 6 3 2  SGSC MR2 l A l 6 4 l - 1 6 0 %  23.74 4  8  0 2  - -  .- 8 5 4  .f ----- ---- 3-&Sf-+R+lA165)-1au&-- - - -106 59 -- -- - - - - - - -48. - - - -Li2- -  - - -.-- --.-- 
P 5 1 6 4 2  SGSC MR2 ( 6 1 6 5 ) - 1 0 0 %  39:57 4  8  0 2  
0 5 1 6 5 1  SGSC MR2 l L 1 6 9 ) - 1 0 0 %  7 2  -98  4  8  0  2 
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500802 RESVOIR =2 VOL SNSR 1.83 0 1 
50080 3 RESVOIR = 3  YO 1.83 215 218 0 1  
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Figure 6.4-12.- Vehicle configuration a t  1 day 14 hours (middle of sleep) 
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Figure 6.4-33.- Vehicle configuration a t  3 day 23 hours 15 minutes 
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Figure  6.4-14.- Vehicle conf igurat ion a t  2 days I minute 4 seconds (Deorbi t  TIG-5 hours 30 minutes) 
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Figure 6.4-35.- Vehicle configuration a t  2 days 1 hour 31 minutes 4 seconds (Deorbit TIG-4 hours) 

, - ----- - - "  - -  ..-- *-- -. -* -- - - .-.. -*.- - --.--- 

- ---- --.-- DUE TO PROGRLH C O N S T R I I N T S .  COMPONENTS HAVING H U L T I P L E  
-+BDES.-CkRRy-+HE-ff.ftE-OF -THE-f I R S F L l S T E O - M O D E .  - ------------- -- -- ------- 

EQUIPWEN1 L H I C H  I S  USE0 I N  MORE THAN ONE MODE i s  
I D E N T I f I E O  O Y  AN ASTERISK I * )  F O L L O Y I I I G  THE POYER L E V E L .  

ORBITER INVERTERS AND M A I N  D I S T Q I B U T I O N  ASSEI IBLIES ARE 

- -- .-- INCLUOED I N  THE SEPS PROGRAW E P S  MOOEL AND U I L L  NOT 
h P P & & & w , I &  - F J ~ E ~ ~ ~ S ~ J N G ,  .- ---- -- -- --------- ----- -. -----. -- -- ---- 



Figure 6.4-15. - Continued 
_ _ __  __. _ - -. _--- - - -  







,s;r~L
 PAG

E IS 
744 

OF POOR Q
UAUTY 



Figure 6.4-15. - Continued _ _ . * _  __I._I_______l__._________ - -  _ - _ _ I I . _ _  -- - ----- - 



Figure 6.4-35. - Continued 
- - . - - _---._---.--_----_--__-.-- ----- . . . -  - . - - -  -. _..----- ----_--...-- 



Figure 6.4-15. - Continued 
---- -- 







Figure 6.4-15. - Continued 





4 . j .: i I 

w
 

:
:

 
P

 
'

*
 

* 
,

*
 

C
'

 
u
lo

 
' 

W
Z

 ' 
+. J
J
 

1 
m

J
 . 

T
k
 I . 

W
I
 I . 

u
l 

1
.

 
"
3
0
 

I 
<
z
 1 . 

2
' 

; 
o
a
 

~
4

:
 

1 :
 

3
0
 / 

a
x

., 
C

.
 

E:! 
:
 

4
w

 ; 
- oc

u
 . 

*
a
 

z
a
c
( 

W
W

W
 

C
X

 
t . 

a
e

w
 . 

U
=

i
*

 
I
r
z
q

 
zl- 

I 
-

a
*

 
0
;
 . 

;Ed 
:
 

C
1
4
 

0
 

0
-
 







b P;j 

8s at- 



Figure 6.4-16. - Continued 
I . - - -- - _ _- - - - 



. i 
I
D

;
 

.-I 
8 

&
 

I I 

ID
 



Figure 6.8-16. - Cont i~ued 
--.- - - ---- - - -- - -- ---.- --,._-- _- -- - -  -_.- 



Figure 6.4-36. - Continued 
- - - - -- - - - - - . - --- -----.----- 



L .  

i 

I 
i Figure 6.4-16. - Continued 
I ______ _ _ _ _ _  ._______---- --------- 





Figure 6.4-16. - Continued 
- . _ - - _ - . - - - - -- - __I__-__ -_-- - ----- - -  . ---- . ------- *.-- ----.- - ---- .-- 



Figure 6.4-16. - Continued 
.- . - --  . ----. - . - +  





Figure 6.4-17.- Vehicle configuration at 2 days 5 hours 59 minutes 14 seconds (Entry Interface) 
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