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NRA Trades
[Cane 16 16 17 18 19 20 21 22 24 25 28
2A-1 CS- 2A-3 W-
Contiguration 14 2A-2 2A-3 11 2B-1 28-1-OTFS JA-1 3A-2 4A-1 4A-2 3AIM
WEIGHTS (Ib)
AIRFRAME 1?3.470F 121,776} 127,288 132,031 138,382 143,783 118,788 124,031 126,137 134,308 123,088
* Control Surfaces Str 30,799 20,072 31,620 34,828 30,373 31,401 “.lﬁﬂJ 30,334 7,018 20,032 30,107
wing ste 23,742 21,874 24,420 27,145 22,878 23,653 20,576 21,216 20,605 21,430 21,120
tail str 5,407 5,451 5,601 5,751 5,838 6,035 5,321 5,487 5619 5,844 5,462
canard 0 0 0 0 0 0 2,012 2,074 0 0 2,085
body Hlap 1,580 1,547 1,580 1,632 1,857 1,713 1,510 1,557 1,595 1,659 1,550
Speed Brake 0 0 0 0 0 0 0 0 0 0 [
* Primaty Structure 57,961 58,720 59,692 62,039 70,374 72,009 85,086( 01,354 82,628 69,004 58,154
Forward Fuselage 1,635 1,621 1,666 1,710 1,738 1,795 1,605 1,655 2,196 2,284 1,647
Payload Section 12,197 12,009 12,748 13,072 13,408} 13.838# 791 8,144 15,072 14,241 8,108
PAL prov 3,782 3,782 3,782 3,782 3,782 3,782 3,472 3,472 4,712 4712 3,472
Lh2 Tank 11,337 12,507 10,184 11,064 8,804 9,253 10,141 13,421 12,965 17,622 8,718
02 tank 10,817 10,703 11,071 11,441 11,855 12,147 15,176 15,770 13,978 14,677 13,424
RP tank 1,431 1,416 1,485 1514 1,542 1,607 1,703 1.770 1471 1.544 1,760
Outer Shell {Non Int Lh2 Tan 0 0 0 0 9,790 10,121 0 0 0 0 4,545
Body Fairings 4,428 4,390 5,044 6,103 4,898] 5,062 3,687 3,801 0 1,978 3,784
Cany Thru & Attach 3,438 3,407 3,501 3,595 3,649 3,772 3,328 3,430 3,741 3,653 3,414
Thrust Str 8,898 8,800 9,330 9,658 11,022 11,511 8,965 9,892 8,491 8,292 9,280
e TPS 31,218 30,708 32,421 31,031 31,920 35,689 30,528 30,314 32,132 2,179 32,399
ACC 3,238 3,215 3,280 3,364 3,407 3,505 4,362 4477 3,299 3,410 4,459
AETB 4,052 5,895 6,032 5,645 8,134 5,955 6,079 68,238 5967 6,169 6,214
AFRSI 11,608 1,772 12,154 12,134 12,362 10,652 10,506 10,853 11,156 11,527 11,336
TABI 7854 7.797 7.979 7,852 7.871 7.076 7,309 7,655 8,865 10,232 8,067
Carbon Silicone 849 0 0 0 0 8,385 0 0 0 0 0
Cryo insulation 2,918 2,027 2,967 3,038 2,153 2.216' 2,270 1,001 2,845 1,440 2,323
*Miscellansous 3,496 3,474 3,882 3,033, 3,879 3,784, 2,884 2,029 3,582 3,882 2018
purge & vent 1,194 1,188 1,213 1,241 1,257 1,293 1,162 1,192 1,217 1,258 1,188
Thermal Control 2,302 2,286 2,339 2,392 2,422 2,492 1,692 1.737 2,345 2,424 1,730
PROPULSION 79,240| 78,307 81,198 84,042 85,445 89,229 74,731 77,800 83,323 87,703 17,679
engines 48,102 47,571 49,204 51,028} 52,030 54,341 48,201 48,108 49,504 52,115 47,8620
Engine Fit Cont 5,760 5,606 5,803 8,110 6,230 8,507 5,632 5,760 5,928 6,241 5,726
prop and pres 16,474/ 18,202 18,882 17,476 17,675 18,356 14,452 15,048 18,718 10,704 16,208
OMS thrusters 3,018 2,988 3,080 3,104 3,255 3,393 2,904 3,018] 3,102 3,259 3,001
ACS 3,347 3,312 3,427 3,542 3.610 3,764 3221 3,347 3,440 3614 3,328
OMS tank 2,538 2,510 2,601 2,692 2,748 2,868| 2,421 2,521 2,632 2,771 2,506
SUBSYSTEMS 20,018 19,879 20,330 20,780 21,043 21,037 19,507 20,007 20,383 21,060 19,932
avionics 1,855 1,855 1,855 1,855 1,855 1,855 1,855 1,855 1,855 1,855 1,855
Env Cont - Active 1,449 1,441 1,466 1,490 1,504 1,536 1,420 1,447 1,469 1,505 1,443
Power Dist 3.281 3.263) 3319 3,375 3,406 3,478 3,215 3,277 3,326 3,409 3,268
Power Generation 1,318 1,311 1,333 1,355 1,368 1,397 1,201 1,316} 1,336 1,369 1,912
Mechanical Systems 3,815 3,596 3,658 3,719 3,753 ' 3,833 3,542 3,611 3,665 3,756 3,600
landing gear 8,361 8,273) 8,559 8,047 9,015 9,399 8,045 8,361 8,593 9,028 8,314
range safety 140 140 140 140 140 140 140 140 140 140 140
8UB TOTAL 222,734 220,021 228,811 237,054 242,840 284,629 N 3.023' 222,738 229,843 243,139 21,279
margin 33,410 33,003{ 34,322 35,648 36,426 38,194 31,953 33,411 34,476 36,474 33,192
EMPTY WEIGHT 286,144 283,024 263,133 273,302 279,268 202,824 244,877 250,349 264,310 279,633 284,471
Misc (Froet,Buoyancy eic) 1,347 1,347 1,347 1,347 1,070] 1,070 1,390 1,390 1,407 1,497 1,360
payload 26,000 26,000 25,000 26,000 26,000 25,000 ZS.WJ 25,000 25,000 26,000 25,000
DRY WEIGHT 202,491 7,31 200,480 290,840 308,338 318,804 271,387 202,839 200,018 308,130 280,881
propelant 2,822,000 2,593,108 2,887,065 2,781,684 2,638,307 2062419 2,618,400 2,822,248 2,608,430 2,840,776] 2,808,648
oLOW 2,004,500 2,072417 ?_"70,5‘8 3,081,233 3,141,783 3,201,313 2,789,787 2,004,788 2,080,248 3,148 905] 2887 800
K Patel D279/100 Rockwell Asrospace 3/9/05
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SC-1a-1 Certification Analysis
Optlon LO [Wght [RP [Wght |Inter- (Wght |LH2 |Wght Wing {Wght [Fairin{Wght Thrus(Wght [Aft  [Wght Wght | Total
tank tank tank Tank gs Skirt score
struct

1A-1 1.25/1.08] 1 |013| 1 ]085| 2 |094| O 0 1.991125[(033| 0| O 1 |061[125]018| 1| 0.5] 7.94
1A -2 1.25]/1.08] 1 |013[ 1 |085/1.75[111]| O 0 199/1.257033] 0| © 1 [061]125{018[ 1] 05| 8.01
1A-3 1 [1.02] 1 jo13} 1 1088| 2 [094] O 0 |14 )205/125|046| 0 | O 1 |067] 15014 1] 05| 8.73
1A-4 1 (102 1 |013] t 10881175111 ] O 0 14 [205(1.25|/046| O 0 1 [067] 1.5 ]0.14 1] 05| 8.79
1B-1 125|108} 1 |013| 1.2 |1088| 15094 | 1 |0.83 1991251033/ 0] © 1 {061[125/018] 1] 05| 8.51
2A1 1 [096] 1 |013) 1 [112| 25 (101| O 0 201|125/ 04 01 0 1 [o61] 1 |0147] 1] 05| 852
2A-2 1 {096) 1 [043] 1 |112]225/1.08| O 0 2011125/ 04| 01 O 1 |o61f 1 {047 1| 05| 842
2A-3 1 |o96| 1 (013 1 |115| 2 |088] O 0 |14 ([218]125]/053| 0| O 1 {067]1125]014| 1] 05| 9.05
2B-1 1 |o96| 1 |013]| 1.2 [1.15] 1 |073[{125/084]| 1 (196] 1 ]042|/ 0 O 1 |060[125)/031] 1 05| 8.11
3A-1 2 |137| 2 |016| 1.3 |060| 25 098] O 0 1 (193] 15]034| 1 |019] 1 [064]|1.25]|0.18 1| 0.5]10.28
3A-2 2 |137) 2 |016| 13 |060[225]1.25| O 0 1 {193]15]034| 1 |019] 1 [064]|1.25]|022 1] 0.510.70
4A-1 175121} 1 |0143] 1.2 [135] 25 |10t O 0 1 |183] 1 0 0 0 15 {080 0 |0.00 1] 0.5] 9.92
4A-2 175|121 1 |0143] 12 {135]225|1.22| 0 0 83| 1 |017| 0| O [ 13 (067 O {000 1 0.5/10.16
1A-1-Int-Opt11 | 1.25|1.08| 1 |013]| 13 |085] 2 (094 O 0 1991125/033] 01 0 1 [061[125}018( 1| 0.5/ 833
2A-1-Int-Opt 10 1 (096 1 (043} 14 [112]| 25 |1.01( O 0 201|125/ 04|01 O 1t |069[ 1 |031] 1| 0.5] 9.18
2A-1-Int-Opt 11 1 (098] 1 [013]| 1.3 (112] 25 |101| O 0 201/125/04 | 0] O 1 |069| 1 |O47] 1| 0.5 8.93
2A-1-Wng-Opt10{ 1 (096| 1 |013| 1 |112]| 25 [101) O o 14 12181125/ 04 [ O 0 1 |069] 1 |07 1] 05| 9.64
2A-1-Wng-Opt11| 1 |096( 1 |013]| 1 [112]| 25 [101| O 0 | 13}218]|125/04 | 0] O 1 069 1 {017] 1] 05! 942
2A-1-Wng-Opt12{ 1 [096] 1 |013} 1 |112]| 251101} O 0 1.5 (274|125 04 | O 0 1 |069| 1 |0.17 1| 0.5]10.70
2A-1-Tall-Opt 11 1 [096] 1 [043f 1 |112]| 251101} O 0 201[125| 0401 O 1 {069] 1 |017 | 1.3| 0.59| 8.87
2A-1-CS-Opt 11 1 Jo96| 1 {013} 1 |112( 25]101} O 0 |13 ]|204|125)04 |0} O 1 [069] 1 |0147]| 1] 05| 9.24
2A-1-CS-Opt 14 1 {096| 1 [013] 1 (112] 25 (101| O 0 | 15]|211(125(04 (0| O 1 [069] 1 (017] 1] 05| 9.75
2A3-WngOpti11| 1 [096| 1 [013] 1 [1.12]| 25 |101]| O 0 220|125/ 04 [ O 0 1 |069]| 1 |047 1| 05| 8.79
28-1-OTF5 1 Jo98| 1 |013] 1 |1.16] 25 |0.72]|1.25]| 0.84 196 1 j042| 0] O 1 [o60| 1 |031| 1] 05| 888
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SC-1a-3 Certification Demonstration testing
Option LO |Wght|RP |wgnt [inter-[Wght [LH2 [Wght [LH2 [Wght [Wing [Wght |Fairin(Wght |Can|Wght | Thrus Wght |Aft  [Wght |Tall {Wght [Total
tank tank tank Tank tank gs ard t Skint score
outer struct
shell

1A-1 124108} 1 [013; 1 |085]| 1.7 ]094]| O 0 1 199 1 {033] O 0 1.2 | 0.61 1 |0.18 1| 0.5] 7.65
1A -2 1241108} 1 |013| 1 [085] 1.7 |111| O 0 1 [199] 1 033} 0 0 12 {061 1 |0.18 1| 0.5] 7.94
1A-3 1 [1.02] 1t j013]| 1 (088} 1.7 (094]| O 0 1.2 |205( t [046]| O 0 12 1067] 1 [0.14 1] 0.5] 7.99
1A-4 1 |102}{ 1 |013] 1 (088] 17 |111]| O 0 12 |205] 1 |046]| 0 0 12 {067 1 |0.14 1| 0.5| 8.28
1B-1 124|1.08{ 1 {013} + |o88| 1 |094| 1 (083} 1 {199| 1 |033| 0 0 1.2 1061 1 |0.18 1] 05| 7.85
2A-1 1t |096] 1 10.13| 1 |1.12]225]|101| O 0 1 {201 1 04| 0 0 1.2 | 0.61 1 1047 1| 0.5| 8.29
2A-2 1 {096 1 |013| 1 |112]225|1.08] O 0 1 |20t 1 040 0 1.2 | 0.81 1 1047 1| 05| 8.45
2A-3 1 (096} t [013| 1 |1.15[225{088| O 0 13 (218 1 053] 0 0 12 {0687 1 1014 1| 0.5| 9.02
2B-1 1 096 1 |013| 1 |[1.15] 1 |073] 1.3 (084 1 196| 1 |042]| O 0 1.2 1060 1 |0.31 1| 05| 7.97
3A-1 1411137115016 | 1.5{060] 1.7 (098 O 0 1t [103| 1 |034] 101912 ]|064| 1 |018) 1| 05 864
3A-2 1411137|15]0168] 15[060| 1.7 | 125} O 0 1 [193] {1 034 1 [{019] 1.2 1064 1 |022 1| 0.5/ 9.14
4A-1 116|121} 1 [043] 2 |135] 1.7 |1.01] O 0 1 |1.83] 1 0 0 0 1 |080] 0 [0.00 1] 0.5] 9.08
4A-2 116 (121 1 013} 2 (135 1.7 {122]| O 0 11 /183 1 j017} O 0 1.2 |067| 0 |[0.00 1] 0.5] 9.79
1A-1-Int-Opt 11 124(108| 1 |013| 1 |095]| 1.7 {094]| O 0 1 199 1 (033 0 0 1.2 | 0.61 1 (0.18 1l 05| 7.75
2A-1-Int-Opt 10 1 |oe8| 1 [013| 1 [112]225]|1.01| O 0 1 [201] 1 041 0 0 1.2 |069] 1 |031 1| 0.5] 8.52
2A-1-Int-Opt 11 1 |oo8| 1 |013] 1 [112]225]1.01| O 0 1 (201] 1 04| 0 0 1.2 |069] 1 |0.17 1| 0.5 8.38
2A-1-Wng-Opt 10| 1 096| 1 ]013| 1 [1.12]225(101| © 0 13 {218] 1 04| 0 0 12 {069] 1 017 1] 0.5] 9.21
2A-1-Wng-Opt11|{ 1 |096]| 1 |013] 1 11.12/225)101] O 0 12 ]2148] 1 04| 0 0 12 {0698 1 |017 1] 05| 8.99
2A-1-Wng-Opt12| 1 |086| 1 [013] 1 |112]225;101| O 0 1.5 (274 1 041 0 0 12 (069 1 | 047 1| 0.5[10.48
2A-1-Tall-Opt 11 1 (098] 1+ {013] 1 [1.12]225]|1.01] O 0 1 [201] 1 04| 0 0 1.2 {069} 1 [0.17 1| 0.59| 8.47
2A-1-CS-Opt 11 1 |oe8]| 1 {013 1 [112]225]1.01| O 0 1 [204] 1 0410 0 1.2 1069 | 1 |0.17 1| 05| 8.41
2A-1-CS-Opt 14 1 [096| 1 1013| 1 j112]225]101] O 0 1 |21 1 040 0 121069 1 |017 1] 05| 8.48
2A-3-WngOpt11]| 1 1096 1 013 1 |112[225{101] O 0 1 |220] 1 04| 0 0 12 1069 1 {047 1| 0.5} 8.57
2B-1-OTF5 1 096| 1 |013| 1 (116 1 |072] 13 [0.84] 1 196| 1 (042]| O 0 1.2 |060] 1 [ 031 1| 0.5| 7.97
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1A Option Ranked Best For Verification Effort

1A-1]
1a-2]
1A-3]
1A-4]
1B-1]
2A-1]
2A-2]
2A-3]
2B-1]

Verification (Low Is Best)

3A-1]

Y

3A-2]

aA-1 [

Vi

aA-2 =

1A-1 - Int-Opt11]
2A-1 - Int-Opt10 |
2A-1 - Int-Opt11 [

Wt

2A-1 - Wg-Opt10

2A-1-Wg-Opt11 | ..

2A-1 - Wg-Opt12 [

2A-1 - TI-Opt11 [z

2A-1 - CS-Opt11 [
2A-1 - CS-Opt14 [ i

2A-3-Wg-Opt11 L

2B-1-OTF5 [ e

0.0

|

Analysis

Davelopment Testing
Demonstration Testing
Verification Inspection

0.5 1.0 1.5

2.0

1b. Verification Effort - (Qualitative evaluation) - The candidate vehicle options are rated according to the perceived
effort of analysis, development testing, demonstration testing, and inspection required for verification of
structure and TPS. Verification includes certification plus the addition of inspection to ascertain adherence of
the as-built vehicle to drawings and specifications.

Ranking (High Is Best)

2A-1 - CS-Opt14
2A-3 - Wg-Opt11

2B-1-OTF5 S RN S

0

Baslc Cont.
TPS Options

10

“ NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES I
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SC-1b Verification Ranking
Option 1a1 [Wght[1a2 |Wght (123 [Wght |1b1 |Wght |Gran
Total Total Total Inspe d

ction total

1A-1 1.00 [ 0.28 |1.00]{ 0.16 | 1.00 [ 0.36 | 1.05 | 0.20 { 1.01
1A -2 1.01 {1 0.2811.03| 0.18 | 1.04 | 0.36 | 1.09 | 0.20 | 1.04
1A-3 1.10 [ 0.28 |1.07] 0.18 [ 1.04 | 0.36 | 1.08 | 0.20 | 1.07
1A-4 1.4110.28 |[1.09/0.16 | 1.08 | 0.36 | 1.12 | 0.20 | 1.10
1B-1 1.07]0.28 {1.40] 0.16 | 1.03] 0.36 | 1.16 | 0.20 | 1.12
2A-1 1.07 [ 0.28 |1.25] 0.18 | 1.08 1 0.36 | 1.23 | 0.20 | 1.14
2A-2 1.08 | 0.28 11.27{ 0.16 [ 1.10| 0.36 | 1.24 | 0.20 | 1.15
2A-3 1.14 | 0.28 /1,13 0.16 | 1,18 0.36 | 1.24 1 0.20 | 1.17
2B-1 1.02 | 0.28 |1.3410.16 | 1.04 | 0.36 | 1.29 | 0.20 | 1.13
3A-1 1.29 | 0.28 |[246] 0.16 | 1.13]| 0.36 | 1.00| 0.20 | 1.38
3A-2 1.35|0.28 {2.67]{0.18 | 1.20 0.36 | 1.13 | 0.20 | 1.46
4A-1 1.25 { 0.28 {250 0.16 | 1.19] 0.36 | 1.29 | 0.20 | 1.44
4A-2 1.28 | 0.28 |2.62]0.16 { 1.28 ) 0.36 | 1.45| 0.20 | 1.53
1A-1-Int-Opt 11 | 1.05 | 0.28 {1.16] 0.16 | 1.01 { 0.36 | 1.06 | 0.20 | 1.08
2A-1-Int-Opt 10 | 1.18 [ 0.28 [1.43| 0.16 [ 1.11 | 0.36 | 1.26 | 0.20 | 1.21
2A-1-Int-Opt11 [ 1.12]0.28|1.43} 0.16 | 110036 | 1.24 | 0.20 | 1.19
2A-1-Wng-Opt 10| 1.21 | 0.28 | 1.61] 0.16 { 1.20 | 0.36 | 1.26 | 0.20 | 1.28
2A-1-Wng-Opt 11| 1.19 |/ 0.28 |1.61( 0.16 [ 1.18 | 0.38 | 1.26 | 0.20 | 1.27
2A-1-Wng-Opt 12| 1.35 | 0.28 [ 1.78] 0.16 | 1.37 | 0.36 { 1.34 | 0.20 | 1.42
2A-1-Tall-Opt 11 | 1.12 | 0.28 | 1.36| 0.16 [ 1.11 ] 0.36 | 1.25 | 0.20 | 1.18
2A-1-CS-Opt 11 [ 1.16 | 0.28 |1.26| 0.16 | 110 0.36 | 1.25 | 0.20 | 1.17
2A-1-CS-Opt14 | 1.23]0.28(1.27|0.16 | 1.11 | 036 | 1.28 | 0.20 | 1.20
2A-3-Wng-Opt 11| 1.11 | 0.28 | 1.62| 0.16 | 1.12 ] 0.36 | 1.27 | 0.20 | 1.23
2B-1-OTF5 1.12 10281132} 0.16| 1.04 | 0.36 | 1.29 | 0.20 | 1.16
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SC-1¢-1 Producibility - Major Structure Assemblies
Option LO [Wght [RP [Wght [Inter- [Wght [LH2 |Wght |LH2 Woht [Wing [Wght [Falrin[Wght | Can|Wght | Thrus|Wght Aft  |Wght |Tall |Wght | Total
tank tank tank Tank tank gs ard t Skirt score
outer struct
shell

1A-1 1 |108] 1 |013] 1 [085]| 25 (094]| O 0 1 [199] 1 |o33| 0] O 1 |o61] 1 [018] 1] 0.5 8.02
1A -2 1 (108! 1 |013| 1 (085 2 |111] O 0 1 |[199] 1 |033|] 0] O 1 |oet| 1 |018] 1| 0.5 7.89
1A-3 1 |102} 1 |043] 1 |o088| 25094 O 0 | 13]205{ 1 |046) 0| O 1 |o67}f 1 |o0.44] 1} 05 8.81
1A-4 1 102] 1 {o013] 1 |o88] 2 [111] O 0 13]205] t (046 O 0 1t |067] 1 [0.14 1| 0.5| 8.68
1B-1 1 108| 1 {013] 1 |o88| 15]094| 1.3 (083 1 [199] 1 033] 0 0 1 |0.61 1 |0.18 1] 0.5/ 8.19
2A-1 131098| 1 |013] 1 [192] 3 101 O 0 1 |201] 1 (04 ] 0] O 1 {o6t| 1 l047| 1] 05] 9.21
2A-2 13l098| 1 |013]| 1 |1.42] 25 (1.08| O 0 1 {201 1 040} 0 t jos61| 1 |047] 1| 05| 8.88
2A-3 13 |oes| 1+ [013] 1 |1145] 25 (088 O 0 |]13]218) 1 |053] 0] O 1 {067] 1 [014] 1| 0.5] 9.40
2B-1 13]1096| 1 |013] 1 |115] 15]073| 1 |084] 1 |1.96 1 1042} 0 0 1 |o60] 1 |031 1] 0.5| 8.25
3A-1 2 |137| 2 (018]| 1.2 |060| 15 (098] O 0 1 193] 1 [034) 1 |019]| 1 jo64| 1 |0.18 1| 05| 9.03
3A-2 2 137! 2 {018) 1.2 }060| 1 [125]| O 0 1 [103] 1t [034] 1 |019] 1 (064 1 J0O22]| 1| 05] 8.85
4A-1 2 |1291} 1]013] 12 ]135| 15101 O 0 1 /183 O o |[ol o |13]0os80] O [000] 1| 05 9.05
4A-2 2 |121| 1 [013]| 13 |135] 1 (122 O o | 111183l 05|017] 0] 0o {11 ]067] O |000| 1] 05| 8.86
1A-1-Int-Opt 11 1 {108 1 |043] 1.4 [095| 25 094 O 0 1 |199] 1 |033| 0] O 1 {o61| 1 (048] 1| 05| 850
2A-1-Int-Opt 10 13 /098! 1 [013] 18 }112] 3 [101] O 0 1 |20 1 o4 0| O 1 o698} 1 |03 1] 0.5{10.10
2A-1-Int-Opt 11 13 |0o96| 1 013} 14 |112| 3 |101] O 0 1 (201] 1 04101 O 1t (o069] 1 j0147] 1} 05| 9.74
2A-1-Wng-Opt10| 13 |098| 1 |013| 1 |1.12 3 [101] O 0 |186[218] 1+ [04 0| O 1 |os69| v jo.i47] 1] 05]1077
2A-1-Wng-Opt11| 13 |0968| 1 |013[ 1 (112} 3 |101| O 0 {14 }218| 1 04 0] O 1 (069] 1 047! 4| 0.5]10.33
2A-1-Wng-Opt 12| 1.3 098] 1 |0.13] 1 1421 3 |101] O 0 2 [274] 1 041 0] O 1 {069] 1 [017] 1] 0.5(12.76
2A-1-Tall-Opt11 | 1.3 096} 1 |013| 1 [112] 3 [101] O 0 1 |201] 1 04| 0] O 1 {069] 1 |0.47( 1.2 059 9.50
2A-1-CS-Opt11 | 1.3 (098] 1 |013] 1 [1.12] 3 |1.01 0 0 | 12(204] 1 04|/ 0] 0 1 |o69| 1 |017! 1| 05| 9.73
2A-1-CS-Opt14 | 1.3 [096]| 1 |0.43] 1 [1.12] 3 |1.01 0 0 |15{211]| 1 04|/ 0] O 1 {oe9| 1 {017 1] 0.5/10.45
2A-3-WngOpt11]| 13 |098| 1 |013]| 1 1421 3 j101] O 0 |14]220] 1 (04, 0] O 1 |069| 1 |047] 1] 05]10.36
2B-1-OTF5 13 looe| 1 [013] 1 [118| 15 ]072| 13 |084]| t |196]| 1 [042]| 0| O 1 (060) 1 [0.31 1| 05| 8.49
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SC-1¢ Producibility Ranking

Option 1c1 [Wght [1c 2 |Wght |Gran
Total Total d

total

score

1A-1 1.02 [ 0.70}1.03| 0.30 | 1.02
1A -2 1.00 | 0.70 | 1.03{ 0.30 | 1.01
1A-3 1.1210.70 |1.00| 0.30 | 1.08
1A-4 1.10 | 0.70 | 1.00] 0.30 | 1.07
1B8-1 1.04 | 0.70 |1.09] 0.30 | 1.05
2A-1 1.17|0.70 ({1.20] 0.30 | 1.18
2A-2 1.130.70 |{1.20] 0.30 | 1.15
2A-3 1.190.701.16| 0.30 | 1.18
28-1 1.05{ 0.70 ]1.26] 0.30 | 1.11
3A-1 1.14 ] 0.70 | 1.81{ 0.30 | 1.34
3A-2 1.12[0.70 | 1.81} 0.30 | 1.33
4A-1 1.45] 0.70 | 1.65! 0.30 | 1.30
4A-2 112 (0.70|1.65| 0.30 | 1.28
1A-1-It-Opt10 | 1.08 | 0.70 ] 1.03] 0.30 | 1.06
2A-1-Im-Opt 10 | 1.28 | 0.70 | 1.20| 0.30 | 1.26
2A-1-Int-Opt 11 1.23{0.70 ]1.20] 0.30 | 1.22
2A-1-Wng-Opt 10| 1.37 [ 0.70 | 1.20| 0.30 | 1.32
2A-1-Wng-Opt 11} 1.31 | 0.70 ;1 1.20] 0.30 | 1.28
2A-1-Wng-Opt 12] 1.62 | 0.70 | 1.20§ 0.30 | 1.49
2A-1-Tall-Opt 11 | 1.20 | 0.70 [ 1.20] 0.30 | 1,20
2A-1-CS-Opt 11 | 1.23 | 0.70 | 1.20{ 0.30 | 1.22
2A-1-CS-Opt14 | 1.32 ] 0.70 [1.20{ 0.30 | 1.29
2A-3-Wng-Opt 11| 1.31 ] 0.70 | 1.20| 0.30 | 1.28
2B-1-OTFS 1.08 { 0.70 | 1.26| 0.30 [ 1.13
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DESIGN AND PRODUCTION COMPLEXITY - IHM Effort

The candidate vehicle options are rated according to the perceived effort of development and installation of IHM.. For example,
stringer skin constructions have a limited number of components (skin and TPS layers). However, the complexity of the design will
cause more intensive instrumentation to monitor, more intensive inspections and more intensive maintenance. This category is assessed
on the surface are that these structures (tanks) will cover. The rationale being that the more surface area the structure has of a
particularly difficult design the more difficult the structure will be to inspect, monitor and maintain. The critical features of these
designs were considered to be stringer/skin designs, non-integrated designs and material selections.

In general, the design and production complexity - IHM effort was based on several assumptions. These assumptions reflect the
difficultics of inspection and instrumentation of the design configurations during the fabrication process, in-flight monitoring and post-
flight testing as applied to design and materials selections. This assessment of the different design configurations of SSTO is based on
several general assumptions. These assumptions reflect the difficulties of inspection and instrumentation of the design configurations
during the three phases of the vehicles life: 1) Fabrication, 2) Post-flight testing and 3) IHM instrumentation as applied to design and
materials selections.

Design Assumptions

Several design considerations affect the ability of the structure to be inspected. Primary design considerations include the complexity of
the design, the surface area to be inspected, the number of fracture critical components and the number of components to be inspected
of instrumented.

Complexity of design

Inherently, simple designs tend to be better suited to inspection and instrumentation than do complex designs. The more complex
designs, such as skin and stringer designs have a bend and protrusions that limit accessibility to hardware, inspection techniques,
implementation and interpretation. It was also assumed that a more complex design may also require fabrication of specific tooling to
facilitate inspection.

Surface Area

Since the NDI technologies to be employed by IHM/NDI are dependent on the area of coverage (rather than on the thickness of the
hardware), larger surface areas would be more difficult to inspect and instrument. This implies that the elongated and multiple tank
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The critical feature factor of stringer design evaluation as applied to in-flight IHM monitoring indicated that This configuration has a
greater number of critical points of instrumentation. The bond lines and corners associated with the stringer stiffcners are stress
concentration points that would require a concentrated level of instrumentation. It is considered that the acoustic emission transducers
would be concentrated along the stringers and that the configuration complexity would make the signals more difficult to interpret. A
correction factor of 3.0 was applied to the stringer designs to compensate for these difficultics

The critical feature factor of stringer design evaluation as applied to post-flight inspections indicated that due to the tight bend radius
would be difficult to evaluate using NDI techniques. Current laser based ultrasonics only allow for 30 degree angle from the inspection
plane. This indicates that complex tooling would be required for inspection. This configuration has a greater number of critical points
of interest. The bond lines and corners are stress concentration points that would require a concentrated level of inspection. A
correction factor of 3.75 was applied to the stringer designs to compensate for these difficulties.

Critical feature factor of non integral designs

The critical feature factor of non integral design evaluation as applied to the fabrication processes indicated that these designs have
multiple skins that would require multiple inspections prior to installation. This design also increases the number of bond lines. In
addition it was considered that a structure would have to support the internal tank that would increase the number of critical inspection
points. A correction factor of 2.0 was applied to non integral designs to compensate for these difficulties.

The critical feature factor of non integral design evaluation as applied to in flight IHM monitoring indicated that these designs have
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and a support
structure for the internal tank that would increase the number of critical instumentation points. A correction factor of 2.0 was applied
to non integral designs to compensate for these difficulties.

The critical feature factor of non integral design evaluation as applied to post flight inspections indicated that these designs have
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and adds a
support structure for the internal tank that would increase the number of critical inspection points. A correction factor of 2.0 was
applied to non integral designs to compensate for these difficulties.

Critical feature factor of designs which utilize ceramic composites

The critical feature factor of designs that utilize ceramic composites as applied to fabrication inspections indicated that there has been
limited application of NDI techniques applied to ceramic composites. This indicated that inspection of this material may require
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Critical feature factor of designs which utilize a mechanical TPS attachment

The critical feature factor of designs that utilize a mechanical attachment as applied to fabrication inspections indicated that there would
be additional difficulties associated with this design. This indicated that inspection of this material may require advanced techniques or
development of techniques to inspect the mechanical attachments and the gaps. Therefore a correction factor of 2.0 for designs with
mechanical attachments.

The critical feature factor of designs that utilize a mechanical attachment as applied to fabrication inspections indicated that there would
be additional difficulties associated with in flight IHM monitoring. NDI techniques may have to be concentrated to adequately monitor
the mechanical attachments. In addition it is suspected that the attachments may not adequately transfer an acoustic signal from the
panel to the base. This may require advanced techniques or development of techniques. It is also expected that if these techniques
cannot be developed, then the outer panels may not be monitored during flight. Therefore a correction factor of 2.0 for designs with
mechanical attachments was applied.

The critical feature factor of designs that utilize mechanical attachments as applied to post flight inspections indicated that there may be
additional difficulties associated with post flight inspections. This indicated that inspection of this material may require advanced
techniques, development of techniques and concentrated inspections. A correction factor of 2.0 was applicd to designs with mechanical
attachments to compensate for these difficulties.

Trade study process

The trade study consisted of a composite score for each of the design configurations for cach of the three phases of the vehicles life (in
fabrication inspection, post flight inspection and in flight inspection). The composite score for each of these categories is based on
composite structure configuration, fracture critical areas, general surface areas as applied to each component of each configuration for
fabrication, post flight inspections and in flight monitoring. The score represents the relative difficulty level in inspecting each
component. The three parts of the composite score (fabrication, in-flight IHM and post-flight inspection) are weighted equally for the
scope of this investigation. The scores are then converted to a 1 to 10 approximation based on 10 being the highest composite score.

The composite scores were based on several assumptions related to the design configurations. The following general and critical areas
of inspections were derived from simplified tank structures. It was assumed that the critical areas of inspection only included the area
up to the splice, not to the frame. The critical areas were doubled to account for a more intensive inspection or instrumentations. The
wing attachment points were scored according to the wing attachment area. Due to the similarities between designs, the wing, nose,
canard, payload canister areas are not included in this investigation.
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Table 2. Number of variables and applied difficulty factor
Sub total

Trade No. of No. of
Option skins TPS layers
1 1 2

2 2 2

5 4 3

7 4 3

8 1 2

9 2 2

10 2 2

11 2 2

12 1 |

13 1 1

14 1 1
Table 3. Critical Feature Factors
Design deficiency Fabrication
Sandwich structure 1.0
Stringer design 2.0

non integral design 2.0
ceramic materials* 1.5

AFRI or TABI 1.0
Mechanical Attack 2.0

*Blackglas Option 14

NP LAE LB AW B W

IHM
1.0
3.0
2.0
1.0
1.0
2.0

Fabricatio
n Critical
features
factor

2.0
1.0
4.0
4.0
2.0
1.0
2.0
1.0
4.0
2.0
8.0

IHM in- Post-flight

flight Critical
Critical Feature
Feature factor
Factor
3.0 3.75
1.0 2.0
4.0 4.0
4.0 4.0
3.0 3.75
1.0 2.0
2.0 2.0
1.0 2.0
6.0 5.0
3.0 3.75
6.0 10.0

Post-flight

1.0

3.75

2.0

2.0 .

1.5

2.0
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DESIGN1D.XLS
CONFIG CRITICAL [LH2 LH2 CRITICAL [LO2 LO2 RP CRITICAL [WING __|[WING __ [TOTALS [RATING
FEATURE |GENERAL|CRITICAL [FEATURE |GENERAL|CRITICAL |GENERAL |[FEATURE |[GENERAL[ATTACH
FACTOR |AREA |AREA _ |FACTOR |AREA _ |AREA __ |AREA  |FACTOR [AREA  |FACTOR
6940 1228 4565 844 1593 4705 4705
1A-1 FAB 6] 41640 7368 6] 27390 5064 9558 4] 18820]  56460] 166300
IHM 9] 62460] 11052 9| 41085 7506| 14337 4] 18820|  56460] 211810
POST 11.25] 78075 13815 11.25| 51356.25 9495| 17921.25 8]  37640] 56460 264762.5
| . 1 1 ] N 642872.5| 6.941322
6940 1228 4565 844 1593 4705 4705
1A-2 FAB 4] 27760 4912 6| 27390 5064 9558 4| 18820] 56460] 149964
IHM 4] 27760 4912 9| 41085 7596] 14337 4] 18820] _ 56460] 170970
POST 8| 55520 96824 11.25| 51356.25 9495 17921.25 8| 37640| 56460| 238216.5
559150.5| 7.980651
6940 1228 4565 844 1593 4705 4705
1A-3 FAB 6| 41640] 7368 6] 27390 5064 9558| 4| 18820 18820 128660
IHM 9| 2460 11052 9| 41085 7596] 14337 4| "1es20] 18820{ 174170
POST 11.25] 78075 13815 11.25] 51356.25 9495 17921.25 8] 37640]  18820| 227122.5
520952,5| 8.420349
6940 1228 4565 844 1593 4705 4705
1A-4 FAB 4| 27760 4912 6| 27390 5064 9558 4] 18820] 18820] 112324
IHM 4| 27760 4912 9| 41085 7596] 14337 4] 18820] _ 18820| 133330
POST 8] 55520 9824 11.25| 51356.25 9495| 17921.25 8| 37640]  18828| 200584.5
446238.5 10
6940 1228 4565 844 1593 4705 4705
1B-1 FAB 28] 194320] 34384 6| 27390 5064 9558 4] 18B20] 56460] 345996
iHM 28] 194320] 34384 9| 41085 7596] 14337 4] 18820] 56460| 367002
POST 28| 104320 34384 11.25] 51356.25 9495 17921.25 8| 37640|  56460| 401576.5
1114575 4.003667
6509 1408 4805 554 1593 4705 4705
2A-1 FAB 6] 39054 8448 6] 28830 3324 9558 4| 18820] 56460] 164494
IHM o| 58881 12672 9| 43245 4986] 14337 4| 18820|  56460| 209101
POST 11.25| 73226.25] 15840 11.25] 54056.25]  6232.5] 17921.25 8| 37640|  56460| 261376.3
634971.3| 7.027696
6509 1408 4805 554 1593 4705 4705
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DESIGN1D.XLS

7214 834 3002 810 1593 4705 4705
4A-2 FAB 4 28856 3336 6 18012 4860 9558 4 18820 56460 139902
[HM 4 28856 3336 9 27018 7290 14337 4 18820 56460| 156117
POST 8 57712 6672 11.25! 33772.5 9112.5| 17921.25 8 37640 56460| 219290.3
515309.3| 8.659625
6940 1228 4565 844 1593 4705 4705
1A-1 FAB 6 41640 7368 6 27390 5064 9558 4 18820 56460/ 166300
INT 11 IHM 9 62460 11052 9 41085 7596 14337 4 18820 56460 211810
POST 11.25 78075 13815 11.25] 51356.25 9495| 17921.25 8 37640 56460| 264762.5
642872.5| 6.941322
B - ) 6509 1408 4805 554 1593 4705 4705
2A-1 FAB 6 39054 8448 6 28830 3324 9558 4 18820 56460 164494
INT 10 IHM 9 58581 12672 9 43245 4986 14337 4 18820 56460| 209101
POST 11.25| 73226.25 15840 11.25| 54056.25 6232.5| 17921.25 8 37640 56460| 261376.3
634971.3| 7.027696
6509 1408 4805 554 1593 4705 4705
2A-1 FAB 6 39054 8448 6 28830 3324 9558 4 18820 56460] 164494
INT 11 tHM 9 58581 12672 9 43245 4986 14337 4 18820 56460 209101
POST 11.25]| 73226.25 15840 11.25| 54056.25 6232.5| 17921.25 8 37640 56460| 261376.3
634971.3| 7.027696
6509 1408 4805 554 1593 4705 4705
2A-1 FAB 6 39054 8448 6 28830 3324 9558 8 37640 56460| 183314
WG 10 IHM 9 58581 12672 9 43245 4986 14337 8 37640 56460| 227921
POST 11.25] 73226.25 15840 11.25] 54056.25 6232.5] 17921.25 16 75280 56460] 299016.3
710251.3| 6.282826
6509 1408 4805 554 1593 4705 4705
2A-1 FAB 6 39054 8448 6 28830 3324 9558 4 18820 56460 164494
WG 11 IHM 9 58581 12672 9 43245 4986 14337 4 18820 56460| 209101
POST 11.25( 73226.25 15840 11.25| 54056.25 6232.5| 17921.25 8 37640 56460| 261376.3
634971.3| 7.027696
6509 1408 4805 554 1593 4705 4705
2A-1 FAB 6 39054 8448 6 28830 3324 9558 8 37640 56460| 183314
WG 12 {HM 9 58581 12672 9 43245 4986 14337 12 56460 56460| 246741
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1A-1 And 1A-1 Intertank Options Have Lowest

Primary Structure Weights

SSTO

2a. Primary structure weight- (Quantitative evaluation) - The candidate vehicle options are rated according to the

determined total structure weight.

Structure Weight (Low Is Best)
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1A-4]

1B-1]

2A-1 1
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2A-1 - CS-Opt11 |
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2A-3-Wg-Opt11 [
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2b. TPS weight - (Quantitative evaluation) - The candidate vehicle options are rated according to the determined

1A-1]
1A-2]
1A-3]
1A-4]
1B-1]
2A-1 |
2A-2 [
2A-3 |
281 [
3A-1 [
3A-2 [
4A-1 ]

4A-2

1A-1-Int-Opt11 |
2A-1 - Int-Opi10 |
2A-1 - Int-Opti1 |
2A-1-Wg-Opt10 |
2A-1-Wg-Optit |
2A-1-Wg-Opt12 |
2A-1 - TI-Opt11 |-

2A-1 - CS-Opt11

total TPS structure weight.

TPS Weight (Low Is Best) Ranking (High Is Best)
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] 1A-2

] 1A-3

] 1A-4

1B-1
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)

3A-2

L_J

4A-1

4A-2 1 Tps

1A-1 - Int-Opt11 @mm| Optlons

o O H H H M

] 2A-1 - Int-Opt10

2A-1 - Int-Opt11

2A-1-Wg-Opt10

2A-1 - Wg-Opt11

-

2A-1 - Wg-Opt12

2A-1 - TI-Opt11

2A-1 - CS-Opt11

"HHHHHHHH

2A-1 - CS-Opti4 [ - ) 2A-1 - CS-Opt14
2A-3-Wg-Opt11 [ iy : ] 2A-3 - Wg-Opttt
2B-1-OTFb5 ' ‘ ; ] 2B-1-OTFS B
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1A-1 And 1A-1 Intertank Options Have Lowest

Vehicle Dry Weights

SSTO

2c. Total dry weight - (Quantitative evaluation) - The candidate vehicle options are rated according to the

determined total Vehicle dry weight .

Total Dry Weight(Low Is Best)

1A-1]

1A-1

1A2]

1A-2

1A-3

1A-3

1A-4 ]

)
]
] 1A-4

] 1B-1

1B-1 |

2A-1

] 2A-1

2A-2 [

] 2A-2

2A-3 |

] 2A-3

] 2B-1

28-1 [

3A-1 [

J 3A-1

3A-2 |

] 3A-2

4A-1 ]

1 4A-1

] 4A-2

aA-2 |

1A-1 - It-Opt11 [

1A-1 - Int-Opt11

2A-1 - Int-Opt10 |

2A-1 - Int-Opt10

2A-1 - Int-Opt11 |

] 2A-1 - Int-Opt11

2A-1- Wg-Opt10 |

] 2A-1 - Wg-Opt10

2A-1 - Wg-Opt11 [

HHHHHHHHHHHHHHHHHH

] 2A-1 - Wg-Opti1

2A-1 - Wg-Opt12 |

J 2A-1-Wg-Opti12

2A-1 - T1-Opt11 |

HUUHHHHHHEHHHHHHHEHHH

] 2A-1 - TI-Opt11

-

2A-1 - CS-Opt11 [
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2A-1-CS-Opt14 [ —

2A-3- Wg-Opti1 L

= 2A-1 - CS-Opt14

2A-3 - Wg-Opti1
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- HHH
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T T

100 K

200 K
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1A-1 And 1A-1 Intertank Opt

)

ions Have Lowest

Vehicle Gross Fueled Weights

SSTO

1A-1
1A-2

1A-3]
1A-4

1B-1

2A-1]

2A-2[

2A-3]

2B-1 |

3A1[

3A-2

4A-11

4A-2 |

1A-1 - Int-Opti1t

2A-1 - Int-Opt10 4

2A-1 - Int-Opti1 L

2A-1 - Wg-Opt10 L

2A-1 - Wg-Opti1}

2A-1 - Wg-Opl12 L —

2A-1 - TI-Optt1 I—
2A-1 - CS-Opt11 f=—

2A-1 - CS-Opt14 -

2A-3- Wg-Opt11 1=

2B-1-OTF5 }=

oK

Total Dry Welght(Low Is Best)
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2000 K
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2A-2

2A-3

28-1

3A-1

3A-2

4A-1

4A-2

1A-1 - Int-Opt11

2A-1 - Int-Opl10

2A-1 - Im-Opt 11

2A-1 - Wg-Opt10
2A-1 - Wg-Oplt1

2A-1-Wg-Opt12

2A-1 - TI-Opt11
2A-1 - CS-Opt11
2A-1 - CS-Opti4
2A-3 - Wg-Optit

2B-1-OTF5

3a. Gross fueled weight sensitivity - Quantitative Evaluation - The candidate vehicle options are rated according to
the determined gross vehicle weight.

Ranking (High Is Best)
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1A, 2A, And 2B Options Ranked Best For Lowest
Number of Feed Line Tank Penetrations

SSTO

4a. Number of feed line tank penetrations - (Quantitative evaluation) - The candidate vehicle options are compared
on the basis of the number of penetrations required for the propellant feed system. Included in this comparison

Number Of Line Penetrations (Low Is Best)

1A-1

1A-2]
1A-3[
1A-4]
1B-1
2A-1]
2A-2[
2A-3[
2B-1]
3A-1[
3A-2
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an-2[
1A-1-Int-Opt11]
2A-1 - Int-Opt10]
2A-1 - Int-Opti1 |
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2A-1- Wg-Opt12]
2A-1 - TI-opti1 =
2A-1 - CS-Opt11[=
2A-1 - CS-Opt14 [
2A-3- Wg-Opt11[—
2B-1-OTF5 [

is whether internal or external sumps are required, and if so how many.

|
|
L
1
]
)
I
AR
I
)| X
—
| A\
l 1
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: JJ — [] L Tank
T 1 _ . RP-1 Tank
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{ .
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L Ll T
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1A-1 - Int-Opt11
2A-1 - Int-Opt10
2A-1 - Int-Opt 11
2A-1- Wg-Opt10
2A-1 - Wg-Opti1
2A-1 - Wg-Opti2
2A-1 - TI-Optit

2A-1 - CS-Opti1
2A-1 - CS-Opt14
2A-3 - Wg-Opti1
2B-1-OTF5

Ranking (High Is Best)
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4A Options Ranked Worst - Largest Number of
Propellant Suction Lines

SSTO

4b. Number of propellant suction lines - (Quantitative evaluation) - The candidate vehicle options are compared on the
basis of the number of propellant suction lines ( similar in principle to that used on the STS-ET LH2 tank) which
penetrate the tank. The use of suction lines, though offering advantages in intertank length, results in additional
complexity feed system design and operational complexity due to the incorporation of high point bleeds.

. N AP-1Tank | 2A-1-Wg-Opt12]
2A-1- TI-Opt11]}
2A-1 - CS-Opt11 }

2A-1-Wg-Opti12 |
2A-1 - TI-Opt11 |
2A-1- CS-Opti1 [
2A-1 - CS-Opti4} 2A-1 - CS-Opt14
2A-3-Wg-Opit1 L 2A-3 - Wg-Optit
2B-1-OTF5 2B-1-OTF5

T ¥ T T

0 1 2 3 4 5 0 2 4 6 8 10
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- __
Propellant Suction Lines (Low Is Best) Ranking (High Is Best)
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2A-2 [ i 2A-2
2A-3 [ : 2A-3
2B-1[ : , 2B-1
3A-1 [ : 3A-1
3A-2 [ : 3A-2
4A-1} . I _ 4A-1 I Basic Configurations
4A-21 . AN\ 4A-2 TPS Options
1A-1 - Int-Opti1 | . 1A-1-Int-Opt11 §
2A-1 - Int-Opt10 [ : 2A-1 - Int-Opt10
2A-1 - Int-Opt11 [ . 2A-1 - It-Opt11
2A-1 - Wg-Opt10 [ l [L] Lo Tank 2A-1-Wg-Opt10f
2A-1 - Wg-Opt11 ] : [] H Tank 2A-1-Wg-Opt11 |
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4A Options Ranked Best For Ease Of Integrating
Propellant Slosh Baffles Within The Tank

SSTO

Ease Of Slosh Baffle Integration (Low Is Best)

1A-1
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1A-3 |

1A-4

1B-1 |
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2A-2 |
2A3 [
28-1 [
3A1 [
3a-2 [
4A-1 |
aA-2 |
1A-1 - Int-Opt11 |
2A-1-Int-Opt10 |
2A-1 - Int-Opt11 |
2A-1 - Wg-Opti0 |

2A-1 - Wg-Opt11

2A-1 -Wg-Opt12 [
2A-1-TI-Opt11 [
2A-1 - CS-Opt11 [=
2A-1 - CS-Optid [ =
2A-3 - Wg-Opti1 |

2B-1-OTF5

dc. Ease of integrating propellant slosh baffles within the tank - (Qualitative evaluation) - The candidate vehicle
options are rated according to the fabrication process and degree of difficulty associated with fabricating and
installing propellant slosh baffles to the inside tank walls.

Ranking (High Is Best)

]

]

L
1

1

) -

1
B
]
1
]

1A-1
1A-2
1A-3
1A-4
1B-1

2A-1

2A-2

2A-3

2B-1 il BasicContigurations

L
1
1
I
1
)
A
T
X
1

3A-1

uin

= 3A.D TPS Options

a8 »

;........-4-._-..

- H H-HHHHHHH

4A-1

4A-2

1A-1 - Int-Opt11

2A-1 - Int-Opt10

2A-1 - Int-Opti1

[] Lo Tank g:} ‘xggp::?
' -1-Wg-Op

[] RP-1 Tank 2A-1 -wg-Opuz

2A-1 - TI-Opt11

2A-1 - CS-Opti1

2A-1 - CS-Opt14

2A-3- Wg-Opt11

2B-1-OTF5

0

o f R BN e

3 4 0 2 4 6 8 10

H NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES I

44



ece [v o A §410-1-62
ez [+ o FA 1 Wo-Bum-e-ve
2z |1 0 2 ¥1 1dO-SD-1-Ve
ze |} 0 Zh 1 WO-SO-1-V2
eT [t 0 ci 11 WKO-HeL-1-ve
ze [v o e t do-Bum-i-ve
ez v o A 11 100-0um-1-ve
zz v o e o1 Wo-Bum-1-ve
ez | 0 Zi 11 WowI-1-v2
ze [v o N ot Wo-wi-1-ve
X0 ) A o} }o-wi-t-vi
2 v o b vy
G I vy
ee ¢ |o A Ve
2e |2 o 2t Ve
e [v |0 2 1-82
e [+ |0 F2 eve
e [+ o 2 Ve
e [+ o 2 Ve
gz v o A gt
2z (v o A =1
ez [1 o A eVl
ze v |0 A vl
e [ o Zl Vi
J00S
' )‘UB] juel

BlOL| dd| H1| welol uoido

uojieibalu| ojjjeq yso(s jJo ese3j -0

Xujew uopedyuey ¢g uel




Options 1B and 2B Ranked Best For Ease Of
Tank Cleaning

SSTO

4d. Ease of tank cleaning - (Qualitative evaluation) - The candidate vehicle options are rated according to the
complexity associated with cleaning the propellant tanks with non-freon based chemicals following both initial
tank fabrication, and subsequent maintenance activities within the tank.

Ease Of Tank Cleaning (Low Is Best) Ranking (High Is Best)
1A-1 ] 1A41
1A-2 1A-2
1A-3 [ 1A-3
1A-4 ] 1A-4
1B-1 ] 1B-1
2A-1 | 2A-1
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g’:; g/A\; [l BasicConfigurations
aA1T 4A-1 TPS Options
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2A-1-Wg-Opt12 [ _ d |
1 NN |RP-1 Tank

2A-1 - TI-Opt11 |
2A-1 - CS-Opti1 [
2A-1 - CS-Opt14 [T
2A-3 - Wg-Opt11 [
2B-1-OTF5
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2B-1-OTFs B 5
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2A And 2B Options Ranked Best For Highest %
Margin At Lift Off (Ascent Controllability)

SSTO

5a. Ascent controllability- (Quantitative evaluation) - The candidate vehicle options are compared on the basis of
ascent controllability provided by engine thrust vector control and vehicle characteristics.

Hanklng (High Is Best)
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Options 2 Ranked Best For Hypersonic
Controllability

5b. Hypersonic controllability- (Qualitative evaluation) - The candidate vehicle options are compared on the basis of
hypersonic controllability during entry.

Ranking (High Is Best)
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Options 2 Ranked Best For Subsonic
Controllability

5c. Subsonic controllability - (Qualitative evaluation) - The candidate vehicle options are compared on the basis of
subsonic controllability during entry.

Ranking (High Is Best)

1A-1
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2B8-1-OTF5 k

0 2 4 6 8 10

[l BasicContig.
TPS Options

I NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES

52



£¢

Controllability Rankings

R . Rankings
. . Hypersonic Subsonic
Con(f)ngtt:(r)a:luon ConAtrsoclf:t:ilil Aerodynamic | Aerodynamic
P Y | controliability| Controllability
aero @ entry & aero @ entry &
_ @ Maxae anding | landing
(largest margin=10 (least unstable=10 (least stable=10

least margin=1)

most unstable=1)

most stable=1)

I 2 1 1
2 10 10 10
T3 5 10 10
4 1 1 1
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On Pad And Maintenance Operations Analysis
Performed By Downey And KSC LSS Personnel

SSTO ~

Operations Mary Manley - Rl Downey Advanced Programs
Chuck Urrutia - Rl KSC Advanced Programs

TPS Operations Mike Gordon - Rl KSC LSS

Propulsion Steve Coester - Rl KSC LSS
Steve Petrilla - Rl Downey Propulsion

IVHM Edward Litwinski
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Ranking Calculated Based On Fueling For Serial, Parallel
Or Common Bulkhead, And Manpower And Complexity

SSTO
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Option 1 Ranked Best For Fewest Additional
Subsystems Required For On Pad Operations

SSTO

1A e ~ I
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6b. Subsystems for on pad operations - (Quantitative evaluation) - The candidate vehicle options are compared on
the basis of the additional on pad systems necessary to support launch. The scoring will include a complexity
factor applied to the additional systems. A purging system for frost avoidance is an example of such a system.
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Additional On Pad Subsystems

Conflguratlon 1A-1 1A-2 1A-3 1A-4 1B-1 2A-1 2A-2 2A-3 2B-1
Selaction Criteria Wit Score | Wt'd| Score } Wt'd| Score i Wt'd| Score | Wt'd] Score | Wi'd| Score i Wt'd| Score | Wi'd| Score ; Wt'd| Score | Wt'd
LH2 Recirculation 45% 10.0 451 100i 45| 100:i 45| 100 45| 1001 45| 50 i23| 50 123} 50 :23} 100 45
LO2 Antigeysering 45% 10.0 451 100i 45| 100i45|100{ 45} 100]45] 50 i23| 50 {23| 650 ;23] 650 ;23
GSE Purge System 10% 10.0 10| 100i10]100i10] 100:i10]| 100! 1.0]100:41.0] 1001 1.0} 100 1.0] 100! 1.0
Nitrogen Purge -

Total Wt'd Score 100% 10.0 10.0 10.0 10.0 10.0 5.5 5.5 5.5 7.8
Ranking 10 10 10 10 10 1 1 1 6
Conflguratlon 3A-1 3A-2 3A-3 4A-1 4A-2 1A-1 - Int-Opt11] 2A-1 - Int-Opt10 | 2A-1 - Int-Opti1
Selaction Criteria Wt | Scorei Wi'd| Score ! Wt'd{ Score i Wt'd| Score | Wt'd| Score i Wi'd| Score i Wt'd | Score | Wt'd | Score i Wtd
LH2 Recirculation 45% 100 : 45| 100 45| 100: 45| 100! 45| 1001 45 10.0 45 5.0 2.3 5.0 2.3
LO2 Antigeysering 45% |1 100:i45]100:45| 100:i 45| 50 { 23| 50 ;23| 100 45 5.0 2.3 5.0 23
GQSE Purge System 10% | 50 {105 50 :05] 50 i 05| 50 { 05| 50 {05} 10.0 1.0 10.0 1.0 10.0 1.0
Nitrogen Purge -

Total Wi'd Score 100% 9.5 9.5 9.5 7.3 7.3 10.0 5.5 5.5
Ranking 9 9 9 5 5 10 1 1
‘Conllguratlon 2A-1 - Wg-Opt10]2A-1 - Wg-Opt11 2A-1 - Wg-Opt12 2A-1 - TI-Opt11 | 2A-1 - CS-Opt11]2A-1 - CS-Opt14|2A-3 - Wg-OgtH
Selection Criteria Wit Score | Wt'd | Score | Wt'd | Score | Wi'd | Score | Wit'd | Score i Wt'd | Score | Wt'd | Scare | Wid
|.LH2 Recirculation 45% 5.0 2.3 5.0 23 5.0 23 5.0 2.3 50 2.3 5.0 2.3 5.0 2.3
LO2 Antigeysering 45% 5.0 2.3 5.0 2.3 5.0 2.3 5.0 23 5.0 2.3 50 23 5.0 2.3
GSE Purge System 10% 10.0 1.0 10.0 1.0 10.0 1.0 10.0 1.0 10.0 1.0 10.0 1.0 10.0 1.0
Nitrogen Purge -

Total Wt'd Score 100% 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Hanklnl 1 1 1 1 1 1

Conﬂgurallon 2B-1-0OTF5

Selection Criteria Wt Score | Wt'd

LH2 Recirculation 45% 10.0 45

LO2 Antigeysering 45% 5.0 2.3

GSE Purge System 10% 10.0 1.0

Nitrogen Purge -

Total Wt'd Score 100% 7.8

Ranking 6
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System Requiring Disconnect

g

Sys. Requiring Disconnect

Major Systems

LO2 Loading Not a discriminator
LH2 Loading Not a discriminator
RP1 Loading Not a discriminator
Nitrogen Purge Not a discriminator

Propellant Loading, Storage and TransferjNot a discriminator

System (LH2, LO2, RP-1)

Prelaunch engine purge system (Heated
GN2)

Not a discriminator

Post Scrub/Abort engine purge system
(GN2 and Helium)

Not a discriminator

Helium supply system for engine purges §Not a discriminator

valve activation

Hazardous Gas Detection System

Not a discriminator

Helium purge system to inert possible lea{Not a discriminator

sources & prevent icing at ground
propellant fill and bleed disconnecis

Propellant tank purge, stand by

pressurization and pre-flight pressurization

panels

Not a discriminator

LH2 Refrigeration

Discriminator

LO2 Anti-Geysering

Not A Discriminator

GSE Purge System

Discriminator

Based on number of systems only.

Because disconnect is automatic, no one disconnect poses more operational activities than another

Complexity
LH2 Recirculation 50%
GSE Purge System 50%

OP_10DN.XLS - Sys. Requiring Disconnect
3/7/95 - 5:09 PM

62



£9

N p— N’
00} g'S S'S S'S §'§ §'S §'S 59 | %001 81005 PIM |e10)1
0's ool 0's 00l 0's 00} 0's 00l 0 o0l 0's 00l 0's 0's %08 welsAs ebind 35O
0's 00l S0 0l S0 o'l S0 o'l S0 ol S0 0’4 S0 S0 %08 uojieieByjel 2H1|
PJIM : 01005 | PIM : 8109 | PIM | 61005 | PIM | ©I09G | PIM | 61005 | PIM | 01005 | PIM PIM [ M Be)iD UOROBIeS
S410-1-8¢__ |t JO-DM - £-v2|v NdO-SD - 1-ve 10dO-8D - 1-vZ| L dO-IL - I-VZ J2AO-BM - +-V2[t HAO-BM - +-VZ|0Hd0-b, uonunml
S'S S'S 004 5§ S'S §'S S'S %001 01005 PIM [Blo)
00l 0's o0l 0'S ool 0's 001 S0 ol S0 o't S0 o'} S0 ol ot %08 weysAs ebind 359
0l S0 o'l S0 o'h 0's 00l 0s : 00} 0's 004 | 05 i 004 0s | 00 00L | %0S uopesebyjel 2H]
81005 | PJIM | @095 | PIM | 01095 | PIM | 105G [ PaM {81008 | PIM : 100G [ PIM {01005 | PIM 81035 | PIM : 81005 | 1M BLBjUD uopoeies
M - L-ve] L11do-u) - 1-v2 [0ndO-l - 1-w2 | L hido-il - LV [id vy £-ve (4] L-vE UOIIUNBHUOO
0’04 5§ §'S §'S 0’0} 00t 004 004 00} %001 81008 PIM [elo]
0§ i ook | os i00L ]| 0 ;00 05 {00 OG5 {00 ]| 06 |00 ]| 0G | 00} 0s i 00} ' 004 | %0S welsAs ebind 359
0's 00l S'0 o'l S0 o'l 50 o'l 0'S 00l 0's 00l 0's 0ol 0's 00} Q0L ] %08 uopesebyjed ZH1
PIA, | 81005 | PIM | 81005 | PIM | 1008 | PIM | 84005 | PIM | 81005 | PIM | 0109S | PIM | 01005 | pam 61005 | pIM | 8100s | 1M RIEET |
1-82 £-ve c-vYe L-ve 1-ai y-vi e-vi eVvi 1-vi uopeInbyu0)

10euuoas)g Bupinbey ‘sAg



~— N

Option 3A-1 Ranked Best - Smallest Vehicle Size
And Weight Leads To Smallest Facilities

SSTO

6d. Facilities (Qualitative evaluation) - The candidate vehicle options are compared according to the number of
additional on-pad facilities and height of such facilities and other differences that may be surface during the

study.

Weighted Scores (High Is Best)

Ranking (High Is Best)

1A1 | ‘ , 1 lB Length 1A-1

1A-2 | 1A-2

NP o T L] Weight 1A-3

1A-4 [ . . L] 1A-4

181 L . A 1B-1

2A1 [ = , , . ] 2A1

2A-2 | _ 2A-2

2A-3 [ : 2A-3

2B-1 | , 2B-1

3A-1 [ ] 3A-1

3A-2 [ ] ] 3A-2

4A-1 [ . 4A-1

4A-2 | . 4A-2 Basic Conf.
1A-1 - Int-Opt11 [ i 1A-1 - Int-Opt11 |2 TPS Optlons

2A-1 - Int-Opt10 |
2A-1 - Int-Opti1 Lo
2A-1-Wg-Opt10 L
2A-1-Wg-Opt11 |
2A-1-Wg-Opt12 [ _
2A-1 - TI-Opt11 L
2A-1-CS-Opti1 |
2A-1- CS-Opti4 |
2A-3-Wg-Optii |

2B-1-OTF5 L=

10

2A-1 - Int-Opt10
2A-1 - Int-Opt11
2A-1 - Wg-Opt10
2A-1 - Wg-Opti1
2A-1-Wg-Opti2

2A-1 - T1-Opti1

2A-1 - CS-Opt11
2A-1 - CS-Opti4
2A-3 - Wg-Opti1

28-1-OTF5

0

2

I NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES I
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Option 2A-1 Intertank Option 10 Ranks Best For
Lowest Inspection, Replacement & Repair Hours
SSTO

7a. Wide area coverage - (Quantitative Analysis) - The candidate vehicle options are compared based on the wide
area coverage (square footage ) that will have to be inspected, monitored, and maintained.

Inspection, Replacement, Repair Mhrs (Low [s Best) Ranking (High Is Best)
1A-1] : > | 1A-1
1A-2T : ' T Note: Relati 1A-2
1A-3T : 0 ote: Relative 1A-3
1A-aT Y I =, Weighting Of 1A-4
B8-11 T I T Inspection, 1B-1
18-1] : . A Replacement & -
2A1T : : 1 Repair Hours 2A-1
2A2 | : : 1 20%, 35%, And 2A-2
2A-3( 1 45% Respectively  2A-3
2B : : _ 2B-1
3A-1 3A-1
3A-2T 3A-2 . Basic Cont.
aA-1 ] 4A-1 TPS Options
4A-2 4A-2

1A-1 - Int-Opt11 |
2A-1 - Int-Opt10 |
2A-1 - Int-Optid [
2A-1 - Wg-Opt10 |
2A-1- Wg-Opti1 [
2A-1-Wg-Opt12 |

2A-1 - Int-Opt10
2A-1 - Int-Opt11
2A-1 - Wg-Opt10E
2A-1 - Wg-Opt11 k
2A-1 - Wg-Opt12 k

2A-1-TI-Opt11 [ 2A-1 - TI-Opt11
2A-1-CS-Opt11 [, 2A-1 - CS-Opt1
2A-1-CS-Opt14 [ _i% 2A-1 - CS-Opt14}
2A-3-Wg-Opt11 [ = 2A-3 - Wg-Opt11
2B-1-OTF5 [ 2B-1-OTF5}
0 200 400 600 800 1,000 1,200 Mhrs 0 2 4 6 8 10

I NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES II
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Wide Coverage

Inspection
Factor Reduction
AFRSI 0.0223 50%  (1/Shuttle AFRSI Area * Shuttle AFRSI Hours*(1-Red))
TABI 0.0223 50% (1/Shuttle AFRSI Area * Shuttie AFRSI Hours*(1-Red))
AETB 0.0310 50% (1/Shuttle HRSI Area * Shuttle HRSI Hours*(1-Red))
CSic 0.0310 50% (1/Shuttle HRSI Area * Shuttle HRSI Hours*(1-Red))
- o @ I Y ) o ? Y v o P ¥
Configuration x < < < a I < | @ pS s < <
AETB - Fwd Fus] 11 11 11 11 12 9 9 10 10 12 12 12 6
AETB - Wing/Elvn| 46 46 46 47 48 47 47 48 50 46 47 46 48
AETB - BF/Stub* 36 37 37 38 38 37 37 ag| 40 37 38| 37 38
AFRSI - Fwd Fus] 7 7 7 7 7 5 5 5 6 7 7 7 14
AFRSI - LH Tank 66 67 67 68 69 75 75 77 83| _106] 109] 106 93
AFRSI - Intertank 103 105] _105] 1o7] 109] 104] 105] 108] 112 41 42 41 94
AFRSI - LO Tank 35 a5 35 36 37 39 40 41 42 33 34 33| 22
AFRSI - Thrust Skirt 17 17 17 17 17 17 17 17 18 17 17 17 0
AFRSI - Thrust Conel 33 33 a3 34 35 34 34 35 36 33 34 33 36
AFRSI - Wing/Eivn| 47 47 47 48 49 48 48 49 51 47 48 47 49
AFRSI - Tail] 39 40 40 40 a1 40 40 41 42 46 47 a6] 41
AFRSI - BF/Stub] 13 13 13 13 13 13 13 13 14 13 13 13 13
TABI - Fwd Fus} 12 13 13 13 13 9 9 9 10 12 12 12 22
TABI - LH Tank] 47 48 48 49 50 32 32 33| 36 53 55 53 68
TABI - Intertank] 57 58 58 59 60 58 58 59 61 37 38 37 45
TABI - LO Tank| 15 15 15 15 16 28 29 29 30 17 17 17 11
TABI - Wing/Elvn] 19 19 19 20 20 19 19 20 21 19 20 19 20
TABI - Tail} 0 0 0 0 0 0 0 0 0 9 9 9 0
CSIC - LH Tank] 0 0 0 0 0 0 0 0 0 0 0 0 0
CSIC - intertank] 0 0 0 0 0 0 0 0 0 0 0 0 0
CSIC - Wing/Elvn] 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Inspection Hrs} 601.4 612.2] 613.2] 624.4] 633.3] 614.6] 617.2] 631.8] 660.1] 583.5] 599.2] 583.5] 621.1
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Wide Coverage

Replacement
AFRSI TABI AETB Csic
Option Mhr Serial | Mhr |Serial| Mhr [Serial] Mhr |Serlal

1 30.7 52.2 |30.7|52.2
2 46.7
Sp b b
7
8
9

10

11

12

13

14

Replacement Shuttle |Shuttle] Dura- | Rain | Ralin
Frequency| Factor Rpimnts | Area | blity ]|Impact] Prob.

AFRSI| 0.000248 9 3636 | 0.100| 1.0 | 10%

TABI| 0.000124 9 3636 [ 0.050| 1.0 | 10%

AETB| 0.000087 6.67 844 [ 0.010| 2.0 | 10%

Csic| 0.000071 6.67 844 | 0.010| O 10%

AFRSI Factor Formula = (1/Shutlle AFRSI Area) * # Shuttle Replcmts * Durability*(Rain Impact*%Prob. +No Rain Impact‘(1-% Prob.)
TABI Factor Formula = (1/Shutile AFRSI Area) * # Shuttle Replcmts * Durability*(Rain Impact*%Prob. +No Rain Impact*(1-% Prob.)

AETB Factor Formula = (1/Shuttle HRS! Area) * # Shuttle Replcmis*® Durabliity* (Rain impact*%Prob. +No Rain Impact*(1-% Prob.)
Csic Factor Formula = (1/Shuttle HRS| Area) * # Shuttle Replcmts* Durabllity*(Raln Impact*%Prob. +No Rain impact*(1-% Prob.)
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# of Replacements

Wide Coverage

- | o |- ]2 123 SRR
= = o B <1 a |l = |58l 8
Sl18|8|el2lel&|e|s]|elew
s ok pt { ) %) o T
= £ £ 2 s S F O |0 | = 5
oy - - | = | = i clel=zlsle|=
Con\‘lguration 5 ,‘5 ol §. ol §. §, §. ol R‘. §, 3
# OF REPLACEMENTS '
AETB - Fwd Fus 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 | 0.03 ] 0.03 | 0.03 | 0.03
AETB - Wing/Elvn 0.14 0.13 0.14 0.13 0.13 0.13 0.14 013 | 0.13 ] 0.13} 0.14 | 0.14
AETB - BF/Stub* 011 | 040 | 011 ] 010 ] 011 ] 0141 | 041 | 011 | 0.10] 0.11] 0.11 | 0.11
AFRSI - Fwd Fus 0.16 0.07 0.06 0.06 0.06 0.06 0.06 006 | 006 | 0.06] 0.06 | 0.06
AFRSI - LH Tank 1.07 0.73 0.87 0.83 0.86 0.84 0.89 084 | 083 ]| 0.84] 0.87 | 0.00
AFRSI - Interlank 1.08 1.05 0.00 1.06 1.20 1.17 1.25 117 | 116 | 117} 1.22 | 1.28
AFRSI - LO Tank 0.25 0.39 0.46 0.44 0.45 0.44 0.47 044 | 044 | 044 ] 0.46 | 0.48
AFRS! - Thrust Skirt 000 018 ] 020 ] 019 ] 019 | 049 | 020 | 0.19 | 0.19 ] 0.19] 0.20 | 0.21
AFRSI - Thrust Cone 042 | 036 | 039 | 037 | 039 | 038 | 040 | 038 | 0.37 | 0.38] 0.39 | 0.41
AFRS! - Wing/Elvn 0.56 0.52 0.56 0.63 0.08 0.53 0.09 054 | 040] 040} 056 | 0.58
AFRSI - Tail 0.47 0.43 0.46 0.44 0.46 0.45 0.47 045 | 044 ] 0451 047 | 0.48
AFRSI - BF/Stub 0.15 0.14 0.15 0.14 0.15 0.15 0.15 015 | 0141 0.15} 0.15 | 0.16
TABI - Fwd Fus 0.12 0.07 0.05 0.05 0.05 0.05 0.05 0.05 | 0.05] 0.05} 0.05| 0.06
TABI - LH Tank 0.39 0.26 0.19 0.18 0.18 0.18 0.19 0.18 | 018 ] 0.18] 0.19 | 0.00
TABI - Intertank 0.26 0.32 0.00 0.32 0.33 0.32 0.34 032 | 032]032] 034 0.35
TABI - LO Tank 0.06 0.08 0.17 0.16 0.16 0.16 0.17 016 | 0.16 ] 0.16 § 0.17 { 0.17
TABI - Wing/Elvn 0.11 0.1 0.11 0.11 0.00 0.11 0.00 011 {011 10.04] 011 ] 0.12
TAB! - Tail 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 ] 0.00] 0.00 | 0.00
CSIC - LH Tank 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 ] 0.00] 0.00 | 0.35
ICSIC - Intertank 0.00 0.00 0.52 0.00 0.00 0.00 0.00 0.00 | 0.00 | 0.00] 0.00 | 0.00
!CS!C - WinﬂElvn 0.00 0.00 0.00 0.00 0.20 0.00 0.13 0.00 | 0.00] 004} 0.00 | 0.00
Total Replacements 5.39 4.96 4.46 5.15 5.04 5.28 5.14 5,30 | 5.09 | 514 | 5561 | 4.99
OP_10DN.XLS - Wide Coverage
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Wide Coverage

- o | = b = Sl -~ l=z13|z
b = = B a 2 | = | B8|8]| 8
§18|1&5121212]18(|9(219]e
P P - T ) 73] o [T
1= c £ = = 2 F Ojo| = 5
sl ===z f{=lzl=slzl=z]2]|x
Conﬂguratlon fj ,‘E §l :\(, §. ﬁ & §, § §. § 8
AETB - Fwd Fus 0 1 0 0 1 0 1 0 0 0 1 1
AETB - Wing/Elvn 3 2 3 2 0 2 0 2 2 0 3 R |
AETB - BF/Stub* 2 2 0 2 2 2 2 2 2 2 2 2l
AFRSI - Fwd Fus 5 2 0 2 2 2 2 2 2 2 2 2}
AFRSI - LH Tank 30 22 27 26 26 26 27 26] 25] 26] 27 o]
AFRSI - Intertank 31 29 0 30 34 33 35 33] 33] 33 35] 36
AFRSI - LO Tank 8 12 14 13 14 14 14 14]  13] 14] 14] 15
AFRS| - Thrust Skirt 0 5 0 5 5 5 6 5 5 5 6 6
AFRSI - Thrust Cone 12 10 0 11 11 11 11 1] 10l 1] 11 12
AFRSI - Wing/Elvn 16 15 16 15 0 15 0 15] 11 of 16| 16
AFRSI - Tail 9 8 9 8 9 8 9 8 8 8 9 9]
AFRS! - BF/Stub 3 3 0 3 3 3 3 3 3 3 3 3
TABI - Fwd Fus 3 2 0 1 1 1 2 1 1 1 2 2
TABI - LH Tank 11 8 6 5 6 5 6 6 5 6 6 0
TABI - Intertank 7 9 0 9 9 9 10 9 9 9 10| 10}
TABI - LO Tank 2 3 5 5 5 5 5 5 5 5 5 5]
TABI - Wing/Elvn 3 3 3 3 0 3 0 3 3 0 3 3]
TABI - Tail 0 0 0 0 0 0 0 0 0 0 0 o}
CSIC - LH Tank 0 0 0 0 0 0 0 0 0 0 0 10}
CSIC - Intertank 0 0 0 0 0 0 0 0 0 0 0 i |
CSIC - Wing/Elvn 0 0 0 0 0 0 0 0 0 o 0 0
Total Mhts| 144.6] 135.9] 81.9] 141.3] 127.7] 145.0] 132.1] 145.5] 139.8] 124.9] 151.3 __|133.e
OP_10DN.XLS - Wide Coverage
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Wide Coverage

- =) - 2 = o - = bt =
3 5 3 a a a = 3 a a
Sl e e12|22]8131312]|ze
£ £ < =2 2 2 = Q o b =
- o lolsletlelolelclslolelzslolslcsleleleslelsls]steal?
Configuration < o = = b 3 ﬁ -] ﬂ s S é P4 3 S o] ﬁ 3 3 8 8 8 g
AETB - Fwd Fus| 4 4 4 4 4 3 3 al 3 4 4 4 2 2 4 3 3| 3f 3 3 3 3 4]
AETB - Wing/Elvn 16 16] 16 17 17 6] 18] 7] 17 16 17, 16 17 17 16 17 6] 17 17|18 17l 17 18
AETB - BF/Stub*| 13 13] 13 13 13 13 13 3] 14 13 13 13] 13] 14 13] 14 13 14 13 13 13 14 14}
AFRSI - Fwd Fus| 3 3 3 3 3 2 gl 3| 3 3 3 3 7] 7 3| 3 g' 3 2]l 2 2] 3 3_|
AFRS! - LH T-nil 30 31 31] 31 32 34 35 35 38 49 50 49 3] 44 30 36] 35 37 35] 34 35 98
AFRSI - Intertan 47 48] 48 49 60 48] a8 50 51 19 19 19 43 45 43 s0] 48]  s2| 48] 48 49 51 53
AFASI - LO Tan! 16 18] 16 17 17 18 18 19 19) 15 18 tgi 10, 10 16 1w 18] 19 18] 18 18] 19 20
AFRS! - Thruet Sidrt 8 [] 8 8 8 [] of 8 8 j 8 8 8} [ 8| 8 8 8 8| 8 gI
18 15| 15 16] 18] 15 19{ 16 16 15 18 15| 17, 17 15| 18 16} 17 18] 18] 18] 16 17]
21 22 22 22 23] 2_g| 22 23 23 22 22 22 2] 23 21 3 22] 4 22] 18] 17l 23 24}
18 [ 18| 19 19| 18 18] 19 20 21 22 21 18] 20 18] 19} 18] 20 19] 18] 1o 10! 20
6 6] 6| 6| 6} o} 8| [ 6 6 ) [ 6| 6| 6| 6| [] 8 [ 8 6 [ 7
3| 3 | 3 3 2 2 2| 2 3 3 3 5] s| 3| 2] 2 2| 2 2 2 2 2|
1] [ T T 11 7 7 8} 8 12 13 12 [T T BT [ 8| 717 7 8
1;} 13 13| 14 14 ! IKE BT 14 9 9 9 10 11 13 14 13 14 13] 13 13] 14 15|
3 3 3| 4 4 7 7 7 7 4 4 4 3 3 3 7 7 7 7 7 7 7 7|
4 4 4 5 5 4 5 5 4 5 4 5! s 4 5] 5| 4 2] 5 5]
2 2 2
232 238 27| 241] o244] 239] o2a0] o248] 257] 225] 231] 205] 23] 246[ 207 18] 23s] 229] 41| 231] 242f 238{ 23] 251f 216
OP_10DN.XLS - Wide Coverage
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Options 1A-3, -4, 2A-3, And 2A-3 Wg-Opt11
Ranked Best For Localized Area Coverage

SSTO

7b. Localized area coverage - (Quantitative Analysis) - The candidate vehicle options are compared based on the
complexity of local area coverage requirements (critical joints; localized high stress areas) within the each of
the candidate vehicles.

2A-1-Wg-Opt11 | 7 | 2A-1-Wg-Opt11E
2A-1-Wg-Opt12
2A-1-TI-Opt11 [
2A-1-CS-Opti1 [
2A-1-CS-Opt14]
2A-3-Wg-Opti1 [ T T 2A-3- Wg-Opt11}
2B-1-OTF5 Bt omr s o il 2B-1-OTFSE

0 50 100 150 200 0 2 4 6 8 10

l NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES I

. ) 2A-1 - Wg-Opti2}

] 2A-1 - TI-Opt11 [
2A-1 - CS-Opti1§
2A-1 - CS-Opt14§

Scores (Low Is Best) Ranking (High !s Best)

1A = A1

1A-2 = : — ] 1A-2

1A-3| } ) 1A-3

1A-4 : ) 1A-4

1B-1[ : ' ) 1B-1

2A1 T ) ) ) 2A-1

2A-2 T : — 2A-2

2A-3 : —] 2A-3

2B-1 | : : ] 2B-1

3A-1 [ i - ) 3A-1

3A2 ' ' ) 3A-2

4A1 T ' ' ] 4A-1

4a-2 1 ' ‘ ) 4A-2
1A-1 - Int-Opt11 | } 3 ] 1A-1 - Int-Opt11k [l Basiccont.
2A-1 - Int-Opt10 | : : ) 2A-1 - Int-Opt10; TPS Optlons
2A-1 - Int-Opt11 | ] 2A-1 - Int-Opt11
2A-1 - Wg-Opti0 | : ] 2A-1 - Wg-Opt10
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Number of fracture critical components

The level of inspection over the localized area coverage will not be consistent over the entire vehicle. Fracture critical items (i.e., tank
splices, stringers and fittings) will require more intensive inspections and instrumentation than less critical components. Therefore,
design configurations that have the largest number of fracture critical components will require the largest number of inspections and
instrumentations.

Number of components inspected

Non integrated design configurations have a larger surface area, are more complex and have more critical components. These problems
directly effect the NDI/IHM programs by increasing the number of inspection points and area to be inspected.

Materials Assumptions

Due to a lack of information on the composite/TPS structures, it was assumed that the IM7/977-2, AFR 700, Gr/BMI, TMC composite
materials and Al-Li alloys have approximately same adaptability to NDI/IHM techniques. In general, the TPS materials assumed that
the flexible blanket insulation is considered non inspectable by means other than visual inspection and the C/SiC is more readily
adaptable to NDI/IHM.

Critical feature factors

The primary number of components was considered to be the number of skins and the number of TPS layers. The identification of a
critical design or material in each of the vehicle structures was evaluated and assigned a critical feature factor. This factor reflects the
effect the critical feature will have on the post flight inspections. It was generally considered that these variables would increase the
difficulty of inspection by an order of magnitude for each critical factor.

The critical feature factor of stringer design evaluation as applied to post-flight inspections indicated that due to the tight bend radius
would be difficult to evaluate using NDI techniques. Current laser based ultrasonics only allow for 30 degree angle from the inspection
plane. This indicates that complex tooling would be required for inspection. This configuration has a greater number of critical points
of interest. The bond lines and corners are stress concentration points that would require a concentrated level of inspection. A
correction factor of 3.75 was applied to the stringer designs to compensate for these difficulties.
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Table 1. Estimated High Stress Surface Areas of Tanks

Configuration  LH2 Tank LO2 Tank RP Tanks Wings
Critical Critical Critical
1A&B 614 422 2352 4705
2A&B 704 277 2352 4705
3 430 362 2164 4705
4 417 405 2352 4705
Table 2. Number of variables and applied critical feature factor
Trade No. of skins No. of TPS Sub Total Design Critical
option layers Feature Factor
1 1 2 3 3.75
2 2 2 4 2.0
5 4 3 7 4.0
7 4 3 7 4.0
8 1 2 3 3.75
9 2 2 4 2.0
10 2 2 4 2.0
11 2 2 4 2.0
12 1 1 2 5.0
13 1 1 2 3.75
14 1 1 2 10.0

Critical Feature
Factor
11.25
8
28
28
11.25
8
8.0
8
10
7.5
20
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LOCATE.XLS
2A-3
1408 554 2351 4705 4705
11.25 15840 11.25 6232.5] 26448.75 8 37640 18820| 104981.3§ 9.737715
2B-1 .
1408 554 2351 4705 4705
28 139424 1125 6232.5} 26448.75 8 37640 56460| 166205.3]| 6.150693
3A-1 |
860 724 2164 4705 4705
11.25 9675 11.25 8145 24345 8 37640 56460 136265} 7.502128
3A-2
860 724 2164 4705 4705
8 6880 11.25 8145 24345 8 37640 56460 133470] 7.659231
4A-1
834 810 2351 4705 4705 -
11.25 9382.5 11.25 9112.5] 26448.75 8 37640 56460 139043.8 7.3522
4A-2
834 810 2351 4705 4705
8 6672 11.25 0112.5] 26448.75 8 37640 56460] 136333.3} 7.498373
1A-1

84



g8

N’ g

84L191°L |e'129zyh [09v9S  [ovolE |8 SL'8¥p9Z |G'2ce9  [Ge bl [oveSh  [Ge bl
SOLY S0LY iSee 55 govt bl
V2

LZTIVZL'9 [€'1E02Sk [09v9S  |0S0ZF  [Of SL8Yv9Z |S2ee9  |Se kb [o¥eSI  [Sehb
S0LY 0Ly 1SE2 ¥SS 8oVl 2t DM
Ve

8LLI91°L |€'1e9evl |09v9s  [ov9lE |8 SL8Yp9e |G oced  [se kb [o¥eSL  [SZ kb
S0Lp S0L¥ 1ee PSS gov! LI OM
b-ve

880149°S |'19208) [09v9S  |082SL |9t S.8vv9z [Geced  [Sehh  [oveSt  |Setb
SOLY SO0ZY I5ee S5 8ov! 0l OM
] B 1-ve

8LL19V'L |€'1292vh [09v9S  |O¥9ZE |8 GL8Y¥9Z |Gcced  |Sc bh  |O¥eSt  |Se b}
S0Zp 0 15E2 S5 80V} LEINI
I-ve

8LLL91°L |E'1292vE [09¥9S  [Ov9lE |8 ~|sz'evv9z |Geced  |Sebb |ovest  |se'hi
S0L¥ S0L¥ 15€e S5 80vl Ob INi
bve

ZL901'L |9'8seEvl [09v9S  [0v9ZE |8 SZ8vv9e |S6v6 SZIL__ |SIBEL_[Se kb
0Ly SOLY 1SE2 vv8 82z} LELNI

SIXALVO0T




N’

LOCATE.XLS

2A-1
cs 11 1408 554 2351 4705 4705

11.25] 15840 11.25]  6232.5| 26448.75 8| 37640 56460| 142621.3] 7.167778
2A-1 I D
cs 14 1408 554 2351 4705 4705

11.25] 15840 11.25|  6232.5| 26448.75 20| 94100]  56460] 199081.3] 5.134976
2A-3
WG 11 1408 554 2351 4705 4705

11.25] 15840 11.25| _ 6232.5| 26448.75 8] 37640] 18820 104981.3| 9.737715
2B-1 1408 554 2351 4705 4705
OTF 5 28] 39424 11.25|  6232.5| 26448.75 28] 131740] _ 56460| 128565.3] 7.951429
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Accessibility

LH2 TANK & LINES
Configuration 1A: LH2 Tank FWD ( Integral)

By definition, Integral means that there are no cavities between the tank and the fuselage structure.
Therefore, during a 7 day (or less) ground turnaround, there will be no inspection of that area. An inner
tank inspection can be performed through the “dollar panel." This panel normally houses the sump
hardware. The sump hardware must be removed for borescope access or other robotics device to check
the condition of the inner tank structure. It may also be possible to gain access to the inner tank through
a tank line.

The tank may have two kinds of sensors, Quantity and Density sensors. The Quantity sensor is a
tube-like device which is used to measure tank level and if failed, can be repaired through the
dollar panel/access panel.

The Density sensor is used to measure the mass of the fuel or oxidizer. It is a block shaped piece of
hardware bolted and sealed to the inner tank wall. If failed, removal and replacement would require
disassembling parts of the fuselage, insulation, and the opening of a panel which houses the sensor
block. This would not be minor and would not support a 7 day turnaround.

The scores were low for the LH2 tank because of the limited access, i.e., dollar panel with sump
hardware remove and replace required or access through tank lines.

Configuration 2A: LH2 Tank AF (Integral)

The tank may be 2/3 Integral with 1/3 bottom faring & carriage. This would require access to the exterior
tank areas for inspection. With this exception, the description of LH2 Tank FWD for Configuration 1A
holds true.

Configuration 3,4: LH2 Tank FWD (Integral)

The description given for Configuration 1A applies here as well.

OP_10DN.XLS - Accessibility
3/9/95 - 5:19 PM
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Accessibility

There is an Engine MPS cone. Outside the cone are mounted the Engines (7 RD704s) and all their components.
There are furthermore panels which enclose the components for protection. Opening these panels provide easy
access to engine Turbo Pumps, and other components.

Access to these areas is good and will only require the appropriate GSE (work stands, tools, etc.).

MPS FEED LINES
All Configuration:

Between the Engines there is an access door to the cone where inspection is required.
Access to these areas is good and will only require the appropriate GSE (work stands, tools, etc.).

AVIONICS - UNPRESSURIZED

The Avionics Bays are located along the sides of the Nose Wheel Landing Gear Wheel Well wall access during
ground turnaround. The location accommodates 24 square feet of "one-box-deep" volume on either side of the
Wheel Well. One goal is Passive Cooling to eliminate Coldplate Systems. Another goal is to be able to install all
Avionics in the unpressurized area.

AVIONICS - PRESSURIZED

There may be a compartment/cell where Partial-Atmospheric will hold a few Avionics boxes. Access and
satisfactory reconfiguration and test will make this area more difficult/complex during the process timeline.

The Score was lower than Unpressurized Avionics because of the increased complexity of removal and
replacement.

OMS (AFT)
All Configurations:

OP_10DN.XLS - Accessibility

3/9/95 - 5:19 PM
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Accessibility

All Configurations:
In general, access is good to vehicle connectors in the Horizontal Processing Facilities (HPF).

ELECTRICAL SYSTEMS

Batteries

All Configurations:

The location of the Batteries will be AFT around the Wing and near the Main Landing
Gear. The Batteries are needed for the high amperage required by the EMA’s, e.g., cycling
elevons.

Accessibility will be the same for all vehicle configurations.

Wire/Fiber Optics

All Configurations:

For Power, Copper Wire is still planned. Fiber Optics is planned for Signal paths.
There will be wire bundles from one end of the vehicle to the other providing Power and
Control and Data. Access in all configurations will be difficult for inspection and repair.

Scoring was not high for access but design for better access may not be practical
considering other impacts, e.g., cost of design, fabrication, and maintenance.

Emergency Beacon

All Configurations:

An Emergency Locator Beacon is needed in the event of a vehicle crash.
Accessibility will be the same for all vehicle configurations.

Navigation Lights & Lighting System

All Configurations:

There will be Antennas in the Nose and the rear of the vehicle. Advanced Tiles with
embedded Antennas will be scattered around these areas. Special access procedures and
handling may be required. The difficulty will be the same for all configurations.

OP_10DN.XLS - Accessibility
3/9/95 - 6:19 PM
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Accessibility
Summary - Accessiblility
Configuration 1A-1 1A-2 1A-3 A4 18- 2A-1 2A-2 2A-3 28-1 A1 3A-2 3A3 4A-1 4A-2
Selection Crileria Wt ] Score: Wt'd [ Score: Wt'd | Score: Wi'd | Score: Wi'd | Score! Wi'd | Scorei Wt'd | Scorei Wid | Scorei Wt'd | Scare: Wi'd | Score; Wt'd | Score Wt'd | Score: Wi'd § Score: Wi'd | Score: Wi'd
LH2 Tank & Lines 30 30 30 3.0 30 3.0 3 3 3 3 3 3 3 3
LO2 Tank & Lines 3.0 30 3.0 3.0 3.0 3.0 3 3 3 a 3 3 3 3
RP-1 Tank & Lines 25% }100: 25 | 100! 25 | 100: 25 } 100 25 | 100! 26 | 100} 2§ 10 | 26 10 | 28 10 1 25 10 | 286 1o 25 10 | 25 1 03 1 03
Engines Components 10.0 10.0 10.0 10.0 100 10.0 10 10 10 10 10 10 10 10
MPS Feed Lines 10.0 100 10.0 10.0 10.0 10.0 10 10 10 10 10 10 10 10
Avionics - Unpressurized 10.0 10.0 10.0 10.0 100 10.0 10 10 10 10 10 10 10 10
[Avionics - Partiat Press 60 6.0 5.0 50 50 5.0 5 5 [ 5 5 5 5 5
OMS (AFT) 10.0 100 10.0 10.0 10.0 10.0 10 10 10 10 10 10 10 10
ACS (Forward & AFT) 10.0 10.0 10.0 10.0 10.0 10.0 10 10 10 10 10 10 10 10
Payload Bay 75% | 80 : 68 | 90 i 88 | 90 : 68 } 90 : 68| 90 ! 68| #O ! 68 9 88 9 68 [ 6.8 10 | 75 10 | 76 10 | 76 1 08 1 08
Control Surfaces-Wings 100 10.0 10.0 10.0 10.0 10.0 10 10 10 10 10 10 10 10
Controt Surfaces - Tails 5.0 6.0 5.0 60 6.0 50 5 5 13 5 3 5 3 3
EMA’s (All) 50 50 6.0 50 50 60 5 5 5 5 s 5 3 5
Ground Connectors 100 10.0 10.0 10.0 100 10.0 10 10 10 10 10 10 10 10
Etactrical Systems
o Batteries 100 10.0 10.0 10.0 100 10.0 10 10 10 10 10 10 10 10
o Wire/F Iber Optics 5.0 8.0 8.0 5.0 5.0 6.0 5 5 & 2 2 2 2 2
o Emergency Beacon 100 10.0 10.0 10.0 10.0 10.0 10 10 10 10 10 10 10 10
o Nav Lights & Light Sys 100 10.0 10.0 100 10.0 10.0 10 10 10 10 10 10 10 10
Antennas 10.0 10.0 10.0 10.0 10.0 10.0 10 10 10 10 10 10 10 10
TPS 10.0 10.0 100 10.0 100 10.0 10 10 10 10 10 10 10 10
Smar Skins 20 2.0 20 2.0 20 20 2 2 2 H 2 2 2 2
Telsvisions Systems 8.0 80 80 8.0 8.0 80 8 8 8 8 -] 8 8 8
Landing Qear & Brakes 10.0 10.0 10.0 10.0 10.0 10.0 10 10 10 10 10 10 10 10
[Total Wi'd Scote 100% 9.3 9.3 9.3 9.3 8.3 9.3 9.3 93 9.3 10.0 10.0° 10.0 1.0 1.0
Conliguration 1A-1 - int-Optf1 |- 2A-1-1nt-Optt0 [ 2A-1 - Int-Optii | 2A-1-Wg-Opt10 | 2A-1 . Wg Optit | 2A-1 - Wg-Opi12 2A-1-T-Optil | 2A-1-CS-Optit | 2A-1_CSOpti4 | 2A-3- Wg-Opii} 2B-1-OTF5
Selection Critesia Wi Score i Wud Scote i Wid Scoré : Wid Score i Wi'd | Scote : Wid | Score | Wtd Scote | Wtd Score | Wt'd Score wt'd Scote wtd Score : Wi'd
LH2 Tank & Lines 3 3 3 3 30 30 30 30 30 30 30
LO2 Tank & Lines 3 3 3 3 a0 3.0 30 30 a0 30 30
AP-1 Tank & Lines 25% 10 25 10 25 10 25 10 25 100 25 100 25 10.0 26 10.0 25 10.0 25 10.0 25 10.0 2.5
Engines Components 10 10 10 10 100 100 10.0 10.0 10.0 10.0 10.0
MPS Feed Lines 10 10 10 10 100 100 100 10.0 10.0 10.0 10.0
Avionics - Unpressurized 10 10 10 10 10.0 10.0 10.0 10.0 10.0 10.0 10.0
[Avionics - Parial Press & 5 5 5 5.0 5.0 5.0 5.0 5.0 5.0 5.0
OMS (AFT) 10 10 10 10 10.0 100 100 100 10.0 10.0 10.0
RCS (Forward & AFT) 10 10 10 to 10.0 100 100 100 10.0 10.0 10.0
Payload Bay 8% e 68 ] 88 ] 68 9 6.8 0.0 68 0.0 6.0 8.0 a8 9.0 1] 8.0 68 8.0 68 9.0 68
Control Surfaces-Wings 10 10 10 10 100 10.0 100 100 100 10.0 10.0
Control Surfaces - Tails 3 3 5 6 5.0 5.0 5.0 5.0 8.0 5.0 60
EMA's (All) 3 5 5 5 [ X} 5.0 6.0 5.0 5.0 5.0 5.0
Ground Connectors 10 10 10 10 10.0 100 10.0 10.0 100 10.0 10.0
Elsctrical Systems
o Batleries 10 10 10 10 100 100 10.0 10.0 100 10.0 100
o Wire/Fiber Opitlcs 5 5 [ 5 6.0 6.0 50 80 5.0 50 50
o Emergency Beacon 10 10 10 10 100 10.0 10.0 10.0 100 100 10.0
o Nav Lighte & Light Sys 10 10 10 10 10.0 100 10.0 10.0 10.0 10.0 10.0
Antennas 10 10 10 10 10.0 100 10.0 100 10.0 10.0 10.0
P8 10 10 10 10 10.0 10.0 10.0 10.0 10.0 10.0 100
H 2 F] 2 20 20 20 20 20 20 20
8 8 8 8 8.0 8.0 8.0 0.0 8.0 a0 8.0
Landing Gear & Brakes 10 10 10 10 J0.0 10.0 10.0 10.0 10.0 10.0 10.0
Tolal Wt'd Score 100% 9.3 9.3 9.3 9.3 9.3 9.3 9.3 9.3 9.3 8.3 9.3
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MAINTENANCE OPERATIONS - Number of Inspection Points

The candidate vehicle options are compared based on the number of elements that have to be inspected, monitored and maintaincd
during operations. For example stringer skin constructions have a limited number of components (skin and TPS layers). However, the
complexity of the design will cause more intensive instrumentation to monitor, more intensive inspections and more intensive
maintenance. This category is assessed on the surface are that these structures (tanks) will cover. The rationale being that the more
surface area the structure has of a particularly difficult design the more difficult the structure will be to inspect, monitor and maintain.
The critical features of these designs were considered to be stringer/skin designs, non-integral designs and material selections.

In general, the maintenance operations-number of inspection points was based on several assumptions. These assumptions reflect the
difficulties of inspection and instrumentation of the design configurations during the post-flight testing and in flight IHM
instrumentation as applied to design and materials selections.

Design Assumptions

Several design considerations effect the ability of the structure to be inspected. Primary design considerations include the complexity of
the design, the surface area to be inspected, the number of fracture critical components and the number of components to be inspected
of instrumented.

Complexity of design

Inherently, simple designs tend to be better suited to inspection and instrumentation than do complex designs. The more complex
designs, such as skin and stringer designs have a bend and protrusions that limit accessibility to hardware, inspection techniques,
implementation and interpretation. It was also assumed that a more complex design may also require fabrication of specific tooling to
facilitate inspection.

Surface Area

Since the NDI technologies to be employed by IHM/NDI are dependent on the area of coverage (rather than on the thickness of the
hardware), larger surface areas would be more difficult to inspect and instrument. This infers that the elongated and multiple tank
designs are more difficult to inspect and instrument. This also infers that since the non integral design configurations have an internal
and external structure the area of surface coverage had effectively doubled.
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plane. This indicates that complex tooling would be required for inspection. This configuration has a greater number of critical points
of interest. The bond lines and corners are stress concentration points that would require a concentrated level of inspection. A
correction factor of 3.75 was applied to the stringer designs to compensate for these difficulties.

The critical feature factor of non integral design evaluation as applied to in flight IHM monitoring indicated that these designs have
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and a support
structure for the internal tank that would increase the number of critical instumentation points. A correction factor of 2.0 was applied
to non intergral designs to compensate for these difficulties

The critical feature factor of non integral design evaluation as applied to post flight inspections indicated that these designs have
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and adds a
support structure for the internal tank that would increase the number of critical inspection points. A correction factor of 2.0 was
applied to non integral designs to compensate for these difficulties.

The critical feature factor of designs that utilize ceramic composites (Blackglas) as applied to in flight IHM monitoring indicated that
there has been limited application of NDI techniques applicd to ceramic composites. However, since IHM will most likely involve
strain measuring devices and acoustic emission, there is no reason to believe that this composite material will interfere with these
techniques. A correction factor of 1.0 was applied to composite designs to compensate for these difficulties.

The critical feature factor of designs that utilize ceramic composites (Blackglas) as applied to post flight inspections indicated that there
has been limited application of NDI techniques applied to ceramic composites. This indicated that inspection of this material may
require advanced techniques or development of techniques. A correction factor of 2.0 was applied to ceramic composite designs to
compensate for these difficulties.

The critical feature factor of designs that utilize TABI or AFRSI blankets as applied to in flight IHM monitoring indicated that there has
been limited application of NDI techniques applied to TABI or AFRSI blankets. This indicated that inspection of this material may
require advanced techniques or development of techniques. It is also expected that if these techniques cannot be developed and the
blankets will not be monitored during flight. Therefore no correction is necessary (a correction factor of 1.0) for designs with TABI or
AFRSI blankets.

The critical feature factor of designs that utilize TABI or AFRSI blankets as applied to post flight inspections indicated that there has
been limited application of NDI techniques applied to TABI or AFRSI blankets. This indicated that inspection of this material may
require advanced techniques or development of techniques. It is also expected that if these techniques cannot be developed the blankets
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Table 1. Estimated Surface Areas of Tanks

Configuration LH2 Tank
General

1A&B 6940

2A&B 6509

3 6591*

4 7214*

Structure/TPS design analysis

The structures were rated according to its 1) No. of skins, 2) No. of TPS layers and 3) Critical feature factor for each of the three
phases of the structures life. The critical feature factor corrects for complicated design features,(stringer and non integrated designs)
and material deficiencies (ceramic composites and AFRI or TABI blankets) as applied to the NDE/IHM project. It was generally
considered that these variables would increase the difficulty of inspection by an order of magnitude.

LH2 Tank
Critical
614

704

430

417

LO2 Tank
General
4565
4805
3250*
3002*

Table 2. Number of variables and applied difficulty factor

Trade
Option

Q0 ~J AN —

11
12
13
14

No. of
skins

el B 2N S B - G N I

No. of

TPS layers

2 3
2 4
3 7
3 7
2 3
2 4
2 4
2 4
1 2
1 2
1 2

Sub total IHM in-

flight
Critical
Feature
Factor
3.0

1.0

4.0

4.0

3.0

1.0

2.0

1.0

6.0

3.0

6.0

LO2 Tank
Critical
422

277

362

405

Post-flight
Critical
Feature
factor

3.75
2.0
4.0.0
4.0
3.75
2.0
2.0
2.0
5.0
3.75
10.0

RP Tank
General
1593
1593
6190
1593
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N s’
POINTS.XLS
CONFIG CRITICAL |LH2 LH2 CRITICAL |LO2 LO2 RP CRITICAL |WING WING TOTALS [RATING
FEATURE [GENERAL|CRITICAL [FEATURE {GENERAL [CRITICAL |{GENERAL|FEATURE |GENERALJATTACH
FACTOR |AREA AREA FACTOR |AREA AREA AREA FACTOR [AREA FACTOR
1A-1 6940 1228 4565 844 1593 4705 4705
IHM 9 62460 11052 9 41085 7596 14337 4 18820 56460/ 211810
POST 11.25 78075 13815 11.25] 51356.25 9495| 17921.25 8 37640 56460]| 264762.5
476572.5| 7.006583
1A-2 6940 1228 4565 844 1593 _ 4705 4705
IHM 4 27760 4912 9 41085 7596 14337 4 18820 56460 170970
POST 8 55520 9824 11.25] 51356.25 9495 17921.25 8 37640 56460| 238216.5
409186.5| 8.160448
1A-3 6940 1228 4565 844 1593 4705 4705
IHM 9 62460 11052 9 41085 7596 14337 4 18820 18820 174170
POST 11.25 78075 13815 11.25] 51356.25 9495] 17921.25 8 37640 18820| 227122.5
401292.5| 8.320975
1A-4 6940 1228 4565 844 1593 4705 4705
IHM 4 27760 4912 9 41085 7596 14337 4 18820 18820 133330
POST 8 55520 9824 11.25| 51356.25 9495| 17921.25 8 37640 18828} 200584.5
333914.5 10
1B-1 6940 1228 4565 844 1593 4705 4705
IHM 28 194320 34384 9 41085 7596 14337 4 18820 56460 367002
POST 28 194320 34384 11.25]| 51356.25 9495 17921.25 8 37640 56460( 401576.5
768578.5| 4.344572
2A-1 6509 1408 4805 554 1593 4705 4705
{HM 9 58581 12672 9 43245 4986 14337 4 18820 56460] 209101
POST 11.25{ 73226.25 15840 11.25] 54056.25 6232.5| 17921.25 8 37640 56460| 261376.3
470477.3| 7.097357
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— N’

POINTS.XLS
4A-2 7214 834 3002 810 1593 4705 4705
IHM 4 28856 3336 9 27018 7290 14337 4 18820 56460 156117
POST 8 57712 6672 11.25| 33772.5 9112.5| 17921.25 8] 37640|  56460| 219290.3
375407.3| 8.894727
1A-1 6940 1228 4565 844 1593 4705 4705
INT 11 IHM 9 62460 11052 9 41085 7596 14337 4 18820 56460| 211810
POST 11.25 78075 13815 11.25| 51356.25 9495| 17921.25 8 37640 56460| 264762.5
476572.5| 7.006583
2A-1 6509 1408 4805 554 1593 4705 4705
INT 10 IHM 9 58681 12672 9 43245 4986 14337 4 18820 56460 209101
POST 11.25| 73226.25 15840 11.25| 54056.25 6232.5| 17921.25 8 37640 56460{ 261376.3
470477.3| 7.097357
2A-1 6509 1408 4805 554 1593 4705 4705
INT 11 JHM 9 58581 12672 9 43245 4986 14337 4 18820 56460| 209101
POST 11.25] 73226.25 15840 11.25| 54056.25 6232.5] 17921.25 8 37640 56460| 261376.3
470477.3| 7.097357
2A-1 6509 1408 4805 554 1593 4705 4705
WG 10 IHM 9 58581 12672 9 43245 4986 14337 8 37640 56460| 227921
POST 11.25| 73226.25 15840 11.25| 54056.25 6232.5| 17921.25 16 75280 56460] 299016.3
526937.3| 6.336893
2A-1 6509 1408 4805 554 1693 4705 4705
WG 11 {HM 9 58581 12672 9 43245 4986 14337 4 18820 56460 209101
POST 11.25| 73226.25 15840 11.25] 54056.25 6232.5| 17921.25 8 37640 56460| 261376.3
470477.3| 7.097357
2A-1 6509 1408 4805 554 1593 4705 4705
WG 12 {HM 9 58581 12672 9 43245 4986 14337 12 56460 56460| 246741
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Re-Waterproofing

- o @ hi hry i o ? iy - o @ - o
[configuration = = = = e S S | 8 P & S 3 3
Scaling Factor 1.045f 1.063}f 1.065] 1.084] 1.099f 1.069] 1.074] 1.099| 1.138] 1.052] 1.080{ 1.060] 1.102{ 1.139
AFRSI !TOTAL! 15,838{ 15,838 15,838| 15,838] 15,987| 16,238| 16,238} 16,238} 16,015} 15,060{ 15,060] 15,060] 15,246] 15,246
ayload Canister
Not Requiring Re- 496 496 496 496 496 496 496 496 496 496 496 496 496 496
WaterErooﬂng
AETB] 2,998] 3,051} 3,056] 3,111 3,154 3,004y 3,017 3,087] 3,197| 3,047] 3,127 3,047 2,981] 3,082
TABI} 6,772| 6,891 6,903] 7,025 7,124] 6,587{ 6,614 6,768] 7,083 6,597| 6,770{ 6,597} 7,422] 7,673
AFRSI (Requiring Re
Waterprooﬁng] 3,030 3,083{ 3,088| 3,143| 3,242} 3,261] 3,274] 3,350] 3,627| 2,999] 3,078] 3,020{ 3,075 3,179
Csic]
- o - e = o - \ h -
§|1&|8|¢|8|2|&[8|8|3]|.
o o o o (= o X ) (7)) o
EIE(E|5 |35 88| %5
- - - - - - - < - @ -
Configuration < g g N j < g S < < ch
Scallng Factor 1.042] 1.122| 1.071] 1.105] 1.077] 1.142] 1.081] 1.066] 1.081] 1.123] 1.170
11,618] 15.879] 14,628] 16,238] 14,628| 16,238] 15,738] 15,738] 16,238] 13,269
496 496 496 496 496 496 496 496 496 496
Watergrooﬂng
AETB] 2,991] 3,162] 3,009] 3,105 3,027] 3,209 3,038 2,996/ 3,038] 3,157 3,288
_ Tligll 6,755 4,191] 6,597] 5,907| 6,638] 6,106 6,661 6,569] 6,121] 6,921 5,642
AFRSI (Requiring R
Waterprooﬂnq 3,022f 2,995] 3,266] 1,204] 3,286] 1,199 3,298] 2,986/ 3,028 3,426] 2,493
Csic 7,309 2,774 1,839 541 4,915
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3A Ranked Best For Sustained Personnel

7f. Sustained personnel-(Quantitative evaluation) - The candidate vehicle options are compared on the determined
number of technicians, and engineers required.

Weighted Rankings (High Is Best)

[Deltas - GSE, Inspe./Repair/Replace] Ranking (High Is Best)

1A-1 ) 1 —J 1A-1
1A-2 | . RN J 1A-2
1A-3 | SESRERTEGNCRI S S - 1A-3
1A-4 | ] | 1A-4
1B-1 | : 1 1 1B-1
2A1 | [ —J 2A-1
2a-2 [ L ] 2A-2
2A-3 [ L ] 2A-3
2B-1 | : 1 ] 2B-1
3A-1 : ] ] 3A-1
3A-2 | 3A-2
aA-1 | 4A-1
4A-2 4A-2

1A-1 - Int-Opt11 [

2A-1 - Int-Opt10

2A-1 - Int-Opt11 [

2A-1 - Wg-Opt10 |

2A-1 - Wg-Opt11

2A-1 - Wg-Opt12 |

2A-1 - TI-Opti1 [

2A-1 - CS-Opti1

2A-1 - CS-Opt14 [

2A-3-Wg-Opt11 [T —

28-1-OTF5

0

ASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HER

4

(T e

8

1A-1 - Int-Opt11

2A-1 - Int-Opt10

2A-1 - Int-Opt i1

2A-1 - Wg-Opt10 EZ

2A-1 - Wg-Opti1
2A-1-Wg-Opt12
2A-1 - TI-Opt11
2A-1 - CS-Opt11
2A-1 - CS-Opti4
2A-3 - Wg-Opt11
2B-1-OTF5

CULES I
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Sustained Personnel

|Conﬂguration 1A-1 - Int-Opt1] 2A-1 - Int-Opt10 | 2A-1 - Ilt-Opt11 | 2A-1 - Wg-Opl10} 2A-1 - Wg-Opt11]2A-1 - Wg-Opt12
Selection Crileria Score| Wt'd | Score {| Wt'd | Score | Wi'd | Score | Wt'd | Score | Wt'd | Score | Wt'd
JGSE Delta 9.0 54 3.1 1.8 31 i.8 31 1.8 3.1 1.8 3.1 1.8
Acreage Delta (Insp., Repair, Replace) 8.0 3.2 10.0 4.0 7.8 3.1 8.0 3.2 7.6 3.0 7.9 3.1
Acreage Delta (Re-Waterproof) 9.7 1.0 9.6 6.0 9.5 7.6
sttem Processlng - - - - - .
Total Wi'd Score 8.6 58 5.0 5.1 4.9 5.0
Rankinl 9.3 6.3 5.3 5.4 5.3 5.4
‘Conﬂguratlon 2A-1 - TI-Opt11 | 2A-1 - CS-Opti1] 2A-1 - CS-Opt14]|2A-3 - Wg—Optﬂ 2B-1-OTF5
Selection Criteria Score | Wi'd | Score | Wtd | Score | Wt'd | Score | Wtd | Score wt'd
GSE Delta 3.1 1.8 3.1 1.8 3.1 1.8 3.1 1.8 9.0 5.4
Acreage Delta (Insp., Repair, Replace) 7.6 3.0 7.9 3.1 8.1 3.2 7.3 29 7.9 3.2
Acreage Delta (Re-Waterproof) 10.0 10.0 8.9 8.8 25
sttem Processing - - - - -
Total Wt'd Score 4.9 5.0 5.1 4.8 8.6
Ran@g 5.2 5.4 5.5 5.1 9.2
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21 Shifts For 7 Days

Turn Around Time

4 Shifts Alt Operations Not Performed in Parallel With TPS Maintenance
17 Shifts (Available for TPS Operalions)

8 Hours Per Shift

136 Serial Hours => Hrs Per Shift * # Shifis

938 Minimum Hours = Configuration lowest Manhours

6.9 Techs Required Per Shift To Meet 17 Shift TPS Turn For Configuration With Lowest Manhours Requirement

e
a
(@)
=
e tlels ==l lolslzlalelz]|a]sx
Configuration S I - S O P - - T - T - T - T - T
Inspection 601 612 613 624 633 615 617 632 660 584 599 584 621 642 591
Replacement 144 139 142 142 144 144 142 148 1562 134 134 130 143 145 136
Repair 232 236 237 241 244 239 240 246 257 225 231 225 238 246 227
Re-Waterproofing (Not
Included) 529] 539] 540 550 560] 53t 634 546] 572 523] 537] 523] 558 577} 528
Total Hours 978] 987 991] 1007] 1021 997] 999 1025] 1069] 942] 964f{ 938} 1002| 1033] 955
Technicians Req'd Per
Shift 7.2 7.3 7.3 7.4 7.5 7.3 7.3 7.5 7.9 6.9 7.1 6.9 7.4 7.6 7.0
Rankilg10 & down 9.6 9.5 9.5 9.3 9.2 9.4 9.4 9.2 8.8/ 10.0 9.7] 10.0 9.4 9.1 9.8
= - b ot s - pas i -
§181¢|3|¢|&8|3|8]|8].
A - o o o : 173 » o w
ElEs 55288 =5
v v v it v v ot - @ ey
|contiguration I ] I I S I N I < a
linspection 702 607 660 619 650 622 601 614 646 7104
Replacement 82 141 128 145 132 146 140 125 151 134
Repair 186 235 223 241 231 242 233 233 251 216
Re-Waterproofing (Not
Included) 1105 532 678/ 536 604 538 519 553 559 928i
Total Hours 970{ 983] 1011] 1005 1014 1009 974 973 1049} 1060}
Technicians Req'd Per
Shift 7.1 7.2 7.4 7.4 7.5 7.4 7.2 7.2 7.7 7.9]
Ranking 10 & down 9.7 9.5 9.3 9.3 9.3 9.3 9.6 9.6 8.9 8.9)
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Facilities - Horiz. Proc.

Processing Facilities
Assumptions
1) Facility size based on:
a) Vehicle Dimensions
b) Constant values for work stands, access, cranes, etc.
2) Number of facilities required is independent of vehicle size
3) Horizontal facility trade therefore based on vehicle dimensions (square feet) only

Horlzontal Processinﬂacllity(s)

- o @ v iy - o @ iy 0 « @

Configuration < < < Z @ 3 S S 3 S S s
Width 107.5 | 1084 | 108.5 | 109.4 | 110.2 | 108.8 | 109.0 | 110.2 | 112.1 | 107.9 | 109.3 | 108.2
Length 1869 | 1885 | 188.7 | 190.3 | 191.7 | 1819 | 1823 | 184.4 | 187.6 | 175.4 | 177.6 | 176.0
Square Feet 20087 | 20434 | 20469 | 20828 | 21115 | 19786 | 19866 | 20322 | 21036 | 18918 | 19408 | 19046
Alternate Rank 9.4 9.3 9.2 9.1 9.0 9.6 9.5 9.3 9.0 10.0 9.7 9.9

= o - S T ] o - = < -

= z b= a5 a5 =1 = = < =

1818121818185 |13|¢2lce

c = £ 2 = 2 ot O o = 5
J el slalalslslslaslzlzle]las
[Contiguration 3 s = S S S S S S S S S Q
Width 1102 | 1120 | 1073 | 111.4 | 1088 | 1105 | 109.2 | 112.3 | 109.4 | 108.6 | 1094 | 1114 | 1137
Length 1895 | 192.7 | 186.7 | 1863 | 1821 | 184.9 | 182.6 | 188.0 | 183.0 | 181.7 | 183.0 | 186.4 | 190.2
[Square Feet 20877 | 21572 | 20038 | 20747 | 19817 | 20440 | 19937 | 21116 | 20007 | 19734 | 20007 | 20775 | 21628
fAtternate Rank o1 | 88 | 94 1 91 1 95 [ 93 1 95 1 90 | 95 9.6 9.5 9.1 8.7
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Facilities - Horiz. Proc.

Shops (Engine)

Assumptions

1) Same number of engines for all configuralions

2) Same maintenance required for engines on all vehicles

3) Therefore, size/cost of engine shop is not a factor in the processing facility trade

Shops (TPS)
Assumplions
1) Based on TPS required for each vehicle configuration
2) Includes area for TPS tabrication (Production Unils for lile, blankets)
3) Includes materlal storage areas
4) AETB Area same for all configurations ==> AETB TPS Shop area same for all configurations
5) Number of blanket replacements variesyuuainmaRERNNS /i 1/
Therefore, it is assumed that the ~size of the Blanket TPS Shop area is the same for all configurations

Additional CSic

- o @ b Y v o <@ 7 - o @
Configuration < < < < o I I I a = ! P
iHelghl
JWidth
{Length '
Square Feel
jRank 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
= o - = = S - pau b b
5|1 &8 |82 |¢|&|8|S]| 9% |w
- - - o o o T [7)) 0] on w
|2 | E |||z |~ |8 |38 |=]5
o T i e T T o o e
[configuration =S - S - - T - T - T - T - T - T - T O T - T
[Height 7308.8 2773.6 1838.8 540.6 4915.1
Iwidth
ILenglh
Square Feet 730.9 277.4 183.9 54.1 4915
Rank 10.0 10.0 10.0 1.0 10.0 6.6 10.0 7.7 10.0 10.0 9.3 10.0 3.9
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Summary - Equipment Requirements

Equip Reqmts - KSC

Configuration 1A-1 1A-2 1A-3 1A-4 1B- 1 2A-1 2A-2 2A-3 2B
Selection Criteria Wi Score i Wt'd | Score : Wi'd | Score | Wi'd | Score : Wi'd | Scorte : Wi'd | Score i WI'd | Scote : WIi'd | Score : Wt'd | Score
SLF

Safing

Vehicle Power/Control 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
RP-1 Removal/Drain Residue GSE 10.0 100 10.0 100 100 10.0 10.0 10.0 100
Emergency

Crash Truck 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Fire Truck & Fire Fighting GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Emergency Crew Recovery 2% 50 0.1 5.0 01 5.0 0.1 5.0 0.1 5.0 0.1 5.0 0.1 50 0.1 5.0 0.1 5.0
Vehicle Recovery GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Vehicle Removal GSE 50 5.0 5.0 50 5.0 50 50 50 5.0
Tire Pneumatic’Change GSE 10.0 100 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Crew Egress GSE 2% 5.0 0.1 5.0 0.1 5.0 0.1 5.0 0.1 5.0 0.1 5.0 0.1 5.0 0.1 50 0.1 5.0
Horizonta! Maintenance Facillty

TPS GSE - Inspection & Maintenance 10.0 10.0 10.0 100 10.0 10.0 10.0 10.0 10.0
Vehicle Access Work Stations 20% 6.0 1.2 6.0 1.2 6.0 1.2 6.0 1.2 6.0 1.2 6.0 1.2 6.0 1.2 6.0 1.2 6.0
Test/Repair Procedures GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
PartfLogistics Identification GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 100
MPS GSE Inspection GSE 10.0 10.0 10.0 10.0 10.0 100 10.0 10.0 10.0
Avionics Remove & Replace 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Computer GSE for Vehicle TPS Fabrication 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
LH2 Tank Inspection & Maint.. GSE 15% 8.0 12 8.0 1.2 8.0 1.2 8.0 12 8.0 1.2 80 12 8.0 1.2 8.0 12 8.0
LO2 Tank Inspection & Maint.. GSE 15% 8.0 1.2 8.0 1.2 8.0 1.2 8.0 1.2 8.0 1.2 8.0 1.2 8.0 1.2 8.0 12 8.0
RP-1 Tank Inspection & Maint.. GSE 15% 5.0 0.8 5.0 0.8 5.0 08 5.0 08 50 08 50 08 5.0 08 5.0 08 50
PA. Bay GSE - Inspection, Repair & configuration 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Payload Installation GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Structures GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
ICommunications/Telemelry GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Telecommunications GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Environmental System GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Landing Gear & Brake GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Avionics/Electrical Bench Repair & Test GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Ground Power 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Cranes (High and Low Capability) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
OMS GSE - Inspection & Maint.. 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
RCS GSE - Inspection & Maint.. 10.0 100 100 10.0 10.0 10.0 10.0 10.0 10.0
Electrical GSE - Inspection & Maint.. 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Toxic Gas & Liquid Removal GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
SCAPE GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
SSTO Tow Truck (From SLF to HPF)

SSTO Tow Truck (From HMF to Pad)

Pad

LH2 GSE Storage, Loading & Drain 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
LO2 GSE Storage, Loading & Drain 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
LO2 Refrigeration GSE 20% 10.0 2.0 10.0 20 10.0 20 10.0 20 10.0 20 5.0 1.0 5.0 1.0 5.0 1.0 10.0
AnR-Qeysering GSE 10.0 10.0 100 10.0 10.0 1.0 10 1.0 1.0
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Summary - Equipment Requirements

Equip Regmts - KSC

Configuration 2A-1 - Wg-Opt10] 2A-1 - Wg-Optit gA-l - Wg-Opl12 %—1 - TI-Opt11 | 2A-1 - CS-Opt11 l2_/‘«\-1 - CS-Opti14 gLA-a - Wq-Opti1 2B-1-OTF5
Selection Criteria Wit Score i Wi'd | Score : Wi'd | Score : Wi'd | Score : Wi'd | Score : Wi'd | Score | Wi'd | Score i Wi'd | Score : wWi'd
SLF

Safing

Vehicle Power/Contro! 100 10.0 10.0 10.0 10.0 10.0 10.0 10.0

RP-1 Removal/Drain Residue GSE 10.0 10.0 10.0 10.0 10.0 10.0 100 10.0
Emergency

Crash Truck 10.0 10.0 10.0 10.0 10.0 10.0 100 10.0

Fire Truck & Fire Fighting GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Emergency Crew Recovery 2% 50 0.1 50 01 50 0.1 50 0.1 50 01 50 0.1 50 0.1 50 0.1
Vehicle Recovery GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Vehicle Removal GSE 5.0 5.0 5.0 50 5.0 5.0 50 5.0

Tire Pneumatic/Change GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Crew Egress GSE 2% 5.0 0.1 5.0 0.1 50 0.1 5.0 0.1 5.0 0.1 5.0 0.1 5.0 0.1 5.0 0.1
LHorlzonul Maintenance Facllity

TPS GSE - Inspection & Maintenance 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Vehicle Access Work Statlons 20% 6.0 1.2 6.0 1.2 6.0 1.2 6.0 1.2 6.0 1.2 6.0 1.2 6.0 1.2 6.0 1.2
TesVRepair Procedures GSE 100 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Part ogistics Identification GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
IMPS GSE Inspection GSE 10.0 10.0 10.0 10.0 10.0 100 10.0 10.0
Avionics Remove & Replace 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Computer GSE for Vehicle TPS Fabrication 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

LH2 Tank Inspection & Maint.. GSE 15% 8.0 1.2 8.0 1.2 8.0 1.2 8.0 1.2 8.0 1.2 8.0 1.2 8.0 1.2 8.0 1.2
LO2 Tank Inspection & Maint.. GSE 15% 80 1.2 8.0 1.2 8.0 1.2 8.0 1.2 8.0 1.2 8.0 1.2 8.0 1.2 8.0 1.2
AP-1 Tank Inspedion & Maint.. GSE 15% 5.0 0.8 50 08 5.0 0.8 5.0 0.8 50 08 50 0.8 5.0 0.8 5.0 0.8
PAL Bay GSE - inspection, Repair & configuration 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Payload Installation GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Structures GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Communications/Telemelry GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Telecommunications GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Environmental System GSE 10.0 10.0 10.0 10.0 10.0 10.0 100 10.0

Landing Gear & Brake GSE 10.0 10.0 10.0 10.0 10.0 10.0 100 100
Avionics/Electrical Bench Repair & Test GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Ground Power 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Cranes (High and Low Capability) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

OMS GSE - Inspection & Maint.. 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

RCS GSE - Inspection & Maint.. 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Electrical GSE - Inspection & Maint.. 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Toxic Gas & Liquid Removal GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

SCAPE GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

SSTO Tow Truck (From SLF 1o HPF)

SSTO Tow Truck (From HMF o Pad)

Pad

ILH2 GSE Storage, Loading & Drain 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

LO2 GSE Storage, Loading & Drain 10.0 10.0 10.0 10.0 10.0 100 10.0 10.0

LO2 Refrigeration GSE 20% 5.0 1.0 50 1.0 50 1.0 50 1.0 5.0 1.0 5.0 1.0 5.0 1.0 10.0 2.0
Ank-Geysering GSE 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
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Summary - Equipment Requirements

v

Equip Reqmis - KSC

Configuration 1-1 3A-1 3A-2 3A-3 4A-1 4A-2 1A-1 - Int-Opt11 2A-1- Inl-Opt10 | 2A-1- Int-Opt11
Selection Criteria Wit Wt'd | Score i Wi'd | Score : Wt'd | Score : Wi'd | Score i WI'd | Score : Wi'd | Score : Wt'd Score : Wt'd | Score @ Wi'd
RP=1 GSE Storage, Loading & Drain 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Gas Purge Systems 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
SSTO-to-Pad Mate GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Crew Ingress GSE 5% 03 1.0 0.1 1.0 0.1 1.0 0.1 10.0 0.5 10.0 0.5 5.0 03 5.0 0.3 5.0 03
Lighting GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Crew Emergency Egress GSE 3% 0.2 1.0 0.0 1.0 00 1.0 00 10.0 03 10.0 03 50 0.2 5.0 0.2 5.0 0.2
Emergency
Fire Truck, Fire Fighting GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Crew RemovaVRecovery GSE 3% 0.1 1.0 0.0 1.0 0.0 1.0 0.0 10.0 0.3 10.0 0.3 3.0 0.1 3.0 0.1 3.0 01
Vehicle Removal GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
SCAPE GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Launch & Mission Control Center
Ground Test, Controt & Monitoring GSE 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
FR Rx & Transit)
Total Wt'd Score 100% 7.0 7.2 7.2 7.2 5.7 5.7 7.0 6.0 6.0 |
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Sandwich Designs Are Ranked Best - Lowest
Probability Of Tank Penetration

SST0

8a. Probability of tank penetration- (Quantitative Analysis) - The candidate vehicle options are compared on the
analysis prediction (based on test data) of the probability of cryogenic tank penetration (leakage) for vehicle on-
orbit duration’s of 90 days.
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Debria impact Taests Completed

All Panels Tested st NASA/MSFC During Phase 1 and Delts Tests |
 Testid | Date Tested Panal TIPS Foam Particle Panei Nexie! Composite Panel
Sampla Id Type Thickness Type | Thickness |  Size Thickness Material Type p Damage From Test
__. 1834 1119/96 At 52 _016-N-032 1M7/8552 _ Skin/Stringer o Yes (.80 by 1.07 inch Hole
1641 1/24/95 | A2 SRR 5. R _096-N-032 | IM7/8562 | Skin/Steinger | Yes None Visible
1650 1731196 10 A3 0.t6-N-032-K I1M7/8552 Skin/Slringer |~ Yes & Keviar . . ....09.82 by 1.30 inch Hole
__.1e62 | 2/1/95 11 SR .5 - S, 0.16-N-032-K _.-|. AM7/B552 . Yeos & Keviar 1.32 by 1.54 inch Hole
1653 2/1/96 12 A | 032-N-032-K IM7/8552 _Yes & Keviar _ 0.40 by 0.54 inch Hole
1658 2/6/95 | 13 _ ___mS |l 032-N-032-K iM7/8562 b _Yes&Kevlar | by 09 inch Hole
1868 2114/95 28 S 5 - | i IM7/8552 Skin/Stringer o Yes _.0.68 by 1.28 inch Hole _
1870 | 2/14/95 | 25 1 I IM7/8552 | Skin/Stringer Yes Delamination with No P {
1035 1/19/98 - IM7/8552 Skin/Stringer Yes 0.70 by 1.40 inch Hole _
__.1837 _ | 1/20/95 | ™M 52 | Skin/Stringer _ Yes_ 0.87 by 1.13 inch Hole
1854 | 2/1/9§ i - . M7/8662 | Skin/Stinger |  Yes Coated & Kevlar __ .. 0.75by 1.26 inch Holg __
1866 2/1196 1- _ IM7/8552 Skin/Stringer | Yes Coated & Kevlar 0.60 by 0.67 inch Hole
1857 216/96 | _ IM7/8552 ) i _YesCoated & Kevlar | ~  _ 060by1i0inchHole
1858 2/6/95 _IM7/8852 | ger | __Yes Coated & Keviar 0.55 by 0.80 inch Hole
_..1685 2110195 IM7/8552 SkiniStringer Yes & Keviar 2.68 by 1.39 inch Hole
1667 | 2/13/985 | 1 . IM7/8552 | Skin/Stringer Yeos & Keviar __ None Visible
_..1872 2/15/95 _ IM7/8552 Skin/Stringer Yeos & Keviar .30 by 0.80 inch Hole
1673 | 2/15/85 | 14 ~ 1M7/8852 | Skin/Stringer Yes Coated & Kevlar . 0.40 by 0.70 inch Hole
1642 11256/96 1.00 0.045 Facesheat| |M7/8552 | S No . Nc ble
_..1643 | 1126196 2.00 0.046 Faceshest| IM7/8552 No __None Visible
1871 2/14/95 1.00 | 0.045 Faceshest] IM7/8652 | _ No B . 0.98 by 0.87 inch Hala_
1659 2177195 4 Non-Integral Tank FRSI 0.16 - 0.32 61WF 0.75 IM?/8552 | Non-ntegrat | No | . ____ ___None Visible
1860 217185 [ Non-Integral Tank FRSI 0.18 - 0.32 S51WF 0.75 _ | _ IM7/8552 ___Non-integral No i None Visible
1882 2/9/96 .8 Non-Integral Tank AET8 2.00 6IWF | 075 | 01250 IM7/8552 Non-Integral No . None Vigible
16864 2/10/9% 9 Non-Integral Tank AET8 2.00 AM7/8552 Non-Integral No _ None Visible
1661 2/9/95 [ Non-Integral Tank AFRS! | . 1M7/8552 No ....None Visible
1663 | 2/10/85 | 7 | Non-Integrat Tank AFRSt IM7/8552 No .07 Inch Diameter Hole
1603 | 0/19/94 ;| 10 S1WF 0.50 | _0.126, 0° .. IM7/8662 e o No_ B U 0.45 by 0.24 Inch Hole
~ 1804 9/20/94 13 050 | 0.125 0° | tm7iss52 Yes Smali Amount of Delamination Rear_ Sida
1805 9/20/94 | 18 0.7 0.126, 0° _IM7/8652 |  Skin/Stringer No _ None Visible
1606 9/20/94 | 17 [  0.250, 0° _ 1M7/8562 Skin/Stringer ) No . i 1,25 by 2.20 inch Hole
1807 9/21/94 | o 0.187, 0°_| IM7/8562 | _ Skin/Stringer No 1.0 by 0.50 Inch Hole
1608, | 9/21/94 _  0.50_(Taped) 0.125, 0° 1M7/8552 Skin/Stringer No 0.40 by 0.23 Inch Hole
1609 | 9/22/94 . es0 | 0187, 0° 1M7/8552 | Skin/Stringer Yes . . 0.90 by 0.90 inch Hole ,
1610 9/22/94 . 0.60 _.0 _|.0.187, 30° | IM7/8552 | Skin/Stringer Yos 1.1 by 0.80 Inch Hole_
1811 | 9/23/94 ,, 0.60 | _BIWF 0.50_ | 0.125,30* | _ O IM7/8552 | __Skin/Stringer No . Bad Shot
1812 9/28/94 ia:) S1WF _0.80 0.125 __M7/8562 | Skin/Stringer No o 0.60 by 0.30'inch Hole
1813 g/28/94 | M _51wF 1 050 1 01256 | 0.096 IM7/8552 | Skin/Stringer No Circular Hole 0.4 tnch Diameter, Delamination
1616 | ©/28/84 | . e 0.50 0.125 IM7/8552 Skin/Stringer Yes No Penetration, Delaminalion 0.5 by 7 Inch
1616 | 10/8/94 AETB S1WF 070 | _0.126 . IM7/8552 _Skin/Stringer No Norne Visible
| 10/8/94 | AETB _6IWF | 070 | 0260 1. IM7/8652 | Skin/Slringer } No None Visible _ . _
__ 1618 | 10/7/94 § = | | AETB _SIWF | 1.00 .0.250 _ IM7/8552 | Skin/Stringer |} Neo . .. . None Visible __
1819 10/7194 1 . AETB BIWF 1.00 ] 0.375 _|_ Skin/Stringer No _25by 5.5 Inch Hole
_._1820 10/7194 _...._hETB 51WF 1.00 _ 0.313 Skin/Stringer . No 0.3 by 0.4 Hole, Delamination on Rear Site
1621 10/14/94 | AETB 0 0313 | Skin/Stringer No 1.5 by 3.0 Mole, Panel Delamination on Rear Side
1825 10/13/94 AETB : 1 1M7/8552 Skin/Stringer No . None Visible B
1826 | 10/21/84 | | ... _AETB _ IM7/8552 Skin/Stringer . No Savarely Delaminated and Torn into many pieces
.. 1624 10/12/94 o _l_Non-Integral Tank FRS! | 038 _ I IM?7/8552 Skin/Stringar No 1.7 Inch (rregular Shaped Hole
1630 12129194 - -—_]_Non-integral Tank FRS! L. 028 _IM7/8662 | Skin/Stringer__| No . _. ... None Visible
1622 | 10/12/94 __| Non-intagral Tank AETB 0650 | _SIWF iM7/8552 Skin/Stringer No 2.5 by 1.3 Inch Hote
1623 | 10/12/94 Non-Inlegral Tank AETB 0,50 _ IM7/8552 Skin/Stringer No 0.4 Inch Diamster Hole
77&51_ 1 12/29/94 R | Non-integral Tank AFRSY | 026 | BIWF j Skin/Stringer No None Visible
1632 12/29/94 Non-integral Tank AFRSH 0.590 SIWFE Skin/Stringer _No 0.4 by 0.2 Inch Hole
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Debris mpact Worksheet AL Schmdl
39/95
Probability of No impact | R B e I o
Using Modified MBFC 100 Mission Debsts Model Based Upon Tank Location {Changed E sion MSFC Madel For Ares Dilference Modiied 100 Mission MSFC Model H
T LH Tank Probabdity Probabifty Probabity ~ B
Vehicle Botiom of No imped | ol No kmpact of No Impadt
- {0.3125 Inch ) | (0.375 inch )

Opton __ [Avg TP Thicknesy Type Ot TPS Avy Foam Thicsess | Type Of Foam

(1] 0.975691

A d 10 Have 1o Damago | Bascd Upon 1642, 1843)
Assumed to Have no Damage { Based Upon 1842, 1643)

160 | 0125 0.45 by 024 inch Hola
1803 0.12s 0.45 by 024 Inch Hola
a8 o7 | Ansumed io Have no Damaga [ Based Upan (842, 1843)
1608 R None Visibio
|§1; 7:0 187 Asaumed ta Have no Damage ( Based Upan 1842, 1643)
1671 0.187 Assumed 1o amage ( Based Upon 1842, 1643) :
1605 . " None Visbie
0917810 | 1871 | 0.187 A
0.937008 1680 AT TAN B None Visibie - Test Done for FAST - AFRSI Assumed Better _

1 Done for FRSI - AFRSI Assumed Beiler

jProbebillty of No Impact
Modiied MEFC 100 Miseion Debrie Model Besed U, Tank Locelion (Cf Efiscitve Ares)
LH Tank Tank
Vehicle. 1 U [
TP8 Thicknesy Type Of TPS Avg Foam Thickness
0.30

1A.1 0.47 A
1A-3 0.47 AR
040 [ " ame T 0984290 )
A 0.40 AFRS 0.954210
NFS 70989920 | 0093407 | ‘0.0094da Toes [ 04SbyO2ainchiol T
Na | .0.989929 0.693407 | 0.909448 0.128 045 by 0.24 Inch Hole
| ossTee | 1647 | @.i25 T None Vamie

1 oeeees

o.660838 0.45 by 0.24 inch Hole

" SkiniSwinger [~ 645 by 024 nch Rk
] Honeycomb_ ] 0939318 | None Visble

_| Non-integral Honeyoomb) _|. o9se210 None Visiia - Test Done for FRS! - AFRASI Azsumed Better

NorrIntegral Honeyoomb| T 0985799 0.982087 | 0.989929 _ " None Visia - Test Done lor FRSI - AFAS) Assurnad Better

2007 | 0.988459 _ _0.982887 Nons Vistle - Tast Dona for FRS! - AFRS) Assumed Detter

Norvintegral Honeyoomb|
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Detbris impact Worksheel RL Schmidt
3998

Probability of No Impact | . 1
Using Modifled MSFC 100 Mission Debris Modet Based Upon Tank Locstion (Changed Effective Area)

Probabiity Probabiity Probebdity____ | T R R B . . o I R P
Vohide | oiNolmpad ] ofNoimpact] = _of Nolmpad

0.126 Inch ) | (0.188 Inch ) (0.250 bnch )
1A-1 0571987 0814794 [T
0.571987 )

9715320 | A e . B B R
0715320 ] o [P . R

0803395 [ osaes | T . . . o
.62 . . . -

0.903395 827945 . . _ . PR -

0 923421 -
0.923421 o -
0747830 | - R - - - s JERY S _
1 o.rarsa -
Satazea | - ) - MR - ]

9.891854

LR 0.762973 6.905091

99317 _| "0 0948724 | o.8BS08S

2B 1OTFS | 0.748872 |
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Miciometsarold Workshest

AL Schmid
379795

[Probavliity of No Impact | I | ] | o
Uolm Modified MSFC 100 Meston Debris Model Based U Tank Location (Changed Eftective Modifiad 100 Mission MSFC Model For Area Oifisience
LOx Tank . Tank __Probabity Py ___Probabibty __Probability o Tesl
Vehicle [Botiom . .Comuwction _ |_of No Impact of Na tmpect | of No impact Panel_ o
Oplian Avg TPS The Type Ol TPS Avg Foam Thickness Type O1 Foam Type {0.3126 Inch ) ] (0376 Inch ) Reautte
AT 4.50 NS 0.38 | Rohacell | Bkin/ Siringer AFLY 0.996161 0.999487 0.999835 | 0.999932 |  0.999967 0.996161_| 1603 | 025 | . . 045 by 0.24 Inch Hole
] 0.38 Rohscell | Sk / Sitinger ALl | 0.998181 0999487 | 0999835 | 0999932 | 0999967 | o0.098181 | 1603 | 0125 0.45 by 0.24 inch Hols )
e Teas L Skin / Suinger AFLI | 0.9968181 0.999487 | 0999838 0.996181 1603 0.125 0.45 by 0.24 inch Hole
] 038 Skin / Suinger ALl 0.996161 0.999487__ 0.990181 1603 0.125 0.45 by 0.24 inch Hole
YT . Skin / Sringer MQ,J 09765398 , 0.1285 “None Visible
ARSI Skin / Siringer Ak-LY 0.9785329 _ 0.125 None Visible
NS Skin / Siringer AVLi_ | 0.976539 1605 | 0.125 None Visible
“Skin / Stinger ALLI | 0.985432 1603 0.128 " 0.45 by 0.24 (nch H
L o AL 1403 0.45 by 0 24 inch Hole
“Skin / Siringer ALLI_ 1603 N 0.45 by 0.24 inch Hole o
3 | | _Skin I Suinger AvLI_ 0.999770 0.999869 0.998270 1605 : ___ None Visible
085 _ Skin / Siringer AL _0.999770 | 0999889 | 0.996270 1605 Nons Visible
09 Skin 7 Stinger AFLU | 0908181 | 0990835 | 0.999932 | 0.099987 | 0.099487 1605 0.128 " None Visible
K 137 _Skin / Singer 0.978539 0998983 " 0.999580 0.998840 1605 0.125 None Visible
T2B1-0TFS 7371 UK "] 0999880 | 0999796 | 0.996840 | 1605 6.125 None Visible
Probabliity of No Impsct - o T o
Using Modifled MSFO 100 Misslon Debris Model Basad Upan Tank Location !cLanpd Eftective Area) Modifed 100 Mise os Area Ditterence
LOx Tank Tank __ ]__Probability Peobability __Probability Probability Tesl
Vehicle Top Constiuction | of No mpaci of No impact of No impact of No Impact Panet
Option Avg TPS Thiciness] Type OI TPS Avg Foam Thickness Type Ot Foam T {0.125 inch ) (0.188 Inch ) {0.250 inch ) {0.378 tnch ) Rewits
1A-1 _Skn/ Svinger AHLI | 0985432 | 0998046 | 09993711 0.45 by 0.24 inch Hole
in / Stiinges Al-Ul 0. ] 0999371 045 by 024 inch Hole
] Skin7Suinger A | 0986432 “|_oeseary | " o.ees740 . 045 by 0.24 Inch Hote
_|. Swn/Sminger AU | 0.985432 [0.999371 | 0.999740 045 by 024 inch Hole
Singer AU | 0.976830 0998983 |  0.999580 1803 045 by 0.24 inch Hole
Swinger 0.970539 0908983 | ©0.999580 1603 0.45 by 0.24 inch Hole o
1 skin / Svinger AU | __0.998983 ~0.999580 0.999796 0.978539 1803 0.45 by 024 inch Hole
| 0999371 | 0999740 | 0999874 | 0.995432 1603 0.125 0.45 by 024 inch Hole
_|._o.9a5a32 | 0999740 | 0009874 | 0985432 | 1603 |} 0.125 045 by 024 inch Hole _
_0.99974D 0.999874 0.985432 1603 0.125 0.45 by 0 24 inch Hole
(0.999443 [ 0999770 0.999889 | 0.987095 1603 0.128 0.45 by 0.24 ineh Hole
0999443 _ | ‘0999770 0.967095 1603 0.125 0.45 by 0 24 inch Hole
0.999371 [ 0.999740 0.985432 1803 0.125 "0.45 by 0.24 inch Hole N
0.976539 1603 0.128 0.45 by 0.24 inch Hole
72B1-0TF6 | “'0.999796 | 0.978539 1603 0.125 | 0.45 by 0.24 inch Hole
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Micrometeoroid Wrap-up Summary

___Vehicle _

__Total Vehicle

Probability of Mlcrometeorb]&_

" Total Vehicle _

; 5;6Bablllty of Micrometeorold ~

Total Vehicle

_ Pr_o_bablllgyrol Mlcrqmetgorpld;

_Total Vehicle

_l"-‘rrqbértgljltryfof Mlcromefgoiold

Option _____OfNolimpact ~__OfNolimpact Of No Catastrophe Fallure - Of No Catastrophe Fallure
MSFC Mission Profite MSFC Mission Proflle MSFC Mission Profite MSFC Misslon Profile
1A-1 . 0.926318 0.936403 . 0.988815 . 0.990243
1A-3 B 0.926318 0.936403 0.988815 0.990243
1A-2 ~ 0.963979 10.974474 0.988815 0.990243
 1A-4 ~0.963979 | 0.974474 0.988815 0.990243
_2A-1 0.915110 0.936209 ~ 0.987655 0.990661
2A-3 0.915110 0.936209 0.987655 0.990661
2A-2  0.968168 0.969114 0.990419 0.991387
3A-1 T 0.918847 0.918847 0.983224 0.984644
3A-2 ~ 0.962765 0.962765 0.987571 0.988997
~ 3A3 | 0.962765 0.962765 10.987571 0.988997
___AA-1 0928269 | 0.925218 10.986829 0.986829
4A-2 )  0.975782 0.975782 0.986829 0.986829
1B-1 0.980000 0.981415 0.992545 0.996064
2B ~0.970877 0.971826 0.991060 0.995138
" 2B-1-OTF5 | 0.970035 0.971295 0.990201 0.994906
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Non-Integral and Sandwich Construction are Best

For Debris & Micrometeoroid Probability of No Rupture

SC - 8b Probability of No Catastrophe Failure (Allowing 0.70 Inch Diameter Hole)
Using Modified MSFC 100 Mission Debris Model Based Upon Tank Locatlon (Changed Effective Area)

SSTO

LH2 Tank Bottom| LH2 Tank Top | LOx Tank Bottoml LOx Tank Top | LH2 Tank Botiom] LH2Tank Top | LOx Tank Bottoml LOx Tank Top Overall

Vehicle Debris Debris Debris Debris Micrometeoroid | Micrometeoroid | Micrometeorold | Micrometeorold} Probability
Option Probability of Probability of Probabllity of Probabliity of Probability of Probability of Probabllity of Probabllity of of

No Rupture No Rupture No Rupture No Rupture No Rupture No Rupture No Rupture No Rupture | No Rupture
1A-1 0.937806 0.95421 0.988105 0.983607 0.998216 0.994465 0.998046 0.998046 0.859997
1A-2 0.937806 0.95421 0.988105 0.983607 0.998216 0.994465 0.998046 0.998046 0.859997
1A-3 0.937806 0.95421 0.988105 0.983607 0.998216 0.994465 0.998046 0.998046 0.859997
1A-4 0.937806 0.95421 0.988105 0.983607 0.998216 0.994465 0.998046 0.998046 0.859997
18- 0.937806 0.977019 0.994082 0.983607 0.998216 0.998216 0.998046 0.998046 0.889222
2A-1 0.975097 0.9656799 0.964028 0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
2A-2 0.987569 0.965799 0.964028 0.973613 0.998676 0.995889 0.998983 0.996840 0.886644
2A-3 0.975097 0.965799 0.964028 0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
281 0.987569 0.982887 0.964028 0.973613 0.998876 0.998676 0.998983 0.996840 0.904857
3A-1 0.859239 0.946553 0.988105 0.983607 0.993518 0.993518 0.998046 0.998046 0.777206
3A-2 0.927610 0.946553 0.988105 0.983607 0.997910 0.993518 0.998046 0.998046 0.842668
3A-3 0.927510 0.946553 0.988105 0.983607 0.997910 0.993518 0.998046 0.998046 0.842668
4A-1 0.917810 0.939316 0.960373 0.985467 0.997619 0.992616 0.998270 0.998270 0.805172
4A-2 0.917810 0.939316 0.960373 0.985467 0.997619 0.992616 0.998270 0.998270 0.805172
1A-1-In1-Opt 10 0.937806 0.954210 0.988105 0.983607 0.998216 0.994465 0.998046 0.998046 0.859997
2A-1-Int-Opt 10 0.975097 0.965799 0.964028 0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
2A-1-Im-Opt 11 0.975097 0.965799 0.964028 0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
2A-1-Wing-Opt 10 0.975097 0.965799 0.964028 0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
2A-1-Wing-Opt 11 0.975097 0.965799 0.964028 0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
2A-1-Wing-Opt 12 0.975097 0.965799 0.964028 0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
2A-1-Tall-Opt 11 0.975097 0.965799 0.964028 0.973613 0.9965889 0.995889 0.998983 0.996840 0.873004
2A-1-CS-Opt 11 0.975097 0.965799 0.964028 0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
2A-1-CS-Opt 14 0.975097 0.965799 0.964028 0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
2A-3-Wing-Opt 11 0.975097 0.965799 0.964028 0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
28-1-OTF8 0.987569 0.982887 0.964028 0.973613 0.998243 0.998243 0.998983 0.996840 0.904072

" NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES ||
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Dsbris Impact Worksheet

AL Schmid
3/9/95

Probabllity of No Ca

Catastrophe

Failure _(Ailowing 0.70 Inch Dismeter Hols)
od Uy Tank Location {Chenged Etiecilve Aree)

Modiied 100 Mission MSFC Model For Area Ditierence

_ . Skin / Skinger

20-1-0TF5

Faliure

Probablility of No
Usl

Modified MSFC 100 Mission Dsbiie Model Based

iUsing Modified NSFC 100 Mission Debris Wodel
LH Tark - _ | _Probablity | _Probublty _ Test
Vahicia Botiom - oMo tmpact | * of Mo impact Panet .
| gl‘m TPS Thicnesy T o TIPS Avpg Foam Thickness Ym Of Foam (0.3125 Inch ) {0.375 Inch } Rests
141 IE) ] ) fiohwosd | Bhin/ Stinger ~ 3045 | umod to bo within 7 nch Dia. Bocause of TPS Thicnass
1A-3 1.38 o] 099 Skin/ Stinger | 0.702608 0.87857¢ 0063045 | sumed 1o Be within .7 inch Ola_Because of TP8 Thickness
T2 RN AR 0310110 T R [ 77 7] “oze2s0e | “o.arasre 0.937808 0.983043 0.e3reos | a7y Bocaure of TPS Thickne
A4 (%21 e 314108 " Foneos | Honeyoom " 07023508 0.87857¢ 0937806 | 0.963045 “o.esrevs Becau
2A-1 0.50 AFFSL Rohwoed | ks Suinger | 0.978097 0.976087 | 1803 7 0.45 by 0.24 Inch Hobe (Assumed Noi A Problem) T
2A-3 0.50 L] “Rohaod | Skin/ Svinger 0.076007 | 1603 0.45 by 024 Inch Hola (Assumed Nol A Problem)
AT “Rohecel | Honeyoomb Assumed 10 Have no Damage { Based Upan 1642, 1643)
AN __PAchscel __ | " Skin/ Stringer 0.859239 0.971574 0859239 | 1608 __ None Vistie L
Fohaood Honeyoomb [XHTZENN . Assumed o Hava ro Gamage ( Upoa C
_ Rohaosl _ _ _Honeyoomb Assumed lo Have no Oamage ( Based Upon 1842, 1643}

. Assumed 10 Have no Damsge [ Based Upon 1642, 1643)

saimed 1o be withn 1 nch Dia Becauia of TP Thicknats

None Vishie - Test Done for FASI - AFASI Assumed Betier

None Visitie - Test Dona for FASI - AFRS] Assumed Better

or7ar0 |

0.909448

__0.009448

0.005799

909448 _

Norvinlegral

“oarnz2
0973122 " 0989813 0946553
0913122 0909813 | 0.948553
- | osesize

0.988170 0.939318

- 0977019
0.949920, To.9s2007

0.909448 XTI e

or Area Dilleronce |
Probeblity | = Probablity | _ Prohablity | Componen Test
o No impect | of No impact of Na impact Frobabllity Pana
{0.250 Inch ) | (0.3125 inch ) (0.375 inch } | of Mo Impeet Resuty
_0.977019 0986459 | 0991130 045 by 0 24 inch Hole (Assumed Not A Problem)
0.991130 0.45 by 0.24 Inch Hole (Assumed Not A Problem)

1842 | 0125
1842 | 0.125

0128
1842 0.125

Ners Viniia
__ . ___None Visite

0.45 by 0 24 Inch Hole (Assumed Not A Problem)
45 by 0 24 Inch Hole (Assurmed Not A Problem)
Nona Vistie

0.3 by 5.24 inch ios ihsauod Mol A Protlem)

Hone Visble
None Visible

None Vistie - Tes! Gone for FASH - AFRSI Assumed Betier
None Visible - Teat Done for FRSI - AFRSI Assumed Belter

Hone Visble - Tesi Dona for FRSI - AERS) Assumed Bafter
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N’ —_—
Debris Impact Worksheet RL Schmid
319195
P_t_ol_:_lbﬁly of No Cstestrophe Fallure (Aliowing 0.70 inch Olameter Hole)
Waing Modifled MBFC 100 Mission Debris Model Based Upon Tank Location (Chat Ettective Area)
| _Provabhyy Totet Vehisle] o e _ o R R D .
Vehicle of No Impad _ Probabllty _ .
Option 0.125 Inch of No Impect]
_.9.571887 4
0.571987 _ . e e . -
071987 i IS o7 -
__O.ST1987 0.869724
0.002018 . I I B
0883015 . . JR S S
| 0.780de7 o7e0der | A R - -
|-e.ze0der | . 9853273 i
0.790487 N 3 : _ IO N _ [EURUNY DUV A SN (I - .
30 _ . - b - .
BEETY “G7s323 | 0g08ew e SN R I - - . .
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S— ~— —
Micromelsoroid Workshael AL Schmic
3/9/95
IProbabiiity of No ( Fallure (Alowing 0.70 Inch C Hote) i . I . . o
Using Modified MSFC 100 Mission Debrie Modet Based Upon Tank Location E_!lnlv Aroa) Modified 100 Mission MSFC Model For Area Diiference

LH Yank Probebilily Piobabilily [ y Component Test Test Tost
Vehicle Bottom "ot No impact | ol No Impect impact_| "ol No impact_{ ~Probebitity Panel Pattide R . Panel_
Option [Avg TPS Thickness] Type Of TPS Avg Foam Thickness {0.125 Inch ! [0.1873 Inch ) {o.zﬂmnl {0.3125 Inch ) | (0.375 inch )} | of No Impact | Reterance Size o Rewits —
tA-) 1.38 I D X T R 8 ] .0.99446 0.998216 | 0.099263 | .0.998216 1607 0187 ]1.0 by 0.50 Inch Hole - Assumed 1o be within .7 Inch Ora. Because of TPS Thicknesy
38 ° "] [o.994485 | 0.098218 | 0.99928 0998216 | 1607 | 0.187 |10 by 0.50 Inch Hols - Assumed 1o bs within .7 Inch Dia. Because of TPS Thicknes

181

28-1

28-1-0TF5

| oevsssz | o.9eaese
_. 0999852 0.999856_
6.690852 | 0.959858
T0.097910
__ _Honeycomb 0.952388 | 0.993518 kfg_ggmg_” '_ 0.999138
—Honeycomb_ 0952388 | 0.993518 | 0997910 | 0.999138
. SwniStnger | 0945923 | "0.997e18 | 0997819 | 0.999016
| . _Honeycomb “0.945923 | "o.wvzeie 0.9976819
0.75. Rohacalt _ | Non-integral Honeycomb| ~ 0.958218 _ KETTHT
0.75 | _Raracel | Nonintegral Haneycomb] ~ 0.991924 I XTI
0.75 comb

Probablilly of No C P
‘Uﬂlu Modifled MSFC 100 Missicn

Fallure {
Debrie Model Besad U,

9 0.70 inch

Tank Location {C

—— —
Modified 100 Miasion MSFC Model For Ares Diftsrence

1671 | 0187

ieos | o.128

1871

1674

1807

187 0.187
“1e32. | 0250

1632 | 0250

1832 | 0.250

7 [1obyo

Assumad to Have no Oamage ( Based Upon 1642, 1643)

. NonevVisitie
Assumed to o [ Based Upon 1842, 1843)
_ Assumed to Based Upon 1642, 1643)

.50 Inch Hole - Assumed 10 be within .7 inch Dra. Because of TPS Thickness

" Aviumed to Fiave oo Oamage | Based Upon 1843, 1643)

Assumed to Have no Gamage { Based Upon

. 1643)

by 0.24 inch Hole (A3sumed Nol A Pioblem)

10.45 by 0.24 Inch Hole (Assumed Nol A Problem)_

Absumed ia Ha TBased Upon 1842, 1849)

7 0.4.by.02 lnch Hole
0.4 by 0.2 inch Hole

" 0.4 by 02 Inch Hole

i

neycomb|

—|_Probabuiity Probaility Probabitty Probabuly Frobabity | Component ) - —
Vehicle Consiruction of No impact of No Impect of No Impact of No Impact | of No Impaci | Probabitity _ ~ R
lion Av_' PS Thickneas Tm TIPS Avg Foam Thickness Type Of Foam 'Lm 128 nch 188 Inch Q.zsn inch } | (0.3125 inch } | (0.373 inch ) | of No impest
— 1A 0.47 NS 0.30 " Roheosl | SWn/Singer | 0.959218 | 0.094463 | 0.998216 0.999263 0.999843 0994465 1603 0.125 0.45 by 0.24 inch Hole (Assumed Nol A Problem)
1A3 0.47 ARSI 0.3 Rohacel Sin / Stringer 0.959218 0.994488 0.998218 0.999263 | 0.999643 0.994468 1803 | 0.2 0.45 by 0.24 inch Hole (Assumed Nol A Problem)
w2 oA | ams | Honeycomb | 0.959218 _ 0999263 | 0999843 | 0.994485 | 1841 | 0125 Test Results For FAS! - AFRSI Assumed (o be Better
1A-4 0.40 ARSI Honeycomb __ 0.959218 999263 0.999643 | 0.994465 1641 0128 Test Results For FRSI - AFRS] Assumed ™
T 2A 0.43 ARSI Skin/ Swinger | 0.969370 _ X 0999433 | 0.989733 0.995889 | 1603 0.128
2A-3 0.49 AFRS) | _8kin / Suinger 0.069670 0000078 | 0990453 | 0.999738 0.995089 1803 0,125
I LY I ) T R I Honeycomb_ | _0.069570 | .995 0.99973% 0.995889 1842 0.125 None Visibie
A1 040 [ A D - " Skin / Stiinger 0952388 | " 0.999s81 0.993518 1603 0.125 0.45 by 0.24 inch Hole (Assumed Not A Problam)
0.40 AR 0.0041.26 Hon 0.952388 0.993518 1842 012§ None Visble
..0.40 ANFRS 0.00+1.28 Honeycomb 0.9522388 0.993518 1642 0.125 Nons Visibie
0.40 NS 038 Skin/ Stinger | "0.943923 0.992618 1603 0.128 0.45 by 0.24 inch Hole {Assumed Not A Prablsm)
A2 0.50 AFFSI 0.0041.18 Honeycomb 0.945923 " 0.099016 0.992810 1842 0.128 None Viibie
X 0.50 AFRSI 0.78 " Rohacel | NorrIntegral Honeycomb|  0.959218 8| b.999203 0.999263 1632 0.250 0.4 by 02 Inch Hols
T e AR T oas Rohacel | Non-integral Honsycomb| _ 0.969570 | 0995889 | 0.993676 | 0.999453 0.999453 1632 0250 0.4 by 0.2 Inch Hole -
T28101F8 | _ AR ‘Aohacel _ | Non-integral 950218 | 0904485 | 0998243 | 0.990266 0999268 1632 0250 0.4 by 0.2 Inch Hole

142



eVl

.°“"'MNJ oy 04 =] DS vomti 001 00! POUPORN

N’ N’ e’
B 9616880 | 0856000 | ‘teeeee 0 | oruess o | 6E: - ey 60 [F] T Esd | sdl0ver
gosl 009680 9616660 o8gess0 | Eooess _oyesss’e Moy wbung funs | weosuoy L TN o _te
o S eogt 9909680 | ¥i8666°0 0visse's 11g888°0 | 9v0868°0 |  ZEvsUs'O Ny wbuag f s iwowoy 8e'0 SHY o tel
B §21'0_| €091 | 028880 660666°0 0££666°0 ereges0 | 0i29680 $6008°0 v WBuRiS J UME | weowoy “8to 177 sav ore vy
$2i°0 | £091 | 0/20860 | 6990680 0LL688°0 Erroes o0.z880 0 $60466°0 | v Busig jung | om0y o 0 L L
A ) §21'0 | cogt 9008680 | ¥29606'0 | Ovi666'0 | 1266660 970066'0 71 nviv sbuig R I i R - e
szi'o €09t 2708850 0r1666°0 11€666°0 or0988 0 Ti-Tv Wbums / oong [T} (=77 or'o zve
sZ1'o coor | ovoseed | ¥ orL686°0 1456660 oroReeo 1 Deiv wBung 7 g €0 ] ore | TTrveE
: §2i'0 | tosi | ovevsso | o6z ‘0850060 0799660 v Buiig /s [ [0 RN v
: (!" oid ¥ '°~ peun N@’_ a 200 | €09l | Ovesse o _|_oveveeo | | s 0 )
[Ueia0ld ¥ IO PeWASEY] 910N oW ¥2 0 AA § szi'o €091 [] ° —oyeess'd o L ‘0
R T 9v0966°0 vi88660 | orzeeso 1.ce88°0 | 9ovouss 0 ZEPSO8°0 el LK
9708660 198680 orz608 0 1166680 0908880 ZEVSee0 B o
o Y widsey) sl U1 »Z0 4 S0 $Z1°0 | 'toai [T ovoBee’0 | 9298880 X2 "1 Tevseeo | e eBunis juns | weowon =" ire €YY
(wenosd v 10N Pewnssy) eon wul ¥2'0 Aa ¥ 0 szi'0 €091 0708660 v19868°0 0 o ZEHSE80 iV _160UIAS | XS L] v iro &7
o ] o5 | wouersioy [1ovdun oy o | T wou szl | Twour s2igol | (uoui 0sg0) (wuiesio) | (wuiserd | n weod 10 wfy 110 801 ) 51 Bay]  vondo
e R o WMy | wusg “Tmawaorg | wedwone | prduion o | pedwionje | weduone | wedwion o uoliNATUY sprep
[N [T Jueundwod A11qeqosd Aunqeqoid _Anmeqoid Awqeaoid funangolgd e | ELTETIN 1
ARCHI PeBuELO) LORNST YuBS UGN PRETE IPPON SHIeG YOI 00) 0261 Peuipow Buren

€08066°0

6€59.6°0

) enjieg eyd:

(ooH

yau) 020 Buy 0 oN 10 Aunqeaoid

Tty etang 7 ung

0856860

2€6686°0

£06068°0

Ty ieBupig /ums

$cP866°0 |

LS oy

“ROGRE g |

0420680 | 5602460 | ~idv sebumig / ums - Tse0 iy
1966660 Loreee o TePSa6 0 | MY OGNS jus [ wonuoy- -2 090 eye
Ttosese0 _Laveso 0 | zcvseed (Vv #BiAs 1 s [} sa | 080 Zve
10886 BUL LT LT _eee T
| v 1eBamg 7 ug ooy wo -
_€a8sse0 | 98i86E0 | Gaseesd o B N R I =
“casess0 | 0618860 0856660 [ - WBURS 7 US| IeoRud 1SN
_fesese) | zceded o SC0688°0 16r886°0 191966 0 | v 1ebung 7 Unig [cairs” T N X Y
1966860 | 2C60060 | SCe6se0 2078860 1919660 | v ieBuuig 7 g HORRE [TX) Y %
] se s | wowey | T 7 eeel 0 | suw o5
(AL I (T owpy §C0 =73 i
! WUy 088 -Os I Weod )O AL FEOUN|) WEO4 DAY 8di 10
DR ON oNjo | ewdwioNe uoudnIIEue] wWonog
Amn-qona Aaeaosd Anqeqosd sy Au8) XO7 1
o _ N L |eeueming very 04 opon D4EW uoma ool POUDOA . Toeiy eanceii peBusus) Goneoc usL udn PeeeR PROW $1399Q LOISew 00} OJCW PENIPOR Bure)
L T teion udu1 02'0 B v) eniieJ suyd ) ON 10 AUiIqeqosd|

s6/e/¢
RS 1Y

1994YSNIOM PIOIQOIPWOINNY



~ N’

Micrometeoroid Waorkshast AL Schmict
3/9/95
Probabiilty of No Catastrophe Fallure (Allowing 0.70 inch L . I B ,- j
ot Ba
of No impact No impact B - T
{0.188 Inch ) (0:250 inch ) of No impeot - B
_ 1A 0.903214 0.980922 0.095844 0.990243
1A-3 | 0.903214 0.988822 _0.995844 0.990243 B
iA-2 0.903214 _ | 0.986522 0.995844 0.990243 o
1A — 0.903214 0.980522 0.995644 0.990243
) T a.917142 0.988538 0998209 | “n.evceasr T -
0017142 0.988538 0.998209 0.990881
a2 | nai7iaz2 0.966538 ~"o.998200 _ | ‘0991387 |
“"3a_ | oasdosos 0.984644 0995034 | 0984644 -
0.880808 0.084644 | 0095034 0908997 | B .
0.880808 0.984644 " T0.995034 0.988997 -
T 0.671825 G.981880 0.994135 0.980629 T )
] 0.87182% 0.981880 0994135 |""o.e8e829 Tl T
0903714 | oemes22 | ogesedd | ooveoed | 1 _ o T
ELX] 0917142 0.988830 0996298 | onemise | - - T ) o B T T - .
28-10TF3 | 0.604949 | 0088774 0998754 | 0.994908 B R R I N " T R ) 3
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Jan 24 Coertification matrix

S

SC-8¢ Number of Fracture critical parts

Option LO tank Inter- [LH2 [LH2 tk{Wing {Cana|Thrus|Aft Tolal
Parts tank |tank Tank louter ipars (rd |t skirt
parts |parts [parts |shell parts |struct
parts ure

1A-1 16 18} 35| 4 0] 150 0 0| 4] 225
1A -2 16| 16| 35| 4 0| 150 0 0] 4] 225
1A-3 7| 16/ 35| 4 0| 170 0 0] 4] 238
1A-4 71 18/ 35 4 0] 170 0 0] 4] 236
1B-1 18] 16/ 35| 18] 18] 150 0 0f 4] 253
2A-1 4 16/ 35 23 0] 150 0 0| 4] 232
2A-2 4 16| 35 23 0f 150 0 0| 4] 232
2A-3 4 16 35| 13 o[ 170 o 0 4] 242
28-1 4, 16| 35| 18] 35| 150 0 0] 4| 260
3A-1 16| 64| 45| 3 0] 140 30 0| 4} 302
3A-2 16] 64; 45 3 0] 140} 30 0] 4] 302
4A-1 14| 18| 60 3 0] 140 0 0f 0] 233
4A-2 14| 18| €0 3 0] 150 0 0f 0] 243
1A-1-Im-Opt 10 16| 18] 35| 4 0| 150 0 0] 4| 225
2A-1-Int-Opt 10 4 16| 35| 23 0] 150 0 0] 4] 232
2A-1-int-Opt 11 4 16| 35| 23 0] 150 0 0 4] 232
2A-1-Wng-Opt 10| 4 18| 35 23 0| 150 0 0] 4] 232
2A-1-Wng-Opt 11 4 16} 35| 23 0j 150 0 0] 4| 232
2A-1-Wng-Opt 12 4 16| 35 23 0| 150 0 0f 4|23
2A-1-Tall-Opt 11 4 16] 35| 23 0| 150 0 0 4{ 232
2A-1-CS-Opt 1 4 16| 35 23 0] 150 0 0 4] 232
2A-1-CS-Opt 14 4/ 16/ 35| 23 0| 150 0 0 4] 232
2A-3-Wng-Opt 11 4 16/ 35 23 0| 150 0 0] 4} 232
2B-1-OTF5 4 16/ 35 23 0| 150 0 0| 4] 232
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Jan 24 Certification matrix

SC-8d Probability of LO/LH contact

Option

Prelaunch flight
purge

Score  |Score Total

1A-1

1A -2

1A-3

1A-4

18-1

2A-1

2A-2

2A-3

2B-1

3A-1

3A-2

4A-1

4A-2

1A-1-Int-Opt 10

2A-1-Int-Opt 10

2A-1-Int-Opt 11

2A-1-Wng-Opt 10

2A-1-Wng-Opt 11

2A-1-Wng-Opt 1

2A-1-Tall-Opt 11

2A-1-CS-Opt 11

2A-1-CS-Opt 14

2A-3-Wng-Opt 11

2B-1-OTFS

-t leh |ad [t [omd [ood [t |od jd [l |t |kt | | wd jd [k | |k | [ed b |k [d b
|t |t |t |t [t |t [t |t |t [ [N [N [N |t b | |t |t |k [k [ b b

i vivjololoidvidIvIdDIDNIDIDIDIND
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SAFETY - Amenability of IHM to Detect Critical Faults

The candidate vehicle options are compared on the amenability of IHM to detect critical faults such as critical cracks in the primary
structure, TPS disbonds and insulation debond. For example, stringer skin constructions have a limited number of components (skin
and TPS layers). However, the complexity of the design will cause more intensive instrumentation to monitor, more intensive
inspections and more intensive maintenance in order to insure safe operation of the vehicle. This category is assessed on the surface are
that these structures (tanks) will cover. The rationale being that the more surface area the structure has of a particularly difficult design
the more difficult the structure will be to inspect, monitor and maintain. The critical features of these designs were considered to be
stringer/skin designs, non-integrated designs and material selections.

In general, the safety - amenability of IHM to detect critical faults was based on several assumptions. These assumptions reflect the
difficulties of inspection and instrumentation of the design configurations during in-flight monitoring and post-flight testing as applied to
design and materials selections. This assessment of the different design configurations of SSTO is based on several general
assumptions. These assumptions reflect the difficulties of inspection and instrumentation of the design configurations during the in-
flight IHM and post flight inspections as applied to design and materials selection.

Design Assumptions

Several design considerations affect the ability of the structure to be inspected. Primary design considerations include the complexity of
the design, the surface area to be inspected, the number of fracture critical components and the number of components to be inspected
of instrumented.

Complexity of design

Inherently, simple designs tend to be better suited to inspection and instrumentation than do complex designs. The more complex
designs, such as skin and stringer designs have a bend and protrusions that limjt accessibility to hardware, inspection techniques,
implementation and interpretation. It was also assumed that a more complex design may also require fabrication of specific tooling to
facilitate inspection.

Surface Area

Since the NDI technologies to be employed by IHM/NDI are dependent on the area of coverage (rather than on the thickness of the
hardware), larger surface areas would be more difficult to inspect and instrument. This implies that the elongated and multiple tank
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The critical feature factor of stringer design evaluation as applied to post-flight inspections indicated that due to the tight bend radius
would be difficult to evaluate using NDI techniques. Current laser based ultrasonics only allow for 30 degree angle from the inspection
plane. This indicates that complex tooling would be required for inspection. This configuration has a greater number of critical points
of interest. The bond lines and corners are stress concentration points that would require a concentrated level of inspection. A
correction factor of 3.75 was applied to the stringer designs to compensate for these difficulties.

Critical feature factor of non integral designs

The critical feature factor of non integrated design evaluation as applied to in flight IHM monitoring indicated that these designs have
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and a support
structureé for the internal tank that would increase the number of critical instumentation points. A correction factor of 2.0 was applied
to non integral designs to compensate for these difficulties.

The critical feature factor of non integral design evaluation as applied to post flight inspections indicated that these designs have
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and adds a
support structure for the internal tank that would increase the number of critical mspecnon points. A correction factor of 2.0 was
applied to non integral designs to compensate for these difficulties.

Critical feature factor of designs which utilize ceramic composites

The critical feature factor of designs that utilize ceramic composites (Blackglas) as applied to in flight IHM monitoring indicated that
there has been limited application of NDI techniques applied to ceramic composites. However, since IHM will most likely involve
strain measuring devices and acoustic emission, there is no reason to believe that this composite material will interfere with these
techniques. A correction factor of 1.0 was applied to composite designs to compensate for these difficulties.

The critical feature factor of designs that utilize ceramic composites (Blackglas) as applied to post flight inspections indicated that there
has been limited application of NDI techniques applied to ceramic composites. This indicated that inspection of this material may
require advanced techniques or developement of techniques. A correction factor of 2.0 was applied to ceramic composite designs to
compensate for these difficulties.
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The composite scores were based on several assumptions related to the design configurations. The following general and critical areas
of inspections were derived from simplified tank structures. It was assumed that the critical areas of inspection only included the area
up to the splice, not to the frame. The critical areas were doubled to account for a more intensive inspection or instrumentations. The
wing attachment points were scored according to the wing attachment area. Due to the similarities between designs, the wing, nose,
canard, payload canister areas are not included in this investigation.

The combined critical feature factor for each structure option was arrived through the following calculation:
No. of skins + No. of TPS layers = Subtotal
Subtotal X Critical Feature Factor = Combined Critical Feature Factor

Table 1. Estimated Surface Areas of Tanks
Configuration LH2 Tank LH2 Tank L.O2 Tank LO2 Tank RP Tank

General Critical General Critical General
1A&B 6940 614 4565 422 1593
2A&B 6509 704 4805 277 1593
3 6591* 430 3250* 362 6190
4 7214* 417 3002* 405 1593

*excluding area of common bulkhead

Structure/TPS design analysis

The structures were rated according to its 1) No. of skins, 2) No. of TPS layers and 3) Critical feature factor for each of the two phases
of the structures life. The critical feature factor corrects for complicated design features,(stringer and non integrated designs) and
material deficiencies (ceramic composites and AFRI or TABI blankets) as applied to the NDE/IHM project. It was generally
considered that these variables would increase the difficulty of inspection by an order of magnitude.
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Table 4. Combined Critical Feature Factors

OPTION

O 00~ N N

11
12
13
14

Combined Critical
Feature Factor for
In-flight IHM

9.0
4
28
28
9.0
4
8
4
12
6
12

Combined Ciritical
Feature Factor for
Post-flight
Inspection

11.25

8

28

28

11.25

8

8

8

10

7.5

20
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e’
SAFETY.XLS Page 2
2A-2 6509 1408 4805 554 1593 4705 4705
IHM 4 26036 5632 9 43245 4986 14337 4 18820 56460| 169516
POST 8 52072 11264 11.25| 54056.25 6232.5| 17921.25 8 37640 56460 235646
405162| 8.241506
2A-3 6509 1408 4805 554 1593 4705 4705
tHM 9 58581 12672 9 43245 4986 14337 4 18820 18820| 171461
POST 11.25| 73226.25 15840 11.25| 54056.25 6232.5| 17921.25 8 37640 18820 223736.3
395197.3| 8.449312
2B-1 6509 1408 4805 554 1593 4705 4705
IHM 28] 182252 39424 9 43245 4986 14337 4 18820 56460{ 358524
POST 28| 182252 39424 11.25| 54056.25 6232.5] 17921.25 8 37640 56460 393986
753510| 4.431454
3A-1 6591 860 3250 724 6190 4705 4705
{HM 9 59319 7740 9 29250 6516 55710 4 18820 56460, 233815
POST 11.25| 74148.75 9675 11.25| 36562.5 8145/ 69637.5 8 37640 56460 292268.8
526083.8| 6.347174
3A-2 6591 860 3250 724 6190 4705 4705
IHM 4 26364 3440 9 29250 6516 55710 4 18820 56460| 196560
POST 8 52728 6880 11.25| 36562.5 8145]| 69637.5 8 37640 56460 268053
464613| 7.186938
3A-3 6591 860 3250 844 6190 4705 4705
IHM 4 26364 3440 9 29250 7596 55710 4 18820 18820 160000
POST 8 52728 6880 11.25| 36562.5 9495 69637.5 8 37640 18820| 231763
391763 8.52338
4A-1 7214 834 3002 810 1593 4705 4705
IHM 9 64926 7506 9 27018 7290 14337 4 18820 56460 196357
POST 11.25[ 81157.5 9382.5 11.25] 33772.5 9112.5| 17921.25 8 37640 56460] 245446.3
441803.3] 7.557991
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SAFETY.XLS Page 4
POST 11.25] 73226.25] _ 15840] __ 11.25] 54056.25] _ 6232.5] 17921.25 10] _ 47050] _ 56460] 270786.3
517527.3| 6.452114
2A-1 6509 1408 4805 554 1503 4705 4705
TL11___[IHM o] 58581 12672 9| 43245 4986 14337 4] 18820[ 56460 209101
POST 11.25| 73226.25] 15840 _ 11.25 54056.25| 6232.5| 17921.25 8] 37640| _ 56460] 261376.3
470477.3 7.097357
2A-1 6509 1408 4805 554 1593 4705 4705
CS1i__|IHM 9] 58581] 12672 9| 43245 4986 14337 4] 18820] _ 56460| 209101
POST 11.25] 73226.25] __15840] _ 11.25| 54056.25] 6232.5] 17921.25 8| 37640]  56460| 261376.3
470477.3| 7.097357
2A-1 6509 1408 4805 554 1593 4705 4705
CS14__[IHM 9] 58581 12672 9| 43245 4986 14337 12| 56460] 56460 246741
POST 11.25] 79226.25]  15840| _ 11.25| 54056.25]  6232.5| 17921.25 20| 94100] _ 56460| 317836.3
564577.3| 5.914416
2A-3 6509 1408 4805 554 1503 4705 4705
WG 11__|IHM o| 58581] 12672 o| 43245 4986] 14337 4| 18820] 18820 171461|
POST 11.25| 73226.25] __15840] _ 11.25| 54056.25|  6232,5] 17921.25 8| a7e40]  18820] 223736.3
395197.3] 6.449312
2B-1 6509 1408 4805 554 1503 4705 4705
OTF5 _ |iHM 28| 182252] 39424 9| 43245 4986 14337 28] 131740] _ 56460] 472444
POST 28] 182252]  39424] _ 11.25| 54056.25| 6232.5] 17921.25 28] 131740| 56460 488086
960530| 3.476357
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Jan 24 Certification matrix

SC-9a Structure Design/Analysis Risk
Option LO |Wghi[RP |Wght|inter- [Wght [LH2 |Wght [LH2 [Wght [Wing [Wght [Fairl {Wght|CanajWght|ThrustiWght Aft  |Wght Total
tank tank tank Tank tank ngs rd struct Skint score
outer
shell Taill |Welgt

1A-1 1 {108 1 |[043] 1 |085] 1 [093| O 0 1 |199] 1 |033] 0 | 0O 1 |081)] 13 ]048; 1| 05| 6.65
1A -2 1 {108/ 1 |013] 1 |085]| 14116} O 0 1 1199 1 [033| 0 | O 1 joet] 13]018] 1] 05]735
1A-3 1.2[102] 1 |013] 1 [o088| 1 /093 O 0 1 {205]| 1 (046 O | O 1 |067] 13 ]014] 1| 05] 7.02
1A-4 1.2 (102 1 [043] 1 0B8] 14 (118] O 0 1 [205] 1 [046] O | O 1 |067)13]014] 1| 05/ 7.71
1B-1 1 |108] 1 |o13] 1 joe8|25[075| 1 (083 1 [199] 1 |033| 0 [ O 1 |061]| 13 (018 1| 05| 8.46
2A-1 1 1096| 1 |043| 1 [112]25}1.01| O 0 1 201 1 04| 0 | O 1 (0681] 13]017] 1| 05| 8.47
2A-2 1 (098] 1 [013| {1 [112[29]113| O 0 1 j200| 1+ [04] O | O 1 {o61f 1 |047] 1| 0.5]9.17
2A-3 1 |o96| t [013] 1 115] 1 |089] O o 2 |218] 1 |053| O 0 1 067] 1 0144 1] 0.5] 9.32
2B-1 1 |loge| 1 |013] 1 |1.45[25]|074] 1 |0B4] 1 |196) 1 |042] O | O 1 |060] 1 [031 1] 05| 8.7
3A-1 4 {137] 1 ({018]| 1.2 |060( 4 (094 O 0 1 193] t |034] 1 jo049| 1 lo064]| 1 |018| 1| 05/13.90
3A-2 4 [137| 1 |018]| 1.2 |060[( 44| 12| O 0 1 {193| 1 [034] 1 |019] 1 [064| 1 |022, 1| 0.5[15.46
4A-1 4 (121 1 j013| 15 | 135 3 [113]| O 0 1 [183] 1 0 0| 0] 14]080] O [000] 1| 05/13.83
4A-2 4 [121] 1 |013] 1.5 |135( 3 [148]| O 0 1t {183 1 o147 0 | 0 | 12 [067] O [000| 1] 0.5/14.68
1A-1-Int-Opt 11 1 {1.08] 1 [013]| 25 |095| 1 1094} O 0 1 |199[ 1]033] 0 | O 1 |o61] 1 |0.18] 1] 05 8.13
2A-1-Int-Opt10 | 1 |098] 1 10.13| 25 [112[ 298 101} O 0 1 201 1 ]04]| 0O | O 1 (069 1t {031 1] 0.5}10.71
2A-1-Int-Opt 11 1 /096 1 |03} 2 [112]29]101] O 0 {1 {201 1 (04] 0 | O 1 {069] 1 |017] 1] 05/10.02
2A-1-Wng-Opt10{ 1 |096] 1 |013] 1 1121 29 |1.014 0 0 25(218( 1 |04 ] O 0 1 069 1t 017 1| 0.5)12.34
2A-1-Wng-Opt11] 1 |096] 1 |013]| 1 1.12| 29 (101]| © ) 2 |218] 1 |04 ]| O 0 1 069} 1 017 1| 05]|11.25
2A-1-Wng-Opt12) 1 |098] 1 |013| 1 }112]29 (101} O 0 |25[274]1 1 (04| 0 | O 1 [069] 1 (017} 1] 05]13.74
2A-1-Tall-Opt11| 1 {0968]| 1 |013] 1 |112[/29 [101| O 0 1 201 1t |]0o4] 0 [ O 1 [069] 1 |047]| 2| 0.59] 9.58
2A-1-CSOpt11 | 1 |096) 1 1043} 1 (112298101} O 0 2 |204| 1 |04] 0O | O 1 (069} 1 |047]| 1| 05/10.97
2A-1-CS-Opt14 [ 1 (096 1 [043]| 1 [112}29101| O 0 |25(211} 1 (04| 0 | O 1 (069 1 [017]| 1| 05[1217
2A-3-Wng-Opt14] 1 |098] 1 [013]| 1 1121 29 }101| O 0 3 |220] 1 |04} O 0 1 069 1 |047 1{ 0.5/13.49
2B-1-OTFS 1 [096] 1 10143[ 1 116 | 251074 1 |084[ 13 |196]| 1 [042( O 0 1 060 1 {031 1] 0.5{ 9.31
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Jan 24 Caertification matrix

SC-9b TPS/Cryogenic Insulation Design/Analysis Risk
Option LO |Wght[RP [Wght|inter- [Wght [LH2 [Wght [LH2 [Wght [Wing [Wght |Fairi I Wght Cana[Wght|Thrust|Wght [Aft  {Wght Total
tank tank tank Tank tank ngs rd struct Skirt
outer
ghell Tall |Welg

1A-1 1.3/1.08| 0]0.13 1] 0.85 3/ 0.93 of 0 1 199/03033| O 0 1] 0.61 1] 0.18 1| 0.5] 8.42
1A -2 1.3]{1.08] 0{0.13 1] 0.85 3] 1.18 of O 1 1.99/031033| 0 0 1] 0.81 1{ 0.18 1| 0.5] 9.11
1A-3 11102 0{0.13 1] 0.88 3{ 0.93 0of O 1 |205|/03{046] O 0 1] 0.67 1] 0.14 1| 0.5] 8.18
1A-4 111.02] 0}0.13 1] 0.88 3/ 1.16 0l 0 1 [205[/03]048] O 0 1] 0.67 11014 1| 0.5] 8.87
1B-1 111.08 0} 0.13 1] 0.68 11 0.75 11083 199 (03(033| 0O 0 1} 0.61 1] 0.18 1| 0.5] 6.92
2A-1 2.5/ 0.96 0] 0.13 1] 1.12] 1.5]1.01 0] O 1 201(]04| 04} O 0 1{ 0.61 11 0.17 1| 0.5/ 8.47
2A-2 2.5/ 0.96 0} 0.13 1} 112 1.5{1.13 0] O 1 201104041 O 0 1] 0.61 11 0.17 1| 0.5| 8.65
2A-3 25/098| 0]|0.13 1115 ] 1.2]0.89 ol 0 1 {218/04]053| O 0 1| 0.87 1] 0.14 1| 0.5| 8.30
28-1 2.5 0.96 0] 0.13 1] 1.15 1] 0.74 11084 1 198 | 04{042| O 0 1| 0.60 1} 0.31 1| 0.5| 8.66
3A-1 1.3/137| 0j0.18 1] 0.60 2| 0.94 ol 0 1 19303034 1 [0.19 1} 0.64 1] 0.18 1| 0.5] 7.81
3A-2 1.3|1.37| 0[{0.18 1| 0.60 2] 1.2 of 0 1 193/031034| 1 |0.19 1] 0.64 11 0.22 1] 0.5] 8.37
4A-1 1] .21 0] 0.13 1] 1.35 3{1.13 0o 0 1 183 O 0 0 0 1| 0.80 0} 0.00 1] 0.5{ 9.08
4A-2 1/1.21] 0]0.13 1] 1.35 3] 1.46 o, 0 ] 1 [183]01[017] O 0 1| 0.67 0j000| 1| 0.5{9.96
1A-1-Int-Opt 11 1.3/ 1.08 0| 0.13 1] 0.95 3] 0.94 0of 0 1 199;03/033| © 0 1] 0.81 11 0.18 1] 0.5] 8.54
2A-1-Int-Opt 10 2.5]0.96 01 0.13 2[1.12| 1.5{1.01 of 0 1 |201|]04] 04| O 0 1] 0.89 1] 0.34 1| 0.5] 9.80
2A-1-Int-Opt 11 25/096| 0]0.13 11112 ] 1.5 1.01 0] 0 1 [201]04]04) O 0 1! 0.69 110147 1| 0.5]| 8.55
2A-1-Wng-Opt 10, 25/098| 0)0.13 20112 15[1.01 0f 0 2 1218/04| 04| O 0 1] 0.69 11047 1| 0.5]12.02
2A-1-Wng-Opt 11| 2.5{ 0.96 0] 0.13 1] 112 | 1.5(1.01 0] 0 1 |218|104( 04 O 0 1] 0.69 11 0.17 1| 0.5{ 8.72
2A-1-Wng-Opt 121 2.5/ 0.96 0] 0.13 11112] 1.5]1.04 0] O 2 27410404 ]| 0 0 1] 0.69 11017 1] 0.5|12.02
2A-1-Tall-Opt 11| 25/088| 0]/0.13 11112 1.5]1.01 o] 0 1 [201]04lo04] 0 0 1] 0.69 1] 0.17 1| 0.59| 8.64
2A-1-CS-Opt 1 25/098) 0(0.13 11112] 1.5/ 1.01 0f O 1 |204|04{04] O 0 1| 0.69 1] 0.17 1| 0.5] 8.58
2A-1-CSOpt 14 | 2.5/ 0.96 0] 0.13 1112 1.5/1.01 0] 0 2 |211(04( 04| O 0 1] 0.69 1] 017 1| 0.5|10.76
2A-3-Wng-Opt 11| 2.5/ 0.96 0] 0.13 11112 ] 1.5(1.01 of 0 1 |220/04({ 04| O 0 1] 0.69 1] 0.17 1| 0.5 8.74
2B-1-OTFS 25{096| 0]0.13 0/ 1161 1.5/0.74 2/084| 1 [196]|04(042]| O 0 1] 0.60 11 0.31 1| 05| 8.71
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Jan 24 Certification matrix

SC-9¢ Technology Development Needs
Option LO |Wght/RP |Wght[inter- [Wght [LH2 [Wght [LH2 [Wght [Wing [Wght |Fairi [Wght|Cana Wght| ThrustjWght [Aft Wght Total
tank tank tank Tank tank ngs d struct Skirt
outer
shell Tall {Weigh

1A-1 1.2]108) 0 jo13] 1 (085 1 [083] O 0 1 [ 199]|13(033| 0 0 1 |061]| O |0.18 1| 0.5| 6.59
1A -2 12 (1.08| 0 |0.13| 1 (085 1 |1.18]| © 0 1 [{199]13/033| 0 0 1 [061]| O |0.18 1| 0.5 6.82
1A-3 1 |102| 0 [043] 1 |088| 1 |093] O 0 12 {205]{13[(046] O 0 1 |067]| 0 |0.14 1 0.5 7.04
1A-4 1 |1.02] 0 i013] 1 088| 1 j1.16]| © 0 12 | 205]13]046] O 0 1 067 0 |0.14 1] 05| 7.27
1B-1 121108 0 |013|] 1 |oe88| 1 |075] 1 (083 1 [199(13]|033]| 0 0 1 |[061]| O |0.18 1{ 05| 7.27
2A-1 1 (098] 0 [013] 1 [112j25[101]| O 0 1 {201|13| 04| O 0 1 (o081 O | 017 1| 0.5| 8.22
2A-2 1 /098] 0 (043 1 |142]| 25113 O 0 1 [20t}13]04}| O 0 1 061 O |0.17 1| 05| 8.52
2A-3 1 1096] 0 ]013| 1 115 1 |089] O 0 121218113 (053] 0 0 1 067 0 |0.14 1| 0.5| 7.45
2B-1 1 |oes] 0 [013] 1.9 |1145] 1 [074] ¢ (084 | 1 | 196 1 |042] O 0 1 |060]| O |0.31 1l 05| 7.29
3A-1 5 1137/ 0 |0.18] 12 {060 5 [084) O 0 1 |193{15[034| 1 |019] 1 |0684] O |O.18 1| 0.5]16.04
3A-2 5 [137] 0 j016]| 12 (0680 5 | 12| 0 0 1 [193|15{034{ 1 {019] 1 |064| O ]0.22 1] 0.5[/17.34
4A-1 5 |121] 0 |013} 11 [135] 5 [(113] © 0 1 |183] 1 0 0 0 2 |oso| 0 !0.00 1] 0.5[17.12
4A-2 § |121| 0 {013] 12 |135}| 5 |146] O 0 11 1183 1 017} O 0 12 | 067 0 |0.00 1| 0.5|18.46
1A-1-Int-Opt11 | 1.2 ]1.08| 0 |013] 2 |095]| 1 |094} O 0 1 1199]13]033] O 0 1 [061] O |0.18 1| 0.5] 7.64
2A-1-Int-Opt 10 1 [(096] 0 {013 2 (112]| 2511.01] O 0 1 [201]13] 04} 0O 0 1 |069| O |0.31 1| 0.5] 9.42
2A-1-int-Opt 11 1 [096] 0 |0.13] 13 (112 25|101] O 0 1 {201 |13 04| O 0 1 |o698| O |0.17 1| 0.5/ 8.64
2A-1-WngOpt10 1 096 0 [013] 1 112 25]101]| O 0 |14[218](131 04| O 0 1 |069| O |0.17 1| 05| 9.34
2A-1-WngOpt 11} 1 |0968( 0 013} 1 j1.12] 25101} O 0 |12]|218]13]04}| O 0 1 [0689| 0 |0.17 1| 0.5| 8.91
2A-1-Wng-Opt12| 1 j086) 0 |013] 1 |112]25]101) 0 0 | 1527413104 | 0 0 1 |069]| 0 |0.17 1| 0.5/10.40
2A-1-Tall-Opt11]| 1 |096] 0 |013]| 1 [1.12]|25|1.01]| O 0 1 [201]13]| 04| O 0 1 [(069| 0 [0.17| 1.2] 0.59| 8.51
2A-1-CS-Opt11 | 1 1096] 0 |013]| 1 1142 25({101]| O 0 | 12204 /13|04 O 0 1t |[069] 0 |0.17 1| 05{ 8.74
2A-1-CS-Opt14 | 1 (096 0 |013]| 1 }142]25(101] © 0 |15|211 |13 04| O 0 1 (089 0 |017 1| 05] 9.48
2A-3-Wng-Opt11] 1 (096] 0 [043] 1t [142] 25101} O 0 | 122201304 O 0 1 [069]| O |0.17 1| 05! 8.93
2B-1-OTFS 1 |oee| 0 jo13] 1 (116] 2 |074[ 14 (084 1 |196] 1 {042]| O 0 1 (o080] 0 |O0.31 1| 0.5{ 8.26
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1A Options Retained Best Scores Throughout
Sensitivity Analysis

SSTO
1000
900 1
800
700 1
600
500
400 -
300 1
200
100
0-'-@0’7--0""-7*N*N:S:S:ﬁ::i:tﬂ
T 2 2 T 2 3§ § 3 88 5 3§ 3 =2 g- S- g» S’ S— S— S— g- 8— S— 5
ERCE I O S B
O Baseline O Design & Produclion Doubled [ Gross Fueled Weight Doubled M Vehicle Controllability Doubled
B On-Pad Ops Doubled NMaintenance Ops Doubled O Safety Doubled O Development Risk Doubled
i NASA - ROCKWELL/SSD - NORTHR_(LPI_G_RUMMAN - E_OCKWELUNAAEEL_ILLSA - HERCULES
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Parametric Costing Approach

Composite Trade Study
Selection
Process

I NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES I
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Cost Assessment Based on Total Program

SSTO

10.0 Total Program Cost - Ranking by cost for each phase of the program
provided using combination of parametrics and grass-roots assessments.
Grass roots data based on best information now available using design
en

e Design and Development Cost
¢ Production Cost

e Operations Cost

e Life Cycle Cost

e Cost per Flight

NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES
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DDT & E Cost Used to Identify Preferred Configurations

SSTO

10.0 a. DDT & E Cost - (Quantitative Evaluation) - The candldate vehicle options are compared on the |
basis of estimated total DDT&E system cost. The cost estimates are based on cost estimating

e Rockwell SSTO Cost Model, based on Shuttle Orbiter Cost History, used to develop
DDT & E costs.

« Rockwell Sizing Program used to resize each candidate configuration based on
the Reference Mission Requirements.

« DDT & E cost for each configuration based on:
* Weight sizing data

o Complexity factors based on results of “Design and production complexity
assessment”.

NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES
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Operations Cost Used to Identify Preferred Configurations

SSTO  ~

10.0 b, Operations Cost- (Quantitative evaluation) - The candidate vehicle options are
compared on the basis of the cost of operations as determined from the operations

hours and cost model.

« Rockwell SSTO Operations Cost Model used to develop an estimate for the total
operations cost for each vehicle option.

« Rockwell Sizing Program used to resize each candidate configuration based on
the Reference Mission Requirements.

« Operation cost based on sizing data and adjustment of operation complexities
for those subsystems directly impacted by design trade information.

e TPS refurbishment based on acreage
« Main Engines by estimated life, quantity per vehicle, and first unit cost.

* Facilities by size

NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES
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Production Cost Used to Identify Preferred Configurations
SSTO

| 10.0 c. Production Cost - (Quantitative Evaluation) - The candidate vehicle options are
compared on the basis of the determined production cost for a 3-vehicle fleet.

vehicle option.

e Rockwell SizlngnProgram used to resize each candidate configuration based on
the Reference Mission Requirements.

« Production costs based on sizing data and adjustment of manufacturing
::ofmplex:tles for those subsystems directly impacted by design trade
nformation.

« Complexity evaluation based on results of:

e “1.0 Production complexity assessments™ : more particularly,
manufacture and producibility evaluations.

NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES
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Life Cycle Cost ? Approach

10.0 d. Life Cycle Cost- (Quantitative Evaluation) - The candidate vehicle options are
compared on the basis of life cycle(DDT&E, Production, and Operations) costs over

10-years of operations using 5% discounting.

cle

e Rockwell SSTO Cost Models used to develop the total life cycle cost for a vel
option which Is driven by complexity assessment and Sizing Data.

» Rockwell Sizing Program used to resize each candidate configuration based on
the Reference Mission Requirements.

« Complexity evaluation based on design, analysis, tooling, and manufacturing
complexity assessments.

| NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES I

180



181

S3TINOHIH - VSTINVAVYNTIIMIO0H - NVIWWNHO/dOYHLHON - GSS/MIIMII0YH - VSVN

ot 8 9 L4 4 0 %02l %00} %08 %09 %OF %0¢ %0

9:“.0"'83 R 325 3 %
i | HdO-BMm - €-v2 W@&W Ludo-BM £-ve
#11dO-SD - 1-V2 b T

11dO-SO - -V
g 1L11dO-1L - 1-V2
Zgndo-bm - 1-ve
g L do-Bm - L-ve
ondo-bm- 1-ve
L Ndo-W - 1-ve
{ 011dO-W) - 1-V2
Lol - VL
) 4

L-vp

2-ve

-ve

PR mdo-so -ve
e | LADO-IL - b-VE
e 2 11AO-BM - 1-V2
et L LIDO-BM - 1-V2

zeed 011dO-BM - 1-Ve
do-i - 1-ve
oLdo-W - 1-v2

LHdo-wil - 1V

T vy

1 1-vy

12ve

1 1-ve

11-82

] €-Ve

{eve

3 Ve

4 -8l

ikl

£Vl
2Vi
q1-vi

suondo sdi ]
‘Byuoo orsea [}

Jeah
iad spyby ze jo eyes by e buiasiyoe pue }soo suojjeiado jenuue pajsealoy Jo Siseq ey} uo
pasedwioo ale suondo 8jolysA 8)epipued eyl -{uoen[eAs eAfleIiuenD- Jybjjj 7od 3509 00F

Wbi14 19d 1509
JSOMOT] 104 ]SO pa)juey UO!:ldQ jyuelpisjuj L-v1L



Cost per Flight Based on 32 Flights Per Year

10.0 e. Cost per Flight - (Quantitative Evaluation) The candidate vehicle options are

compared on the basis of forcasted annual operations cost and achieving a flight rate

e Operations Cost estimates are based on achieving 32 flights per year for each
configuration based on manpower assessment for each option.

I NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES I
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NORMALIZED COST
BY
PROGRAM PHASE
FOR
CONFIGURATION
OPTIONS
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p .

Structures Complexity Approach(Cont)

e USE GRASS-ROOTS EVALUATION TO ESTABLISH BASELINE

« DEVELOP COMPLEXITY FACTORS FOR ALL OTHER
CONFIGURATIONS

 ENGINEERING:
« NUMBER DRAWINGS
e HOURS/DRAWING

e« TOOLING & FACILITIES
o GRASS ROOTS FOR AUTOCLAVE & TOOLING

e FACILITIES ESTIMATED
e PRODUCTION:

e TYPICALLY HRS/LB

 MATERIAL $/LB

o RATES: USE GENERAL RATES FOR ALL PARTIES

NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES
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Example: Design, Analysis, and Tooling Worksheet _

SSTO
Basic Total Design &
Includes Elevons Basic Inputs input/Drw Total Hours Dev Cost
1 Assembly Desc —> |Wing Option 2A-1 |
Total Cost -
2 Assembly Weight ~> 15,987 Total Hours D&D
e T Number Hours Per S e
3 [Structural Design Drawings Drawing .. 98,190 7,560,630
3.1a  Complex Drawings 11 440 51,040
3.1b  Average Drawings 185 210 38,850
3.1c  Simple Drawings 83 100 8,300
22 e 98,100 | | 7,560,630
3.2a Complex Drawings 1.0 114 440 51,040
3.2b  Average Drawings 1.0 185 210 38,850
3.2¢  Simple Drawings 1.0 83 100 8,300
23 [SupporiWts, M&P, Producibliiy) | | 52% { 102,118] | 7,863,055]
l 8.19% | 24,448] | 1,850,431]
322648 | | 24,843,746
Assembly
Welght Houre/lbs Total Hours Tooling Cost
l 15087] | s8] [ 895,272] [ 67,145,400

I NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES I
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Complexity Results For Wing Assembly(Part 1)

T 1 2 | 3 ]

T ] 5 ] &

Wing & Wing Attach(Northrop/ Grumman)

1a11a2] l 2A-1, 2A-1 2A-1 241
181 [tA-VIA4] 2A-2 Opt #10 | Opt #31 | Opt #12
Assombly-— Weighting [LO2 Tank{LO2 kalt.m Tank|tLH2 Tank|LH2 Tenk{LH2 Tank|
- Fact Aft Aft Aft Alt Aft Aft
Type
Construction
—> Evalustion Parameter ]SandwichiSandwichiSandwichiSandwichiSandwich{Sandwich
LO Tank,| 8kin, |LHTank,{LH Tank,] LH Tank,|LH Tank,
ARt Skit,| Thrust | Att Skint,| Aft Skirt, | Aft Skiet, | Aft Skirt,
Tank Thrust Struc Theust | Thrust | Theust | Thrust
Location —> Struc Only Siruc Struc Struc Struc
1 Weight For Assembly
Complexities(100 = Ref B/L)
DOT&E(Non-Recurring) 100%
2 Design Complexity 30% 110%) 200%] 100%, 150%. 140% 160%]
3 Analysis Complexity 28% 110%) 200%; 100% 160% 140% 150%}
4 Tooling Complexity 32% 100%; 160%) 100% 150%) 120% 160%)
5 Autoclave Complexity 5% 100% 120%; 100% 140%) 120%) 100%]
] Attach t Complexity 5% 120% 150%; 100% 140%; 130% 140%}
Production(Recurring) 100%
7 Manufacturing Complexity 65% 110%! 150% 100% 160% 140% 180%|
8 Interface Complexity 26% 110% 120% 100% 160%) 130%] _ 140%
9 Number of Parts 5% 100% 120%| 100% 150% 120% 150%)
10 Material Cost 5% IOO%T 120%] 100%] 130% 110% 200%)
Openations
11 Testabliity 100% 120% 100% 140%) 130% 140%
12 Accessibllity 100% 100%] 100%| 120%) 110%, 120%;
13 Maintainabllity 100%) 120%] |00‘d 1 SO%I 120% 140%
Design & Develop Complexity 10 178" 100% 162%) 132% 163%)
TFVU Comploxlly 109% 140%f 100% 152%) 135% 170%)
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Complexity Results For Intertank Area

v 1 o2 | a3 1 4 | s [ e 1 7 |
Intertank Section(NoG)
1At | 2a1int | 2A-1mt
1A, 18 2A 28 _3A A 4A-2 opt11 | optio | optnt
Mid location
Assembly—— Mid Mid + Wing |twd location Mid Mid Mid
> location | tocation Attach | « Canards [Aft Location]Aft Location] location | location | location
Common Payload bay| area- area -
Intertank| Common | Common area + breadiosd | circular | Common | Common | Common
Type & payloa |intertank 4] intertank & | canards - | fuselage - | fuselage - |intertank & |intertank &fintertank &
{Construction dbay | payload |payload bay| common common | common payload | payload | payload
—_— Evaluation Paramster area | bay area area bikhd bikhd bikhd bay sres | bay area | bay area
LH2 Tank | LH2 Tank
Tank LH2 Tank| LO2 Tank | LO2 Tank | LO2Tank | Forward, | Forward, | LH2 Tank | LO2 Tank | LO2 Tank
Location —> Forward | Forward Forward Forward LO2 Mid LO2 Mid Forward | Forward | Forward
1 Weight For Assembly
Complexities(100 = Ref B/L)
DDT&E(Non-Recurring)
2 Design Complexity 100% 100%) 100% 130% 130% 140% 120%) 140% 120%
3 Analysis Complexity 100% 100%) 100% 120% 130% 140% 130%) 150%) 130%
4 Tooling Complexity 100% 100% 100%| 120% 110% 110% 140%) 150%, 140%
] Autoclave Complexity 100%; 100% 100% 110% 120% 120% 160%_[ 160% 160%
8 Attachment Complexity 100% 100% 100%] 130%, 120%) 130%) 150%) 180%| 150%
Production{Recurring)
7 Manufacturing Complexity 100% 100% 100% 12% 120% 130% 140% 150% 140%
8 Interface Complexity 100% 100%) 100%) 110% 110% 120%, 120%) 150% 120%
9 Number of Parts 1 100% 100% 120% 110% tiow] 1o  1so%| 1104
10 Material Cost 1 100% 100%) 110% 110%) 110% 120%| 150% 120%
Openations
11 Testability 100% 1 100% 110% 110%] 120%_1 120%] 140%, 120%
12 Accessibllity 100%; 100% 100%) 120% 110% 120%) 100%| 120% 100%
13 Maintainabllity 100%4 100% 100%; 110% $10% 120%) 13091 150% 130%
Design & Develop Complexity 100%  100% wmgl 123%_] u&l vmq 133%4 uw._l 133%
TFU Complexity 1 100% 100%] 117%] 117%] 126%) 133%]  150%] 133%
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Complexity Results For Thrust Structure

1 | 2 | 3
Thrust Sructure-Tulsa
1,2,3A 4A-1 4A-2
Assembly— Welghting Aft Skit Aft Skirt
-» Factors Interface Interiace Aft Skirt interface)
Type
Construction Conical Shell - Truss Conical Shell -
f— Evalustion Parameter efon frame | Construction longeron lrame
LO Tank, Aft LO Tank, At
Tank Skirt, Thrust Skirt, Thrust To Aft Skir,
|Location —> Struc Slrue The ruc Ont
1 Weight For Assembly
Complexities(100 = Reference B/L)
DDT&E(Non-Recurring) 100%
2 Design Complexity 30%; 100% 130%) 110%
3 Analysis Complexity 26% 100%] 130% 110%
4 Tooling Complexity 32% 100%) 80% 100%
5 Autoclave Complexity 5% 100%; 80% 100%
8 Attachment Complexity 6% 100%; 135%] 100%
Production{Recurring) 100%
7 Manufacturing Complexity 65% 100%: 130%; 110%
8 Interface Complexity 25% 100%) 136%) 1
9 Number of Parts 5% 100% 140% 100%
10 Material Cost 5% 100% 91%) 100
Opemations
11 Testabllity 1 120% 100%
12 Accessibliity 1" 100% 110%
13 Maintainabllity 1 100% 100%
Design & Develop Complexity 100% 112% 106%|
TFU Complexity 100% 130% 107%
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APPLICATION OF
COMPLEXITY EVALUATIONS
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Programmatic Costs Assumptions

e COSTS ESTIMATED IN 1995 DOLLARS, THEN
NORMALIZED

e ACQUISITION COST FOR 3-VEHICLE FLEET
e OPERATIONS COST ANNUAL COST/YEAR RATE
e 32 FLIGHTS / YEAR USED AS BASE

e COST DRIVEN BY:
e VEHICLE DRY WEIGHT
e ACREAGE OF TPS
« NUMBER OF ENGINES
e VEHICLE SUBSYSTEM FIRST UNIT vs. ORBITER
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Finite Element Model

Analysis

I NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES |

199



002

SIINOHIH - VSINL/AVVNTEIMNOOH - NYIWNNHD/dOHHLHON - ASS1AMMIO0H - VSYN

Z2-v uopeinfiyuod

suondo uswabuelly jeinjonils
‘IlY 104 speoT] auljag S|ISpoN juswa|3 ajul4



Configuration 1A Finite Element Model

- Forward Hydrogen Tank - IM7 - 977
+ Aft LOX Tank - Aluminum Lithium
- Both Tanks are Integral

. 2200 Square Foot Wing - BMI, Tied with Struts to
LOX Tank

« Payload Canister Between Tanks

+ Single RP Tank Under Payload Canister - BMI

- Twin Vertical Tails, 816 Square Foot - Supported
On The Thrust Structure - BMI

« Conical Thrust Structure - IM7 - 977
« Maximum Diameter of Fuselage - 384 Inches
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Configuration 2A Finite Element Model

+ Aft Hydrogen Tank - IM7 - 977
« Forward LOX Tank - Aluminum Lithium
« Both Tanks are Integral

« 2200 Square Foot Wing - BMI, Tied with Struts to
Hydrogen Tank

- Payload Canister Between Tanks

- Single RP Tank Under Payload Canister - BMI

» Twin Vertical Tails, 816 Square Foot -
Supported On The Thrust Structure - BMI

+ Conical Thrust Structure - IM7 - 977
+ Maximum Diameter of Fuselage - 384 Inches

."'
~‘ b
it
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Configuration 3 Finite Element Model

« Forward Payload Bay - BMI

« Forward Payload Canister
» Four RP Tanks Under Payload Canister - BMI

« Forward Canard, 363 Square Foot - Supported on the
Aft Bulkhead of the Payload Bay - BM

« Common Bulkhead Arrangement For Fuel Tanks,
Hydrogen on Top LOX on Bottom

+ 2200 Square Foot Wing - BMI, Tied with Struts to
LOX Tank

« Twin Vertical Tails, 816 Square Foot - Supported On
The Thrust Structure - BMi

+ Conical Thrust Structure - IM7 - 977
+ Maximum Diameter of Fuselage - 384 Inches
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Configuration 4A -2 Finite Element Model

« Common Bulkhead Arrangement For Fuel Tanks,
Hydrogen on Top LOX on Bottom

- 2200 Square Foot Wing - BMI, Tied to Aft Payload
Structure

- Aft Payload Bay “Conical Shape” - BMI
« Single RP Tank Under Payload Canister - BMI

+ Twin Vertical Tails, 816 Square Foot - Supported
On The Thrust Structure - BMI

+ Conical Thrust Structure - IM7 - 977
« Maximum Diameter of Fuselage - 408 Inches
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Configuration 1A - Pitching Moment
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Configuration 1B - Pitching Moment
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Load Factors For Finite Element Model Configuration 2B

LOAD CASE DESCRIPTION FUEL TANK WEIGHTS Payload | LOAD FACTORS (ACCELERATIONS) ENGINE
Waeight — Nx Ny Nz THRUST

Lbs Lbs Lbs Lbs 9's qs q's Lbs

Prelaunch - Unfueled - wind - Z direction 0 0 0 40,000 1.0000 0.0000 0.0000 0

Prelaunch - Unfueled - wind +Z direction 0 0 0 40,000 1.0000 0.0000 0.0000 0

Prelaunch - Fueled - wind - Z direction 183,456 | 1,900,444] 221,946 40,000 1.0000 0.0000 0.0000 0

Prelaunch - Fueled - wind +Z direction 183,456 | 1,900,444] 221,946 40,000 1.0000 0.0000 0.0000 0
Lift-off - wind - Z direction 183,456 | 1,900,444| 221,946 40,000 1.3200 0.0000 -0.0109 3,394,000
Lift-off - wind +Z direction 183,456 | 1,900,444] 221,946 40,000 1.3200 0.0000 0.0016 3,395.088|
Max q Alpha - positive angle of attack (4 Degrees) 143,743 | 1,361,670] 138,549 | 40,000 1.56500 0.0000 0.5098 4,065,008
Max g Alpha - negatlve angle of attack (4 Degrees) 143,743 1,361,670 138,549 40,000 1.5500 0.0000 -0.3546 4,063,648

Max q Beta - positive angle of attack (4 Degrees) 143,743 | 1,361,670] 138,549 | 40,000 1.5500 8D 0.0000 T8D

Max Thrust - angle of attack Is zero [ o050 | 766,184 | 46,373 | 40,000 ] 3.1500 0.0000 -0.0056 | 3,704,368

TAEM Maneuver 2.59 [ o1z | 9502 | 1,10 | 40000] -07995 | 00000 [ 25000 | 0

Main Gear Landing - Max Vertical Load 917 9,502 1,110 40,000 -0.6885 0.0000 3.0935 0

Main Gear Landing - Spin-up 917 9,602 1,110 40,000 -0.9754 0.0000 2.0224 0

Main Gear Landlng - Sgrlngback M7 9,502 1,110 40,000 0.2271 0.0000 1.6765 0

Nose Gear Landing - Max Vertical Load 917 9,502 1,110 40,000 -0.8918 0.0000 3.2518 0

Nose Gear Landing - Spin-up 917 9,502 1,110 40,000 -0.8675 0.0000 2.8053 0

Nose Gear Landing - Springback 917 9,502 1,110 40,000 -0.5485 0.0000 2.9780 0

e
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Load Factors For Finite Element Model Configuration 3

SSTO

LOAD CASE DESCRIPTION FUEL TANK WEIGHTS Payload | LOAD FACTORS (ACCELERATIONS) ENGINE
“TOXTARK | Weight N Ry Nz THRUST
Lbs Lbs Lbs Lbs o's q's q's Lbs
Prelaunch - Unfueled - wind - Z direction 0 0 0 40,000 1.0000 0.0000 0.0000 0
Prelaunch - Unfueled - wind +Z direction 0 0 0 40,000 1.0000 0.0000 0.0000 0
Prelaunch - Fueled - wind - Z direction 183,456 | 1,900,444 221,946 40,000 1.0000 0.0000 0.0000 0
Prelaunch - Fueled - wind +Z direction 183,456 | 1,900,444 221,946 40,000 1.0000 0.0000 0.0000 0
Lift-off - wind - Z direction 183,456 | 1,900,444] 221,946 | 40,000 1.3200 0.0000 -0.0307 | 3,352,592
Lift-off - wind +Z direction 183,456 | 1,900,444 ] 221,946 40,000 1.3200 0.0000 0.0054 3,352,712
Max q Alpha - positive angle of attack (4 Degrees) 143,743 | 1,361,670| 138,549 | 40,000 1.5500 0.0000 0.3299 3,788,432
Max g Alpha - negative angle of attack (4 Degrees) 143,743 | 1,361,670 138,549 | 40,000 1.5500 0.0000 -0.56567 | 3,747,064
Max q Beta - positive angle of attack (4 Degrees) 143,743 | 1,361,670] 138,549 | 40,000 1.56500 T8D 0.0000 TBD
Max Thrust - angle of attack Is zero [ o950 | 766,184 | 46,373 | 40,000 ] 3.1500 0.0000 -0.0747 | 3,898,368
TAEM Maneuver 2.6 g _ [ o17 [ o502 | 1,110 | 40000] -0.6830 | 0.0000 25000 | 0
Maln Gear Landing - Max Vertical Load 917 9,602 1,110 40,000 -0.9619 0.0000 3.1066 0
Main Gear Landing - Spin-up 917 9,502 1,110 40,000 -1.1100 0.0000 2.4904 0
Main Gear Landing - Springback 917 9,502 1,110 40,000 0.7478 0.0000 2.8680 0
Nose Gear Landing - Max Vertical Load 917 9,502 1,110 40,000 -0.6660 0.0000 2.2954 0
Nose Gear Landing - Spin-up 917 9,502 1,310 40,000 -0.7176 0.0000 2.9968 0
Nose Gear Landing - Springback 917 9,602 1,110 40,000 -0.6483 0.0000 2.9993 0
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LOAD CASE DESCRIPTION FUEL TANK WEIGHTS Payload | LOAD FACTORS (ACCELERATIONS) ENGINE
FTOXTANK | Weight Nx Ry Nz THRUST
Lbs Lbs Lbs Lbs gs gs gs Lbs
Prelaunch - Unfueled - wind - Z direction 0 0 0 40,000 1.0000 0.0000 0.0000 0
Prelaunch - Unfueled - wind +Z direction 0 0 0 40,000 1.0000 0.0000 0.0000 0
Pretaunch - Fueled - wind - Z direction 183,456 | 1,900,444] 221,946 40,000 1.0000 0.0000 0.0000 0
Prelaunch - Fueled - wind +Z direction 183,456 | 1,900,444] 221,946 | 40,000 1.0000 0.0000 0.0000 0
Lift-off - wind - Z direction 183,456 | 1,900,444 221,946 40,000 1.3200 0.0000 -0.0212 3,480,234
Lift-off - wind +Z direction 183,456 | 1,900,444 ] 221,946 40,000 1.3200 0.0000 -0.0003 3,480,234
Max q Alpha - positive angle of attack (4 Degrees) 143,743 | 1,361,670] 138,549 | 40,000 1.6500 0.0000 0.0770 4,410,134
Max q Alpha - negative angle of attack (4 Degrees) 143,743 | 1,361,670} 138,549 | 40,000 1.56500 0.0000 0.0770 4,317,210
Max q Beta - positive angle of attack {4 Degrees) 143,743 | 1,361,670] 138,549 | 40,000 1.5500 8D 0.0000 TBD
Max Thrust - angle of attack is zero [ 99850 | 766,184 | 46373 | 40,000 | 3.1500 0.0000 -0.0135 | 3,915,768
TAEM Maneuver 2.5 g [ o1z [ o502 | 1,110 | 40000 -1.2306 0.0000 25000 | 0
Main QGear Landm - Max Vertical Load 917 9,502 1,110 40,000 -0.8647 0.0000 1.6110 0
Main Gear Landing - Spin-up 917 9,502 1,110 40,000 -0.9239 0.0000 1.2963 0
Main Gear Landing - Springback 917 9,502 1,110 40,000 0.1480 0.0000 1.8973 0
Nose Gear Landing - Max Vertical Load 917 9,502 1,110 40,000 -0.4866 0.0000 1.2367 0
Nose Gear Landing - Spin-up 917 9,502 1,110 40,000 -0.5525 0.0000 1.5800 0
Nose Gear Landing - Springback 917 8,502 1,110 40,000 -0.5248 0.0000 1.5644 0
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LOAD CASE DESCRIPTION FUEL TANK WEIGHTS Payload | LOAD FACTORS (ACCELERATIONS ENGINE
[TOXTARK | Welght X ] ~Nz THAUST
Lbs Lbs Lbs Lbs o's g's g's Lbs
Prelaunch - Unfueled - wind - Z direction 0 0 0 40,000 1.0000 0.0000 0.0000 0
Prelaunch - Unfueled - wind +Z direction 0 0 0 40,000 1.0000 0.0000 0.0000 0
Prelaunch - Fueled - wind - Z direction 183,456 | 1,900,444] 221,946 40,000 1.0000 0.0000 0.0000 0
Prelaunch - Fueled - wind +Z direction 183,456 | 1,900,444 221,946 40,000 1.0000 0.0000 0.0000 0
Lift-off - wind - Z direction 183,456 | 1,900,444] 221,946 40,000 1.3200 0.0000 -0.0234 3,394,856
Lift-off - wind +Z direction 183,456 | 1,900,444 ] 221,946 40,000 1.3200 0.0000 -0.0029 3,394,856
Max q Alpha - positive angje of attack (4 Degrees) 143,743 | 1,361,670} 138,549 40,000 1.5500 0.0000 0.0917 4,172,648
Max q Alpha - negative angle of attack (4 Degrees) 143,743 | 1,361,670| 138,549 | 40,000 1.56500 0.0000 -0.3643 | 4,216,696
Max q Beta - positive angle of attack {4 Degrees) 143,743 | 1,361,670} 138,549 | 40,000 1.5500 TBD 0.0000 TBD
Max Thrust - angle of attack Is zero [ goss0 | 766,184 | 46373 | 40000 | 3.1500 00000 | -0.0230 | 3,712,096
TAEM Maneuver 2.5 g [ e17 [ o502 | 1,110 | 40000] -0.8954 0.0000 25000 | O
Main Gear Landing - Max Vertical Load 917 9,502 1,110 40,000 -0.7379 0.0000 2.5066 0
Main Gear Landing - Spin-up 917 9,502 1,110 40,000 -0.8837 0.0000 1.9205 0
Main Qear Landlng - Sprlng!:ack 917 9,502 1,110 40,000 0.3784 0.0000 2.2841 0
Nose Gear Landing - Max Vertical Load 917 9,502 1,110 40,000 -0.4343 0.0000 1.2504 0
Nose Gear Landing - Spin-up 917 9,502 1,110 40,000 -0.4571 0.0000 2.0664 0
Nose Gear Landlng - Sprlnggack 917 9,502 1,110 40,000 -0.4258 0.0000 2.0284 0

T

O T
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Composite LH Tank, Intertank
and Wing Structural Analysis
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Analysis Methodology for Composite Stiffened Skin
(Cont.) r
REUSABLE /7~ ’

Calculate Column Slenderness Ratio for Frame Spacing, L (in.) CRYOTANKS ]

L'=L/+c , Where ¢ (assumed) = 1.4 For Semi-Pinned Ends
-y
Check Mode of Failure

for L'/p> 4m Exsuitr Section Will Fail By Stiffener Crippling
Exstiff+ 4 F&¥e

for L/p< AnExsiff  gection Will Fail By Elastic Buckling or Interaction Between Buckling
Exstift+ 4 Fifr

and Crippling

Calculate Fco and Fcr
Fco= Fcc [1 + sct(i;ffcner ]

stiffener

EXstiffener
Fco(L'/p)? F
Fcr = Feo[l - Lo(—p)—] If Fer < reo Section Will Buckle As An Elastic Long Column (Euler),
41t2 EXstiffener 2
1t2 E Xstiffener
~Fer=—
(L'/p)?
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Example Calculation - Composite Stiffened Skin

REUSABLE #7717
CRYOTANKS /)

LAMINATE CONFIGURATIONS

1,2,4 (70/30/0); Ex=15.2x10% F,“*=115.0 KSI (-423F)
3 (100/0/0); Ey = 20.4x10°% F,C%=222.0 KSI (—423F)
5 (+54.7); E,=3.0x10% F,“¥=30.4 KSI (-423F)

eElLE EX b t A EXA Y EXAY EXAYZ2™ Exlo
(msi) (in.) (in.) (in.2) (in.)
T 5.2 | TWWWWWMW
2 15.2 0.066 1.258 0.083028 | 1.262026 0.739 0.932637 | 0.689219 | 0.166436
3 20.4 - - 0.01125 0.2295 0.16 0.03672 | 0.005875 -
4 15.2 1.5 0.022 0.033 0.5016 0.099 0.049658 | 0.004916 | 0.0002
5 3 45 0.088 0.396 1.188 0.044 0.052272| 0.0023 |0.000766
Y= 5—2—59%)— =0.599828 in.(from REF.)

(4.184326)

EL, =(2.765245)+ (0.168679) - (4.184326)(0.599828)" = 1.428431x10°Ibs.in 2
EzA = 4.184326 Ibs.
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Example Calculation - Composite Stiffened Skin
(cont.)

REUSABLE -7

Element 2 Stiffener Web CRYOTANKS /)
b/t = (1.086)/(0.066) = 16.45 (NEF)
Calculate -
(16.45){(0.130499)} = 2.15
F/ FY =0.46 (for parameter = 2.15) NEF
F®¢, = (0.46)(115000) = 52900psi
pec_ (0.5)(0.132)(112700) + (1.086)(0.066)(52900)
tezm (0.5)(0.132) + (1.086)(0.066)
= 81560psi (Stiffener)
Element 3 (Filler): Calculate Element Strength Margins
L (2422)(20.4)(4.5) _ . _ (115000) _
fC( ) (4184326) 53136[’““ M.S‘l'2’4_(1—.4.—5_(3_95—9—i_)_1_+HIGH
Element 5 (Tank Skin): M.S.,= _(%22_;'0.& 1= +HIGH
(1.4)(53136)
_(2422)(3.0)(4.5) _ .
Sewmm = @.184326) 7814 psi M5, - | (30400) | VHIGH
, (1.4)(7814)
B NASA - ROCKWELL/SSD - ROCKWELL/NAAD/TULSA - HERCULES |
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Example Calculation - Composite Stiffened Skin
(cont.)

REUSABLE 477
Calculate Johnson-Euler Crippling Allowable CRYOTANKS /,

47‘2Exs,w"
2
= (83310)[(1) - (83310)(50.49)6
(4)(n2)(15.2x10°%
Feo _ (83310)

Fer=53824>—= = 41655
2 (2)

Feg = Feo(1 -

] = 53824 psi

Therefore, the Johnson-Euler calculation applies (rather than the Euler allowable).

Calculate Margin of Safety (Stability

MS. . =_©93824) . oo
T (1.4)(39592) '
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Optimization Analysis for Honeycomb Sandwich
Cylinders

Axial Compression (Isotropic Facesheets)
Design Allowable Buckling Stress:

S/ =y Cth 20t ) £ ] J;_
cr =1 .
rl=p2 (t+1t7) Honeycomb Core

for ty=t,=tr } Il: “ dhesive (typ)

h 1
er/IM=v,C.E— A t:
Oer /M =11CcE— T2 AL

(Equal Facesheets, R = Radius of Cylinder) \Facesheet (ty):,)

REUSABLE /77
CRYOTANKS /)

t

For the region of application C.=(1-V,) for %‘3 <1
Z

and 0.95(1-V ) for Oxz > 1.
Goz

cEty

With V. = ,Ezl andusing C,.=(1-V,),
€ 2 T-u2hRGy, h 9 Co=(1-Vc)

Y1 Ety ] E% v, = Correction Factor for R/p

Jm - _{1-
Ocr n,/l-uz[ 2RGyy1- 12

Introducing the load requirement and assuming N, = 2t/Scr (n=1),

20 7 - 2RGyf1-p2 ) r

| NASA - ROCKWELL/SSD - ROCKWELL/NAADITULSA - HERCULES ||
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Optimization Analysis for Honeycomb Sandwich
Cylinders

REUSABLE #7717
CRYOTANKS /)
Check for stability to preclude intracell buckling and facesheet wrinkling.

Ger/ M=K L] E > where K, is a function of t /s (s = honeycomb cell size)

Cer/ M=K W%/EECGC where E_ = flatwise compression modulus of core

G, = shear modulus of core

K, =0.43

Note:  These isotropic formulas will be used for trade study

sizing. They will be modified for orthotropic properties
for detail design.
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Intertank Skin Sizing Analysis Examines Strength, Wrinkling,
and Stability Failure Criteria

Composite
Structures

Finite Element Model Forces

@,
Yo,
20527,
020,205
552
*Laminate Strength Check: ﬂ":’"f""z’z‘:‘:‘
RS
. Ny

[

Margin of Safety M.S.= €,,,.0/€uppica- |

€oppliea = NA/2LE, for sandwich
N, - Load applied

E,- Modulus
t- each face sheet thickness

eallowablc = from established deSign allowables (efilled hole compression)

* Shell Stability Check:
F. = (kK(E,E)) "y A2 ) (h/r)

M.S.= (F/f, pie0)- 1
Reference: MIL-HDBK-23A, pg 12-3, eq 12:3a

* Face Sheet Wrinkling Check:
F,.=[82{E/(EE) 2 ¢ )" (E.E)) 12}/ (14.64k)
M.S.= (F, /f ppica)- 1

where k= (8E,)/ t F, and 6 = .0052

Reference: MIL-HDBK-23A, pg 3-4, eq. 3:6 k- reduction factor, cylinder

K- theoretical buckling coefficient, core
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Intertank Frame Sizing Analysis Examines Crippling
Failure Criteria

Composite
Structures

e Cripplin heck (Reference Northrop Grumman PBUCKL-5 analysis code)

General Equation

€..= 0E, (€ /E)

€ .- crippling strain,€_, - initial buckling strain
€. ,- compression ultimate laminate

o, P - coefficents developed from test data
For flange

ecs flange = '45 ecr(ecule‘;.—).‘,3 -
where €_= (12D4/b%E )+(4nD, /LAE,) \

7
---:: a,
Ay,
&,
2

=
A,
-,
a0

.

\!
\\‘.

1)
&
PS> )
Lo
- 222N
M. S. - Gc, ﬂnnge/enpp- 1 ,"’:"ééo‘.%’o‘:o‘o’
e A
S
For web frame cross section L QN
_ 48
€.wp= .57E (€. JE.) (conceptual)

Finite Element Model
where € = 2n’/bt’E )[(D,,D,,)"*+D,+2D,(]
if €, uep < Ecomrunge then
€. =l(E Anange) (BiAninge B Aueb) I €y rangeEcswen) + Ecoen

MS.=¢, /e, -1
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Wing Skin Sizing Analysis Examines Strength, Wrinkling, and

Stability Failure Criteria

Finite Element Model Forces

* Laminate Strength Check:

Margin of Safety M.S.= ¢ /e |

allowable’ “applied”

Eopptica = N/2tE, for sandwich
N, - Load applied

E,- Modulus
t- each face sheet thickness

E,lowabe = from established design allowables

» Face Sheet Wrinkling Check:
F,. = [82{Et/ (EE,) " t.}'"* (EE) ") (1+.64k)

M.S.= (F,/f,pie0)- 1

where k= (8E )/ t F and & = .0052
Reference: MIL-HDBK-23A, pg 3-4, eq. 3:6

Composite #7/
Structures

llllll

11

+ Skin Stability Check: 3

F, =( n’ K/4)(h/b)2((ExEy) 2 /) -

R,=f,/F,. R=f,JF

cy © ey 4

] | e

, R
M.S.= Rx/ Rx -1 hx

References: MIL-HDBK-23A ppg 5-2, eq. 5:2a
Northrop Grumman Structural Design Manual pg 301.6.4

Interaction curves
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Wing Analysis includes Examination of Fastened
and Bonded Joints

Composite 47/
Structures

Fastened Joint

« Calculate maximum load per fastener, > a
P, using grid point forces - ‘ - - = < -

« Calculate allowable load per fastener
using analysis code BJSFM, Pallow > v >
(ref. Northrop Grumman Structural
Design Manual section 402.6)

M.S.=( Pallow/ P)'1

Bon in
¢ Calculate maximum shear flow

q=P/L

rw
» Calculate allowable shear flow spar web

section a-a

q allow — Fsu (Weﬁ)

M.S.= (q allow / q) -1
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