SBU - Sensitive But Unclassified

NASA'’s Exploration Systems Architecture Study
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Appendices - Section 6

SBU - Sensitive But Unclassified



Section 6A
Overall Launch Options



Vehicle Name

LV Delivery Orbit 30X160 nmi
Payload
28.5 Dea Inc

Units.

Atlas V Heavy
c

rew
Human Rated

2na
224.9 224.9
199.1 T
22
727 2.
15010 1501
k3 ANAR
Rl
2 3 31 4 5 51
AtlasV  Heavy "
New Upper Stage Detialv} "’*‘gumn Delta IV HLV Crew NM'L'"'.""S'::':{: A(::f:‘i"o‘:':;" Atlas-Evolved  (5RD)|
Crew  Human Human-Rated PP 'ge CTel 1808 4J-25+) Crew
Rated Human Rated Crew

General Parameters
Overall Heiaht

Gross Liftoff Mass

Liftoff Thrust/Weiaht

Second Stage Thrust/Weiaht
Safety / Reliability

Strapon Boosters (each)
Gross Mass

Lenath

Diameter

Usable Proellant Mass
Burnout Mass

Drv Mass

Enaine(sVMotor

Vacuum Thrust @ 100%
Vacuum Soecific Imoulse @ 100%
Burn Time

First/Core Stage
Gross Mass

Lenath

Diameter

Usable Proellant Mass
Burnout Mass

Drv Mass
Enaine(sV/Motor
Vacuum Thrust @ 100%
Vacuum Soecific Imoulse @ 100%
Burn Time

Second Stage
Gross Mass

Lenath

Diameter

Usable Proellant Mass
Burnout Mass

Drv Mass
Enaine(sVMotor
Vacuum Thrust @ 100%
Vacuum Soecific Imoulse @ 100%
Burn Time

Third Stage

Gross Mass

Lenath

Diameter

Usable Prooellant Mass
Burnout Mass

Drv Mass
Enaine(s)/Motor
Vacuum Thrust @ 100%

Vacuum Soecific Imoulse @ 100%
Burn Time

Payload Shroud
Overall Lenath
Outside Diameter
Dvnamic Lenath
Dvnamic Diameter
Overall Mass
Jettison Mass
Jettison Time

Launch Escape System
Gross Mass

Lenath

Diameter

Usable Provellant Mass
Bumout Mass

Enaine(s)/Motor

Vacuum Thrust @ 100%

Vacuum Specific Imoulse @ 100%
Acceleration

Burn Time

Jettison Mass

Jettison Time

Flight Parameters
Maximum Dvnamic Pressure

Maximum Acceleration

Maximum Altitude Durina Ascent

Ibm

Ibm

363 ft
6.529.784 Ibm
117a

5.049.035 Ibm
138.1 ft

33.0
4.746.309 Ibm
302.726 Ibm

5/F-1
7.500.000 Ibf
265 sec

1.093.921 Ibm
B15ft

3301t
1.004.545 Ibm
89.376 Ibm
5/J2

200.000 Ibf
426.0 sec

266.086 Ibm
593 ft
2171t

239.388 Ibm

26.698 Ibm
1142

200.000 Ibf

426.0 sec

9.104 Ibm

437 osf

4640

185 ft .
4.523.142 Ibm 2.170.687 Ibm
1400 1190
0.98a 037a

1.208.565 lbm 680.305 Ibm
150 ft ne.7ft
1221t 1641t

1.111.049 Ibm 626.341 Ibm

187.516 lbm 53.945 lbm
47.893 Ibm

RSRM 1/RD-180
3.139.106 Ibf 933.400 Ibf
269 sec 338.4 sec
125 sec 229.0 sec

1.929.506 lbm 689.767 Ibm

166 ft 1205t
27.58 (ET) 1641t
1.596.995 lbm 625.920 Ibm
338557 lbm 63.828 Ibm

283.159 Ibm 57.779 lbm

3ISSME bk I 1/RD-180

1.473.450 lbm 933.400 Ibf

453 sec 338.4 sec
510 sec 3020 sec
53.063 Ibm
3461t
1001t
43.840 Ibm
9222 Ibm
7.159 Ibm
2/RL10A4-2
22.300 Ibf
451.0 sec
443.0 sec
9.300 Ibm
332.0sec
(STS114)
751 osf 292 osf
88.0sec
32as 4000

9.1t
2.189.029 Ibm
1180

057a

676.137 Ibm
1921t
1251

622.205 Ibm

53.913 Ibm

47.893 Ibm

1/RD-180

933.400 Ibf

338.4 sec
228.0 sec

678.901 Ibm
11851
1251
622.205 Ibm
56.677 Ibm
50.657 Ibm
1/RD-180
933.400 Ibf
338.4 sec
296.0 sec

75.021 Ibm
3591t
16.4 1t

57.113 Ibm

17.905 Ibm

15.115 lbm

4/RL-10A-4-2

22300 Ibf

451.0 sec

289.0 sec

9.300 Ibm
326.0 sec

424 osf
89.1 sec
4.00a
21252905
473.961 1t

1.665.725 Ibm
119

021a

513.807 Ibm
154.1 ft
1641t
451.749 Ibm
62.042 Ibm
56.031 Ibm
1/RS-68
743.031 Ibf
408.8 sec
246.8 sec

518.620 Ibm
160.9 ft
16.4 1t

451.749 Ibm

66.854 Ibm

60.843 Ibm

1/RS-68

743.031 Ibf

408.8 sec
330.3 sec

49.474 Ibm
3461t
1641t

37.490 Ibm

11.981 Ibm

9.575 Ibm

1 /RL-10B-2
24.750 Ibf
465.5 sec
705.2 sec

9.300 Ibm
360.3 sec

368 psf
90.0 sec.
4000

1.663.255 Ibm
1200

0.19a

513.806 Ibm
154.1 ft
1641t
451.749 Ibm
62.040 Ibm
56.030 Ibm
1/RS-68
743.031 Ibf
408.8 sec
247.2 sec

518.620 Ibm
160.9 ft
1641t

451.749 Ibm

66.854 Ibm

60.843 Ibm

1/RS-68

743.031 Ibf

408.8 sec
331.7 sec

49.263 Ibm
3461t
1641t

37.495 Ibm

11.766 lbm

9.365 Ibm
1RL-10A-4-2
22300 Ibf
451.0 sec
757.5 sec

9.300 Ibm

9.300 Ibm
361.7 sec

370.0 osf
90.0 sec.
4.00a

22861t
1.698.884 lbm
147a

059a

513.824 Ibm
154.1 ft
1641t
451.749 Ibm
62.058 Ibm
56.047 Ibm
1/RS-68
743.031 Ibf
408.8 sec
244.0 sec

519.558 Ibm
163.1 ft
1641t
451.749 Ibm
67.793 Ibm
61.782 Ibm
1/RS-68
743.031 Ibf
408.8 sec
328.0 sec

72.796 Ibm
3591t
16.4 1t

57.241 Ibm

15.553 Ibm

12.889 Ibm

4/RL-10A-4-2

22300 Ibf

451.0 sec

289.0 sec

9.300 Ibm

9.300 Ibm
358.0 sec

334 psf
93.0 sec
3.89a

2.857.475 Ibm
1200

0.89a

1.965.396 lbm
116.01t
2751t

1.779.462 lbm

185.783 Ibm
160.086 Ibm
4/RD-180
933.400 Ibf
338.4 sec
161.0 sec

762.967 Ibm
829t
2751t

669.117 Ibm

93.777 Ibm

80.824 Ibm
3/J28

265.000 Ibf

436.0 sec
367.0 sec

9.300 Ibm
191.0 sec

537 psf
83.2 sec
3720

3.577.294 Ibm
1200

1140

2.622.069 Ibm
1205ft
2751t

2.411.799 Ibm

210.038 Ibm
184.376 Ibm
5/RD-180
933.400 Ibf
338.4 sec
174.8 sec

773.390 Ibm
829t
2751t

666.458 Ibm

106.856 Ibm

91.222 Ibm

4/J-28+

274.500 Ibf

4515 sec
274.1sec

9.300 Ibm
204.8 sec

549 psf
85.8 sec
4.00a
174.8 sec
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i Atlas-Evolved (4| Atias Evolved “ “
tlas-Evolv tlas Evolvec
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1 Boosters CargoBlk2 | Boosters CargoBlk2 | Boosters Cargo Blk 2
Vehicle Name 0
1
LV Delivery Orbit 30X160 nmi | Units
Payload i
285 Dea Inc .
Lift Capabilit!__mT 337 mT 85.8 mT 116.7 mT 118.6 mT 121.6 mT 124.0 mT
Net Pavioadi ~ mT 30.4mT 730mT 99.2mT 1008 mT 1034mT 1054mT
51.6 Dea Inc :
Lift Cavability! _mT 317 mT 81.0 mT 111.0 mT 112.3 mT 116.5 mT 117.6 mT
let Pavioadl ~ mT 285mT 68.9mT 94.3mT 954 mT 99.0mT A\ 99.9mT
1
General Parameters i
Overall Heiaht Von . 0.1 ft 0.1 ft . ! !
Gross Liftoff Mass [ 1.850.022 Ibm 4.288.574 Ibm 5.715.777 lbm 5.727.030 lbm 5.732.103 lbm 5.722.344 lbm
Liftoff Thrust/Weiaht . 1390 1250 1200 1200 1200 1200
Second Staae Thrust/Weiaht a 1.09a 081a 0760 1.00a 0.78a 1.03a
Safety / Reliability H
Loss of Mission (LOM) - Meani 1in 67 1in53 AN A W W
LOM - Median (50% )
Loss of Crew (LOC) - Meanl A A VA WA r 4
LOC - Median (50%)j
Strapon Boosters (each) !
Gross Mass ' bm 386.506 Ibm 432,613 Ibm 432,620 Ibm 432,622 Ibm 426,991 Ibm
Lenath [ 19.2 1t 1921t 19.21t 19.2 1t 1921t
Diameter HER 1251t 1251t 1251t 1251t 1251
Usable Provellant Mass s lbm 331.960 lbm 378.935 lbm 378.935 lbm 378.935 lbm 373.308 Ibm
Bumout Mass ' ibm 54.527 lbm 53.659 lbm 53,666 lbm 53.667 Ibm 53.664 lbm
Drv Mass 1 bm 48.475 Ibm 47.607 Ibm 47.614 Ibm 47.616 Ibm 47.613 Ibm
Endine(sVMotor - 1/RD-180 1/RD-180 1/RD-180 1/RD-180 1/RD-180
Vacuum Thrust @ 100% G 933.400 Ibf 933.400 Ibf 933.400 Ibf 933.400 Ibf 933.400 Ibf
Vacuum Soecific Imouise @ 100% sec 338.4 sec 338.4 sec 338.4 sec 338.4 sec 338.4 sec
Burn Time 1 sec 120.0 sec 137.0 sec 137.0sec 137.0 sec 135.3 sec
1
First/Core Stage i
Gross Mass Iom 1.606.226 Ibm 25539.733 Ibm 2.941.005 Ibm 2.940.997 Ibm 2.945.200 Ibm 2.945.200 Ibm
Lenath [ 7881t 116.0 ft 16.0ft 116.0 ft 12051t 12051t
Diameter [ 2751t 2751t 2751t 2751t 2751t 2751t
Usable Provellant Mass I 1.476.742 Ibm 2.351.530 Ibm 2.750.328 Ibm 2.750.328 Ibm 2.750.328 Ibm 2.750.328 Ibm
Bumout Mass + lbm 129.484 Ibm 188.003 Ibm 190.443 Ibm 190.436 Ibm 194.639 Ibm 194.639 Ibm
Drv Mass 1 ibm 114.569 Ibm 162.291 Ibm 164.722 lbm 164.714 Ibm 168.917 Ibm 168.917 Ibm
Enaine(sVMotor HE- 3/RD-180 4/RD-180 4/RD-180 4/RD-180 4/RD-180 4/RD-180
Vacuum Thrust @ 100% H 933.400 Ibf 933.400 Ibf 933.400 Ibf 933.400 Ibf 933.400 Ibf 933.400 Ibf
Vacuum Soecific Imouise @ 100% | sec 338.4 sec 338.4 sec 338.4 sec 338.4 sec 338.4 sec 338.4 sec
Burn Time 1 sec 192.0 sec 213.0 sec 249.0 sec 249.0 sec 249.0 sec 249.3 sec
1
Second Stage H
Gross Mass ! om 160.146 Ibm 763.182 lbm 763.590 lbm 770.668 Ibm 764.946 lbm 772.482 lbm
Lenath [ 5301t 8291t 8291t 8291t 8291t 8291t
Diameter P 16.4 1t 2751t 2751t 2751t 2751t 2751t
Usable Provellant Mass s lbm 132.139 Ibm 667.620 Ibm 666.146 Ibm 665.905 Ibm 666.153 Ibm 665.888 Ibm
Bumout Mass ' ibm 28.007 lbm 95.490 lbm 97.371 lbm 104.691 Ibm 98.717 lbm 106.518 Ibm
Drv Mass 1 ibm 23.468 lbm 81.049 lbm 81.467 lbm 88.513 lbm 82.816 lbm 90.318 lbm
Endine(sVMotor i 11428 3/4-28 31428 41428 37025+ 41J28+
Vacuum Thrust @ 100% ] 265.000 Ibf 265.000 Ibf 265.000 Ibf 265.000 Ibf 274.500 Ibf 274.500 Ibf
Vacuum Soecific Imouise @ 100% sec 435.0 sec 436.0 sec 436.0 sec 436.0 sec 451.5 sec 451.5 sec
Burn Time 1 sec 217.0 sec 366.0 sec 366.0 sec 274.0 sec 366.0 sec 2738 sec
1
Third Stage i
Gross Mass s lbm
Lenath [
Diameter Lo
Usable Provellant Mass i tbm
Bumout Mass j tom
Drv Mass 1 ibm
Enaine(sV/Motor [
Vacuum Thrust @ 100% Tbf
Vacuum Soecific Imouise @ 100% | sec
Burn Time 1 sec
1
Payload Shroud i
Overall Lenath Y 13121 13121 13121 13121 13121
Outside Diameter o 2751 2751 2751 2751 2751
Dvnamic Lenath 1o 98.4 1t 98.4 1t 98.4 1t 98.4 1t 98.4 1t
Dvnamic Diameter H 2451t 2451t 2451t 2451t 2451t
Overall Mass + lbm 23.438 Ibm 23.438 Ibm 23.438 Ibm 23.411 lbm 23.411 Ibm
Jettison Mass ! b 23.438 Ibm 23.438 Ibm 23.438 Ibm 23.411 lbm 23.411 lbm
Jettison Time 1 sec 301.0sec 280.0 sec 324.0sec 266.0 sec 326.0 sec
1
Launch Escape System i
Gross Mass + bm
Lenath [
Diameter i
Usable Provellant Mass )
Bumout Mass s lbm
I ibm
Enaine(sVMotor -
Vacuum Thrust @ 100% I
Vacuum Soecific Imoulse @ 100% sec
Acceleration I as
Burn Time 1 sec
Jettison Mass S 9.300 Ibm
Jettison Time | e 2220 sec
Flight Parameters !
Maximum Dvnamic Pressure i osf 750 osf 543 osf 542 osf 548 osf 536 osf 549 osf
Timgj  sec 700 sec 84.5 sec 84.0 sec 84.9 sec 84.3 sec 84.7 sec
Maximum Acceleration . as 4000 321a 3020 3000 2980 2950
Timel  sec 249 sec 249 sec
ft 476,546 ft 546,182 ft

Maximum Altitude Durina Ascent |
I
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i Atlas-Evolved (8-m Core) +2 | Atlas -Evolved (8-m Core) + 2| Atlas Evolved ®
8 tlas-Evol -m Core) + 2 |Atlas -Evolved (8-m Core) + 2| Atlas Evolver -m
! tlas V Boosters Atlas V Boosters Core/3RD-171) + 2 Zenit Boosters | Atlas:Evolved (8-m Core/2Rd-171) + |  Atlas-Evolved (8-m Core) + SRB | 4. ppage 2 Atlas Phase 2 - Cargo
i 2 Zenit Boosters Cargo Blk 2 Boosters.
Cargo Crew + Cargo Cargo Blk 2
Vehicle Name 0
1
LV Delivery Orbit 30X160 nmi | Units
Payload i
285 Dea Inc .
Lift Capabilit!__mT 111.9 mT 110.3 mT 142.2 mT 111.9 mT 117.2 mT 28.8mT 73.6 mT
Net Pavioadi ~ mT 954 mT 93.7mT 1209 mT 952mT - 99.7mT T 259mT 626mT
51.6 Dea Inc :
Lift Cavability! _mT 106.1 mT 104.2 mT 134.5 mT 105.9 mT 110.9 mT 27.3mT 69.5mT
let Pavioadl ~ mT 90.2mT 88.6mT 14.3mT 90.0mT T 943m 245mT 59.1 mT
1
General Parameters i
Overall Heiaht Von ! 3476 ft 3505 ft 33231t 3535t 3 25291t
Gross Liftoff Mass [ 5.004.575 lbm 4.995.071 Ibm 6.563.380 Ibm 5.397.740 Ibf 6.594.334 Ibm 1.409.638 Ibm 3.811.194 Ibf
Liftoff Thrust/Weiaht . 1210 1210 1250 1210 1.40a 1220 1360
Second Staae Thrust/Weiaht a 1050 1.06a 098a 1040 0.78a 091a 064a
Safety / Reliability H
Loss of Mission (LOM) - Meani 1in71 1in65 AN S e 1in 134
LOM - Median (50% )
Loss of Crew (LOC) - Meanl 1in536 A A VA WA r 4 1in 939
LOC - Median (50%)j
Strapon Boosters (each) !
Gross Mass ' bm 505,948 lbm 505,942 lbm 760.248 lbm 759.971 lbm 1.297.882 Ibm 1.144.689 Ibm
Lenath [ 1921t 1921t 13341t 1334 1t 150.0 1t 100.5 1t
Diameter HER 1251 1251t 1281t 1281t 1221 1771
Usable Provellant Mass s lbm 450,964 Ibm 450,964 Ibm 683.476 Ibm 683.476 Ibm 1.111.028 Ibm 1.054.862 lbm
Bumout Mass ' ibm 54,965 lbm 54,959 lbm 76.751 lbm 76.474 lbm 186.854 Ibm 89.795 lbm
Drv Mass 1 bm 48,913 Ibm 48,907 Ibm 68.989 lbm 68.712 Ibm 80.231 Ibm
Endine(sVMotor - 1/RD-180 1/RD-180 1/RD-71 1/RD-171 2/4sea SRM 2/RD-180
Vacuum Thrust @ 100% G 933,400 Ibf 933,400 Ibf 1.778.000 Ibf 1.778.000 Ibf 3.139.106 Ibf 933.400 Ibf
Vacuum Soecific Imoulse @ 100% 1 sec 338.4 sec 338.4 sec 337.0sec 337.0sec 268.8 sec 338.4 sec
Burn Time 1 sec 163.5 sec 163.5 sec 130.0 sec 130.0 sec 125.0 sec 191.2 sec
1
First/Core Stage i
Gross Mass s lbm 2,950,951 Ibm 2,947,670 Ibm 3.921.961 lbm 2.825.102 Ibm 2.952.522 Ibm 1.149.874 Ibm 1.148.311 Ibm
Lenath [ 12051t 12051t 145.1 1t 17.91t 139.4 1t 9%6.01ft 9%6.01ft
Diameter [ 51t 51t 2751t 51t 2751t 1771 1771
Usable Provellant Mass I 2.740.680 Ibm 2.740.680 Ibm 3.636.821 lbm 2.616.244 Ibm 2.750.328 Ibm 1.054.852 lbm 1.054.852 lbm
Bumout Mass + lbm 210.038 Ibm 206.757 Ibm 284.833 Ibm 208.637 Ibm 201.961 Ibm 94.990 lbm 93.426 lbm
Drv Mass 1 ibm 184.376 Ibm 181.095 Ibm 251.805 Ibm 184.038 Ibm 176.239 Ibm 85.426 lbm 83.862 Ibm
Enaine(sVMotor HE- 5/RD-180 5/RD-180 3/RD-171 2/RD-71 4/RD-180 2/RD-180 2/RD-180
Vacuum Thrust @ 100% H 933.400 Ibf 933.400 Ibf 1.778.000 Ibf 1.778.000 Ibf 933.400 Ibf 933.400 Ibf 933.400 Ibf
Vacuum Soecific Imouise @ 100% | sec 338.4 sec 338.4 sec 337.0sec 337.0sec 338.4 sec 338.4 sec 338.4 sec
Burn Time 1 sec 198.7 sec 198.7 sec 230.0 sec 248.0 sec 249.0 sec 194.0 sec 2759 sec
1
Second Stage H
Gross Mass ! om 771,590 lbm 767,751 lbm 784.246 lbm 782.801 Ibm 764.165 lbm 186.902 Ibm 188.542 Ibm
Lenath [ 8291t 8291t 8291t 8291t 8291t 5101t a1t
Diameter P 2751t 2751t 2751t 2751t 2751t 1771 1771
Usable Provellant Mass s lbm 666.458 Ibm 666.294 Ibm 664.807 Ibm 666.224 Ibm 666.109 Ibm 158.833 Ibm 156.802 Ibm
Bumout Mass ' ibm 105,056 Ibm 101,382 Ibm 119.364 Ibm 116.502 Ibm 97.983 lbm 28.063 Ibm 31.734 lbm
Drv Mass 1 ibm 89,422 lbm 85,585 lbm 102.090 Ibm 100.635 Ibm 82.042 lbm 24.174 Im 25.824 Ibm
Endine(sVMotor i 4725+ 41428+ 41428+ 41428+ 31428 4/RL-60 4/RL-60
Vacuum Thrust @ 100% ] 274,500 Ibf 274,500 Ibf 274. 500 Ibf 274,500 Ibf 265.000 Ibf 60.000 Ibf 60.000 Ibf
Vacuum Soecific Imoulse @ 100%  +  sec 451.5 sec 451.5 sec 451.5 sec 451.5 sec 436.0 sec 465.0 sec 465.0 sec
Burn Time 1 sec 274.1 sec 274.0 sec 273.0 sec 274.0 sec 366.0 sec 308.0 sec 305.8 sec
1
Third Stage i
Gross Mass s lbm
Lenath [
Diameter Lo
Usable Provellant Mass i tbm
Bumout Mass j tom
Drv Mass 1 ibm
Enaine(sV/Motor [
Vacuum Thrust @ 100% Tbf
Vacuum Soecific Imouise @ 100% | sec
Burn Time 1 sec
1
Payload Shroud i
Overall Lenath Y 13121 8201t 13151 13151 13121 100.8 1t
Outside Diameter o 2751 2751 2751 2751 2751 2431t
Dvnamic Lenath 1o 98.4 1t 8201t 98.4 1t 9841t 9841t 8201t
Dvnamic Diameter H 2451t 2451t 2451t 2451t 2451t 2131t
Overall Mass + lbm 23,411 lbm 23.113 Ibm 23.104 Ibm 23.419 Ibm 22,695 Ibm
Jettison Mass ! b 23,411 lbm 23.113 Ibm 23.104 Ibm 23.419 Ibm 22,695 Ibm
Jettison Time 1 sec 3135 sec 308.0 sec 306.0 sec 241.0 sec 332.0sec
1
Launch Escape System i
Gross Mass + bm
Lenath [
Diameter i
Usable Provellant Mass )
Bumout Mass s lbm
I ibm
Enaine(sVMotor -
Vacuum Thrust @ 100% I
Vacuum Soecific Imoulse @ 100%  +  sec
Acceleration I as
Burn Time 1 sec
Jettison Mass S 9,300 Ibm 9,300 Ibm
Jettison Time | e 2290 sec 224.0 sec
Flight Parameters !
Maximum Dvnamic Pressure i osf 567 psf 582 psf 635 osf 574 osf 595 osf 532 0sf 422 osf
Timgj  sec 85.6 sec 87.0 sec 81.4 sec 836 sec 66.5 sec 813 78.0 sec
Maximum Acceleration . as 3.73g 3759 3790 3020 3050 4000 4140
Timel  sec 198.7 sec 198.7 sec
Maximum Altitude Durina Ascent ft 385,739 ft
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i Atlas Phase 2 (4 GEM-60s)— | Atlas Phase 3A (5-m CBC) | Atlas Phase 3A Crew +| Atlas Phase 2 (4 GEM-60s)—[ poon 4 o 4-Sogmen(SRE |@d-Scament RSRB || IS MERURERE with 1
H -Segment - Crew| ¢ with 1 SSME J-2s+
i Cargo Cargo Cargo Cargo with 1 SSME Crew o &
rgo rew
Vehicle Name 0
1 Vehicle 12 is same as Vehicle
LV Delivery Orbit 30X160 nmi | Units 10.1
Payload i
285 Dea Inc .
Lift Capabilit!__mT 78.4 mT 110.4 mT 106.6 mT 23.1 mT 27.2mT 26.1 mT 21.6mT
NetPavioadl  mT 66.7 mT 93.8mT 90.6 mT 208mT 245mT  234mT 195mT
51.6 Dea Inc :
Lift Cavability! _mT 74.2mT 104.4 mT 100.3 mT 21.7mT 254 mT 24.4mT 20.3mT
let Pavioadl ~ mT 63.0mT 88.8mT 853mT 195mT S 228mT 220mT 182mT
General Parameters !
Overall Heiaht [ 25291t 3 90.1 ft. 266.6 ft 2 3 g
Gross Liftoff Mass [ 4.119.062 Ibf 6.222.816 Ibm 6.195.750 Ibm 1.641.510 Ibf 1.775.385 lbm 1.772.068 Ibm 1.621.814 lbm
Liftoff Thrust/Weiaht . 1250 1390 1390 149a 1380 1380 1510
Second Staae Thrust/Weiaht a 0630 0560 053a 1130 103a 1040 085a
Safety / Reliability H
Loss of Mission (LOM) - Meani 1in8s 1in 80 AN S 1tin460 1in 433
LOM - Median (50% )
Loss of Crew (LOC) - Meanl 1in612 A A VA WA . in2021 1in 1918
LOC - Median (50%)j
Strapon Boosters (each) !
Gross Mass ' bm 1.145.155 lbm 1.144.160 lbm 1.144.150 lbm
Lenath [ 100.5 1t 9891t 100.5 1t
Diameter HER 1771 1771 1771
Usable Provellant Mass s lbm 1.054.862 lbm 1.054.862 lbm 1.054.862 Ibm
Bumout Mass ' ibm 90.261 Ibm 89.265 lbm 89.256 Ibm
Drv Mass 1 ibm 80.697 lbm 79.702 lbm 79.692 lbm
Endine(sVMotor - 2/RD-180 2/RD-180 2/RD-180
Vacuum Thrust @ 100% H 933.400 Ibf 933.400 Ibf 933.400 Ibf
Vacuum Soecific Imoulse @ 100% | sec 338.4 sec 338.4 sec 338.4 sec
Burn Time 1 sec 191.2 sec 197.6 sec 198.2 sec
1
First/Core Stage i
Gross Mass s lbm 1.148.814 lbm 1.156.803 Ibm 1.157.531 lbm 1.288.047 Ibm 1.300.305 Ibm 1.300.305 Ibm 1.299.827 Ibm
Lenath [ 9%6.0ft 9.0t 9.0t 13241t 133.21t 133.21t 133.21t
Diameter [ 1771 1771 1771 2t 1221t 1221t 1221t
Usable Provellant Mass I 1.054.852 lbm 1.054.852Ibm 1.054.852 lbm 1.112.256 Ibm 1.112.256 Ibm 1.112.256 Ibm 1.112.256 Ibm
Bumout Mass + lbm 93.929 lbm 101.918 Ibm 102,646 Ibm 175.791 Ibm 188.049 Ibm 188.049 Ibm 187.572 Ibm
Drv Mass 1 ibm 84.366 lbm 92.354 lbm 93.082 Ibm
Enaine(sVMotor HE- 2/RD-180 2/RD-180 2/RD-180 114 sea. SRM 114 sea. SRB 114 sea. SRM 114 sea. SRM
Vacuum Thrust @ 100% H 933.400 Ibf 933.400 Ibf 933.400 Ibf 3.139.106 Ibf 3.139.106 Ibf 3.139.106 Ibf 3.139.106 Ibf
Vacuum Soecific Imouise @ 100% | sec 338.4 sec 338.4 sec 338.4 sec 268.8 sec 268.8 sec 268.8 sec 268.8 sec
Burn Time 1 sec 2759 sec 2791 sec 279.4 sec 145.3 sec 145.3 sec 143.3 sec 145.3 sec
Second Stage !
Gross Mass ! om 188.541 Ibm 186.630 Ibm 186.698 Ibm 298.577 Ibm 405.882 Ibm 405.882 Ibm 264.989 Ibm
Lenath [ a1t 4941t 5341t 8201t 105.0ft 105.0ft 8201t
Diameter P 1771 1771 7.7 1t 4 1t 16.4 1t 16.4 1t 16.4 1t
Usable Provellant Mass s lbm 156.586 Ibm 155.198 lbm 154.747 Ibm 254.766 Ibm 360.519 lbm 360570 lbm 233.219 Ibm
Bumout Mass ' ibm 31.948 lbm 31.425 lbm 31.944 lbm 38.617 Ibm 45.022 Ibm 44.972 Ibm 31.444 lbm
Drv Mass 1 ibm 25.825 Ibm 23.932 Ibm 24.004 Ibm 33.627 lbm 38.507 lbm 38.507 lbm 27.077 Ibm
Endine(sVMotor i 4/RL-60 4/RL-60 41/RL-60 4/RL-100 1/ SSME Blk Il 1/SSME BLK I 11J-28+
Vacuum Thrust @ 100% ] 60.000 Ibf 60.000 Ibf 60.000 Ibf 100.000 Ibf 469.449 Ibf 469.449 Ibf 274.500 Ibf
Vacuum Soecific Imoulse @ 100%  +  sec 465.0 sec 465.0 sec 465.0 sec 450.0 sec 452.1 sec 452.1 sec 451.5 sec
Burn Time 1 sec 3045 sec 300.7 sec 299.9 sec 287.6 sec 3334 sec 3339 sec 383.2sec
1
Third Stage i GEM-60 Solid Strapon
Gross Mass s lbm 73.950 lbm
Lenath [ 5201t
Diameter (I 501t
Usable Provellant Mass i tbm 65.850 lbm
Bumout Mass s lbm 8.100 Ibm
Drv Mass ! om
Enaine(sV/Motor [ 4/ GEM-60
Vacuum Thrust @ 100% Tbf 260.764 Ibf @ 1.0 sec
Vacuum Soecific Imoulse @ 100% | sec 277.0 sec @ 1.0 sec
Burn Time 1 sec 1.0 sec
Payload Shroud :
Overall Lenath Y 100.8 1t 150.3 1t 8201t 6451t
Outside Diameter o 2431t 2751 2751 16.4 1t
Dvnamic Lenath 1o 8201t 98.4 1t 8201t 4501t
Dvnamic Diameter H 2131t 2451t 2451t 1341t
Overall Mass + lbm 22,695 Ibm 59.348 lbm 30543 Ibm 8.441 1bm
Jettison Mass ! b 22,695 Ibm 59.348 lbm 8.441 Ibm
Jettison Time 1 sec 3145 sec 279.1 sec 299.0 sec
Launch Escape System !
Gross Mass ' om
Lenath [
Diameter i
Usable Provellant Mass )
Bumout Mass s lbm
I ibm
Enaine(sVMotor -
Vacuum Thrust @ 100% I
Vacuum Soecific Imoulse @ 100%  +  sec
Acceleration I as
Burn Time 1 sec
Jettison Mass S 9,300 Ibm 9.1721bm 9.300 Ibm 9.300 Ibm
Jettison Time | e 175.3 sec 175.3 sec 175.3 sec
Flight Parameters !
Maximum Dvnamic Pressure i osf 488 osf 607 osf 615 osf 782 0sf 576 osf 576 osf 801 osf
Timgj  sec 66.5 sec 74.6 sec 742 55.5 sec 59.2 sec 58.5 sec 54.4 sec
Maximum Acceleration . as 4090 4000 4000 4470 4000 4000 3450
Timel  sec
Maximum Altitude Durina Ascent [
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Vehicle Name 0
1
LV Delivery Orbit 30X160 nmi | Units
Payload i
285 Dea Inc .
Lift Capabilit!__mT 214 mT 24.4mT 29.9mT 29.8mT 28.7 mT 29.0mT 20.3mT 18.6 mT
Net Pavioadi ~ mT 19.0mT 220mT 27.0mT 26.8mT 258mT 264 mT S 183mT S 1e8mT
51.6 Dea Inc :
Lift Cavability! _mT 19.8 mT 226 mT 28.1 mT 27.9mT 27.0mT 27.2mT 189 mT 17.4 mT
let Pavioadl ~ mT 17.8mT 204mT 253mT 251 mT 243mT 245mT 17.0mT 157 mT
General Parameters !
Overall Heiaht [ . . 2 287.91t 3181t 3156t 264.0ft 26291t
Gross Liftoff Mass [ 1.651.262 lbm 1.838.553 lbm 2.029.128 Ibm 2.075.635 Ibf 2.014.084 Ibm 2.047.625 Ibm 1.617.781 Ibf 1.623.852 Ibf
Liftoff Thrust/Weiaht . 1480 1330 1774 1730 1780 1750 151a 1510
Second Staae Thrust/Weiaht i oa 0.78a 1.02a 091a 0.79a 077a 0.70a 080a 081a
Safety / Reliability !
Loss of Mission (LOM) - Meani 1in 182 ~1in433 A W W
LOM - Median (50% )
Loss of Crew (LOC) - Meanl 1in 1429 Coimtgs
LOC - Median (50%)j
Strapon Boosters (each) !
Gross Mass ' bm
Lenath [
Diameter oft
Usable Provellant Mass s lbm
Bumout Mass ' ibm
Drv Mass 1 ibm
Enaine(s)/Motor -
Vacuum Thrust @ 100% H
Vacuum Soecific Imoulse @ 100% | sec
Burn Time I sec
1
First/Core Stage i
Gross Mass Iom 1,300,464 lbm 1,304,214 lbm 1,657,603 Ibm 1,646,258 Ibm 1,658,283 lbm 1,658,870 lbm 1.287.082 Ibm 1.299.385 lbm
Lenath [ 133.21t 133.21t 174.2 162.0 1t 174.21 174.21 1324 1t 133.21t
Diameter [ 1221t 1221t 1221t 1221t 1221t 1221t 1221t 1221t
Usable Provellant Mass I 1.112.256 Ibm 1.112.256 Ibm 1.434.906 lbm 1.434.906 lbm 1.434.906 Ibm 1.434.906 lbm 1.112.256 Ibm 1.112.256 Ibm
Bumout Mass | bm 188.208 Ibm 191.958 Ibm 222,697 Ibm 211352 lbm 223.377 Ibm 223.964 Ibm 174.827 Ibm 187.130 Ibm
Drv Mass m
Enaine(sVMotor - 114 sea. SRB 114 sea. SRB 115 Sea. SRB 115 sea SRM 115 sea. SRB 115 sea. SRB 114 sea. SRM 114 sea. SRM
Vacuum Thrust @ 100% H 3.139.106 Ibf 3.139.106 Ibf 3.480.123 Ibf 3.480.123 Ibf 3.480.123 Ibf 3.480.123 Ibf 3.139.106 Ibf 3.139.106 Ibf
Vacuum Soecific Imouise @ 100% | sec 268.8 sec 268.8 sec 265.4 sec 265.4 sec 265.4 sec 265.4 sec 268.8 sec 268.8 sec
Burn Time 1 sec 145.0 sec 145.3 sec 132.5 sec 132.5 sec 132.5 sec 132.5 sec 145.3 sec 145.3 sec
Second Stage !
Gross Mass ! om 295,060 Ibm 471,270 Ibm 296,198 Ibm 359,593 Ibm 283,184 Ibm 315,554 lbm 280.941 Ibm 274.124 1bm
Lenath [ 7851t 7721t 8301t 7371 85.41t 8181t 7941t 7011t
Diameter P 18.0 1t 2381t 16.4 1t 19.7 1t 16.4 1t 18.0 1t 16.4 1t 18.0 1t
Usable Provellant Mass s lbm 260.018 Ibm 415.089 Ibm 260.093 Ibm 310166 lbm 250.193 Ibm 280.001 Ibm 244.203 Ibm 240.013 Ibm
Bumout Mass ' ibm 34,712 lbm 55,833 lbm 36,075 lbm 44,253 Ibm 32,663 Ibm 35,221 lbm 32511 lbm 33.785 lbm
Drv Mass 1 ibm 29,856 Ibm 48,786 Ibm 30,966 Ibm 38,286 Ibm 27,780 Ibm 29,979 Ibm 27.916 Ibm 29.214 Ibm
Endine(sVMotor i 11J-25+ 2/J28+ 4/RL-85 rub 4/RL-85 Rubberized 11J-28+ 11J-28+ 11028 11028
Vacuum Thrust @ 100% ] 274,500 Ibf 274,500 Ibf 85,000 Ibf 85,000 Ibf 274,500 Ibf 274,500 Ibf 265.000 Ibf 265.000 Ibf
Vacuum Soecific Imouise @ 100% sec 451.5 sec 451.5 sec 450.0 sec 450.0 sec 451.5 sec 451.5 sec 436.0 sec 436.0 sec
Burn Time 1 sec 428.0 sec 341.4 sec 3443 sec 4105 sec 4111 sec 460.6 sec 401.8 sec 3949 sec
1
Third Stage ;
Gross Mass s lbm
Lenath [
Diameter [
Usable Prooellant Mass | lbm
Bumout Mass s lbm
Drv Mass ! om
Enaine(sV/Motor [
Vacuum Thrust @ 100% Tbf
Vacuum Soecific Imouise @ 100% | sec
Burn Time 1 sec
Payload Shroud :
Overall Lenath Y
Outside Diameter [
Dvnamic Lenath [
Dvnamic Diameter H
Overall Mass + lbm
Jettison Mass I ibm
Jettison Time 1 sec
Launch Escape System !
Gross Mass ' om 9,300 Ibm 9,300 Ibm 9,300 Ibm
Lenath [
Diameter i
Usable Provellant Mass )
Bumout Mass s lbm
I ibm
Enaine(sVMotor [
Vacuum Thrust @ 100% I
Vacuum Soecific Imoulse @ 100% sec
Acceleration I as
Burn Time 1 sec
Jettison Mass S 9,300 Ibm 9,300 Ibm 9,300 Ibm 9,172 1bm 9,300 Ibm 9,300 Ibm 9,172 1bm 9,300 Ibm
Jettison Time | e 175.0 sec 175.3 sec 162.5 163.0 sec 162.5 sec 162.5 sec 175.3 sec 175.3 sec
Flight Parameters !
Maximum Dvnamic Pressure i osf 732 psf 474 psf 986 psf 892 psf 994 psf 924 psf 801 osf 779 osf
Timgj  sec 54.4 sec 60.9 sec 48.4 sec 48.3 sec 473 sec 47.2sec 54.0 sec 53.9 sec
Maximum Acceleration . as 337¢g 4999 3459 324g 353g 336g 343a 353a
Timel  sec

Maximum Altitude Durina Ascent oft
I
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Vehicle Name 0
1
LV Delivery Orbit 30X160 nmi | Units
Payload i
285 Dea Inc .
Lift Capabilit!__mT 253 mT 26.8mT 359 mT 78.5 mT 935 mT 52.7 mT
Net Pavioad] ~ mT. 228mT 242mT 32.4mT 66.7 mT. 795mT - 448mT
51.6 Dea Inc :
Lift Cavability! _mT 236 mT 25.1 mT 338 mT 734 mT 87.5 mT 47.9 mT
Net Pavioadl ~ mT 21.2mT 226mT 30.4mT 622mT 744mT - 40.7 mT
General Parameters !
Overall Heiaht [ 29314 ft 294.9 1t 3206 ft 183.8 1t 183.8 1t 183.8 1t
Gross Liftoff Mass [ 1.813.730 Ibf 1.996.987 Ibf 2.152.961 Ibf 4544.392 Ibm 5.204.308 lbm 4.492.706 Ibf
Liftoff Thrust/Weiaht . 1350 1.80 a 1774 157 a 1580
Second Staae Thrust/Weiaht a 1.03a 0.75a 099a 097a 09%4a 1050
Safety / Reliability H
Loss of Mission (LOM) - Meani 1in296 - 1in173 Stz
LOM - Median (50% )
Loss of Crew (LOC) - Meanl 1in 1359 A A VA WA Ay
LOC - Median (50%)j
Strapon Boosters (each) !
Gross Mass ' bm 1,298,467 lbm 1,656,140 lom 1.298.467 Ibm
Lenath [ 149.6 1t 176.7 1t 149.6 1t
Diameter HER 1221 1221 1221
Usable Provellant Mass s lbm 1,111,019 Ibm 1,434,906 lbm 1.111.019 Ibm
Bumout Mass ' ibm 186,863 Ibm 221,234 1bm 186.863 Ibm
Drv Mass 1 ibm
Endine(sVMotor - 2/4 seg. SRM 2/5seg. SRM 2/4sea SRM
Vacuum Thrust @ 100% H 3,139,106 Ibf 3,480,123 Ibf 3.139.106 Ibf
Vacuum Soecific Imoulse @ 100% | sec 268.8 sec 265.4 sec 268.8 sec
Burn Time 1 sec 125.4 sec 132.5 sec 125.4 sec
1
First/Core Stage i
Gross Mass Iom 1.300.607 Ibm 1.645.215 lbm 1.658.326 lbm 1.775.661 Ibm 1.775.882 Ibm 1.780.793 Ibm
Lenath [ 133.21t 162.0 1t 163.4 1t 156.9 ft 156.9 ft 156.9 ft
Diameter [ 1221t 1221t 1221t 2751t 2751t 2751t
Usable Provellant Mass I 1.112.256 Ibm 1.434.906 Ibm 1.434.906 lbm 1.590.946 lbm 1.588.636 lbm 1.589.533 lbm
Bumout Mass + lbm 188.351 Ibm 210.309 Ibm 223.420 Ibm 155.266 Ibm 155.487 Ibm 161.817 Ibm
Drv Mass 1 ibm 168.364 Ibm 168.585 Ibm 174.915 Ibm
Enaine(sVMotor HE- 114 sea. SRM 115 sea SRM 115 Sea SRM 3/ SSME Blk II 3/ SSME Bk II 2/RS-68
Vacuum Thrust @ 100% H 3.139.106 Ibf 3.480.123 Ibf 3.480.123 Ibf 469.710 Ibf 469.710 Ibf 745.000 Ibf
Vacuum Soecific Imouise @ 100% | sec 268.8 sec 265.4 sec 265.4 sec 452.2 sec 452.2 sec 4095 sec
Burn Time 1 sec 145.3 sec 132.5 sec 132.5 sec 334.0sec 334.0sec 476.0 sec
Second Stage ! Tankage Tankage
Gross Mass ! om 448.063 Ibm 283.415 Ibm 406.091 Ibm
Lenath [ 100.3 1t 80.7ft 105.0ft
Diameter P 18.0 1t 16.4 1t 16.4 1t
Usable Provellant Mass s lbm 400.007 Ibm 250.010 Ibm 360.115 Ibm Usable Proellant 1.590.946 Ibm 1.588.636 lbm Usable Proellant 1.589.533 lbm
Bumout Mass ' ibm 48.012 lbm 33.378 lbm 45.635 Ibm Bumout Mass 68.297 Ibm 68.518 Ibm Bumout Mass 68.570 Ibm
Drv Mass 1 ibm 41.248 Ibm 28.401 Ibm 38.805 lbm Drv Mass 59.226 lbm 59.447 lbm Drv Mass 59.499 Ibm
Endine(sVMotor i 2/J28 11428 1/SSME BLK I
Vacuum Thrust @ 100% ] 265.000 Ibf 265.000 Ibf 469.449 Ibf
Vacuum Soecific Imouise @ 100% sec 436.0 sec 436.0 sec 452.1 sec
Burn Time 1 sec 329.1 sec 4114 sec 331.0sec
1
Third Stage i Carrier Carrier
Gross Mass s lbm
Lenath [
Diameter (I
Usable Prooellant Mass | lbm
Bumout Mass s lbm Bumout Mass 86.969 Ibm 86.969 Ibm Bumout Mass 93.247 lbm
Drv Mass ! om Drv Mass 109.138 Ibm 109.138 Ibm Drv Mass 115.416 Ibm
Endine(sVMotor [ Endine(sVMotor 3/ SSME Blk II 3/ SSME Blk Il Endine(sVMotor 2/RS-68
Vacuum Thrust @ 100% Tbf Vacuum Thrust 469.710 Ibf 469.710 Ibf Vacuum Thrust 745.000 Ibf
H Vacuum Specific Vacuum Specific
Vacuum Soecific Imoulse @ 100% | sec Imoulse 452.2 sec 452.2 sec Imoulse 4095 sec
Burn Time 1 sec
Payload Shroud :
Overall Lenath Y 12591t 12591t
Outside Diameter [ 2701t 2701t
Dvnamic Lenath 1o 9651t 9651t 9651t
Dvnamic Diameter H 2401t 2401t 2401t
Overall Mass + lbm 29,295 Ibm 29,295 Ibm
Jettison Mass ! b 29,295 Ibm 29,295 Ibm 29.295 Ibm
Jettison Time 1 sec 237.0 sec 233.0 sec 263.0 sec
Launch Escape System !
Gross Mass ' om
Lenath [
Diameter i
Usable Provellant Mass )
Bumout Mass s lbm
I ibm
Enaine(sVMotor -
Vacuum Thrust @ 100% I
Vacuum Soecific Imoulse @ 100% sec
Acceleration I as
Burn Time 1 sec
Jettison Mass S 9,300 Ibm 9,172 1bm 9.300 Ibm
Jettison Time | e 175.3 sec 162.5 sec 163.0 sec
Flight Parameters !
Maximum Dvnamic Pressure i osf 522 osf 1.023 osf 800 osf 719 osf 690 osf 797 osf
Timgj  sec 61.0sec 47.0sec 54.5 sec 53.0 sec 60.3 sec 52.0 sec
Maximum Acceleration . as 5000 361a 2930 3000 300a 3060
Timel  sec
ft

Maximum Altitude Durina Ascent |
I
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Shuttle-Derived Side- . . . 5-Segment
mount — 5-Seg. SRM & 2 RS-, “""“"‘g""‘ffﬂ"‘":’“' vy “""“"“"‘gf;""'“’ iy 55‘“"‘2’:3':2.'" o"' SDV | 5 Segment SRB In Cargo SRB In-line SDV - Cargo
68 9 9 oS 8.5-m PIL Envelope Shroud

LV Delivery Orbit 30X160 nmi
Payload
28.5 Dea Inc

1
|
|
|

Vehicle Name !
1
| Units
|
|

General Parameters

Overall Heiaht ft 315.9ft
Liftoff Thrust/Weiaht a
Second Staae Thrust/Weiaht a 1.050 0.96a 0950 093a 093a 093a

I

! 183.8 ft . . . 3423 ft .
Gross Liftoff Mass I Ibm 5.234.966 Ibf 4.537.794 Ibm 4.545.168 Ibm 5.984.103 Ibm 5.993.890 lbm 6.003.780 Ibm

i 1620 1540 1540 1470 1460 1460

I

Safety / Reliability

This vehicle reliability was not run but
asst e same as vehcile 27

LOC - Median (50%)|

Strapon Boosters (each)

1
Gross Mass ' bm 1.656.140 lbm 1.298.467 lbm 1.298.467 lbm 1.656.140 lbm 1.656.140 lbm 1.656.140 lbm
Lenath [ 176.7 1t 150.0 ft 150.0 ft 176.7 1t 176.7 1t 176.7 1t
Diameter o 1221t 1221t 1221t 1221t 2751 1221t
Usable Proellant Mass s lbm 1.434.906 lbm 1.111.019 Ibm 1.111.028 Ibm 1.434.906 lbm 1.434.906 lbm 1.434.906 lbm
Burnout Mass ' ibm 221234 Ibm 186.863 lbm 186.854 lbm 221234 Ibm 221234 Ibm 221234 Ibm
Drv Mass 1 ibm
Enaine(sVMotor i 2/5Sea SRM 2/4sea SRM 2/4sea SRM 2/5sea SRM 2/5sea SRM 2/5sea SRM
Vacuum Thrust @ 100% ] 3.480.123 Ibf 3.139.106 Ibf 3.139.106 Ibf 3.480.123 Ibf 3.480.123 Ibf 3.480.123 Ibf
Vacuum Soecific Imoulse @ 100% | sec 265.4 sec 268.8 sec 268.8 sec 265.4 sec 265.4 sec 265.4 sec
Burn Time 1 sec 1325 sec 123.0 sec 1254 sec 1325 sec 1325 sec 1325 sec

1
First/Core Stage i
Gross Mass Ibm 1.781.014 lbm 1.751.697 lbm 1.735.243 lbm 2.425.833 Ibm 2.407.408 Ibm 2.407.408 Ibm
Lenath [ 156.9 ft 71T 17171 21081t 21081t 21081t
Diameter [ 2751t 2751t 2751t 2751t 2751t 2751t
Usable Proellant Mass o 1.589.533 lbm 1.588.636 lbm 1.588.636 lbm 2.210.023 Ibm 2.210.112 lbm 2.210.112 Ibm
Burnout Mass + lbm 162.038 Ibm 160.686 lbm 144.232 lbm 215,560 Ibm 197.046 Ibm 197.046 lbm
Drv Mass 1 ibm 175.136 lbm 149.268 lbm 132.814 lbm 186.231 lbm 167.806 lbm 167.806 lbm
Enaine(sV/Motor . 2/RS-68 3/SSMEBLK I 3/SSMEBLK I 41 SSME BLK Il 41 SSME BLK Il 41 SSME BLK Il
Vacuum Thrust @ 100% ©hf 745.000 Ibf 469.449 Ibf 469.449 Ibf 469.449 Ibf 469.449 Ibf 469.449 Ibf
Vacuum Soecific Imoulse @ 100% | sec 409.5 sec 452.1 sec 452.1 sec 452.1 sec 452.1 sec 452.1 sec
Burn Time 1 sec 4700 sec 488.0 sec 488.3 sec 509.0 sec 509.5 sec 509.5 sec
Second Stage !
Gross Mass ! om
Lenath (I
Diameter o
Usable Proellant Mass + lbm 1.589.533 lbm
Bumout Mass ' ibm 68.791 Ibm
Drv Mass I ibm 59.720 lbm
Enaine(sVMotor -
Vacuum Thrust @ 100% it
Vacuum Soecific Imoulse @ 100% . sec
Burn Time I sec

1
Third Stage i
Gross Mass s lbm
Lenath [
Diameter (I
Usable Prooellant Mass | lbm
Burnout Mass © lbm 93.247 lbm
Drv Mass ! om 115.416 Ibm
Enaine(sV/Motor [ 2/RS-68
Vacuum Thrust @ 100% Tbf 745.000 Ibf
Vacuum Soecific Imoulse @ 100% | sec 409.5 sec
Burn Time 1 sec
Payload Shroud :
Overall Lenath Lo 8201t 13151 8201t 13151 14161
Outside Diameter (I 2751t 2751 2751t 2751 3111t
Dvnamic Lenath [ 96,51t 8201t 9841t 8201t 9841t 9841t
Dvnamic Diameter HE 2401t 2451t 2451t 2451t 2451t 2811t
Overall Mass + lbm 23,419 Ibm 23,404 Ibm 36.136 Ibm
Jettison Mass ! b 29.295 Ibm 23.419 bm 23.404 Ibm 36.136 Ibm
Jettison Time 1 sec 297.0 sec 2409 sec 2500 sec 2500 sec
Launch Escape System !
Gross Mass ' om 9,300 Im 9,300 Ibm
Lenath [
Diameter [
Usable Proellant Mass i tbm
Burnout Mass . lbm

I ibm
Enaine(sVMotor -
Vacuum Thrust @ 100% )
Vacuum Soecific Imoulse @ 100% ~ +  sec
Acceleration I as
Burn Time 1 sec
Jettison Mass i om 9,300 Ibm 9,300 Ibm
Jettison Time | se 47.9sec 162.5 sec
Flight Parameters !
Maximum Dvnamic Pressure I osf 768 osf 718 osf 704 osf 563 osf 562 osf 560 osf

Timej  sec 59.0 sec 58.0 sec 55.4 sec 70 sec 69.5 sec 705 sec
Maximum Acceleration .o 3000 4.00a 4.00a 4.00a 4.00a 4.00a
Timel  sec

Maximum Altitude Durina Ascent oft
I
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g 27.3 Cargo Variant 273
! (0ld 27.2) (With EDS) 28 281 29
1
1
i 5-Segment SRBs with 5| f:;'?sg” & 5'5"‘""'"‘:3';: ;If 4RS-68 Core +4J-25 + af* Rs's"zi‘;’:;v‘;;ﬁ':“ & 4.Segment SRBs 3 RS-68
i SSME Core - Cargo 2Deltal IV Boosters  Cargo cargo &4J25+ Cargo
Vehicle Name 0
1 Deliver Orbit TLI (EDS
LV Delivery Orbit 30X160 nmi | Units Suborbital Burn)
Payload i Gross Payload 60.6 mT
285 Dea Inc . Net Pavioad 54.6 mT
Lift Capabilit!__mT 125.1 mT 146.6 mT 58.2 mT 64.1 mT 108.2 mT
Net Pavioadi ~ mT 1063 mT 1246 mT 49.5mT  545mT A\ 91.9mT
51.6 Dea Inc :
Lift Cavability! _mT Not Evaluated 548 mT 60.6 mT 102.4 mT
et Pavioad T 466 mT T stsmT 87.4mT
General Parameters !
Overall Heiaht [ 34231t g . . 3
Gross Liftoff Mass [ 6.027.962 Ibm 6.393.975 Ibm 3.207.626 lbm 3.601.955 lbm 5.401.018 lbm
Liftoff Thrust/Weiaht . 1520 1430 1240 1220 1440
Second Staae Thrust/Weiaht a 1230 084a 1190 117a 1.09a
Safety / Reliability H
Loss of Mission (LOM) - Meani 1in124 1in92 N 20 T
LOM - Median (50% )
Loss of Crew (LOC) - Meanl VA A VA WA aav
LOC - Median (50%)j
Strapon Boosters (each) !
Gross Mass ' bm 1,656,140 lbm 1,656,140 lbm 430,005 Ibm 620,313 Ibm 1,297,882 Ibm
Lenath [ 176.7 1t 176.7 1t 1541 ft 1921t 150.0 ft
Diameter HER 1221 1221 16.4 1t 1251t 1221
Usable Provellant Mass s lbm 1,434,906 lbm 1,434,906 lbm 368,175 lbm 566,207 lbm 1,111,028 Ibm
Bumout Mass ' ibm 221,234 1bm 221,234 1bm 61,816 lbm 54,089 Ibm 186,854 Ibm
Drv Mass 1 ibm 55,806 lbm 48,069 Ibm
Endine(sVMotor - 2/5 Segment SRM 2/5 Segment SRM 1/RS-68 1/RD-180 2/4 Segment SRM
Vacuum Thrust @ 100% H 3,480,123 Ibf 3,480,123 Ibf 743,031 Ibf 933,400 Ibf 3,139,106 Ibf
Vacuum Soecific Imoulse @ 100% | sec 265.4 sec 265.4 sec 408.8 sec 338.4 sec 268.8 sec
Burn Time 1 sec 132.5 sec 1325 sec 198.7 sec 205.0 sec 125.4 sec
1
First/Core Stage i
Gross Mass s lbm 2,416,596 lbm 2,430,894 Ibm 1,426,174 Ibm 1,426,761 Ibm 1,774,828 Ibm
Lenath [ 21081t 21081t 154.1 1t 154.1 1t 17451
Diameter [ 2751t y 51t 2751t 2751t
Usable Provellant Mass I 2.215.385 Ibm 2215.385 Ibm 1.232.983 lbm 1.232.983 lbm 1.582.392 lbm
Bumout Mass + lbm 200.960 Ibm 215.258 Ibm 193.065 Ibm 193.652 Ibm 192.274 Ibm
Drv Mass 1 ibm 180.698 Ibm 194.997 lbm 182.957 Ibm 183.545 Ibm 178.584 Ibm
Enaine(sVMotor - 5/ SSME Blk II 5/ SSME Blk II 4/RS-68 4/RS-68 3/RS-68
Vacuum Thrust @ 100% H 469.449 Ibf 469.449 Ibf 743.031 Ibf 743.031 Ibf 743.031 Ibf
Vacuum Soecific Imouise @ 100% | sec 452.1 sec 452.1 sec 408.8 sec 408.8 sec 408.8 sec
Burn Time 1 sec 4115 sec 408.2 sec 239.4 sec 242.0 sec 284.7 sec
Second Stage !
Gross Mass ! om 506,576 lbm 769,768 lbm 769,847 Ibm 768,710 lbm
Lenath [ 7461t 8291t 8291t 9371t
Diameter P 51t 2751t 2751t 2751t
Usable Provellant Mass s lbm 457.884 Ibm 668.956 Ibm 668.683 Ibm 666.690 Ibm
Bumout Mass ' ibm 48,640 Ibm 100,737 Ibm 101,089 Ibm 101,945 Ibm
Drv Mass 1 ibm 42,645 Ibm 87,583 lbm 87,664 lbm 86,542 Ibm
Endine(sVMotor i 2/J28+ 41J28+ 41428+ 41J28+
Vacuum Thrust @ 100% ] 274,500 Ibf 274,500 Ibf 274,500 Ibf 274,500 Ibf
Vacuum Soecific Imoulse @ 100%  +  sec 451.5 sec 451.5 sec 451.5 sec 451.5 sec
Burn Time 1 sec 217.7 sec 275.1 sec 275.0 sec 274.1 sec
1
Third Stage ;
Gross Mass s lbm
Lenath [
Diameter (I
Usable Prooellant Mass | lbm
Bumout Mass s lbm
Drv Mass ! om
Enaine(sV/Motor [
Vacuum Thrust @ 100% Tbf
Vacuum Soecific Imouise @ 100% | sec
Burn Time 1 sec
Payload Shroud :
Overall Lenath Y 13151 7221t 13151 13151 13151
Outside Diameter o 2751 2751t 2751 2751 2751
Dvnamic Lenath 1o 98.41t 3941t 98.41t 98.4 1t 98.4 1t
Dvnamic Diameter H 2451t 2451t 2451t 2451t 2451t
Overall Mass + lbm 23,362 Ibm 10,522 Iom 23,387 Ibm 23,387 Ibm 23,274 Ibm
Jettison Mass ! b 23,362 Ibm 10,522 Ibm 23,387 Ibm 23,387 Ibm 23,274 Ibm
Jettison Time 1 sec 2935 sec 447.0 sec 336.0 sec 338.0 sec 269.8 sec
Launch Escape System !
Gross Mass ' om
Lenath [
Diameter i
Usable Provellant Mass )
Bumout Mass s lbm
I ibm
Enaine(sVMotor [
Vacuum Thrust @ 100% I
Vacuum Soecific Imoulse @ 100%  +  sec
Acceleration I as
Burn Time 1 sec
Jettison Mass S
Jettison Time | e
Flight Parameters !
Maximum Dvnamic Pressure i osf 661 psf 561 psf 175 psf 196 psf 610 psf
Timgj  sec 67.0sec 72.7 sec 127.8 sec 127.0 sec 626 sec
Maximum Acceleration . as 4.00g 2329 4799 4539 323g
Timel  sec
Maximum Altitude Durina Ascent [
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i 400 390.8 308.3 399.8
: 275 » 7.5 le 27.5' | e
1 350 31.5° h31 132.2'
] 700 P
1 300
] _l_
I =
1 £]250 57.5" 57.5' 56.0"
if
. z y y A
b3 399.8° 399.8' 439900
i 5200 8 -
1 > —_— N
i3S F
! 2
] 8]1s0
1
i 10/8" 10(8* 10.8"
i 100 176.7" 1 176.7" 176.7|
1
] 50
1
1
; v VATATS ¥
1
1
1
! 30 301 303 31
1
1
i 5 SSME Core + 4 J-25+ | SSIMECorer oo 5 SSME Core +2J-25+& 5- SSSWECorels JloSMER)
5.Segment SRB Cargo -S2gment SRE Segment SRB Cargo S258gment SRE)
1 d © Cargo Blk 2 @ = Crew + Cargo Blk 2
Vehicle Name 0
1
LV Delivery Orbit 30X160 nmi | Units
Payload i
285 Dea Inc .
Lift Capabilit!__mT 137.3 mT 140.9 mT 141.6 mT 136.3 mT
Net Pavioad  mT 16.7mT 19.8mT 1203 mT 15.9mT
51.6 Dea Inc :
Lift Cavability! _mT 130.4 mT 134.0 mT 137.2 mT 126.8 mT
et Pavioad T 110.8mT 13.9mT 16,6 mT 107.8mT
General Parameters !
Overall Heiaht [ 3998 ft 3983t 3998 ft 3990t
Gross Liftoff Mass [ 6.395.446 Ibm 6.387.809 Ibm 6.390.767 Ibm 6.379.499 Ibm
Liftoff Thrust/Weiaht . 1430 1440 1430 1440
Second Staae Thrust/Weiaht i oa 1780 080a 089a 0.78a
Safety / Reliability !
Loss of Mission (LOM) - Meani 1in81 1in 95 F W T .|
LOM - Median (50% )
Loss of Crew (LOC) - Meanl WA A Wi WA
LOC - Median (50%)j
Strapon Boosters (each) !
Gross Mass ' bm 1,656,140 lbm 1,656,140 lbm 1.656.140 lbm 1.656.140 lbm
Lenath [ 176.7 1t 176.7 1t 176.7 1t 1767 ft
Diameter HER 1221 1221 1221 1221t
Usable Provellant Mass s lbm 1,434,906 lbm 1,434,906 lbm 1.434.906 lbm 1.434.906 Ibm
Bumout Mass ' ibm 221,234 1bm 221,234 1bm 221.234 1bm 221.234 1bm
Drv Mass 1 ibm
Endine(sVMotor - 2/5 Segment SRM 2/5 Segment SRM 2/5 Seament SRM 2/5 Seament SRM
Vacuum Thrust @ 100% H 3,480,123 Ibf 3,480,123 Ibf 3.480.123 Ibf 3.480.123 Ibf
Vacuum Soecific Imoulse @ 100% | sec 265.4 sec 265.4 sec 265.4 sec 265.4 sec
Burn Time 1 sec 132.5 sec 132.5 sec 132.5 sec 132.5 sec
1
First/Core Stage i
Gross Mass Iom 2,441,382 Ibm 2,440,768 Ibm 2,441,382 Ibm 2.440.768 Ibm
Lenath [ 21081t 21081t 21081t 21081t
Diameter [ 2751t 2751t 2751t 2751t
Usable Provellant Mass I 2.215.385 Ibm 2.215.385 Ibm 2.215.385 Ibm 2.215.385 Ibm
Bumout Mass + lbm 225.745 Ibm 225132 Ibm 225.745 Ibm 225132 Ibm
Drv Mass 1 ibm 205.484 Ibm 204.871 Ibm 205.484 Ibm 204.871 Ibm
Enaine(sVMotor HE- 5/ SSME Blk II 5/ SSME Blk II 5/ SSME Blk II 5/ SSME Blk II
Vacuum Thrust @ 100% H 469.449 Ibf 469.449 Ibf 469.449 Ibf 469.449 Ibf
Vacuum Soecific Imouise @ 100% | sec 452.1 sec 452.1 sec 452.1 sec 452.1 sec
Burn Time 1 sec 408.2 sec 408.0 sec 408.2 sec 408.2 sec
Second Stage !
Gross Mass ! om 315,902 lbm 300,797 lbm 301,740 lbm 316582 lbm
Lenath [ 5751t 56.0ft 5751t 56.0ft
Diameter P 2751t 2751t 2751t 2751t
Usable Provellant Mass s lbm 248.758 Ibm 248,914 Ibm 248.856 Ibm 248.796 Ibm
Bumout Mass ' ibm 67,115 lbm 51,855 lbm 52,856 Ibm 67.757 Ibm
Drv Mass 1 ibm 55,992 lbm 40,964 Ibm 41,900 lbm 56.750 lbm
Endine(sVMotor i 4725+ 1/ SSME Bk Il 2725+ 1/ SSME Blk Il
Vacuum Thrust @ 100% ] 274,500 Ibf 469,449 Ibf 274,500 Ibf 469.449 Ibf
Vacuum Soecific Imouise @ 100% sec 451.5 sec 452.1 sec 451.5 sec 452.1 sec
Burn Time 1 sec 102.2 sec 229.0 sec 204.4 sec 2292 sec
1
Third Stage i
Gross Mass s lbm
Lenath [
Diameter [
Usable Prooellant Mass | lbm
Bumout Mass s lbm
Drv Mass ! om
Enaine(sV/Motor [
Vacuum Thrust @ 100% Tbf
Vacuum Soecific Imouise @ 100% | sec
Burn Time 1 sec
Payload Shroud :
Overall Lenath Y 13151 13151 13151 7001t
Outside Diameter o 2751 2751 2751 2751
Dvnamic Lenath 1o 98.4 1t 98.4 1t 98.4 1t 7001t
Dvnamic Diameter H 2451t 2451t 2451t 2451t
Overall Mass + lbm 23,287 Ibm 23,287 Ibm 23,287 Ibm included in 2nd Stace
Jettison Mass ! b 23,287 Ibm 23,287 Ibm 23,287 Ibm
Jettison Time 1 sec 264.0 sec 249.0 sec 3145 sec
Launch Escape System !
Gross Mass ' om
Lenath [
Diameter i
Usable Provellant Mass )
Bumout Mass s lbm
I ibm
Enaine(sVMotor -
Vacuum Thrust @ 100% I
Vacuum Soecific Imoulse @ 100% sec
Acceleration I as
Burn Time 1 sec
Jettison Mass S 9.300 Ibm
Jettison Time | e 438.2 sec
Flight Parameters !
Maximum Dvnamic Pressure i osf 549 psf 545 psf 554 psf 569 osf
Timgj  sec 72.0 sec 715 sec 72.0 sec 72.8 sec
Maximum Acceleration . as 2979 2939 2929 2880
Timel  sec

Maximum Altitude Durina Ascent oft
I
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160

|
|
1 140
|
|
1 120
| b
! f” 100
I T
1 o
1 L2180
| S
. > —| 164" |
| = —5 > 164" |+
- Sleo K«
| 6 Payload
|
1 40
i L V| 625
i 53.0°
' 20
|
i A8t | BB
|
|
1 N1A N1B N2A N2A.1
| EDS Only w/ No EDS - No Suborbital | EDS Only w/ No EDS Only w/ No
Vehicle Name i Suborbital Burn Burn w/ Payload | Suborbital Burn Suborbital Burn
. | 27 + 1 additional
Payload Delivery to Moon * Units 2 o = SSME
Payload __ _ _ _ _ _ __ N I D N h, UK. [
TLiony . AN s I B IR R
|
o Capability:  mT _§ | _ 620_ __ | _ ___ 328 | 841 _ | ____ 900___ _
I NetPayloadj mT | | . 558 | . 205 | 787 | 810
Tu+ol (R I N F B do
|
o Capabilitys. mT _} | _ 390 _ | ____ 246___ | 539 _ | _ ____ 579 _
I NetPayloadi_ mT_|_ | 3’1 22 | ___486 _ | 824 .
TLI+LOl+PC . I o N A N S I D i
_________________ Capability |- -4+ 01 _ I 207 ____| ___423 _ |
NetPayloadl mT | _ [ — . 224 | 186 _ | ___381_ _ |

|
TLI Delivery w/ On-Orbit Refueling '
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i 160

|

|

i 140

|

|

1 120

| £

! 5|100

I &

: T

@

! E 80 evicad Payload

2

| ‘=u o

1 |60

| >

' o

|

I 40 835

i 62.2"

|

' 20

|

i An_L i

I _ﬁ 16.4" F_ 4.‘ 16.4" |‘7

|

i N2B N2B.1 N3A N3A.1

| EDS + Payload w/ No| EDS + Payload w/ EDS Only / No EDS Only / No
Vehicle Name i Suborbital No Suborbital Suborbital Burn Suborbital Burn

. | 27 + 1 additional

Payload Delivery to Moon + Units 2 SSME o i
Payload __ _ _ _ _ _ __ Y ! N AR
TLiony NN SR ]

| |
_________________ C aﬂa_bmt_vi__mT_ _______i______4i2___________47_-4_____ . 1039 | 1062 |
________________ NetPayioad mT | | 398 | 426 | 95 | 956
Tu+ol N B N R I

| |
_________________ Capability _mT e | N - N N -1 & S WU - Y p——
________________ NetPayioadl .mT _|_.__ _ 1. _._304__ _ | _ _37_ __
TLI + LOI + PC H |

Net Payload!

TLI Delivery w/ On-Orbit Refueling
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160

TLI Delivery w/ On-Orbit Refueling

|
|
i 140
|
|
1 120
| £
! _'En 100
I £ 164 | 16.4°
i o 16.4
i % 80 Payload Payload - Payload
1 > B
| I —
1 |60
| >
' o
| 16.4'
1 40 e
i 69.1 69.8 o
|
' 20
|
! _ v _v v I A
|
|
1 N3B N3B.1 N4A N4B
| EDS + Payload No ﬂ::tsa:hzzyll?\la: EDS Only w/ No EDS + Payload w/ No
Vehicle Name i Suborbital Burn Suborbital Burn Suborbital Burn Suborbital Burn
. i
Payload Delivery to Moon + Units 80 °0 & L
Payload . - IR Y3 U Y_ A
L 550 _ | 560 _ | 830 _ __ | ___ ___ 438 |
_ e 495 . . 504 | ___ 4T _ |\ . 394
R 424 | 432 _ 1 _ __ 833 _ | ___ 335 __ __ |
——— .| AN 382 | . 389 | 480 _  _\ 302 .
N (R S T M 72
NetPayloadl mT | _ _ [ — " 327 |._ . 383 _ .
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i 160

|

|

i 140

|

|

1 120

| £

, £ —»| 164 |&

: 2 100 —| 164’ ':, 164" [+ ! i

' i ) - l Payload

! Slso

2

| I

1 |60

| >

' o

! 202 96.4'

| 40 T 787"

1 "

' 20 _

| —

i A s v

|

|

1 S1A S1B S2A S2A1

| EDS Only w/ EDS + Payload w/ EDS Only w/ EDS Only w/ Suborbital
Vehicle Name i Suborbital Burn Suborbital Burn Suborbital Burn Burn

. i \

Payload Delivery to Moon + Units i 79 < 4 A
Payload __ _ _ _ _ _ __ e .. _
TLiony . NN SR - I WS N U I D

| | |
_________________ Capability»  mT . ___ 743 __ | 390 _ . ___91 . ____90___ __

I T 1 T
________________ NetPayloady mT_ __ __ | 669 __ | 31 | 86 ___| 81
Tu+ol N R O el A N S

| |
Capability' mT i 46.6 29.2 ! 60.8 63.5

 __ __ ___ ______________‘lapability, _ml . ..o T — P " 7 S, S ) e
________________ NetPayload| mT_} __ __ | _ 40 | 263 | _ %7 ___|_ ____52
TLI + LOI + PC H

Net Payload

TLI Delivery w/ On-Orbit Refueling
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] 160
|
|
| 140
|
|
1 120
| &
' - Payload
| 5|100
| 3 —>| 275 |<—
! —» ' e
] o2 | 275 | I
2
| I
{ o |60
| >
' o
| . 83.6"
i 40 793" »‘4 825
. I
! ~___
' 20 L J
I z :
i 4 4| an
| 4,‘ 16.4" ' -—
|
1 S2A.2 S2A.3 S2B
| EDS Only w/ EDS w/ Suborbital Burn No EDS + Payload w/
Vehicle Name i Suborbital Burn Payload Suborbital
. i |
Payload Delivery to Moon + Units A 273 A '
Payload N O !
TLiony . NN SR r R . . WA e !
| | | |
_________________ Capability» mT _ . 1023 _ . __ 1149 __ __ __ . __ 51 _
T 1 1 |
________________ NetPayload mT _ Y __ | __ .90 . ___ 1034 | ____ 41 _ _ _|
Tu+ol N R &7 ey | !
Capabilit ! T l 61.9 l 721 38.2 l
apability' —m | . ' . . '
e T B O ) | L |
________________ NetPayload| mT_} __ _ _ | __ 87 | ______648 | __ 343 _ |
TLI + LOI + PC H | \ H

Net Payload!

|
TLI Delivery w/ On-Orbit Refueling '
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] 160
|
|
: 140
|
|
1 120
|
] £ —>| 275 |« _
| <J100 —» 275 -
i E Payload
' o Payload
I ] £
! § - A 4
| s
: b ()
| >
1 [¢)
|
| 40 72.3" 746"
|
|
, 20
|
! v _ L 2
|
|
1 S2B.2 S2B.3
) ! EDS + Payload w/ Suborbital | EDS + Payload w/ Suborbital
Vehicle Name |
. I | | | |
Payload Delivery to Moon + Units i A ' g’ . '
Payload _ _ _ _ _ _ . N "2 N Y 4 R !
TLonly . Lo . . 4@ W _l_CEV@Liftoff_ |
| | | | |
_________________ Capability» mT _ . 50 . 606 ___ ' LSAMPayload
T 1 [ |
________________ NetPayload)  'mT _f | 486 O 0| 0. _ 546 | _CEVPayload |
TLslol . R R T » oy | _Margin Payload
| | | |  Gross Total |
Capability mT i ! } Payload |
. __‘apability, —ml — e S S r____Y_ _____ |
________________ NetPayloadl 'mT f |0 00 O | NetTotal Payload |
TLI+ LOI + PC : ] ' ! 1

Net Payloadl ~mT =

|
TLI Delivery w/ On-Orbit Refueling '

=N
|
T I
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] 160

|

|

: 140

|

|

1 120

I he —» -

I E]100 275 —ﬂ 275 |+

| E Payload

: 5 ayl Payload

) £[%° 4 A

: 3

| s

: b ()

| >

1 [¢)

|

1 40 76.8' 76.6"

|

|

, 20

|

! L 2 _ v

|

|

1 S2B.4 S2B.5 S3A

! EDS + Payload w/ Suborbital | EDS + Payload w/ Suborbital ok C_)nly ]
Vehicle Name | Suborbital Burn

. I | | | |

Payload Delivery to Moon + Units : A ' g’ ' 80 '
Payload _ _ _ _ _ _ . N A X _d4 ..
TLonly . Lo . LR 20.3mT____ . 4% N 21.8mT _ ___ . [

| | | |
_________________ Capabilit mT _F ~_ _ _ _  __ _428mT _ _ _ __ ___ _449mwmT __ _ _ ____ 1098 _ .

B 1 [

________________ NetPayload) " mT f | _ _ ___19AmT __ _ | ___ _ _206mT _ _ [ 988 _ |
TLslol . R R R _ 143ml A _ssmT _ . _ !

|
Capability* mT

Net Payloadi mT

Net Payloadl ~mT =

|
TLI Delivery w/ On-Orbit Refueling '




160

Net Payloadl ~mT =

|
TLI Delivery w/ On-Orbit Refueling '

|
|
: 140
|
|
1 120
| & > 164" | —» 164" |e—
9 - Payload
! -g, 100 Payload
I K} __
I Y
3 > -4
! Sleo
! <
1 s
: 5160
| >
3 )
! 855" 83.2"
| 40
|
|
, 20
|
|
A v _v
|
|
| S3A.1 S3B S3B.1
| EDS Only w/ EDS + Payload w/ EDS + Payload w/
Vehicle Name i Suborbital Burn Suborbital Burn Suborbital
. I | | | |
Payload Delivery to Moon ' Units ' ____?_‘0;1____ ' sl ' ' 2
Payload . N ___ P Q. h UK 4 .
TLionly . - ] I_ _ o W |_ _ Liftoff Payload _ | _ __428mT _ __
| | | | |
_________________ Capability _mT _______i_____191-_7____i_____5_71_____iPQ%efLC_EL/Pivl_Oﬁd_' . 19dmT |
________________ NetPayload) ~mT_|___ __ | _ 969 .. _. 519 __ _ |NetRqdTLIPayload| __ __619mT _ ___
' ! ' ! Gross Payload !
R re | ! | Capability to TLI | 72.8 mT
| | | |
_________________ Capability _mT i i
________________ Net Payload]__mT _ i i
TLI + LOI + PC ! | |
| |
| |
| |
| J
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160

Net Payload!

TLI Delivery w/ On-Orbit Refueling

|
|
: 140
|
|
1 120
| &
! 5|100 16.4° —
I g 1
' i Payload
! olso — 164" |«— I
I8 T
| r=u 16.4" —»
: 5160
| >
1 )
| 86.8'
| 40 72.0' 74.6'
|
|
. 20
|
! _ v _v 8 8 ¥
|
|
1 S3B.3 S3B.2 S4A
H EDS + Payload
! Attached w/ Suborbital| | EPS *Payload Attached | £ 1\ Suborbital Burn
Vehicle Name | Burn w/Suborbital Burn
. I I I | |
Payload Delivery to Moon + Units I S0t L ol ' L .
Payload  _ _ _ _ _ _ _. e _ . NN . :
TLionly . - N IR~ X- 7' i S S S ] !
| || | | |
_________________ Capability: mT _ _ _ _ _+ : __ _194mT __ __ .« 56 ____ __+_____ 88 ___ __
T°T [ [ |
________________ NetPayload) ' mT _f || ___619mT _ [y 0909 | 713 . )
Tuslol . Lo A eemt M. . !
| || | | |
Capability  mT Lo 63.6 mT C 43.7 ' 54.7 '
e DDA - T T — bt —h—cT T T |
________________ NetPayloadl  mT _f __  _ [0 . ___17m@T _ [l 893 _[_.__._.493 _ _ __1
TLI+LOI + PC : 1] ] ! :

230,426 h

34,922
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] 160
]
]
: 140
]
]
1 120
] £
| E1100
i 2 Payload
y I
o
L Zfeo :
! <
] s
|
§ 3 16.4' —»
]
| 40 73.1
]
]
. 20
]
; v
1
1
1 S4B
) ! EDS + Payload w/ Suborbital
Vehicle Name |
. | . | 7.4
Payload Delivery to Moon + Units .
Payload . N p
TLionly . - | _ __ _ _ _ _ & D
| |
_________________ Capability _mT —'—'—"i"—'—'—'—4'5'—2'—'—'—'—
________________ NetPayload) mT_|__ __ _ | _ . ____ 407 _ _ _ _
Tuslol . Lo Y i y
1 |
_________________ Capability _mT —— R N T
________________ NetPaylioadi_ mT_|____ _ 1. _ 310 _ _ _
TLI+LOI + PC : ]

Net Payloadl ~mT =

|
TLI Delivery w/ On-Orbit Refueling '

g
|
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6C.1
6C.2
6C.3
6C.4
6C.5

Appendix 6C

Launch Vehicle and EDS Performance and Sizing
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Methodology/Tools
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Detailed Launch Vehicle Descriptions
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Launch Vehicle 11 (LV 11)

Launch Vehicle 11.1 (LV 11.1)

Cost Analysis for EELV for Cargo (LV 7.4,LV 7.5, LV 11, LV 11.1)
Safety/Reliability Analysis (Lunar Crew/Cargo EELV-Derived LVs)
Schedule Assessment

6C.6 Closed Case Trajectory Summaries
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Launch Vehicle and EDS Performance and Sizing

6C.1 Methodology/Tools

The process used for the preliminary performance and sizing of the Launch Vehicle (LV)
and Earth Departure Stage (EDS) concepts is shown in Figure 6C-1 of this appendix.
Based upon the mission requirements for the particular concept under study and within
the framework of the Ground Rules and Assumptions (GR&As) established, a
preliminary concept is sized using the Mass Estimating Relationships (MERS) in the
INTegrated ROcket Sizing Program (INTROS). An initial trajectory is flown of this
vehicle in the Program to Optimize Simulated Trajectories (POST) to determine the
ascent flight environments (accelerations, dynamic pressure, payload capability, etc.) and
then the initial vehicle weights and trajectory outputs are sent for more detailed structural
sizing with Launch Vehicle Analysis (LVA). Loads, forces, material properties, and
design techniques are all considered within the LVA analysis and new structural weights
are calculated for the LV or EDS concept. INTROS then incorporates these new
structural element weights and estimates a total injected mass based on the total ideal
delta velocity from the previous POST output. POST then determines a new total injected
mass and ideal delta velocity. INTROS takes these values from POST and estimates a
new value for propellant reserves and continues to iterate with POST until the POST total
injected mass is within 0 1b to 300 Ib of the INTROS estimated value. The performance
and sizing analysis for this concept is then considered closed and a vehicle summary is
generated. The vehicle configuration description and mass summary for the vehicle and
its elements are then sent to the Cost team for cost analysis. The vehicle configuration
description and closed case trajectory summary are also sent to the team for their
analysis.

Vehicle Conceptual Sizing and Performance
Analysis Flow for ETO Launch Vehicles

(Process Utilized by 60 Day Study Performance & Sizing Team - MSFC)
Initial Vehicle Sizing _— 5 Structural Sizing
Database INTROS (MERS) Iterate As Necessary LVA «

l

Build and Assess Load Cases
LVA

Aerodynamic Trajectory/ Performance =
Database Lo Analysis / \
L AS! POST

Wind Tunnel Data Structural Analysis Material Prop. Structural Design
l LVA Database LVA

Iterate As Necessary

ol X Displacement & - Sizing Code
1 | Closed Vehicle Intemal Forces >| sz Code
@ —
i} Concept LVA
I . -
Q /
- / Updated Structural Weights
LVA

Reliability Analysis Cost Analysis J

FIRST NAFCOM I

L

Figure 6C-1. LV and EDS Performance and Sizing Process
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A general description of the analysis tools utilized to generate the preliminary LV and
EDS concepts is listed below.

INTROS is an analytical tool that was developed at MSFC to establish LV designs and
sizing. It is written in Visual Basic for Applications computer language and uses the
Excel application for all input and output. Launch vehicle design and sizing are based on
stage geometry and mass properties. Mass properties are established for selections from a
large master list of LV systems, subsystems, propellants, and fluids. Mass calculations
are based on MERs that are automatically generated from a large database of MERs that
is built into the program. Program mass calculation accuracy for existing and historical
LVs has been verified to be well within 5 percent.

LVA is a standalone application written at MSFC in Visual Basic that provides extremely
fast LV structural design and analysis. It is important to note this program does not use
weight estimating or scaling routines—it supplies detailed analysis by using time-proven
engineering methods based on material properties, load factors, aerodynamic loads,
stress, elastic stability, deflection, etc. For the fastest turnaround, the program is designed
to work with the absolute minimum of input data. The output data is purposely limited to
the least possible quantity to prevent the analyst from having to dig through a large
amount of data for the necessary information. LVA and its predecessors have been
serving NASA for more than 20 years.

Maximum dynamic pressure (max q) and maximum acceleration (max g) are run as the
maximum for the class of vehicle. Loads are run as a single combined worst case.
Structural analysis is run to within 5-10 percent of closing, the results are these values.

POST3D (Program to Optimize Simulated Trajectories) is a FORTRAN 77-based legacy
code developed by NASA Langley for detailed trajectory simulations. Quoting from the
introduction in the Utilization Manual: “POST is a generalized point mass, discrete
parameter targeting and optimization program. POST provides the capability to target and
optimize point mass trajectories for a powered or unpowered vehicle near an arbitrary
rotating, oblate planet. POST has been used successfully to solve a wide variety of
atmospheric ascent and reentry problems, as well as exoatmospheric orbital transfer
problems. The generality of the program is evidenced by its N-phase simulation
capability, which features generalized planet and vehicle models. This flexible simulation
capability is augmented by an efficient discrete parameter optimization capability that
includes equality and inequality constraints.”

6C.2 Performance and Sizing Ground Rules and Assumptions (GR&A)

6C.2.1 General GR&A
Payload Definitions

Payload is defined as the total injected weight minus the burnout weight of the final
stage.
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6C.2.2 Trajectory (POST)
General Trajectory GR&A

Max acceleration = 4.0 g’s (3.0 g’s for side-mount Shuttle-derived Vehicle (SDV) to
avoid External Tank (ET) redesign).

Max dynamic pressure = 800 psf (undispersed), except for certain In-line Crew (ILC)
configuration-Solid Rocket Motor (SRM)-In-line cases where the limit was raised to
1,000 psf due to very high accelerations early in the ascent profile.

Max dynamic pressure = 1,000 psf (dispersed), except for certain ILC-SRM-In-line
cases where the limit was raised to 1,200 psf due to very high accelerations early in
the ascent profile.

Max g-alpha & g-beta = +1,000 psf-deg.

No moment balance.

Launch from Pad 39A: gdlat = 28.6084 deg, long = 279.3959 deg, gdalt = 0 ft.
Launch azimuth optimized.

Standard oblate Earth model (WGS-84).

1963 Patrick Air Force Base (AFB) atmosphere model.

Kennedy Space Center (KSC) mean annual winds (P. 17-19 VIPA-SDV-SM-TR4).

Start simulation at liftoff (all liquid) or Solid Rocket Booster (SRB) ignition (if using
solids).

Vehicle hold-down until T/W = 1.0 (solids).

Begin pitch-over at 350 ft altitude. Pitch over ends and gravity turn begins when q =
150 psf.

Alpha and sideslip angles are set to 0 during gravity turn. Gravity turn ends when q =
100 psf.

Optimized pitch profile after gravity turn.
Avoid instantaneous changes in vehicle attitude.

Serial burn staging events are instantaneous unless a coast phase is required for
specific analytical purposes.

Orbital Injection

Inject into 30 x 160 nmi orbit at 28.5 deg inclination. Perigee and apogee are relative
to a spherical Earth whose radius equals Earth’s mean equatorial radius.

Main Engine Cutoff (MECO) altitude is optimized, but must be > 57 nmi.

3-0 (3-sigma) Free Molecular Heating Rate (FMHR) on exposed payload must be <
0.1 Btu/ft*-sec (if the payload fairing is jettisoned during ascent, this typically
constrains MECO altitude to > 75 nmi).



Payload Orbital Maneuvering System (OMS) performs circularization at 160 nmi,
except for EDS concepts in which the EDS circularizes itself and the payload.

Payload Fairings
Fairing structural weight determined by structural analysis.

Fairing jettison weight includes: structures, Thermal Protection System (TPS), and
acoustic/thermal blankets.

Fairing jettisoned when 3-sigma FMHR = 0.1 BTU/ft>-sec.
e 3-c FMHR = (1/2 p V3) (K-factor) = (dynp) (vela) (K-factor) (conv).
e dynp = dynamic pressure; vela = atmospheric relative velocity.
e K-factor = 2.0 (atmospheric density doubled to account for dispersions).
e Conv = 0.00128593 Btu/ft-Ib units conversion factor.
Launch Escape System (LES)

LES mass = 9,300 b for vehicles sized under Block 2 analysis. 9,172 1b for vehicles
analyzed under Block 1.

LES jettison at 30 sec after the latter of either the last staging event or upper stage
ignition.
Aerodynamics

SDV-SM: 6-Degrees-of-Freedom (6-DOF) aero and base force (P. 14-15 VIPA-SDV-
SM-TR4).

SDV-IL: 3-DOF aero and base force (Magnum wind tunnel data).
Aero data derived from Magnum wind tunnel data.
Modified Magnum base force data.

6C.2.3 Weights & Sizing (W&S) (INTROS)

General W&S GR&A

Dry weight for unmodified Super Light Weight Tank (SLWT) = 59,226 1b (Space
Transportation System- (STS) 117 TDDP).

SDV Main Propulsion System (MPS) propellant inventory from STS-117 TDDP (P.
20-21 VIPA-SDV-SM-TR4).

Dry mass margins:
e 0% for existing hardware with no modifications,
e 5% for existing hardware with minor modifications,
e 10% for existing hardware with moderate modifications, and

e 15% for new hardware.
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Propellant density:
e Liquid Oxygen (LOX): 71.14 Ibm/ft’,
e Liquid Hydrogen (LH2): 4.42 bm/ ft’, and
e Rocket Propellant (RP): 50.50 Ibm/ ft.
Ullage fraction:
e For all new concepts: 0.02, or
e Existing stages: derived to achieve known propellant inventory.

Vehicle sizing is considered closed when the payload capability is between the target
payload and the target payload plus 300 1b

Propellant Allocation:
Flight Performance Reserves (FPR):

e SDV: MPS propellant inventory from STS-117 TDDP (P. 20-21 VIPA-SDV-SM-
TR4).

e New concepts, Atlas, and Delta: amount required to account for 1% ideal ascent
delta-V.

Fuel bias:

e SDV: MPS propellant inventory from STS-117 TDDP (P. 20-21 VIPA-SDV-SM-
TR4).

e New concepts, Atlas, and Delta: 0.0013 * mixture ratio / 5.29 * usable propellant.
Residuals:

e SDV: MPS propellant inventory from STS-117 TDDP (P. 20-21 VIPA-SDV-SM-
TR4).

e New concepts, Atlas, and Delta: 0.0631 * (usable propellant)’®*®.

Start propellant:

e SDV: MPS propellant inventory from STS-117 TDDP (P. 20-21 VIPA-SDV-SM-
TR4).

e New concepts:
o Ground Start Stages: 3.5 x nominal propellant flow rate.

o Air-Start Stages: zero start propellant allocated.
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6C.2.4 Structures (LVA)

General Structural GR&A
LV safety factors for new stages = 1.5 (consistent with NASA-STD-5001).
3-sigma dispersion estimation on flight loads.

Engine Data
SRB Data

e Four-segment Shuttle Reusable Solid Rocket Booster (RSRB): 60 deg PMBT
with 0.368 burn rate (P. 8-13 VIPA-SDV-SM-TR4),

e Five-segment SRB: Data from ATK Thiokol (FSB_HT 266.2 ADJMASS.txt,
FSB_HT 3b.doc), and

e Four-segment 90% burn rate RSRB data from SRM prediction with nominal
propellant and ignition mass, additional 1,236.6 1b of inert mass overboard (total
mass overboard = 1,112,840.0 Ib), Point of Contact (POC) Todd Steadman
(MSFC).

Block 2 Space Shuttle Main Engine (SSME):

e Engine data provided on P. 6 VIPA-SDV-SM-TR4.

e Uninstalled engine weight = 7,748 1b; engine length = 168 in.

e SDV-SM: 100% at liftoff, throttle-up to 104.5% at 60 fps relative velocity.
e Other concepts: 104.5% at liftoff.

Expendable SSME and Air-Start SSME:

e Assume all performance, size and weight data same as Block 2 SSME.
RS—-68:

e Two-step throttle settings can be preset within the following ranges: 57-60% and
100-102% power level. Step throttle settings of 57% and 102% should be
assumed.

e 102%: Thrust (vacuum (vac)) = 757,800 lb, Specific Impulse (Isp) (vac) = 409.0
sec, Ae = 44.87 ft* (proprietary).

e 57%: Thrust (vac) = 425,500 Ib, Isp (vac) = 405.1 sec (proprietary).

e Uninstalled engine weight = 14,761 b, engine length = 204 in.
RD-171:

e Continuous throttle: 50-100% power level.

e 100%: Thrust (vac) = 1,778,000 Ib, Isp (vac) = 337 sec, Ae = 70.63 ft*.
e 70%: Isp (vac) =337 sec.

e 50%: Isp (vac) =335 sec.
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Uninstalled engine weight = 26,600 Ib (proprietary).
Engine length = 158.1 in.

RD-180:

Continuous throttle: 47-100% power level.

100%: Thrust (vac) = 933,400 Ib, Isp (vac) = 338.4 sec, Ae = 35.32 ft*.
90%: Isp (vac) = 337.8 sec (proprietary).

71%: Isp (vac) = 336.6 sec (proprietary).

47%: Isp (vac) = 334.6 sec.

Uninstalled engine weight = 12,225 Ib (proprietary).

Engine length = 146 in.

J-28S:

Continuous throttle: 20—100% power level.

100%: Thrust (vac) = 265,000 Ib, Isp (vac) = 436.0 sec, Ae = 31.50 ft*.
40%: Isp (vac) =436.0 sec.

30%: Isp (vac) =435.6 sec.

20%: Isp (vac) =434.7 sec.

Uninstalled engine weight = 3,800 1b, engine length = 133 in.

J-25+:

No throttle capability.
100%: Thrust (vac) = 274,500 1b, Isp (vac) = 451.5 sec, Ae = 65.4 ft*.
Uninstalled engine weight = 4,118 1b, engine length = 188 in.

RL-10A—4-2:

No throttle capability.

100%: Thrust (vac) = 22,300 Ib, Isp (vac) =451 sec, Ae = 11.29 ft* (proprietary).
Uninstalled engine weight = 386 Ib (proprietary).

Engine length = 91.5 in (proprietary).

LR-60:

Continuous throttle: 83—100% power level.
100%: Thrust (vac) = 60,000 Ib, Isp (vac) = 465.0 sec, Ae = 44.2 ft’.

Uninstalled engine weight = 1,100 1b, engine length = 87.6 in. (stowed nozzle);
118.5 in. (extended)

LR-70:



e Continuous throttle: 50-100% power level.

e 100%: Thrust (vac) = 70,000 Ib, Isp (vac) = 450.0 sec, Ae = 22.1 ft’.
e 75%: Isp (vac) = 448.0 sec.

e 50%: Isp (vac) = 446.0 sec.

e Uninstalled engine weight = 1,373 1b, engine length = 124 in.
LR-85:

e Continuous throttle: 50-100% power level.

e 100%: Thrust (vac) = 85,000 Ib, Isp (vac) = 450.0 sec, Ae = 23.2 ft’.
e 75%: Isp (vac) = 448.0 sec.

e 50%: Isp (vac) = 446.0 sec.

e Uninstalled engine weight = 1,564 1b, engine length = 126 in.
LR-100:

e Continuous throttle: 50-100% power level.

e 100%: Thrust (vac) = 100,000 Ib, Isp (vac) = 450.0 sec, Ae = 25.8 ft*.
e 75%: Isp (vac) = 448.0 sec.

e  50%: Isp (vac) = 446.0 sec.

e Uninstalled engine weight = 1,759 1b, engine length = 135 in.

6C.3 Launch Vehicle Summaries

This section contains the reprint of a presentation called Launch Vehicle Concept Data
Summary, dated July 16, 2005 (Version 2.8).
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Atlas V Heavy Crew

Human Rated

Ll

118

1205

)

Vehicle Concept Characteristics

GLOW
LES Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level
irst Stage
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)

Delivery Orbit Payload
Net Payload

Delivery Orbit  30x 160nmi @285 °

57,947 Ibm 263 mT
52,1521bm 23.7 mT

Engine Isp (100%)
Mission Power Level

Second Stage

Insertion Altitude ~ 76.0 nmi

TIW @ Liftoff

1.19

Max Dynamic Pressure 292 psf
Max g’s AscentBum  4.00g

T/W @ Staging

1.46

T/W Second Stage ~ 0.37

Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass

Delivery Orbit Payload
Net Payload

Delivery Orbit  30x 160nmi @516 °

43,9341bm 199 mT
39,540lbm 179 mT

#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)

Mission Power Level

Pre -Decisional — For NASA Internal Use Only

2,170,687 Ibf
9,300 Ibm

LOX/RP -1
626,341 Ibm
0.0%
0.9193
47,893 Ibm
53,945 Ibm
1/RD-180

858,377 Ibf @ SL 933400 bf @ Vac

311.2s @SL
100.0% except for max g of 4.0

LOX/RP -1

625,920 lbm

0.0%

0.9074

57,779 Ibm

63,828 Ibm

1/RD-180

858,377 Ibf @ SL 933,400
311.2s @SL 3384s

100.0% except for max g of 4.0

LOX/ILH2

43,840 Ibm

0.0%

0.8262

7,159 Ibm

9,222 Ibm

2/RL-10A-4-2

22,300 Ibf @ Vac
451.0s @ Vac

100.0%

3384s@ Vac

Ibf @ Vac
@ Vac

ESAS 3

Atlas V HLV New Upper Stage - Crew

Human Rated

Vehicle Concept Characteristics

GLOW
LES Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

t Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)

Delivery Orbit  30x 160nmi @285 ° Mission Power Level
Delivery Orbit Payload 735321bm 334 mT
NetPayload _66,1791bm 300 mT Second Stage
Insertion Altitude ~ 76.0 nmi Propellants
TW @ Liftoff  1.18 Useable Propellant
Max Dynamic Pressure 424 psf Propellant Offioad
Max g's AscentBum  4.00g Stage pmf
TW @ Staging  1.41 Dry Mass
T/W Second Stage 057 Bumout Mass
Delivery Orbit 30X 160nmi @516 ° _#Engines / Type
i i Engine Thrust (100%)
Delivery Orbit Payload 65,057 1bm 295 mT Engine Isp (100%
NetPayload 585521bm 266 mT ngine Isp (100%)

Mission Power Level

Pre -Decisional — For NASA Internal Use Only

2,189,029 Ibf
9,300 lom

LOX/RP -1
622,205 Ibm
0.0%
0.9202
47,893 Ibm
53,913 1bm
1/RD-180

858,377 Ibf @ SL 933400 bf @ Vac

3112s@SL
100.0%

LOX/RP -1

622,205 Ibm

0.0%

0.9165

50,657 Ibm

56,677 Ibm

1/RD-180

858,377 Ibf @ SL 933,400

3112s@SL  3384s@

3384s@ Vac

Ibf @ Vac
Vac

60.0% @ 58 sec until booster sep., then 100.0 %

LOX/ILH2

57,113 Ibm

0.0%

0.7613

15,115 Ibm

17,905 Ibm

4/RL-10A-4-2

22,300 Ibf @ Vac
451.0s @ Vac

100.0%

ESAS 4
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Delta IV HLV -Derived

Pre -Decisional — For NASA Internal Use Only

ESAS 1

Delta IV HLV - Crew

Human Rated

-

—_—

172.7
154.1
|
b
l:]
¥ | y
Delivery Orbit  30x 160nmi @285 °
Delivery Orbit Payload 60,717 lbm 275 mT
NetPayload 54,6451bm 24.8 mT
Insertion Altitude ~ 76.0 nmi
TW @ Liftoff ~ 1.19
Max Dynamic Pressure 368 psf
Max g's AscentBum  4.00g
TW @ Staging  2.24
T/W Second Stage ~ 0.21
Delivery Orbit  30x 160nmi @ 51.6 °
Delivery Orbit Payload ~ 494341bm 224 mT
Net Payload  44,4911bm 202 mT

Vehicle Concept Characteristics

GLOW
LES Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

First Stage |
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

Second Stage
Propellants
Useable Propellant
Propellant Offoad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

Pre -Decisional — For NASA Internal Use Only

1,665,725 Ibf
9,300 lom

LOX/LH2
451,749 Ibm
0.0%
0.8792
56,031 Ibm
62,042 Ibm
1/RS-68

647,724 Ibf @ SL 743031 bf @ Vac
364s@SL  4088s@ Vac

102.0%

LOX/LH2
451,749 Ibm
0.0%

0.8711
60,843 Ibm
66,854 Ibm
1/RS-68

647,724 |bf @ SL 743,031 Ibf @ Vac

364s@SL 40885 @
102.0%

LOX/LH2

37,490 Ibm

34.8%

0.7578

9,575 Ibm

11,981 Ibm

1/RL-10B-2

24,750 Ibf @ Vac
4655s @ Vac

100.0%

Vac

ESAS 6
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Delta IV HLV New Upper Stage - Crew

Human Rated

I

1764'

Engine Isp (100%)
Mission Power Level

hicle Concept Characteristics

‘ GLOW 1698884 Ibf
i LES Jettison Mass 9,300 Ibm
Booster Stage (each)
Propellants ~ LOX/LH2
Useable Propellant 451,749 lbm
Propellant Offioad 0.0%
/ Stage pmf 08792
Dry Mass 56,047 Ibm
Bumout Mass 62,058 Ibm
#Engines / Type  1/RS-68
Engine Thrust (100%) 647,724 Ibf @ SL 743031 Ibf @ Vac

364s@SL  4088s@ Vac
102.0%

t Stage
Propelants  LOX/LH2
Useable Propellant 451,749 Ibm
Propellant Offad 0.0 %
Stage pmf 0.8695
Dry Mass 61,782 1bm
Bumout Mass 67,793 Ibm
,‘77 #Engines/ Type 1/RS-68
—> Engine Thrust (100%) 647,724 Ibf @ SL 743,031 Ibf @ Vac

356.4s @ SL 4088s@ Vac

Delivery Orbit 30 x 160nmi @285 ° Engine lsp (100%)
Delivery Orbit Payload 69,5821bm 316 mT Mission Power Level 57.0 % @ 50 sec until booster sep., then 102.0 %
NetPayload 62624Ibm 284 mT Second Stage
Tnserfion Altitude 77.3 nmi Propellants  LOX/LH2
TM @ Liftoff  1.17 Useable Propellant 57,241 Ibm
Max Dynamic Pressure 338 psf Propellant Offload 0.0%
Max g’s AscentBum  3.89¢g Stage pmf 0.7863
TW @ Staging  2.02 Dry Mass 12,889 Ibm
T/W Second Stage 0.58 Bumout Mass 15,553 Ibm
Delivery Orbit 30X 160nmi @516 ° #Engines/Type ~ 4/RL-10A-4-2
Delivery Obit Payload  56,1571bm 255 mT Engine Thrust (100%) 22,300 Ibf @ Vac
NetPayload 50,5411bm 229 mT Engine Isp (100%) 451.0s @ Vac

Mission Power Level 100.0%

Pre -Decisional — For NASA Internal Use Only ESAS7

ECTURE STUDY

Atlas-Derived Common 8 -m Core

Pre -Decisional — For NASA Internal Use Only ESAS 8
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N

ANAYAYIYAY

7.53"

Delivery Orbit Payload
Net Payload

Delivery Orbit 30 x 160 nmi @ 51.6

162,587 Ibm 73.7 mT
146,3291bm 664 mT

Vehicle Concept Characteristics

GLOW
LES Jettison Mass

First Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

Second Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

3,577,294 Ibf
9,300 lom

LOX/RP -1
2,411,799 Ibm
0.0%

0.9198
184,376 Ibm
210,038 Ibm
5/RD-180

858,377 Ibf @ SL 933,400

Ibf @ Vac

3112s@SL  33B4s@ Vac

100.0%.

LOX/ILH2

666,458 Ibm

0.0%

0.8617

91,222 Ibm

106,856 Ibm

4/J-28+

274,500 Ibf @ Vac
4515s @ Vac

100.0%

Delivery Orbit  30x 160nmi @ 285 °
Delivery Orbit Payload 172,5351bm 783 mT
NetPayload  155,2821bm 704 mT
Insertion Altitude ~ 78.5 nmi
TW @ Liftoff  1.20
Max Dynamic Pressure 549 psf
Max g's AscentBum  4.00g
T Second Stage ~ 1.14

Pre -Decisional — For NASA Internal Use Only

ESAS 9
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Atlas Evolved (8m Core) + 2 Atlas V

Boosters — Cargo

=
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g
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Delivery Orbit  30x 160nmi @285 °

Delivery Orbit Payload 246,728 1bm 111.9 mT
Net Payload 209,7191bm 951 mT
Insertion Altitude ~ 78.5 nmi
TW @ Liftoff ~ 1.21
Max Dynamic Pressure 567 psf
Max g’s AscentBum  373g
T/W @ Booster Separation 268
T/W Second Stage  1.05

Delivery Orbit Payload
Net Payload

Delivery Orbit  30x 160 nmi @516 °

233,935/bm 1061 mT
198,845lbm 902 mT

Pre -Decisional

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Booster Stage (each)

Propellants
Useable Propellant
Propellant Offload
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level
t Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level
Second Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

— For NASA Internal Use Only

Vehicle Concept Characteristics

5,004,575 Ibf
984 ftx 245t
23,411 Ibm

LOX/RP -1

450,964 Ibm

28.0%

0.8913

48,913 lbm

54,965 Ibm

1/RD-180

858,377 Ibf @ SL 933,400

bf @ Vac

3112s@SL 3384s@ Vac

100.0%

LOX/RP -1
2,740,680 Ibm
0.0%

0.9287
184,376 Ibm
210,038 Ibm
5/RD-180

858,377 Ibf @ SL 933,400

Ibf @ Vac

3112s@SL  3384s@ Vac

100.0%.

LOX/ILH2

666,458 Ibm

0.0%

0.8737

89,422 Ibm

105,056 Ibm

4/J-28+

265,000 Ibf @ Vac
4515s @ Vac

100.0%

ESAS 10
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EDS/Cargo

o@iﬂi\)) Atlas-Evolved (8 -m Core) + 2 Atlas V Boosters

1312 - H
60.2ft
EDS 3 shown
as example —
i
829 H 348
00
ABSA
1205 102
o\ .
J/Q T80
g B s

Some EDS/LV scenarios cany payload
with the EDS as shown; some cany EDS
with no addttional payload

Vehicle Concept Characteristics
Refer to Vehicle Summary 7.4 for Vehicle
Parameters

Earth Departure Stage Concept Characteristics
Refer to EDS Data Summary Document for ~ Vehicle
Parameters and Performance for particular EDS
Variants and Scenarios

Note on Flight Performance Reserves and Payload Margins

Forlaunch vehicles configured with an EDS flying lunar missions , the

fiight perffomance reserve is canied in the EDS (the “final ” stage) and

is expressed in this analysis as ideal velocity margins on the L EO
circularization, TLI, LOI, and plane change bums. A reserve of 10 percent of
the mission ideal velocity for the launch vehicle beyond low Ear th orbit is

used, orapproximately 1,500 ft/sec. Fuelbias is canied in each stage as
standard practice would recommend.

Payload margin is applied to the final separated payload subsequ ent to the

final EDS bum. A value of 10% of the subject payload is used fo rthis analysis.

Pre -Decisional — For NASA Internal Use Only

ESAS 11

iﬂi\ \)Atlas -Evolved (8 -m Core) + 2 Atlas V Boosters
RS

Crew + Cargo

27.5]

3476

|
1 ORI D

A
W

215" Wiz

Vehicle Concept Characteristics
GLOW 4995071 Ibf
Payload Envelope L x D 984 ftx 24.5ft
LES Jettison Mass 9,300 Ibm
Booster Stage (each)
Propellants  LOX/RP -1
Useable Propellant 450,964 Ibm
Propellant Offioad 28.0%
Stage pmf 0.8913
Dry Mass 48,907 Ibm
Bumout Mass 54,959 Ibm
#Engines/Type  1/RD-180

Engine Thrust (100%) 858,377 Ibf @ SL 933400 Ibf @ Vac
Engine Isp (100%) 311.2s @ SL 3384s@ Vac

Mission Power Level 100.0%

First Stage
Propelants  LOX/RP -1
Useable Propellant 2,740,680 Ibm
Propellant Offioad 0.0%
Stage pmf 0.9298
Dry Mass 181,095 Ibm
Bumout Mass 206,757 Ibm

Delir Orbit  30x160nmi @285 °
Delivery Orbit Payload 243,1341bm 1103 mT
Net Payload  206,6641bm 937 mT

#Engines/ Type  5/RD-180

Insertion Altitude ~ 78.4 nmi
TW @ Liftoff  1.21
Max Dynamic Pressure 582 psf
Max g’'s AscentBum  3.75g
T/W @ Booster Separation 2.69
T/W Second Stage ~ 1.06

Engine Isp (100%) 3112s @SL 3384s@
Mission Power Level 100.0%.
Second Stage

Propellants  LOX/LH2
Useable Propellant 666,294 Ibm
Propellant Offload 0.0%
Stage pmf 0.8679

Net Payload  195278I1bm 886 mT

Delivery Orbit  30x 160 nmi @516 ° Dry Mass 85,585 Ibm
Delivery Orbit Payload ~ 229,7391bm 1042 mT BumoutMass 101,382 Ibm

#Engines / Type  4/J-2S+

Shroud + CEV Adapter 15,331 Ibm

Engine Thrust (100%) 274,500 Ibf @ Vac
Engine Isp (100%) 4515s @ Vac
Mission Power Level ~ 100.0%
Pre -Decisional — For NASA Internal Use Only

Engine Thrust (100%) 858,377 Ibf @ SL 933400 Ibf @ Vac

Vac

ESAS 12
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Atlas -Evolved (8m Core) — Crew
Core from SRB Boost Case

116.0"

27.

| gt

.53

Delivery Orbit Payload

Net Payload

Delivery Orbit  30x 160nmi @516 °

111,977 1bm 508 mT
100.7791bm 457 mT

Vehicle Concept Characteristics
GLOW 2,857,475 Ibf
LES Jettison Mass 9,300 Ibm
First Stage
Propellants  LOX/RP -1
Useable Propellant 1,779,462 Ibm
Propellant Offload 35.3%
Stage pmf 0.9054
Dry Mass 160,086 Ibm
Bumout Mass 185,783 Ibm
#Engines/Type  4/RD-180
Engine Thrust (100%) 858,377 Ibf @ SL 933400 Ibf @ Vac
Engine Isp (100%) 3112s@SL  3384s@ Vac
Mission Power Level 100.0%
Second Stage
Propellants  LOX/LH2
Useable Propellant 669,117 Ibm
Propellant Offioad 0.0%
Stage pmf 0.8770
Dry Mass 80,824 Ibm
Bumout Mass 93,777 Ibm
#Engines / Type  3/J-2S
Engine Thrust (100%) 201,000 Ibf SL 265,000 Ibf @ Vac
Engine Isp (100%) 3300 SL 4360s@ Vac

Mission Power Level

100.0%

Delivery Orbit  30x 160nmi @285 °
Delivery Orbit Payload 119,8121bm 543 mT
Net Payload  107.8311bm 489 mT
Insertion Altitude  63.6 nmi
TW @ Liftoff ~ 1.20
Max Dynamic Pressure 537 psf
Max g’s AscentBum  3.72g
T/W Second Stage ~ 0.89

Pre -Decisional — For NASA Internal Use Only

ESAS 13

ECTURE STUDY

Atlas -Evolved for 25 mT — Crew

52.20'

52.96'
183.99'
Iy
78.83'
Yy v
<
27.53
Delivery Orbit  30x 160 nmi @ 51.6 °
Delivery Orbit Payload 69,8321bm 31.7 mT
Net Payload  62,849Ibm 285 mT

Vehicle Concept Characteristics

GLOW
LES Jettison Mass

First Stage
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level
Second Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

1,850,022 Ibf
9,300 Ibm

LOX/RP -1

1,476,742 Ibm

0.0%

0.9194

114,569 Ibm

129,484 Ibm

3/RD-180

858,377 Ibf @ SL 933,400
3112s@SL 3384

100.0%

LOX/ILH2

132,139 Ibm

0.0%

0.8251

23,468 Ibm

28,007 Ibm

1/J-28

201,000 Ibf SL 265,000
330.0s SL 4350s

100.0%

Delivery Orbit  30x 160 nmi @285 °
Delivery Orbit Payload 743721bm 337 mT
NetPayload  66,935Ibm 304 mT
Insertion Altitude 63.7 nmi
TW @ Liftoff ~ 1.39
Max Dynamic Pressure 750 psf
Max g’s AscentBum  4.00g
T/W Second Stage 1.09g

Pre -Decisional — For NASA Internal Use Only

bf @ Vac
s@ Vac

Ibf @ Vac
@ Vac

ESAS 14




Atlas -Evolved (8 -m Core) + 4 Atlas V

Boosters

Delivery Orbit 30 x 160 nmi @ 28.5

Delivery Orbit Payload 246,817 Ibm 1120 mT
NetPayload 209,794lbm 952 mT
Insertion Altitude .4 nmi

TW @ Liftoff  1.22

Max Dynamic Pressure
Max g’s Ascent Bum

T/W @ Booster Separation
T/W Second Stage

499 psf
3.04g
151
0.77

Delivery Orbit  30x 160 nmi @516 °

Delivery Orbit Payload
Net Payload

233,335/bm 1058 mT
198,335/bm  90.0 mT

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level
t Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level
Second Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

Pre -Decisional — For NASA Internal Use Only

5,717,981 Ibf
98.4ftx 246t
23,438 Ibm

LOX/RP -1
378,935 Ibm
39.5%
0.8709
50,106 Ibm
56,157 Ibm
1/RD-180

860,200 Ibf @ SL 933,400 bf @ Vac

3119s@SL 3384s@ Vac

100.0%

LOX/RP -1

2,750,328 Ibm

0.0%

0.9348

165,787 Ibm

191,509 Ibm

4/RD-180

860,200 Ibf @ SL 933,400
3119s@SL 3384s

100.0%.

LOX/ILH2

666,337 Ibm

0.0%

0.8708

83,065 Ibm

98,800 Ibm

3/J-28

265,000 Ibf @ Vac
4360s @ Vac

100.0%

Ibf @ Vac
@ Vac

ESAS 15
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las -Evolved (8 -m Core/3 RD -171) + 2 Zenit Boosters

Cargo

131,

&)

Eﬁ}(\‘

T

piripiviy

Delivery Orbit Payload

Insertion Altitude

Delivery Orbit 30 x 160 nmi @ 28.5

313564 1bm 1422 mT

NetPayload 266,529 Ibm 1209 mT

77.7 nmi

TW @ Liftoff  1.25

Max Dynamic Pressure
Max g’s Ascent Bum

T/W @ Booster Separation
T/W Second Stage

635 psf
3799
177
0.98

Delivery Orbit Payload
Net Payload

Delivery Orbit  30x 160 nmi @516 °
296,4601bm 1345 mT
251,991 1bm 1143 mT

Pre -Decisional — For NASA Ini M’ﬁgl(i?sg%leﬁy

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

irst Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

Second Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Level

6,563,380 Ibf
984 ftx 245t
23,113 Ibm

LOX/RP -1

683,476 Ibm

0.0%

0.8990

68,989 Ibm

76,751 Ibm

1/RD-171

1,629,000 Ibf @ SL 1,778,000
309.0s @ SL 337.0

100.0%

LOX/RP -1
3,636,821 Ibm
0.0%

0.9273
251,805 Ibm
284,833 Ibm
3/RD-171

7.6B

Ibf @ Vac
s@ Vac

1,629000 Ibf @SL 1,778,000 Ibf @ Vac
3090s @ SL 3370s@ Vac

100.0%

LOX/ILH2

664,807 Ibm

0.0%

0.8477

102,090 Ibm

119,364 Ibm

4/J-28+

274,500 Ibf @ Vac
4515s @ Vac

100.0%

Cargo 12.1.6
SAS 16
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Gﬁﬁi\)) Atlas -Evolved (8

-m Core/2 RD -171) + 2 Zenit Boosters

Vac

Vac

Cargo
- Vehicle Concept Characteristics
i3 GLOW 5397,740 Ibf
Payload Envelope L x D 98.4 ftx 24.5ft
Shroud Jettison Mass 23,104 Ibm
81 Booster Stage (each)
Propellants  LOX/RP -1
Useable Propellant 683,476 Ibm
Propelant Offioad 0.0%
Stage pmf 0.8993
Dry Mass 68,712 Ibm
BumoutMass 76,474 Ibm
3 #Engines / Type  1/RD-171
Engine Thrust (100%) 1,629,000 Ibf @ SL 1,778,000 Ibf @ Vac
Engine Isp (100%) 309.0s @ SL 337.0s @
Mission Power Level 100.0%
t Stage
Propellants  LOX/RP -1
Useable Propellant 2,616,244 Ibm
.} 1334 Propelant Offoad 0.0%
"e Stage pmf 0.9261
i Dry Mass 184,038 Ibm
= BumoutMass 208,637 lbm
#Engines/ Type  2/RD-171
y IR Engine Thrust (100%) 1,629,000 Ibf @ SL 1,778,000 Ibf @ Vac
Delivery Orbit_ 30X 160 nmi @ 285 ° Engine Isp (100%) 309.0s @ SL 33705 @
Delivery Obit Payload ~ 246,7921bm 1119 mT Mission Power Level  100.0%
NetPayload 209,7731bm 952 mT Second Stage
Insertion Altitude ~ 77.7 nmi Propellants  LOX/LH2
TIW @ Liftoff  1.21 Useable Propellant 666,224 Ibm
Max Dynamic Pressure 574 psf Propelant Offioad 0.0%
Max g’s AscentBum  3.02g Stage pmf 0.8511
T/W @ Booster Separation  1.40 Dry Mass 100,635 Ibm
T/W Second Stage  1.04 Bumout Mass 116,502 Ibm
Delivery Orbit  30x 160 nmi @516 ° #Engines / Type  4/J-25+
Delivery Orbit Payload 2334741bm 1059 mT Engine Thrust (100%) 274,500 Ibf @ Vac
Net Payload 1984531bm  90.0 mT Engine Isp (100%) 4515s@ Vac
Level  100.0%

Pre -Decisional — For NASA Ini M’Ir?as}(i?sg%leﬁy

Cargo 12.1.6
E:

SAS 17

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Strap -on Solid (each

Propellants

Useable Propellant

Stage pmf

Bumout Mass

#Boosters / Type

Engine Thrust @ 0.7 sec
Engine Isp @ 0.7 sec

t Stage
Propellants
| Useable Propellant
. 0] Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
YR Y Engine Thrust (100%)
i Engine Isp (100%)
~ Delivery Orbit  30x 160 nmi @ 28.5 Mission Power Level
Delivery Orbit Payload 2584651bm 1172 mT
NetPayload 219.6951bm 99.7 mT Second Stage
Insertion Altitude ~ 93.6 nmi Propellants
TIW @Liftoff  1.40 Useable Propellant
Max Dynamic Pressure 595 psf Propelant Offioad
Max g's AscentBum  3.05g Stage pmf
T/ @ Booster Separation 142 Dry Mass
T/W Second Stage ~ 0.78 Bumout Mass
Delivery Orbit_ 30X 160 nmi @516 ° #Engines / Type
Delivery Orbit Payload  244,5551bm 1109 mT Engine Thrust (100%)
NetPayload 207.8721bm 943 mT Engine Isp (100%)

Mission Power Level

Pre -Decisional — For NASA Internal Use Only

6,594,334 Ibf
98.4 ftx 24,5t
23,419 1bm

PBAN

1,111,028 Ilbm

0.8560

186,854 Ibm

2/4-Segment SRM

3,139,106 Ibf
268.8s

LOX/RP -1

2,750,328 lbm

0.0%

09315

176,239 Ibm

201,961 Ibm

4/RD-180

858,377 Ibf @SL 933400 Ibf @
3112s@SL  3384s@

100.0%

LOX/ILH2

666,109 Ibm

0.0%

0.8717

82,042 1bm

97,983 Ibm

3/J-28

265,000 Ibf @ Vac
4360s @ Vac

100.0%

Vac
Vac

ESAS 18
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Atlas Phase 2 — Crew

Vehicle Concept Characteristics

GLOW
LES Jettison Mass

First Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

1,409,638 Ibf
9,300 Ibm

LOX/RP -1

1,054,852 bm

00%

09174

85,426 lbm

94,990 lbm

2/RD-180

858,377 Ibf @ SL 933400 bf @ Vac
3112s@SL  38B4s@ Vac

100.0%

Second Stage
Propellants  LOX/LH2
Useable Propellant 158,833 Ibm
" Propellant Offioad 0.0%
9.0' & Stage pmf 0.8498
Dry Mass 24,174 Ibm
Bumout Mass 28,063 Ibm
Aq|E #Engines/ Type  4/LR-60
Engine Thrust (100%) 60,000 Ibf @ Vac
ﬁ/ % \i Engine Isp (100%)  4650s @ Vac
Mission Power Level 100.0%
Delivery Orbit_ 30x 160nmi @ 285 °©
QY Delivery Orbit Payload 63,5621bm 288 mT
NetPayload 57,206 lbm 259 mT
N N Insertion Altitude 63.5 nmi
Delivery Orbit 30x 160 nmi @ 51.6 W @Litoff 122
Delivery Orbit Payload 60,0951bm 27.3 mT Max Dynamic Pressure 532 pf
NetPayload  54,0851bm 245 mT Max g’s AscentBum  4.00g
T/W Second Stage ~ 0.91

Pre -Decisional — For NASA Internal Use Only

ESAS 19

Atlas Phase 3A (5 -m CBC) - Cargo

'S rr

D

>

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

96.0' EA—— t Stage
LT AL Propelants
e i Useable Propellant
- 4 Propellant Offioad
@ Stage pmf
@@ @ Dry Mass
@/ Bumout Mass
#Engines / Type
Delivery Orbit  30x 160nmi @285 ° Engine Thrust (100%)
Delivery Orbit Payload 243,397 Ibm 1104 mT Engine Isp (100%)
NetPayload  206,8871bm 938 mT Mission Power Level
Insertion Altitude  78.2 nmi Second Stage
T/W @ Liftoff  1.39 Propellants
Max Dynamic Pressure 607 psf Useable Propellant
Max g’s AscentBum  4.00g Propellant Offload
TW @ Staging  1.78 Stage pmf
T/W Second Stage  0.56 Dry Mass
Delivery Orbit_ 30x 160nmi @516 ° ot Mass
Delivery Orbit Payload 230,209 1bm 1044 mT Engine T:?ust (1 OOX/L'?)e
Net Payload 195677Ibm 888 mT

Engine Isp (100%)
Mission Power Level
Pre -Decisional — For NASA Internal Use Only

6,222,816 Ibf
984 ftx 246t
59,348 Ibm

LOX/RP -1

1,054,862 Ibm

0.0%

0.9220

79,702 Ibm

89,265 Ibm

2/RD-180

858,377 Ibf @ SL 933400 bf @ Vac
3112s@SL 3384s@ Vac

100.0%

LOX/RP -1

1,054,852 Ibm

0.0 %

0.9119

92,354 Ibm

101,918 Ibm

2/RD-180

858,377 Ibf @ SL 933,400 Ibf @ Vac
3112s@SL 3384s@ Vac

100.0 %, 47.0% @ t+30 sec until booster sep.

LOX/LH2

155,198 Ibm

0.0%

0.8316

23,932 1bm

31,425 1bm

4/LR -60

60,000 Ibf @ Vac
465.0s @ Vac

100.0%

ESAS 20
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ECTURE STUDY

Atlas Phase 3A Crew + Cargo
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Delivery Orbit  30x 160nmi @ 285 °
Delivery Orbit Payload ~ 2350781bm 1066 mT
NetPayload 199,8161lbm 906 mT
Payload Includes CEV + SM + Cargo
Insertion Altitude ~ 78.2 nmi
T/W @ Liftoff  1.39
Max Dynamic Pressure 615 psf
Max g’s AscentBum  4.00g
TW @ Staging  1.83
T/W Second Stage  0.53
Delivery Orbit  30x 160 nmi @516 °
Delivery Orbit Payload 221,2311bm 1003 mT
Net Payload 188,047 Ilbm 853 mT

Shroud + CEV Adapter

30,543 Ibm

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
LES Jettison Mass
Booster Stage (each)
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level
t Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level
Second Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

Pre -Decisional — For NASA Internal Use Only

6,195,750 Ibf
820ftx 245t
9,300 lbm

LOX/RP -1
1,054,862 Ibm
0.0%

0.9220

79,692 Ibm
89,256 Ibm
2/RD-180

858,377 Ibf @ SL 933400 bf @ Vac

3112s@SL
100.0%

LOX/RP -1
1,054,852 Ibm
0.0%

0.9113
93,082 Ibm
102,646 Ibm
2/RD-180

3384s@ Vac

858,377 Ibf @ SL 933,400 Ibf @ Vac

3112s@SL

3384s@ Vac

100.0%, 47.0% @ t+30 sec until booster sep.

LOX/ILH2

154,747 Ibm

0.0%

0.8289

24,004 Ibm

31,944 Ibm

4/LR -60

60,000 Ibf @ Vac
465.0s @ Vac

100.0%

ESAS 21

Atlas Phase 2 — Cargo
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Delivery Orbit  30x 160nmi @285 °
Delivery Orbit Payload ~ 162,2681bm 736 mT
NetPayload 137,928 lbm 626 mT
Insertion Altitude ~ 84.6 nmi
T/W @ Liftoff  1.36
Max Dynamic Pressure 422 psf
Max g’s AscentBum  4.14g
T/W @ Staging  2.00
T/W Second Stage ~ 0.64

Delivery Orbit
Delivery Orbit Payload
Net Payload

30x 160nmi @516 °
153,221 1bm 69.5mT
130,238 Ibm 59.1mT

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level
t Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level
Second Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

Pre -Decisional — For NASA Internal Use Only

3,811,194 Ibf
820ftx 21.3ft
22,695 Ibm

LOX/RP -1
1,054,862 Ibm
0.0%

0.9215

80,231 Ibm
89,795 Ibm
2/RD-180

860,200 Ibf @ SL 933400 bf @ Vac

311.9s @SL
100.0%

LOX/RP -1
1,054,852 Ibm
0.0%

0.9186
83,862 Ibm
93,426 Ibm
2/RD-180

3384s@ Vac

860,200 Ibf @ SL 933,400 Ibf @ Vac

3119s@SL

3384s@ Vac

100.0%, 47.0% @ t+30 sec until booster sep.

LOX/ILH2

156,802 Ibm

0.0%

0.8317

25,824 1bm

31,734 1bm

4/LR -60

60,000 Ibf @ Vac
465.0s @ Vac

100.0%

ESAS 22
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Atlas Phase 2 (4 GEM -60s) — Cargo

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
n Engine Isp (100%)

9601
Mission Power Level
t Stage
; B Ty Propellants
) Useable Propellant
Solid Booster (each) Propelant &Tbad
Useable Propellant 65,850 Ibm Stage pmf
Stage pmf 0.9013 Dry Mass
Bumout Mass 8,100 Ibm Bumout Mass
Engine Thrust @ 1.0 secs 260,764 Ibf #Engines / Type
Engine Isp @ 1.0 secs 277.0s Engine Thrust (100%
Dellvery Orbit 30 160 i @285 i 100%)
Delivery Orbit Payload ~ 172,901Ibm 784 mT Mission Power Level
Net Payload 146,966 1bm 66.7 mT Second Stage
Insertion Altitude ~ 87.9 nmi Propelants
TW @Liftoff  1.25 Useable Propellant
Max Dynamic Pressure 488 psf Propelant Offioad
Max g’s AscentBum  4.09g St: f
TW @ Solid Staging ~ 1.78 DageMZg;
T/W @ Strap -on Staging  1.97 Bumout Mass.
T/W Second Stage  0.63 i
= — - = #Engines / Type
~ Delivery Orbit_ 30x 160nmi @516 Engine Thrust (100%)
Delivery Orbit Payload 163,5151bm 742 mT Engine Isp (100%)
NetPayload  138,9881bm 630 mT Mission Power Level

Pre -Decisional — For NASA Internal Use Only

Vehicle Concept Characteristics

4,119,062 Ibf
82.0ftx21.3ft
22,695 Ibm

LOX/RP -1

1,054,862 Ibm

0.0%

0.9212

80,697 Ibm

90,261 Ibm

2/RD-180

860,200 Ibf @ SL 933,400 bf @ Vac
3119s@SL 3384s@ Vac

100.0%

LOX/RP -1

1,054,852 Ibm

0.0%

0.9182

84,366 Ibm

93,929 Ibm

2/RD-180

860,200 Ibf @ SL 933,400 Ibf @ Vac
3119s@SL  3384s@ Vac

100.0%, 47.0% @ t+30 sec until booster sep.

LOX/LH2

156,586 Ibm

0.0%

0.8305

25,825 Ibm

31,948 Ibm

4/LR -60

60,000 Ibf @ Vac
465.0s @ Vac

100.0%

ESAS 23

)

Delta-Derived

Common 8-m Core
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Delta 8 -m with 2 Delta IV Boosters

Cargo

154;
Y Y
Delivery Orbit 30X 160nmi @ 285 °
Delivery Orbit Payload 123,126 1bm 558 mT
Net Payload 104,657 lbm 475 mT
Insertion Altitude ~ 78.6 nmi
TW @ Liftoff  1.25
Max Dynamic Pressure 175 psf
Max g’s AscentBum  491g
T/W @ Booster Separation 214
T/W Second Stage ~ 1.20
Delivery Orbit  30x 160 nmi @ 51.6 °
Delivery Orbit Payload 115,799 1bm 525 mT
Net Payload 984291bm 446 mT

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

First Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level
Second Stage
Propellants
Useable Propellant
Propelant Offload
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

Pre -Decisional — For NASA Internal Use Only

3,202,255 Ibf m
984 ftx 245t

23,387 Ibm

LOX/LH2

368,175 Ibm

18.5%

0.8562

55,803 Ibm

61,813 Ibm

1/RS-68

647,724 1bf @ SL 743,031 bf @ Vac
3564s @ SL 4088s@ Vac

102.0%

LOX/ILH2

1,208,057 Ibm

0.0%

0.8472

182,945 Ibm

217,822 Ibm

4/RS -68

647,724 Ibf @ SL 743,031 Ibf @ Vac
356.4s @ SL 4088s@ Vac

102.0%

LOX/LH2
669,063 Ibm
0.0%
0.8692
87,551 Ibm
100,597 Ibm
4/J-28+
274,500 Ibf @ Vac
4515s @ Vac
100.0%
ESAS 25

STF

ﬂ; \) 4 RS-68 Core +4 J -2S+ & 2 Atlas V Boosters

Cargo

Delivery Orbit 30X 160 nmi @ 285 °
Delivery Orbit Payload 1358281bm 616 mT
Net Payload  1154541bm 524 mT
Insertion Altitude ~ 78.6 nmi
TW @ Liftoff  1.22
Max Dynamic Pressure 196 psf
Max g’s AscentBum  4.64g
T/W @ Booster Separation 217
T/W Second Stage ~ 1.18

Delivery Orbit
Delivery Orbit Payload
Net Payload

30x 160nmi @516 °
1282121bm 582 mT
108980 I1bm 494 mT

Pre -Decisional — For NASA Ini M’ﬁgl(i?sg%leﬁy

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

irst Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

Second Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Level

3,596,235 Ibf
984 ftx 245ft
23,387 Ibm

LOX/RP -1

566,207 Ibm

9.0%

0.9128

48,066 Ibm

54,086 Ibm

1/RD-180

858,377 Ibf @ SL 933400 bf @ Vac
3112s@SL 3384s@ Vac

100.0%

LOX/ILH2

1,207,750 Ibm

0.0%

0.8466

183,532 Ibm

218,713 Ibm

4/RS -68

647,724 Ibf @ SL 743,031 Ibf @ Vac
356.4s @ SL 4088s@ Vac

102.0%

LOX/ILH2

668,798 Ibm

0.0%

0.8688

87,630 Ibm

100,940 Ibm

4/J-28+

274,500 Ibf @ Vac
4515s @ Vac

100.0%

ESAS 26
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Delta 8 -m with 4 -Segment SRBs

Cargo

2

CECE

1745

21!

ym)
Delivery Orbit  30x 160nmi @285 °
Delivery Orbit Payload 238,442|1bm 1082 mT
NetPayload 2026761bm 919 mT
Insertion Altitude 784 nmi
TIW @ Liftoff 1.4
Max Dynamic Pressure 610 psf
Max g’s AscentBum  3.23g
T/W Core Only  1.08
T/W Second Stage 1.09
Delivery Orbit  30x 160nmi @516 °
Delivery Orbit Payload 225,8311bm 1024 mT
NetPayload 191,957 Ibm 871 mT

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Stage pmf
Bumout Mass
#Boosters / Type
Booster Thrust (@ 0.7 sec)
Booster Isp (@ 0.7 sec)

First Stage
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

Second Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

Pre -Decisional — For NASA Internal Use Only

5401018 Ibf m

984 ftx 24.5ft
23,274 1bm

PBAN

1,111,028 Ilbm

0.8560

186,854 Ibm

2/4-Segment SRM

3,139,106  Ibf
268.8s

LOX/LH2

1,582,392 Ibm

0.0%

08916

178,584 Ibm

192,274 Ibm

3/RS-68

647,724 Ibf @SL 743031 Ibf @ Vac
364s@SL  4088s@ Vac

102.0%

LOX/ILH2

666,690 Ibm

0.0%

0.8673

86,542 Ibm

101,945 Ibm

4/J-28+

274,500 Ibf @ Vac
4515s @ Vac

100.0%

ESAS 27

)

Single RSRB Crew Options

Pre -Decisional — For NASA Internal Use Only
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Vehicle Concept Characteristics

GLOW
Payload

Launch Escape System

Booster Stage (each)

Propellants
Useable Propellant

Stage pmf

Bumout Mass
#Boosters / Type
Booster Thrust (@ 0.7 sec)
Booster Isp (@ 0.7 sec)

Second Stage

Propellants
Useable Propellant
Propelant Offload

Stage pmf
Dry Mass

Bumout Mass
#Engines / Type
Engine Thrust (100%)

Engine Isp (100%)

Mission Power Level

1,641,510 Ibf
5-m diameter CEV
9,172 1bm

PBAN

1,112,256 Ibm

0.8670

170,626 Ibm

1/4 -Segment SRM

3,139,106 Ibf
268.8s

LOX/ILH2

254,766 Ibm

0.0%

0.8683

33,627 Ibm

38,617 Ibm

4/LR -100 rubber

100,000 Ibf @ Vac
450.0s @ Vac

100.0%

Delivery Orbit  30x 160 nmi @ 285 °
Delivery Orbit Payload 50,8791bm 231 mT
NetPayload  457911bm 208 mT
Insertion Altitude 59.6 nmi
TW @ Liftoff ~ 1.49
Max Dynamic Pressure 782 psf
Max g’s AscentBum 4479
T/W Second Stage 113
Delivery Orbit  30x 160nmi @516 °
Delivery Orbit Payload 47,5421bm 216 mT
Netpayload 427881bm 194 mT

Pre -Decisional — For NASA Internal Use Only

4-Segment SRB with 1 SSME - Crew

16.4'

290.4'

Vehicle Concept Characteristics

GLOW
Payload

Launch Escape System

Booster Stage (each)

Propellants
Useable Propellant

Stage pmf

Bumout Mass
#Boosters / Type
Booster Thrust (@ 0.7 sec)
Booster Isp (@ 0.7 sec)

Second Stage

Propellants
Useable Propellant
Propellant Offioad

Stage pmf
Dry Mass

Bumout Mass
#Engines / Type
Engine Thrust (100%)

Engine Isp (100%)

Mission Power Level

1,775,385 Ibf
5-m diameter CEV
9,300 Ibm

PBAN

1,112,256 Ibm

0.8554

188,049 Ibm

1/4 -Segment SRM

3,139,106 Ibf @ Vac
2688s @ Vac

LOX/LH2

360,519 Ibm

0.0%

0.8882

38,597 Ibm

45,022 Ibm

1/SSME

469,449 Ibf @ Vac
4521s @ Vac

104.5%

Delivery Orbit Payload

Delivery Orbit

30x 160nmi @285 °
59,898 Ibm 272 mT

NetPayload 53908 Ibm 245 mT
Insertion Altitude 59.5 nmi
TW @ Litoff ~ 1.38
Max Dynamic Pressure 576 psf
Max g’s AscentBum  4.00g
T/W Second Stage 1.03
Delivery Orbit  30x 160nmi @ 516 °
Delivery Orbit Payload 56,0891bm 254 mT
NetPayload 50,480 Ibm 22.9 mT

Pre -Decisional — For NASA Internal Use Only
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‘Giﬂi\) 4-Segment SRB with 1 SSME - Cargo
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Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Booster Stage (each)

Propellants

Useable Propellant
Stage pmf

Bumout Mass

#Boosters / Type
Booster Thrust (@ 0.7 secs)
Booster Isp (@ 0.7 secs)

Second Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

1,772,068 Ibf
45.0ftx 1341t
8,441 lom

PBAN

1,112,256 Ibm

0.8604

180,399 Ibm

1/4 -Segment SRM

3,139,106  Ibf
268.8s

LOX/ILH2

360,570 Ibm

0.0%

0.8884

38,597 Ibm

44,972 lbm

1/SSME

469,449 Ibf @ Vac
4521s @ Vac

104.5%

Delivery Orbit
Delivery Orbit Payload
Net Payload

30x 160nmi @285 °
57,4401lbm 261 mT
51,6961bm 234 mT

Insertion Altitude

TW @ Liftoff

Max Dynamic Pressure
Max g's Ascent Bum
T/W Second Stage

78.5 nmi
1.38
576 pst
4009
1.04

Delivery Orbit
Delivery Orbit Payload
Net Payload

30x 160nmi @516 °
53815lbm 244 mT
484341bm 22.0 mT

Pre -Decisional — For NASA Internal Use Only
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133.2'

4 Segment SRB with 1 J -2S+ — Crew

16.4'

= | 12.2'

Vehicle Concept Characteristics

GLOW
Payload
Launch Escape System

Booster Stage (each)

Propellants

Useable Propellant
Stage pmf

Bumout Mass

#Boosters / Type
Booster Thrust (@ 0.7 secs)
Booster Isp (@ 0.7 secs)

Second Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

1,621,814 Ibf
5-m diameter CEV
9,300 Ibm

PBAN

1,112,256 Ibm

0.8604

180,399 Ibm

1/4 -Segment SRM

3,139,106  Ibf
268.8s

LOX/LH2

233,219 Ibm

0.0%

0.8801

27,077 Ibm

31,444 Ibm

1/J-28+

274,500 Ibf @ Vac
4515s @ Vac

100.0%

Delivery Orbit
Delivery Orbit Payload
Net Payload

30x160nmi @285 °
47,6981bm 216 mT
429281bm 195 mT

Insertion Altitude

TW @ Liftoff

Max Dynamic Pressure
Max g's Ascent Bum
T/W Second Stage

59.5 nmi
151

801 psf
3459
0.85

Delivery Orbit
Delivery Orbit Payload
Net Payload

30x 160nmi @516 °
44,6471bm 203 mT
40.1831bm 182 mT

Pre -Decisional — For NASA Internal Use Only
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5-Segment SRB with 4 LR -85 — Crew

Vehicle Concept Characteristics
GLOW 2,029,128 Ibf
Payload 5m diameter CEV

A Launch Escape System 9,300 Ibm

Booster Stage (each)
Propellants  HTPB
Useable Propellant 1,434,906 Ibm
16.4' Stage pmf 0.8657
Bumout Mass 222,697 Ibm
H, #Boosters / Type 1/5-Segment SRM
@ Booster Thrust (@ 0.7 sec) 3,480,123 Ibf
il

> e

Booster Isp (@ 0.7 sec) 2654s
Second Stage
Propellants ~ LOX/LH2
Useable Propellant 260,093 lbm
Propellant Offioad 0.0%
Stage pmf 08781
Dry Mass 30,966 Ibm
Bumout Mass ~ 36,0751bm
#Engines /Type  4/LR -85 rubberized
Engine Thrust (100%) 85,000 Ibf @ Vac
- e [122 Engine Isp (100%)  4500s @ Vac
163.4' Mission Power Level ~ 100.0%

i Delivery Orbit 30 x 160 nmi @ 28.5
Delivery Orbit Payload 66,027 Ibm 299 mT
NetPayload  59,4241bm 270 mT
Insertion Altitude 59.5 nmi
Ly TW @ Liftoff ~ 1.77

Delivery Orbit 30 x 160 nmi @ 51.6

Delivery Orbit Payload

62,0511bm 281 mT

Net Payload  558461bm 253 mT

; Max Dynamic Pressure 986 psf
Lz \ Max g’s AscentBum  347g
S TIW Second Stage ~ 0.91

Alternate Delivery Orbit
Delivery Orbit Payload
Net Payload

100x 100nmi @285 °@51.6 °
632521bm 282mT 59,617Ibm 265mT
56,927 lbm 254mT 53,655lbm 239 mT

Pre -Decisional — For NASA Internal Use Only

ESAS 33

5-Segment SRB with 1 J -2S+ — Crew

Vehicle Concept Characteristics

T A GLOW 2,014,084 Ibf
Payload 5-m diameter CEV
522" Launch Escape System 9,300 Ibm
Booster Stage (each)
%7 Propellants  HTPB
. Useable Propellant 1,434,906 Ibm
=1 e Stage pmf 08653
Bumout Mass 223,377 Ibm
#Boosters / Type 1/5-Segment SRM
85.4' [ Booster Thrust (@ 0.7 sec) 3,480,123 Ibf
Booster Isp (@ 0.7 sec) 2654s
@ Second Stage
Propellants  LOX/LH2
A }_{ Useable Propellant 250,193 Ibm
. Propelant Offioad 0.0%
P 3008 Stage pmf 0.8835
Dry Mass 27,780 Ibm
Bumout Mass 32,663 Ibm
I #Engines/Type  1/J-2S+
Engine Thrust (100%) 274,500 Ibf @ Vac
Engine Isp (100%) 4515s @ Vac
> &= 122 Mission Power Level  100.0%
162.8' Delivery Orbit  30x 160 nmi @285 °
— Delivery Orbit Payload 63,3161bm 287 mT
Net Payload 56,984 1bm 258 mT
Insertion Altitude 59.4 nmi
i TW @ Liftoff ~ 1.78
Max Dynamic Pressure 994 psf
Max g's Ascent Bum 3.53g
T/W Second Stage ~ 0.77
Delivery Orbit  30x 160nmi @516 °
Delivery Orbit Payload 59,4981bm 27.0 mT
NetPayload 53548 Ibm 243 mT

Pre -Decisional — For NASA Internal Use Only
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Vehicle Concept Characteristics

GLOW
Payload
Launch Escape System

Booster Stage (each)
Propellants

Useable Propellant

Stage pmf

Bumout Mass

#Boosters / Type

Booster Thrust (@ 0.7 sec)
Booster Isp (@ 0.7 sec)

Second Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

2,075,635 Ibf
6-m diameter CEV
9,172 1bm

HTPB

1,434,906 Ibm

0.8743

206,214 Ibm

1/5-Segment SRM

3,139,106  Ibf
268.8s

LOX/ILH2

310,166 Ibm

0.0%

0.8751

38,286 Ibm

44,253 lbm

4/LR -85 rubberized

85,000 Ibf @ Vac
450.0s @ Vac

100.0%

Delivery Orbit
Delivery Orbit Payload
Net Payload

30x160nmi @285 °
65,750lbm 29.8 mT
59,1751bm 26.8 mT

Insertion Altitude

Delivery Orbit
Delivery Orbit Payload
Net Payload

30x 160 nmi @ 51.6

61,4781bm 279 mT
553301bm 251 mT

o TW @ Liftoff
Max Dynamic Pressure
Max g's Ascent Bum

T/W Second Stage

Pre -Decisional — For NASA Internal Use Only

59.4 nmi
173
892 psf
3249
0.79

ESAS 35

4-Segment SRB with 1 J -2S — Crew

89.

16.4'

[ 12.2'

Vehicle Concept Characteristics

GLOW
Payload
Launch Escape System

Booster Stage (each)
Propellants

Useable Propellant

Stage pmf

Bumout Mass

#Boosters / Type

Booster Thrust (@ 0.7 sec)
Booster Isp (@ 0.7 sec)

Second Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

1,617,781 Ibf
5-m diameter CEV
9,172 1bm

PBAN

1,112,256 Ibm

0.8670

170,626 Ibm

1/4 -Segment SRM

3,139,106  Ibf
268.8s

LOX/ILH2

244,203 Ibm

0.0%

0.8824

27,916 Ibm

32,511 1bm

1/J-28

265,000 Ibf @ Vac
436.0s @ Vac

100.0%

Delivery Orbit
Delivery Orbit Payload

30x 160nmi @285 °
44,7871bm 203 mT

NetPayload 40,308 Ibm 183 mT
Insertion Altitude 59.4 nmi
TW @ Liftoff ~ 1.51
Max Dynamic Pressure 801 psf
Max g's Ascent Bum 343g
T/W Second Stage  0.80
Delivery Orbit  30x 160 nmi @ 516 °
Delivery Orbit Payload 41,7481bm 189 mT
NetPayload  37,5731bm 17.0 mT

Pre -Decisional — For NASA Internal Use Only
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4 Segment SRB with 2 J -2S Crew - Blk I

293.1

1332

Vehicle Concept Characteristics

GLOW
Payload
Launch Escape System

Booster Stage (each)

Propellants

Useable Propellant
Stage pmf

Bumout Mass

# Boosters / Type

Booster Thrust (@ 0.7 secs)

Booster Isp (@ 0.7 secs)

Second Stage
Propellants
Useable Propellant
Propellant Offload
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level
Delivery Orbit
Delivery Orbit Payload
Net Payload
Insertion Altitude
TW @t=1sec
Max Dynamic Pressure
Max g's Ascent Bum
T/W Second Stage

Delivery Orbit
Delivery Orbit Payload
Net Payload

Pre -Decisional — For NASA Internal Use Only

1,813,730 Ibf
5.5m diameter CEV
9,300 Ibm

PBAN

1,112,256 Ibm

0.8552

188,351 Ibm

1/4 Segment SRM

3,139,106 Ibf @ Vac
2688s @ Vac

LOX/LH2

400,007 Ibm

0.0%

0.8927

41,248 Ibm

48,012 1bm

2/J-28

265,000 Ibf @ Vac
436.0s @ Vac

100.0 %

30x160nmi @285 °

55,761 1bm 253 MT

50,1851bm 22.8 MT

59.5 nmi

135

522 psf

5.00g

1.03

30x160nmi @516 °
51,958 Ibm 23.6 MT
46,762 1bm 21.2MT

17.2

Crew 2.1.2.1
ESAS 37

ECTURE STUDY

5-Segment RSRB with 1 J -2S — Crew
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Vehicle Concept Characteristics

GLOW
Payload
Launch Escape System

Booster Stage (each)
Propellants
Useable Propellant
Stage pmf
Bumout Mass
#Boosters / Type
Booster Thrust (@ 0.7 sec)
Booster Isp (@ 0.7 sec)

Second Stage
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

1,996,987 Ibf
5-m diameter CEV
9,172 1bm

HTPB

1,434,906 Ibm

0.8743

206,214 Ibm

1/5-Segment SRM

3,139,106 Ibf
268.8s

LOX/ILH2

250,010 Ibm

0.0%

0.8821

28,401 Ibm

33,378 Ibm

1/J-28

265,000 Ibf @ Vac
436.0s @ Vac

100.0%

Delivery Orbit  30x 160 nmi @ 285 °
Delivery Orbit Payload 59,1851bm 268 mT
Net Payload 53,267 Ibm 242 mT
Insertion Altitude 59.4 nmi
TW @ Liftoff ~ 1.80
Max Dynamic Pressure 1,023 psf
Max g's Ascent Bum 361g
T/W Second Stage  0.75
Delivery Orbit  30x 160 nmi @ 516 °
Delivery Orbit Payload 554291bm 251 mT
NetPayload  49,8861bm 226 mT

Pre -Decisional — For NASA Internal Use Only
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S
‘Giﬂi\) 5-Segment RSRB with 1 SSME - Crew

Vehicle Concept Characteristics
—F GLOW 2152961 Ibf 19
I Payload  5-m diameter CEV
52.2' /\_\\ Launch Escape System 9,300 Ibm

Booster Stage (each)
A | Propellants  HTPB
<> e |16.4' Useable Propellant 1,434,906 Ibm
Stage pmf 0.8653
Bumout Mass 223,420 Ibm
#Boosters / Type 1/5-Segment SRM

105.0° L Booster Thrust (@ 0.7sec) 3,139,106 Ibf @ Vac
' Booster Isp (@ 0.7 sec) 2688s @ Vac
@ Second Stage
—R' Propellants  LOX/LH2
Useable Propellant 360,115 Ibm
L {3206 Propellant Offload 0.0%

Stage pmf 08868
Dry Mass  38,805Ibm
Bumout Mass 45,635 Ibm
s e 122 #Engines / Type  1/SSME BLK 2
Engine Thrust (100%) 469,449 Ibf @ Vac
Engine Isp (100%) 4521s@ Vac

e o
163.4' Mission Power Level 104.5%

Ld Delivery Orbit  30x 160 nmi @ 285 °

Delivery Orbit Payload 79,2441bm 359 mT
NetPayload  71,320lbm 324 mT

1 Insertion Altitude 61.3 nmi
TW @ Litoff 1.7

Max Dynamic Pressure 800 psf

Max g’s AscentBum  2.93g
T/W Second Stage ~ 0.99

Delivery Orbit  30x 160 nmi @ 516 °
Delivery Orbit Payload 74,5521bm 338 mT
NetPayload 67097 Ibm 304 mT
Crew2.1.2.1
Pre -Decisional — For NASA Internal Use Only ESAS 39

Side-Mount SDV Options
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S
‘GW) 4-Segment SRM Side -Mount SDV

Vehicle Concept Characteristics m

GLOW 4,544,392 Ibf
Payload Envelope L x D 96.5 ft x 24.0 ft
Carrier Shroud Jettison Mass 29,295 Ibm

Booster Stage (each)

Propellants  PBAN
Useable Propellant 1,111,019 Ibm
Stage pmf 0.8560
Bumout Mass 186,863 Ibm
#Boosters / Type 2/4-Segment SRM
Booster Thrust (@ 0.7 sec) 3,139,106  Ibf
Booster Isp 0.7 sec) 268.8s
Tankage
Propellants  LOX/LH2
Useable Propellant 1,590,946 Ibm
Propellant Offload 0.0%
Stage pmf 0.8913
Dry Mass 59,226 Ibm
Bumout Mass 68,297 Ibm
Canier
Dry Mass 109,138 Ibm
BumoutMass 86,969 Ibm
#Engines/ Type 3/ SSME BLK 2
Engine Thrust (100%) 375432 Ibf @ SL 469,710 Ibf @ Vac
— Engine Isp (100%) 3653s@SL  4522s@ Vac
Mission Power Level 104.5%
Delivery Orbit  30x 160 nmi @ 285 °
Delivery Orbit Payload 172,9681bm 785 mT

156.9'

Payload Includes Cargo

Delivery Orbit  30x 160 nmi @ 51.6 ° Insertion Altitude ~ 71.0 nmi
Delivery Orbit Payload 161,2341bm 731 mT TW @ Liftoff ~ 1.52
NetPayload ~ 137,0491bm 622 mT Max Dynamic Pressure 719 psf

Max g’s AscentBum  3.00g
T/W Second Stage ~ 0.97

Pre -Decisional — For NASA Internal Use Only ESAS 41

S
‘GW) 5-Segment SRM Side -Mount SDV

HIECTURE STUDY

_ Vehicle Concept Characteristics
I T . GLOW 5,294,308 Ibf

f 4 Payload Envelope Lx D~ 96.5ftx 24.0ft

Carnier Shroud Jettison Mass 29,2951bm

Booster Stage (each)

Propelants  HTPB

A

Useable Propellant 1,434,906 Ibm
Stage pmf 0.8664
Bumout Mass 221,234 Ibm
#Boosters/ Type ~ 2/5-Segment SRM
Booster Thrust (@ 0.7 sec) 3,480,123 Ibf
Booster Isp (@ 0.7 sec) 2654's
1838 156.9' Tankage
176.7 Propellants ~ LOX/LH2
Useable Propellant 1,590,946 Ibm
Propellant Offload 0.0%
Stage pmf 0.8912
Dry Mass 59,447 Ibm
Bumout Mass 68,518 Ibm
| Canier
Dry Mass 109,138 Ibm
| | / BumoutMass 86,969 Ibm
= 2= #Engines /Type ~ 3/ SSMEBLK 2
Ei == ____wv Engine Thrust (100%) 375432 Ibf @ SL 469,710 Ibf @ Vac
< Engine Isp (100%) 36535 @ SL 4522s@ Vac
u Mission PowerLevel ~ 104.5%
Delivery Orbit  30x 160 nmi @ 285 °
Delivery Orbit Payload 206,1461bm 935 mT
NetPayload  1752241bm 79.5 mT
Delivery Orbit  30x 160 nmi @ 516 ° Payload Includes Cargo
Delivery Orbit Payload 192,966 lbm 87.5 mT Insertion Altitude 72.8 nmi
NetPayload 164,021 lbm 744 mT TIW @ Liftoff ~ 1.57

Max Dynamic Pressure 690 psf
Max g’s AscentBum  3.00g
T/W Second Stage ~ 0.94
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S
‘Gfﬂf) Shuttle -Derived Side -Mount — 4-Seg. SRM & 2 RS -68s

Vehicle Concept Characteristics 22

GLOW 4,492,706 Ibf
Payload Envelope L x D 96.5 ft x 24.0 ft
Carrier Shroud Jettison Mass 29,295 Ibm

Booster Stage (each)

Propellants ~ PBAN
Useable Propellant 1,111,019 Ibm
Stage pmf 0.8560
Bumout Mass 186,863 Ibm
#Boosters / Type 2/4-Segment SRM
Booster Thrust (@ 0.7 sec) 3,139,106  Ibf
Booster Isp (@ 0.7 sec) 268.8s

156.9' Tankage
Propellants ~ LOX/LH2
Useable Propellant 1,587,223 Ibm
Propellant Offload 0.0%
Stage pmf 0.8913
Dry Mass 59,499 Ibm
Bumout Mass 68,570 Ibm
Canier
Dry Mass 115,416 Ibm
BumoutMass 93,247 Ibm
#Engines / Type  2/RS-68
y Engine Thrust (100%) 656,500 Ibf @ SL 745,000 Ibf @ Vac
Engine Isp (100%) 357.7s @ SL 4095s@ Vac
Mission Power Level 102.0%

Delivery Orbit  30x 160 nmi @ 285 °
Delivery Orbit Payload 116,150 1bm 527 mT
Net Payload 98,7281bm 448 mT

Delivery Orbit  30x 160 nmi @ 51.6 ° Payload Includes Cargo
Delivery Orbit Payload 105,5321bm 479 mT Insertion Altitude 78.6 nmi
Net Payload 89,7021bm 40.7 mT TW @ Liftoff ~ 1.58

Max Dynamic Pressure 797 psf
Max g’s AscentBum  3.06g
T/W Second Stage 1.05
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S
‘Gfﬂf) Shuttle -Derived Side -Mount — 5-Seg. SRM & 2 RS -68s

HIECTURE STUDY

. Vehicle Concept Characteristics
I T . GLOW 5234996 Ibf 23

f 4 Payload EnvelopeLx D~ 96.5ftx 24.0ft

Carnier Shroud Jettison Mass 29,2951bm

Booster Stage (each)
Propellants  HTPB
Useable Propellant 1,434,906 Ibm
Stage pmf 0.8664
Bumout Mass 221,234 Ibm
#Boosters/ Type ~ 2/5-Segment SRM
Booster Thrust (@ 0.7 sec) 3,480,123 Ibf
Booster Isp (@ 0.7 sec) 2654's

156.9' Tankage
Propellants  LOX/LH2
Useable Propellant 1,587,223 Ibm
Propellant Offload 0.0%
Stage pmf 0.8912
Dry Mass 59,720 Ibm
Bumout Mass 68,791 Ibm

A

Carrier
Dry Mass 115,416 Ibm
| / BumoutMass 93,247 Ibm
= B #Engines /Type  2/RS-68
= 2= v Engine Thrust (100%) 656,500 Ibf @ SL 745,000 Ibf @ Vac
; Engine Isp (100%) 3B7.7s@SL 4095s@ Vac
% Mission Power Level 100.0%, 57.0 % for 3g limit

Delivery Orbit  30x 160 nmi @ 285 °
Delivery Orbit Payload 141,673 1bm 643 mT
NetPayload  120,4221bm 546 mT
Delivery Orbit  30x 160 nmi @ 516 ° Payload Includes Cargo
Delivery Orbit Payload 131,016 lbm 594 mT Insertion Altitude 78.6 nmi
NetPayload 111,364 1bm 50.5 mT TW @ Liftoff ~ 1.62
Max Dynamic Pressure 768 psf
Max g’s AscentBum  3.00g
T/W Second Stage 1.05
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In-Line SDV Options

Pre -Decisional — For NASA Internal Use Only

ESAS 45

150.0"

Delivery Orbit  30x 160nmi @516 °
Delivery Orbit Payload 169,7811bm 770 mT
Net Payload  152.8021bm 69.3m -

Payload Includes

CEV + SM + Cargo

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
LES Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Stage pmf
Bumout Mass
#Boosters / Type
Booster Thrust (@ 0.7 sec)
Booster Isp (@ 0.7 sec)

t Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

4,537,794 Ibf
820ftx 2451t
9,300 lbm

PBAN

1,111,019 Ibm

0.8560

186,863 Ibm

2/4-Segment SRM

3,139,106  Ibf
268.8s

LOX/ILH2

1,588,636 Ibm

0.0%

0.9069

149,268 Ibm

160,686 Ibm

3/SSME BLK 2

375,181 Ibf @ SL 469,449

Ibf @ Vac

361.3s @ SL 4521s@ Vac

104.5%

Delivery Orbit  30x 160 nmi @ 285 °
Delivery Orbit Payload 181,034 Ibm 821 mT
NetPayload  162,931lbm 739 mT
Payload Includes CEV + SM + Cargo
Insertion Altitude 62.0 nmi
TW @ Liftoff ~ 1.54
Max Dynamic Pressure 718 psf
Max g’s AscentBum  4.00g
T Core Stage ~ 0.96
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ECTURE

4-Segment SRB In -line SDV - Cargo

98.4'

‘ <

1315

3032

71T

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Stage pmf
Bumout Mass
#Boosters / Type
Booster Thrust (@ 0.7 sec)
Booster Isp (@ 0.7 sec)

First Stage
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

4,545,168 Ibf
984 ftx 245t
23,419 Ibm

PBAN

1,111,028 Ilbm

0.8560

186,854 Ibm

2/4-Segment SRM

3,139,106  Ibf
268.8s

LOX/ILH2
1,588,636 Ibm
0.0%

0.9155

132,814 Ibm
144,232 Ibm
3/SSME BLK 2

375,181 Ibf @ SL 469,449 Ibf @ Vac

361.3s @ SL 4521s @
104.5%

Delivery Orbit  30x 160 nmi @ 285 °
Delivery Orbit Payload 190,743 1bm 865 mT
Net Payload  162,1321bm 73.5 mT
Insertion Altitude 78.5 nmi
TW @ Liftoff ~ 1.54
Max Dynamic Pressure 704 psf
Max g's AscentBum  4.00g
T/W Second Stage ~ 0.95
Delivery Orbit  30x 160nmi @ 516 °
Delivery Orbit Payload 178,8431bm 811 mT
NetPayload 152,017 Ibm 69.0 mT
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Vac
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ECTURE STUDY

S
‘GW)S-Segment SRB In -line SDV - Crew + Cargo

1767

Delivery Orbit
Delivery Orbit Payload
Net Payload

30x160nmi @516 °
221,1271bm 1003 mT
187,9581bm 853 mT

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
LES Jettison Mass

Booster Stage (each)
Propellants

Useable Propellant

Stage pmf

Bumout Mass

#Boosters / Type

Booster Thrust (@ 0.7 sec)
Booster Isp (@ 0.7 sec)

t Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

5,984,103 Ibf
820ftx 2451t
9,300 lbm

HTPB

1,434,906 Ibm

0.8664

221,234 lbm

2/5-Segment SRM

3,480,123  Ibf
2654s

LOX/LH2
2,210,023 Ibm
0.0%

0.9110

186,231 1bm
215,560 Ibm
4/SSMEBLK 2

375,181 Ibf @ SL 469,449 Ibf @ Vac

®13s@SL  4521s@
104.5%

Delivery Orbit 30 x 160 nmi @ 28.5
Delivery Orbit Payload 236,690 Ibm 1074 mT
NetPayload  201,1871bm 913 mT
Insertion Altitude 77.7 nmi
TIW @ Liftoff ~ 1.47
Max Dynamic Pressure 563 psf
Max g’s AscentBum  4.00g
T/W Second Stage ~ 0.93

Payload Includes
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CEV + SM + Cargo

Vac
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HITECTURE

5-Segment SRB In -line SDV - Cargo

176.7"

342.3"

Vehicle Concept Characteristics
GLOW 5,993,890 Ibf
Payload Envelope L x D 984 ftx 24.5ft
Shroud Jettison Mass 23,404 Ibm

Booster Stage (each)
Propellants  HTPB
Useable Propellant 1,434,906 Ibm
Stage pmf 0.8664

Bumout Mass 221,234 Ibm
#Boosters/ Type  2/5-Segment SRM
Booster Thrust (@ 0.7 sec) 3,480,123 Ibf
Booster Isp (@ 0.7 sec) 2654's
First Stage
Propellants  LOX/LH2
Useable Propellant 2,210,112 1bm

Propelant Offioad 0.0%
Stage pmf 0.9180
Dry Mass 167,806 Ibm

Bumout Mass 197,046 Ibm
#Engines/Type  4/SSME BLK 2
Engine Thrust (100%) 375,181 Ibf @ SL 469,449 Ibf @ Vac

Engine Isp (100%) 361.3s @ SL
Mission Power Level 104.5%

Delivery Orbit  30x 160 nmi @ 285 °

45215 @

Delivery Orbit Payload 250,798 Ibm 1138 mT
NetPayload  213,1781bm 967 mT
Insertion Altitude 77.7 nmi

TIW @ Liftoff ~ 1.46
Max Dynamic Pressure 562 psf

Delivery Orbit
Delivery Orbit Payload

Net Payload

30x160nmi @516 °
2354761bm 1068 mT
200,1551bm 908 mT

Max g’s AscentBum  4.00g
T/W Second Stage ~ 0.93
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Vac
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5-Segment SRB In -line SDV
EDS/Cargo

9%.8'

EDS 9shown
as example

176.7'

N1

1312

Some EDS/LV scenarios cary payload
with the EDS; some camy EDS
with no additional payload as shown

Vehicle Concept Characteristics
Refer to Vehicle Summary 27 for Vehicle
Parameters

Earth Departure Stage Concept Characteristics
Refer to the EDS Data Summary Document for

A . Vehicle Parameters and Performance for particular

EDS Variants and Scenarios

Note on Flight Performance Reserves and Payload Margins

Forlaunch vehicles configured with an EDS flying lunar missions , the

fiight performance reserve is camied in the EDS (the “final " stage) and

is expressed in this analysis as ideal velocity margins on the L EO
circularization, TLI, LOI, and plane change bums. A reserve of 10 percent of
the mission ideal velocity for the launch vehicle beyond low Ear th orbit is
used, orapproximately 1,500 ft/sec. Fuel bias is canied in each stage as
standard  practice would recommend.

Payload margin is applied to the final separated payload subsequ ent to the

final EDS bum. A value of 10 percent of the subject payload is

Pre -Decisional — For NASA Internal Use Only

used for this analysis.
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176.7"

5-Segment SRBs with 4 SSME - Cargo

Enlarged Shroud with 8.5-m Diameter Dynamic Envelope

3T
|

141.6'

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Stage pmf
Bumout Mass
#Boosters / Type
Booster Thrust (@ 0.7 sec)
Booster Isp (@ 0.7 sec)

First Stage
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

6,003,780 Ibf
98.4 ftx 28.1ft
36,136 Ibm

HTPB

1,434,906 Ibm

0.8664

221,234 lbm

2/5-Segment SRM

3,480,123  Ibf
2654s

LOX/ILH2
2,210,112 1bm
0.0%

0.9180

167,806 Ibm
197,046 Ibm
4/SSMEBLK 2

375,181 Ibf @ SL 469,449 Ibf @ Vac

%13s@SL 45215 @

104.5%

Delivery Orbit
Delivery Orbit Payload
Net Payload

30x 160 nmi @285 °
2479561bm 1125 mT
210,7631bm 956 mT

Insertion Altitude

TW @ Liftoff

Max Dynamic Pressure
Max g’s Ascent Bum
T/W Second Stage
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77.7 nmi
1.46
560 psf
4.00g
0.93

Vac
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‘Giﬂi\)) 5-Segment SRBs with 5-SSME Core — Cargo

ECTURE

upyY

27.5'
-

131.5"

)
g

342.3"

176.7"

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Stage pmf
Bumout Mass
#Boosters / Type
Booster Thrust (@ 0.7 sec)
Booster Isp (@ 0.7 sec)

First Stage
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

6,027,962 Ibf
98.4 ftx 24,5t
23,362 Ibm

HTPB

1,434,906 Ibm

0.8664

221,234 lbm

2/5-Segment SRM

3,480,123  Ibf
2654s

LOX/ILH2
2,215,385 Ibm
0.0%

0.9167

180,698 Ibm
200,960 Ibm
5/SSME BLK 2

375,181 Ibf @ SL 469,449 Ibf @ Vac

%13s@SL 45215 @

104.5%

Delivery Orbit
Delivery Orbit Payload
Net Payload

30x 160nmi @285 °
275,725lbm 1251 mT
234,3661bm 1063 mT

Insertion Altitude

TW @ Liftoff

Max Dynamic Pressure
Max g’s Ascent Bum
T/W Core Stage
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77.7 nmi
1.52

661 pst
4009
123

Vac

Cargo 12.2.1
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5-SSME Core & 5 -Segment SRB + 2 J -2S+ EDS
Cargo — Higher Fidelity Structural Analysis

T

>

N

I PR

1767

F ¥

Delivery Orbit 30 x 160 nmi @ 28.5
Delivery Orbit Payload 326,8961bm  148.3m
NetPayload  277,8621bm  126.0m

T
T

LEO Payload optimized thru propellant offload in EDS of 40%

Delivery Orbit  TLI (EDS Suborbital Bum)
Gross Payload  133,703lbm 606 mT
Net Payload 120,333Ibm 546 mT

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Stage pmf
Bumout Mass
#Boosters / Type
Booster Thrust (@ 0.7 sec)
Booster Isp (@ 0.7 sec)

First Stage
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

Earth Departure Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level
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6,393,975 Ibf
39.4ftx 245ft
10,522 lom

HTPB

1,434,906 Ibm

0.8664

221,234 Ibm

2/5-Segment SRM

3,480,123 Ibf @ Vac
2654s @ Vac

LOX/LH2

2,215,385 lbm

0.0%

09113

194,997 Ibm

215,258 Ibm

5/SSME Blk 2

375,181 Ibf @ SL 469449 Ibf @ Vac
3613s @ SL 4521s@ Vac

104.5%

LOX/ILH2

457,884 Ibm

0.0%

0.9039

42,645 lbm

48,640 Ibm

2/J-28+

274,500 Ibf @ Vac
4515s @ Vac

100.0%

ESAS 53

)

5-Segment SRB/5 -SSME Core +4 J -2S+

Cargo

1315

ol

1767

Yy puy. A5 4

Delivery Orbit  30x 160 nmi @ 285 °
Delivery Orbit Payload 302,596 Ibm 137.3 mT
Net Payload 257,207 Ibm 116.7 mT

Insertion Altitude  78.5 nmi
TW @ Liftoff  1.43
Max Dynamic Pressure 549 psf
Max g’s AscentBum 297 g
T/W @ Booster Separation 1.04
T/W Second Stage  1.78

Delivery Orbit  30x 160 nmi @516 °

Delivery Orbit Payload 287,4831bm 1304 mT
NetPayload 244.3611bm 110.8 mT

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
Shroud Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Stage pmf
Bumout Mass
#Boosters / Type
Booster Thrust (@ 0.7 sec)
Booster Isp (@ 0.7 sec)

First Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

Second Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level
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6,395446 Ibf
984 ftx 245ft
23,287 Ibm

HTPB

1,434,906 Ibm

0.8664

221,234 Ibm

2/5-Segment SRM

3,480,123  Ibf
2654s

LOX/ILH2

2,215,385 Ibm

0.0%

0.9074

205,484 Ibm

225,745 lbm

5/SSME Blk 2

375,181 Ibf @ SL 469,449 Ibf @ Vac
361.3s @ SL 4521s@ Vac

104.5%

LOX/ILH2

248,758 Ibm

0.0%

0.7875

55,992 Ibm

67,115 1bm

4/J-28+

274,500 Ibf @ Vac
4515s @ Vac

100.0%
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Cargo

Gﬁﬁ’i\)) 5-SSME Core + 1 SSME & 5 -Segment SRB
r

unY
[ GLOW
75 B € Payload Envelope L x D
131 Shroud Jettison Mass
Booster Stage (each)
Propellants
Useable Propellant
Stage pmf
g . Bumout Mass
#Boosters / Type
Booster Thrust (@ 0.7 sec)
3983 Booster Isp (@ 0.7 sec)
First Stage
) Propellants
Useable Propellant
Propelant Offioad
2108" Stage pmf
1767 Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
i Engine Isp (100%)
Mission Power Level
Delivery Orbit  30x 160 nmi @ 28.5 ° Second Stage
Delivery Orbit Payload 310,677 Ilbm 1409 mT Propellants
Net Payload  264,075Ibm 119.8 mT Useable Propellant
Insertion Altitude ~ 88.3 nmi Propellant Offload
TW @ Liftoff 1.4 Stage pmf
Max Dynamic Pressure 545 psf Dry Mass
Max g’s AscentBum 293 g Bumout Mass
T/W @ Booster Separation 1.04 #Engines / Type
T/W Second Stage ~ 0.80 Engine Thrust (100%)
Delivery Orbit  30x 160nmi @ 51.6 ° Engine Isp (100%)
Delivery Otbit Payload ~ 295,4661bm 1340 mT Mission Power Level
NetPayload  251,1461bm 1139 mT

Pre -Decisional — For NASA Internal Use Only

Vehicle Concept Characteristics

6,387,809 Ibf
984 ftx 245f
23,287 Ibm

HTPB

1,434,906 Ibm

0.8664

221,234 Ibm

2/5-Segment SRM

3,480,123 Ibf @ Vac
2654s @ Vac

LOX/ILH2

2,215,385 Ibm

0.0%

0.9077

204,871 Ibm

225,132 Ibm

5/SSME Blk 2

375,181 Ibf @ SL 469,449

Ibf @ Vac

3613s@SL  4521s@ Vac

104.5%

LOX/ILH2

248,914 Ibm

0.0%

0.8275

40,964 lbm

51,855 Ibm

1/SSME Blk 2

469,449 Ibf @ Vac
4521s @ Vac

104.5%

ESAS 55

Cargo

Gfﬂi)) 5-SSME Core +2 J -2S+ & 5-Segment SRB
o

) 4 GLOW
215 = Payload Envelope L x D
1315 Shroud Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Stage pmf
Bumout Mass
#Boosters / Type
Booster Thrust (@ 0.7 sec)
Booster Isp (@ 0.7 sec)

First Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

1767

Delivery Orbit  30x 160 nmi @ 28.5 ° Second Stage
Delivery Orbit Payload 312,0791bm 1416 mT Propellants
NetPayload 265267 bm 1203 mT Useable Propellant
Insertion Altitude ~ 78.3 nmi Propellant Offload
TW @10 secs 143 Stage pmf
Max Dynamic Pressure 554 psf Dry Mass
Max g’s AscentBum  292g Bumout Mass
T/W @ Booster Separation 1.04 #Engines / Type
T/W Second Stage  0.89 Engine Thrust (100%)
Delivery Orbit  30x 160nmi @ 51.6 ° Engine Isp (100%)
Delivery Otbit Payload ~ 302,4001bm  137.2 mT Mission Power Level
NetPayload  257,040lbm 1166 _mT
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Vehicle Concept Characteristics

6,390,767 Ibf
984 ftx 245ft
23,287 Ibm

HTPB

1,434,906 Ibm

0.8664

221,234 Ibm

2/5-Segment SRM

3,480,123 Ibf @ Vac
2654s @ Vac

LOX/ILH2

2,215,385 Ibm

0.0%

0.9074

205,484 Ibm

225,745 lbm

5/SSME Blk 2

375,181 Ibf @ SL 469,449

Ibf @ Vac

361.3s @ SL 4521s@ Vac

104.5%

LOX/ILH2

248,856 Ibm

0.0%

0.8247

41,900 Ibm

52,856 Ibm

2/J-28+

274,500 Ibf @ Vac
4515s @ Vac

100.0%
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5-SSME Core +1 SSME & 5 -Segment SRB

Crew + Cargo

3990

A
Delivery Orbit 30 x 160 nmi @ 28.5
Delivery Orbit Payload 300,569 Ibm 136.3 mT
Net Payload 255484 Ibm 1159 mT
Insertion Altitude  78.3 nmi
TIW @ Liftoff ~ 1.44
Max Dynamic Pressure 569 psf
Max g’s AscentBum  2.88¢g
T/W @ Booster Separation 1.05
T/W Second Stage  0.78
Payloadincludes  Cargo + SM + CEV
Delivery Orbit  30x 160 nmi @516 °
Delivery Orbit Payload 279,5631bm 1268 mT
Net Payload  237,6291bm  107.8 mT

Vehicle Concept Characteristics

GLOW
Payload Envelope L x D
LES Jettison Mass

Booster Stage (each)
Propellants
Useable Propellant
Stage pmf
Bumout Mass
#Boosters / Type
Booster Thrust (@ 0.7 sec)
Booster Isp (@ 0.7 sec)

First Stage
Propellants
Useable Propellant
Propelant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

Second Stage
Propellants
Useable Propellant
Propellant Offioad
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level
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6,379,499 Ibf
700ftx 245t
9,300 lbm

HTPB

1,434,906 Ibm

0.8664

221,234 Ibm

2/5-Segment SRM

3,480,123 Ibf @ Vac
2654s @ Vac

LOX/ILH2

2,215,385 Ibm

0.0%

0.9077

204,871 Ibm

225,132 Ibm

5/SSME Blk 2

375,181 Ibf @ SL 469,449 Ibf @ Vac
361.3s @ SL 4521s@ Vac

104.5%

LOX/ILH2

248,796 Ibm

0.0%

0.7859

56,750 Ibm (Includes shroud & CEV adapter)
67,757 Ibm (Includes shroud & CEV adapter)
1/SSME Blk 2

469,449 Ibf @ Vac

4521s @ Vac

104.5%
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6C.4 EDS Summaries

This section contains the reprint of a presentation called the Earth Departure Stage
Concept Data Summary, July 16, 2005 (Versionl.11).

EXPLORATION SYSTEMS ARCHITECTURE STUDY

Earth Departure Stage Concept
Data Summary

Version 1.11
July 16, 2005

Pre -Decisional — For NASA Internal Use Only
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No Suborbital Burn Cases

Pre -Decisional — For NASA Internal Use Only

EDS Only / No Suborbital Burn

Launch Vehicle 25 — SDV In-line 4 -Seg RSRB/3 -SSME Core

Vehicle Concept Characteristics

EDS Gross @ Liftoff

EDS Stage (TLHLOHPC)
Propellants
Useable Propellant
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

TLI Delivery
Gross Payload
Net Payload

TLI+LOI Delivery
Gross Payload
Net Payload

TLI+LOI+PC Delivery
Gross Payload
Net Payload

Pre -Decisional — For NASA Internal Use Only

203,159 Ibf

LOX/LH2

173,990 Ibm

0.8564

26,928 Ibm

29,150 Ibm

4/1R -85

85,000 Ibf @ Vac
450.0s @ Vac

100.0%

136,6101bm 620 mT
122,9491bm 558 mT

858901bm 390 mT
77,3011bm 351 mT

66,3001bm 30.1 mT
59,6701bm 271 mT

N1A
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EDS + Payload Attached / No Suborbital Burn
Launch Vehicle 25 - SDV In-line 4 -seg RSRB/3 -SSME Core

=

EXPLORATION SYSTEMS ARCHITECTURE STUDY

Vehicle Concept Characteristics
EDS Gross @Liftoff 157,606 Ibf N1B

EDS Stage (TLHLOKPC)
=>1 164' Propellants  LOX/LH2
Useable Propellant 131,500 Ibm
Liftoff Stage pmf ~ 0.8344
Payload Dry Mass 24,337 Ibm
Bumout Mass 26,090 Ibm
#Engines/ Type  4/LR-85
Engine Thrust (100%) 85,000 Ibf @ Vac
Engine Isp (100%) 450.0s @ Vac
Mission Power Level 100.0%

TLI Delivery
Gross Payload 72,3081bm 328 mT
Net Payload  65,077Ibm 295 mT

TLI+LOI Delivery
Gross Payload ~ 54,3331bm 246 mT
NetPayload  48,900/bm 222 mT

TLI+LOKPC Delivery
Gross Payload ~ 45,5531bm 207 mT
NetPayload  40,9981bm 186 mT

Pre -Decisional — For NASA Internal Use Only

@)j EDS - No Suborbital Burn No Payload Attached
‘ Launch Vehicle 27 - SDV In-line 5-Seg RSRB/4 -SSME Core

Vehicle Concept Characteristics
EDS Gross @ Liftoff (TLHLOKPC) 260,224 lbm N2A

EDS LI+LOKPC
Popelaas LOXILH2
Utk Popelian. 228182 lom
Sagepml 053
Do Mans 29213 Iom
Bumad Mans 22016 lbm
X Englnes ¢ Type  4/LR.&S
Englne Thart (100%) 85,000 Itf @ Vac
Enging bp (100%) 403 @ Vac
Mhshan Pawerlavel  100.0%

TLI Dalivery
Gy Pagiod | 18540 bm 841 mT

Net Pagkod  103%¢1lbm 757 mT

TLHLOI Dalivery
Gans Pagkad 11850 km S19 mT

NatPaylad 107007 Ibm 488 mT

TLHLOKPC Delivary
Gans Pagknd  NV200Ibm 423 w7
NatPagled  S1F&Ibm 331 mT

Pre Decisional - For NASA Internal Use Orly




ﬁ;)) EDS - No Suborbital Burn No Payload Attached
O o Launch Vehicle — SDV In -line 5-Seg RSRB/5 -SSME Core

&

Vehicle Concept Characteristics
EDS Gross @ Liftoff 275725 Ibf

EDS LI+LOWPC
Paopelants  LOXILH2
Uscabke Popelin. 242735 lom
Sagepml 053
Doy Mass 29964 lom
Bumau Mans 2541 lom
N Englnes ¢ Type  47LR.SS
Englne Thast (100%) 5,000 Itf @& Var
Englng kp (100%) 43003 @ Var
Mbshn Poserlavel 10000

TL! Delivary
Gz Pagld 199430 lom 900 mT
NatPagkod 173682 1em 810 mT

TLBLOI Dalivary
Gz Pagled 127630 bm 579 mT

Nat Pagld 114835 1em 321 mT

TLBLOKPE Dalivary
Gy Paghd 100210 lem 455 mT

Net Pagiod W02 lom <08 mT

N2A.1

This case was to determine the EDS capability when another SSME was added to the core stage
of the SDV In -line Launch Vehicle (SDV In -line with 5-Segment RSRB and 5 -SSME core)

Pre Decisional - For NASA Internal Use Oply

ﬁ;)) EDS - No Suborbital Burn with Payload Attached
L~ Launch Vehicle — SDV In -line 5 -Seg RSRB/4 -SSME Core

&

Vehicle Concept Characteristics

N2B

b EDS Gross @Liftoff (TLWLOWPC) 196937 Ibm

Paopzlans  LOXILH2
Useatke Popein. 163430 lom
Sagepml 08530
Doy Mams 2504 lom
Bumas Mz 20455 lbm
NEmglaes ¢ Type 4/LR.G5
Englne Tharst (100%)  S5.000 Ity @& Vac
622 Engine bp(100%) 43003 Var
Mbslon Poserlavel  1000%

TLiDelivery
Gy Paghd 975320m 442 mT
NatPagkod 47797 Iem 208 mT

L TLELOIDalvery
Gans Paglaad 74527 Ibm 308 mT

NetPagkmd 67074 lem 04 mT

TLKLOKPC Dalivas
Gaons Paghnd 81297 Iem 287 mT
NatPagad  3BSS3lem 2584 mT

Pre Decisional - For NASA Internal Use Only
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EDS - No Suborbital Burn with Paylo

Launch Vehicle 27.2 - SDV In-line 5 -Seg RSRB/5 -SSME Core

ad Attached

Vehicle Concept Characteristics

EDS Gross @ Liftoff

Payload EDS Stage (TLHLOKPC)
Propellants
Useable Propellant
A Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

63 5l TLI Delivery
: Gross Payload
Net Payload

TLI+LOI Delivery
Gross Payload
Net Payload

TLI+LOI+PC Delivery
Gross Payload

Net Payload

207,635 Ibf

LOX/LH2
178,472 1bm
0.8595
26,872 1bm
29,143 Ibm
4/1R -85
85,000 Ibf @ Vac
450.0s @ Vac
100.0%

104,4001bm 474 mT
939601bm 426 mT

80,010lbm 363 mT
72,0091bm 327 mT

68,0901bm 309 mT
61,2811bm 27.8 mT

This case was to determine the EDS capability when another SSME

was added to the core stage

of the SDV In -line Launch Vehicle (SDV In -line with 5-Segment RSRB and 5 -SSME core)

Pre -Decisional — For NASA Internal Use Only

EDS Only / No Suborbital Burn
LV 30 — SDV In-line 5 -seg RSRB/5 -SSME Core and/4 J -2S+

Gross Payload

Vehicle Concept Characteristics

EDS Gross @Liftoff 313,696 Ibf N3A
EDS Stage (TLHLOHPC)
Propellants ~ LOX/LH2
Useable Propellant 277,883 Ibm
Stage pmf  0.8858
Dry Mass 32,459 Ibm
Bumout Mass 35,781 Ibm
#Engines/Type ~ 4/LR -85
Engine Thrust (100%) 85,000 Ibf @ Vac
Engine Isp (100%) 450.0s @ Vac
Mission Power Level 100.0%
86.1" TLI Delivery
Gross Payload 229,150 Ibm 1039 mT
NetPayload  206,235lbm 935 mT
TLI+LOI Delivery
Gross Payload 148,080 Ibm 672 mT
NetPayload  133,272lbm 605 mT

TLI+LOKPC Delivery

116,7801bm 530 mT

NetPayload ~ 105,102lbm 47.7 mT

Pre -Decisional — For NASA Internal Use Only

67



Launch Vehicle 30.1

EDS Only / No Suborbital Burn

— SDV In-line 5 -seg RSRB/5 -SSME Core/1 -SSME US

ARCHTECTURE STUDY

Vehicle Concept Characteristics
EDS Gross @Liftoff 319,007 Ibf

EDS Stage (TLHLOHKPC)

Useable Propellant 2
Stage pmf 0.
Dry Mass 3

Engine Isp (100%)
Mission Power Level 1

TLI Delivery

TLI+LOI Delivery
Gross Payload
Net Payload

TLI+LOI+PC Delivery
Gross Payload
Net Payload

Pre -Decisional — For NASA Internal Use Only

Propellants  LOX/LH2

83,171 Ibm
.8877
2,427 Ibm

Bumout Mass 35,804 Ibm
#Engines / Type ~ 4/LR -85
Engine Thrust (100%) 85,000 Ibf @ Vac

4500s @ Vac
00.0%

Gross Payload 234,160 Ibm 1062 mT
NetPayload 210,744lbm 956 mT

151,550 1bm 687 mT
136,395lbm 619 mT

119,6501bm 543 mT
107,6851bm 488 mT

EDS + Payload Attached / No Suborbital Burn
LV30 — SDV In-line 5 -seg RSRB/5 -SSME Core/4 J -2S+ US

Vehicle Concept Characteristics

EDS Gross @ Liftoff

EDS Stage (TLHLOKPC)

164’ ﬁ= Propellants
Useable Propellant

Liftoff Stage pmf
Payload Dry Mass
A Bumout Mass

#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

TLI Delivery
Gross Payload
Net Payload

TLI+LOI Delivery
Gross Payload
Net Payload

TLI+LOI+PC Delivery
Gross Payload

Net Payload

Pre -Decisional — For NASA Internal Use Only

234,060 Ibf

LOX/LH2
203,285 Ibm
0.8685
28,213 1bm
30,752 Ibm
4/1R -85
85,000 Ibf @ Vac
450.0s @ Vac
100.0%

121,3601bm 55.0 mT
109,2241bm 495 mT

93,570lbm 424 mT
84,2131bm 382 mT

80,000lbm 363 mT
72,000lbm 327 mT

N3B
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ﬂ; \) EDS + Payload Attached / No Suborbital Burn
‘Oi Launch Vehicle 30.1 — SDV In-line 5 -seg RSRB/5 -SSME Core/1 -SSME US

EXPLORATION SYSTEMS ARCHITECTURE STUDY

Vehicle Concept Characteristics

EDS Gross @ Liftoff

EDS Stage (TLHLOHPC)
Propellants
Useable Propellant
Liftoff Stage  pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

TLI Delivery
Gross Payload
Net Payload

TLI+LOI Delivery
Gross Payload
Net Payload

TLI+LOI+PC Delivery
Gross Payload
Net Payload

Pre -Decisional — For NASA Internal Use Only

237,460 Ibf

LOX/LH2

206,485 Ibm

0.8696

28,378 Ibm

30,952 Ibm

4/LR -85

85,000 Ibf @ Vac
4500s @ Vac

100.0%

123,557 Ibom  56.0
111,201 1Ibm  50.4

95,3321bm 432
85,7991bm 389

81,547 1bm  37.0
733921bm 333

mT
mT

mT
mT

mT
mT

N3B.1

@)j EDS - No Suborbital Burn No Payload Attached

;‘G_ : _ Launch Vehicle - Atlas-Evolved Heavy -Lift 8 -m Core

Vehicle Concept Characteristics

- s jo- EDS Gross @Liftoff 255011 Ibf

4 EDS OPC

)

Sagepml 0879

Popelans  LOXILH2
Uzeabke Popeln 219710 lom

Doy Mans 23020 lom
Bumad Mass 20772 lom
NEnglazs ¢ Type  4/LR.70
Engloz Thamt (100%) 70,000 IS @ Var
Enging kp(100%) 43003 @ Vac

BT Whsion PoserLevel  1000%
ii TLI Delivery
Gy Pagled 102930 Iem 30 mT
I Nt Pagkd 164091 lbm 747 mT
ILBLOI Delivary |
1 Gaus Paged | 11750 bm 512 mT

TLHLOBPC Delvery

Nat Paylad 1052 1bm 430 mT

G Paghed RXOkm 419 mT
Nt Pagiod A0FEem W7 mT

Pre Decisional - For NASA Internal Use Orly

N4A
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a

164° =t

f@?)j EDS - No Suborbital Burn with Payload Attached
: Launch Vehicle — Atlas-Evolved Heavy -Lift 8 -m Core

&

Payload

Vehicle Concept Characteristics

EDS Gross @ Liftoff

EDS L+LOKPC
Popalants
Uzszbk Popelas
Sage pl
Doy Mass
Bumad Mans
¥ Englaes ¢ Type
Englaa Thnst (100%)
Englne bp (100%)
Mbshon Poser Lavel

TLiDelvery
G Paghed
Nat Paglod

TLHLOI Delivery
G Pagkad
et Pagkd

TLELOKPEC Delivary
G Pagkad
Nat Paglod

192,065 bf

LOXILH2

165048 lom

0339

24334 lom
26993 lom
4R

20000 I @ Var
403 @ Var

100.0%

96513 lom
2952 lom

72530 lam
3355 lom

625053 lom
Fi54a lom

Pre Decisional - For NASA Internal Use Oply

448
Ba

s
»n2

28
237

mT
mT

mT
mT

mT
mT

N4B

)

EXPLORATION SYSTEMS ARCHITECTURE STUDY

Suborbital Burn Cases

Pre -Decisional — For NASA Internal Use Only
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EDS Only with Suborbital Burn

Launch Vehicle 25 — SDV In-line 4 -seg RSRB/3 -SSME Core

Vehicle Concept Characteristics
EDS Gross @Liftoff 330,057 Ibf S1A

—| 164 [+ EDS Stage (TLLOKPC)
SNEER Propellants  LOX/LH2
Useable Propellant @ Liftoff 294,519 Ibm
Useable Propellant @ 160  nmi cir. 204,859 Ibm
Liftoff Stage pmf 0.8923
Dry Mass  32,0121bm
Bumout Mass 35,505 Ibm
#Engines/ Type  4/LR-70
Engine Thrust (100%) 70,000 Ibf @ Vac
Engine Isp (100%) 450.0s @ Vac
Mission Power Level 100.0%

202 TLI Delivery

Gross Payload 163,800 1bm 743 mT
NetPayload  147,4201bm 669 mT

TLI+LOI Delivery
Gross Payload 102,820 lbm 466 mT
Net Payload 92,5381bm 420 mT

8 8 y TLI+LOKPC Delivery
Gross Payload 79,2601bm 360 mT
NetPayload  71,334lbm 324 mT

Pre -Decisional — For NASA Internal Use Only

EDS + Payload attached with Suborbital Burn
Launch Vehicle 25 - SDV In-line 4 -seg RSRB/3 -SSME Core

Vehicle Concept Characteristics
EDS Gross @Liftoff 276,326 Ibf S1B

EDS Stage (TLHLOHPC)
Propellants ~ LOX/LH2
Useable Propellant @ Liftoff 243,736 Ibm
164 < Useable Propellant @ 160 nmi cir. 154,076 Ibm
Liftoff Stage pmf 0.8821
Dry Mass 29,595 Ibm
Bumout Mass 32,562 Ibm
#Engines/ Type  4/LR-70
Engine Thrust (100%) 70,000 Ibf @ Vac
Engine Isp (100%) 450.0s @ Vac
Mission Power Level 100.0%

TLI Delivery
Gross Payload ~ 85985lbm 39.0 mT
NetPayload 77,387 Ibm 351 mT

TLI+LOI Delivery
Gross Payload ~ 64,330Ibm 292 mT
NetPayload 57,897 Ibm 263 mT

TLI+LOI+PC Delivery
Gross Payload 53,7311bm 244 mT

88 Net Payload  48,358I1bm 219 mT

Pre -Decisional — For NASA Internal Use Only




EDS - Suborbital Burn No Payload Attached
Launch Vehicle — SDV In -line 5 -Seg RSRB/4 -SSME Core

Vehicle Concept Characteristics
F= EDS Gross @Liftoff 370,430 Ibf S 2A
EDS Stage (TLHLOKPC)
Propellants  LOX/LH2
Useable Propellant @ Liftoff 332,401 Ibm
Useable Propellant @ 160  nmi cir. 254,623 Ibm
Stage pmf  0.8973
Dry Mass 34,112 1bm
Bumout Mass 37,991 Ibm
#Engines/ Type  4/LR-70
Engine Thrust (100%) 70,000 Ibf @ Vac
Engine Isp (100%) 450.0s @ Vac
Mission Power Level 100.0%
98.8" TLIDelivery
Gross Payload ~ 209,7401bm 951 mT
NetPayload  188,7661bm 856 mT
TLI+LOI Delivery
Gross Payload 1339401bm 608 mT
NetPayload  120,5461bm 547 mT
TLI+LOI+PC Delivery
Gross Payload 104,660 Ibm 475 mT
Net Payload 94,194 1bm 427 mT
T TLI Delivery w/ On_-Orbit Refueling
Gross Payload 274,297 lbm 1244 mT
Net Payload 246,868 Ibm  112.0mT
Pre -Decisional — For NASA Internal Use Only
fﬂ;) Suborbital Burn No Payload Attached
OC Launch Vehicle 27.2 — SDV In-line 5-Seg RSRB/5 -SSME Core
Vehicle Concept Characteristics
EDS Gross @Liftoff 359,208 Ibf S 2A . 1
EDS Stage (TLHLOKPC)
Propellants  LOX/LH2
Useable Propellant @ Liftoff 321,794 Ibm
Useable Propellant @ 160  nmi cir. 262,784 Ibm
Stage pmf  0.8958
Dry Mass 33,607 Ibm
Bumout Mass 37,378 Ibm
#Engines/ Type  4/LR-70
Engine Thrust (100%) 70,000 Ibf @ Vac
Engine Isp (100%) 450.0s @ Vac

Mission Power Level

100.0%

TLI Delivery
Gross Payload 218,260 1bm 99.0 mT
NetPayload 196,434 1bm 891 mT

TLI+LOI Delivery
Gross Payload 140,0251bm 635 mT
NetPayload  126,0231bm 572 mT

TLI+LOI+PC Delivery
Gross Payload 109,8101bm 498 mT
Net Payload 98,8291bm 448 mT

TLI Delivery w/ On_-Orbit Refueling
264,970 Ibm 1202mT
238,473 Ibm 1082mT

Gross Payload
Net Payload

Pre -Decisional — For NASA Internal Use Only

72



HITECTI

Suborbital Burn No Payload Attached - 27.5-ft dia

Launch Vehicle 27.2

— SDV In -line 5-Seg RSRB/5 -SSME Core

Vehicle Concept Characteristics
EDS Gross @Liftoff 598,785 Ibf

EDS Stage (TLHLOHPC)
Propellants ~ LOX/LH2
Useable Propellant @ Liftoff 532,811 Ibm
Useable Propellant @ 160  nmi cir. 298,162 Ibm
Liftoff Stage pmf 0.8898
Dry Mass 58,983 Ibm
Bumout Mass 65,914 Ibm
#Engines/ Type ~ 4/J-2S+
Engine Thrust (100%) 274,500 Ibf @ Vac
Engine Isp (100%) 45155 @ Vac
Mission Power Level 100.0%

TLI Delivery
Gross Payload ~ 2254801bm 1023 mT
NetPayload  202,932l1bm 920 mT

TLI+LOI Delivery
Gross Payload 136,400 lbm 619 mT
NetPayload 122,760 lbm 557 mT

TLI+LOI+PC Delivery
Gross Payload 102,000 Ibm 463 mT
Net Payload 91,800lbm 416 mT

TLI Delivery w/ On_-Orbit Refueling
Gross Payload 434,654 Ibm 1971 mT
Net Payload 391,188 Ibm 1774 mT

Pre -Decisional — For NASA Internal Use Only

EDS with Suborbital Burn/No Payload

LV 27.3SP - 5-Seg RSRB/5 -SSME Core/Special Performance

EDS Bum Times

Suborbital

TLI

nl

217.68 sec

1LIOnly.
Circularization 549 sec

260.29 sec

TLI+LOI
Circularization 5.49 sec
TLI  220.96 sec
LOlI  39.33sec

TLI+LOKPC
Circularization 5.49 sec

205.78 sec

LOI  36.62sec
PC  17.90sec

Vehicle Concept Characteristics
EDS Gross @Liftoff 643,873 Ibf

EDS Stage
Propellants ~ LOX/LH2
Useable Propellant @ Liftoff 587,884 Ibm
Useable Propellant @ 160  nmi cir. 316,527 Ibm
Liftoff Stage pmf 0.9130
Dry Mass 48,434 Ibm
Bumout Mass 55,922 Ibm
#Engines/ Type ~ 2/J-2S+
Engine Thrust (100%) 274,500 Ibf @ Vac
Engine Isp (100%) 4515s @ Vac
Mission Power Level 100.0%

TLI Delivery
Gross Payload 253,4001bm 1149 mT
NetPayload  228,060l1bm 1034 mT

TLI+LOI Delivery
Gross Payload ~ 158,8501bm 721 mT
NetPayload ~ 142,9651bm 648 mT

TLI+LOIKPC Delivery
Gross Payload ~ 122,330Ibm 555 mT
NetPayload 110,097 Ibm 499 mT

Pre -Decisional — For NASA Internal Use Only
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ATION S5

)

EDS - Suborbital Burn with Payload Attached
Launch Vehicle — SDV In -line 5 -Seg RSRB/4 -SSME Core

ARCHTECTURE STUDY

EDS Gross @ Liftoff

Payload
EDS Stage (TLHLOKPC)

Propellants
Useable Propellant @ Liftoff

Useable Propellant @ 160  nmi cir.
Stage pmf
Dry Mass

Bumout Mass

#Engines / Type

Engine Thrust (100%)

Engine Isp (100%)

Mission Power Level

TLI Delivery
Gross Payload
Net Payload

TLI+LOI Delivery
Gross Payload
Net Payload

TLI+LOI+PC Delivery
Gross Payload

Net Payload

¢ Gross Payload
‘ Net Payload

Pre -Decisional — For NASA Internal Use Only

Vehicle Concept Characteristics

299,190 Ibf

LOX/LH2

265,344 Ibm

187,563 Ibm

0.8869

30,623 Ibm

33,816 Ibm

4/1LR-70

70,000 Ibf @ Vac
450.0s @ Vac

100.0%

1104951bm 501 mT
99,4461bm 451 mT

84,135lbm 382 mT
757221bm 343 mT

71,2361bm 323 mT
64,112lbm 291 mT

TLI Delivery w/ On_-Orbit Refueling

215,494 Ibm 97.7mT
193,945 Ibm 88.0mT

S2B

Ex

ATION 5

EDS + Payload with Suborbital Burn

— 27.5t dia
Launch Vehicle 27.2 — SDV 2 5-Segment RSRBs w/ 5-SSME Core

HIECTURE STUDY

Vehicle Concept Characteristics

EDS Gross @ Liftoff

EDS Stage (TLHLOKPC)

275 |+ Propellants
Useable Propellant @ Liftoff

Payload Useable Propellant @ 160  nmi cir.

Liftoff Stage pmf

Bumout Mass

#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

Gross Payload
Net Payload

Gross Payload
Net Payload

Pre -Decisional — For NASA Internal Use Only

Dry Mass

598,830 Ibf

LOX/LH2

419,609 Ibm

183,339 Ibm

0.8747

54,452 Ibm

60,067 Ibm

4/J-28+

274,500 Ibf @ Vac
451.5s @ Vac

100.0%

TLI Delivery

119,107 lbm 540 mT
107,196 1bm 486 mT

TLI Delivery w/ On _-Orbit Refueling

334,1501bm  151.5mT
300,7351bm 1364 mT

S2B.2
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Eﬂi\)7 EDS + Payload Attached with Suborbital Burn
EOG - LV 27.3SP —5 Seg RSRB/5-SSME Core/Special Performance

E oTUDY

- 275 |«

Payload

nnd

EDS Bum Times
Suborbital 217.68 sec

TLIOnly
Circularization 5.44 sec
TLI 15344 sec

Vehicle Concept Characteristics

EDS+PL Gross @ Liftoff
EDS Gross @ Liftoff

EDS Stage (TLI)

Propellants

Useable Propellant @ Liftoff

Useable Propellant @ 160  nmi cir.
Liftoff Stage  pmf
Dry Mass

Bumout Mass

#Engines / Type

Engine Thrust (100%)
Engine Isp (100%)

Mission Power Level

TLI Delivery
Gross Payload
Net Payload

Pre -Decisional — For NASA Internal Use Only

640,280 Ibf
506,577 Ibf

LOX/LH2

457,884 Ibm

186,582 Ibm

0.9039

42,645 Ibm

48,640 Ibm

2/J-28+

274,500 Ibf @ Vac
4515s @ Vac

100.0%

133,7031bm 606 mT
120,3331bm 546 mT

Eﬂi\)7 EDS + Payload Attached with Suborbital Burn
EOG o LV 27.3SP — 5-Seg RSRB/5 -SSME Core/Special Performance

TUDY

=> 275 |«

Payload

EDS Bum Times
Suborbital  217.68 sec

TLIOnly
Circularization 5.44 sec

TU 184.04 sec

Vehicle Concept Characteristics

EDS+PL Gross @Liftoff 640,282 Ibf
EDS Gross @Liftoff 545924 Ibf
EDS Stage
Propellants  LOX/LH2
Useable Propellant @ Liftoff 495,128 Ibm

Useable Propellant @ 160  nmi cir. 223,826 Ibm

Stage pmf 0.9070
Dry Mass 44,314 Ibm

BumoutMass 50,741 1bm
#Engines / Type  2/J-2S+
Engine Thrust (100%) 274,500 Ibf @ Vac
Engine Isp (100%) 45155@ Vac
Mission Power Level 100.0%
TLI Delivery
CEV @ Liftoff 44,7541bm 203 mT

LSAM Payload

94,3581bm 428 mT

CEV Payload 42,1081bm 19.1 mT

Margin Payload
Gross Total Payload

Net Total Payload

31,4801bm 143 mT
167,9461bm 762 mT

151,1521bm 686 mT

1.5-Launch Solution w/42.8 mT LSAM

Pre -Decisional — For NASA Internal Use Only
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EDS + Payload Attached with Suborbital Burn
LV 27.3SP — 5-Seg RSRB/5 -SSME Core/Special Performance

ARCHTECTURE STUDY

> 215 [+

Payload

EDS Bum Times
Suborbital 217.68 sec

TLIOnly
Circularization 5.44 sec
TL 18043 sec

Vehicle Concept Characteristics

EDS+PL Gross @ Liftoff
EDS Gross @ Liftoff

EDS Stage

Propellants

Useable Propellant @ Liftoff

Useable Propellant @ 160  nmi cir.
Stage pmf
Dry Mass

Bumout Mass

#Engines / Type

Engine Thrust (100%)
Engine Isp (100%)

Mission Power Level

TLI Delivery
CEV @ Liftoff

LSAM Payload

CEV Payload

Margin Payload
Gross Total Payload

Net Total Payload

640,281 Ibf S2B.5
541,294 Ibf

LOX/ILH2

490,744 1bm

219,443 Ibm

0.9066

44,118 lbm

50,494 Ibm

2/J-28+

274,500 Ibf @ Vac
4515s @ Vac

100.0%

48,0611bm 218 mT

989881bm 449 mT
454151bm 206 mT
19,500lbm 88 mT
163,9031bm 743 mT

147,5131bm 66.9 mT

1.5-Launch Solution w/44.9 mT LSAM ‘

Pre -Decisional — For NASA Internal Use Only

EDS Only with Suborbital Burn
LV 30 — SDV In-line 5 -seg RSRB/5 -SSME Core/4 J -2S+ US

Vehicle Concept Characteristics

EDS Gross @ Liftoff

EDS Stage (TLHLOHPC)
Propellants
Useable Propellant @ Liftoff
Useable Propellant @ 160  nmi cir.
Liftoff Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

TLI Delivery
Gross Payload
Net Payload

TLI+LOI Delivery
Gross Payload
Net Payload

TLI+LOI+PC Delivery
Gross Payload
Net Payload

TLI Delivery w/ On_-Orbit Refueling
Gross Payload
Net Payload

Pre -Decisional — For NASA Internal Use Only

390,708 Ibf S3A

LOX/LH2
351,850 Ibm
288,753 Ibm
0.9005
34,743 Ibm
38,818 Ibm
4/1LR-70
70,000 Ibf @ Vac
450.0s @ Vac
100.0%

242,1001bm 1098 mT
217,8901bm 988 mT

156,150 1bm 708 mT
140,535/bm 637 mT

122,9501bm 558 mT
110,6551bm 502 mT

291,7441bm 1323 mT
262,570 lbm  119.1mT
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EDS Only with Suborbital Burn

LV 30 — SDV In-line 5 -seg RSRB/5 -SSME Core/4 J -2S+ US

Vehicle Concept Characteristics
EDS Gross @Liftoff 390,708 Ibf

EDS Stage (TLHLOHPC)
Propellants
Useable Propellant @ Liftoff
Useable Propellant @ 160  nmi cir.
Liftoff Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

TLI Delivery
Gross Payload
Net Payload

TLI+LOI Delivery
Gross Payload
Net Payload

TLI+LOI+PC Delivery
Gross Payload
Net Payload

TLI Delivery w/ On_-Orbit Refueling

Gross Payload
Net Payload

Pre -Decisional — For NASA Internal Use Only

LOX/LH2

351,850 Ibm

288,753 Ibm

0.9005

34,743 Ibm

38,818 Ibm

4/1LR-70

70,000 Ibf @ Vac
450.0s @ Vac

100.0%

242,1001bm 1098 mT
217,8901bm 988 mT

156,150 lbm 708 mT
140,535/bm 637 mT

122,9501bm 558 mT
110,6551bm 502 mT

291,7441bm 1323 mT
262,570 lbm  119.1mT

S3A

Launch Vehicle 30 — SDV In-line 5 -seg RSRB/5 -SSME Core/4 J -2S+ US

EDS + Payload Attached with Suborbital Burn

Vehicle Concept Characteristics

EDS Gross @ Liftoff

EDS Stage (TLHLOHPC)
Propellants
Useable Propellant @ Liftoff
Useable Propellant @ 160  nmi cir.
Stage pmf
Dry Mass
Bumout Mass
#Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

TLI Delivery
Gross Payload
Net Payload

TLI+LOI Delivery
Gross Payload
Net Payload

TLI+LOI+PC Delivery
Gross Payload
Net Payload

TLI Delivery w/ On _-Orbit Refueling
Gross Payload

Net Payload

Pre -Decisional — For NASA Internal Use Only

390,708 Ibf

LOX/LH2

273,051 Ibm

209,954 Ibm

0.8883

31,027 Ibm

34,300 Ibm

4/1LR-70

70,000 Ibf @ Vac
450.0s @ Vac

100.0%

127,2361bm 57.7 mT
1145121bm 519 mT

97,736lbm 443 mT
87,9621bm 399 mT

83326lbm 37.8 mT
749931bm 340 mT

222,230 Ibm 1008 mT
200,007 Ibm  90.7mT

S3B

77



EDS + Payload Attached with Suborbital Burn
Launch Vehicle 30 — SDV In-line 5 -seg RSRB/5 -SSME Core/4 J -2S+ US

ARCHTECTURE STUDY

=» 164" |4
Payload

832

TLI Delivery w/On _-Orbit Refuelin
Gross Payload 213,070 Ibm 9%6.6mT
Net Payload 191,763 Ibm 87.0mT
Net Required TLI 136,456 Ibm 61.9mT
Net TLI Margin 55,207 Ibm 251 mT

Pre -Decisional

Vehicle Concept Characteristics
EDS Gross @Liftoff 390,708 Ibf S3B.1
EDS Stage
Propellants ~ LOX/LH2
Useable Propellant @ Liftoff 262,626 Ibm
Useable Propellant @ 160  nmi cir. 199,530 Ibm
Stage pmf  0.8862
Dry Mass 30,529 Ibm
Bumout Mass 33,694 Ibm
#Engines/ Type  4/LR-70
Engine Thrust (100%) 70,000 Ibf @ Vac
Engine Isp (100%) 450.0s @ Vac
Mission Power Level 100.0%
TLI Delivery
Liftoff Payload 94,358 1bm 428 mT
Docked CEV Payload 42,108 1bm  19.1mT

Net Required TLI Payload
Gross Payload Capability to TLI
Net Payload Capability to TLI
Net Margin

1364561bm  61.9 mT

160,406 Ibm  72.8 mT

144,3651bm  65.5mT
7,9091bm  36mT

TLI m.

For the direct lunar architecture (the “1.5-launch solution "),
the EDS/LV is launched w/ a 42.8 mT Lander Element to

a 30 x 160 nmi orbit, then circularized to 160 nmi. A CEV is
subsequently launched on a smaller vehicle, and docks with
the lander/EDS. The CEV/Lander/EDS then performs the

aneuver.

— For NASA Internal Use Only

7))

Launch Vehicle 30.1

EDS + Payload Attached with Suborbital Burn
— SDV In-line 5-seg RSRB/5 -SSME Core/1 -SSME US

EMS ARCHITECTURE STUDY

> 164’

Payload

Pre -Decisional

Vehicle Concept Characteristics
EDS Gross @Liftoff 256,514 Ibf S3B.2
EDS Stage (TLHLOHPC)
Propellants ~ LOX/LH2
Useable Propellant @ Liftoff 224,985 Ibm
Useable Propellant @ 160  nmi cir. 203,152 1bm
Stage pmf 0.8771
Dry Mass 28,733 Ibm
Bumout Mass 31,503 Ibm
#Engines/ Type  4/LR-70
Engine Thrust (100%) 70,000 Ibf @ Vac
Engine Isp (100%) 4500s @ Vac
Mission Power Level 100.0%
TLI Delivery

Gross Payload

124,8021bm 566 mT

NetPayload  112,3221bm 509 mT
TLI+LOI Delivery
Gross Payload ~ 96,2521bm 437 mT
NetPayload 86,627 Ibm 39.3 mT

TLI+LOKPC Delivery

Gross Payload
Net Payload

— For NASA Internal Use Only

82312lbm 373 mT
74,0811bm 336 mT
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ﬂ; \) EDS + Payload Attached with Suborbital Burn
.Oi — SDV In-line 5-seg RSRB/5 -SSME Core/1 -SSME US

Launch Vehicle 30.1

EXPLORATION SYSTEMS ARCHITECTURE STUDY

o e o

Vehicle Concept Characteristics

EDS Gross @ Liftoff

EDS Stage

Propellants

Useable Propellant @ Liftoff

Useable Propellant @ 160  nmi cir.
Stage pmf
Dry Mass

Bumout Mass

#Engines / Type

Engine Thrust (100%)
Engine Isp (100%)

Mission Power Level

TLI Delivery
Liftoff Payload
Docked CEV Payload
Net Required TLI Payload
Gross Payload Capability to TLI
Net Payload Capability to TLI
Net Margin

244,468 Ibf SBBS

LOX/LH2

213,605 Ibm

191,773 Ibm

0.8738

28,190 Ibm

30,839 Ibm

4/1LR-70

70,000 Ibf @ Vac
4500s @ Vac

100.0%

94,3581bm  42.8mT
42,1081bm  19.1mT
136,4561bm  61.9mT
185,709 1bm  70.6 mT
140,138 Ibm  63.6 mT
7,9091bm  1.7mT

TLI maneuver.

For the direct lunar architecture (the “1.5-launch solution "),
the EDS/LV is launched w/ a 42.8 mT Lander Element to

a 30 x 160 nmi orbit, then circularized to 160 nmi. A CEV is
subsequently launched on a smaller vehicle, and docks with

the lander/EDS. The CEV/Lander/EDS then performs the

Pre -Decisional — For NASA Internal Use Only

@)j EDS - Suborbital Burn with No Payload Attached

,‘C ‘ Launch Vehicle - Atlas-Evolved Heavy -Lift 8 -m Core
Vehicle Concept Characteristics S4A
EDS Gross @ Liftoff 314,275 Ibf
EDS LLOKPC
Popelaas  LONLH2
Usaabk Popelan @ Lha' 22921 lom
Uscable Popeln 8 160 amlcl. 200420 lom
Sagepml 058
Do Mans 21535 lom
Bumod Mass 26922 lom
XEnglos ¢ Type  4/LR.70
Engine Thamt (100%) 70,000 Itf @ Viac
Englne b (100%) 43003 @ Var
Mbshon Poserlavel  1000%
Thifsivere,
Gaons Pagled 133230 lbm 858 mT
NePagkod 1025 m 773 mT
TLHLOI Dalivery
Gens Pagknd 12080 Ibm 547 mT
NetPagimd 186X Ibm 493 mT

TLHLOKPE Delivery
Gy Pagiod
Nt Payled

Pre Decisional - For NASA Internal Use Orly

Q130 lom 427 mT
Sa20m H[S mT
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ﬁ;)) EDS - Suborbital Burn with Payload Attached
' Launch Vehicle - Atlas-Evolved Heavy -Lift 8 -m Core

-

Vehicle Concept Characteristics S4B

EDS Gross @ Liftoff 250,128 Ibf

EDS LLOKPC
Popelants  LONALM2
Useabk Poplan & Lia' 213590 lom
Uscabke Popeln 8 160 amicl. 170084 lom
Sagepml 04
Do Mans 28416 lom

Payload
Bumay Mans 31,123 lom
NEnglozs ¢ Type  4/LR.70
3 Englng Thamt (100%) 70000 If @& Vac
164 -~ Englne bp(100%) 43003 @ Vac
Mbshon Poserlavel  1000%

7 TLI Dalivery
Gaus Pagled 99717 Ibm 452 mT
Nt Pagld  @3745kbm 407 mT

TLBLOI Delivery
Geny Pagknd  7SA1SIbm Qs a7
Nt Pagld G320 0em 210 mT

TLHLOKPC Delivery
Gaons Pagld  G41a2ibm 291 mT

NatPagld  S77281bm 262 mT

Pre Decisional - For NASA Internal Use Oply




6C.5 Detailed Launch Vehicle Descriptions
6C.5.1 Crew Launch Vehicles (CLVS)
6C.5.1.1 Performance Summary

The CLV Evolved Expendable Launch Vehicle- (EELV-) derived systems performance
summary information is included in the following paragraphs. Included are summaries
for the following vehicles: LV 2, LV 4, LV 5.1, and LV 9.

6C.5.1.2 Launch Vehicle 2 (LV 2)
6C.5.1.2.1 Vehicle Description

LV 2 (Figure 6C-2) is the Atlas V Heavy-Lift Vehicle (HLV) configuration with a
new upper stage for CEV. The vehicle consists of two common core, liquid

boosters strapped to a center Common Core Booster (CCB). All booster elements *

are LOX/RP. “Common core” refers to all three booster elements being similar in e
dimensions, engines, and manufacturing commonality. There are some differences
in structural design for the different load paths for the central core and the strap-on \ AR/ \

is LOX/LH2 with four RL—10A—4-2 engines.

This vehicle concept was flown to 30 x 160 nmi orbits at inclinations of 28.5 deg
and 51.6 deg and inserted at an altitude of 76.0 nmi. The net payload capability of ———
LV 215 30.0 mT to a 30 x 160 nmi orbit at a 28.5 deg inclination. The net payload
to 30 x 160 nmi at a 51.6 deg inclination is 26.6 mT. No ground rules or constraints
were violated for this LV analysis.

boosters, however. A new larger, more powerful upper stage has been added to the
configuration to increase the payload capability of the vehicle. The new upper stage

l\ 1) l )

A special consideration was required to analyze this vehicle: Additional mass
was added to the vehicle for human rating of the ELV. This additional mass was Figure 6C-2.
for increasing the structural safety factor for added redundancy for vehicle LV 2 General
Configuration

health monitoring and management.
6C.5.1.2.2 Vehicle Sizing

The mass properties for LV 2 are shown in Table 6C-1. The primary structural mass of
the strap-on boosters and the core stage was increased 3.1 percent to provide a 1.4 Factor
of Safety (FS). The second stage design margin already included a 1.4 FS.

Table 6C-1. LV 2 INTROS Mass Summary

MASS PROPERTIES ACCOUNTING
VEHICLE: Atlas VHLV HR (New Upper Stage) Crew—Blk 2
STAGE: Liquid Strap-on Booster (1 RD-180)
MASS
SUBTOTALS MASS TOTALS
ITEM ;
Primary
Ibm Ibm
Primary Body Structures 22,285
Secondary Structures 1,301
Separation Systems 442
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Thermal Protection Systems (TPSs) 132
Thermal Control Systems (TCSs) 721
Main Propulsion System 21,066
Power (Electrical) 726
Power (Hydraulic) 686
Avionics 417
Miscellaneous 117
STAGE DRY MASS WITH GROWTH 47,893
Residuals 5,490
Reserves 431
In-flight Fluid Losses 100
STAGE BURNOUT MASS 53,913
Main Ascent Propellant 622,205
Engine Purge Helium 19
STAGE GROSS LIFTOFF MASS 676,137
STAGE: Second Stage (4 RL-10A—4-2)
Primary Body Structures 8,144
Secondary Structures 152
Separation Systems 80
TCSs 530
Main Propulsion System (MPS) 2,583
Power (Electrical) 863
Power (Hydraulic) 278
Avionics 813
Miscellaneous 36
STAGE DRY MASS WITHOUT GROWTH 13,480
Dry Mass Growth Allowance 1,635
STAGE DRY MASS WITH GROWTH 15,115
Residuals 805
Reserves 1,948
In-flight Fluid Losses 38
STAGE BURNOUT MASS 17,905
Main Ascent Propellant 57,113
Engine Purge Helium 2
STAGE GROSS LIFTOFF MASS 75,021

STAGE: First

Stage Core (1 RD-180)

Primary Body Structures 23,541
Secondary Structures 1,301
Separation Systems 1,908
TPSs 132
TCSs 759
MPS 21,066
Power (Electrical) 724
Power (Hydraulic) 686
Avionics 417
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Miscellaneous 122
STAGE DRY MASS WITH GROWTH 50,657
Residuals 5,490
Reserves 431
In-flight Fluid Losses 100
STAGE BURNOUT MASS 56,677
Main Ascent Propellant 622,205
Engine Purge Helium 19
STAGE GROSS LIFTOFF MASS 678,901
Payload 73,533
Launch Escape System (LES) 9,300
Upper Stage(s), Gross 75,021
Strap-on(s), Gross Liftoff 1,352,274
VEHICLE GROSS LIFTOFF MASS 2,189,029

6C.5.1.2.3 Structural Analysis

Since this is a derivation of an existing vehicle, an LV analysis was not run. Instead, the
structural weights were scaled from the INTROS model.

6C.5.1.2.4 Flight Performance Analysis and Trajectory Design

The closed case trajectory summary results and LV characteristcs are shown in Figure
6C-3. Selected trajectory parameters are shown graphically in Figures 6C-4 through 6C-
7. The vehicle exhibits a 1.18 thrust-to-weight (T/W) ratio at liftoff. Maximum dynamic
pressure is 424 psf at 89.8 sec into the flight. The maximum acceleration during the first
stage with boosters is 4.00 g’s, 4.00 g’s without boosters, and is 0.98 g’s during the
second stage. Booster staging occurs at 228 sec into the flight at an altitude of 191,034 ft
and Mach 10.8. Core staging occurs at 296 sec into the flight at an altitude of 280,362 ft
and Mach 20.0 for the first stage. The T/W ratio at second-stage ignition is 0.57. Orbital
injection occurs at 585 sec at 76.0 nmi.
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Atlas V Heavy New Upper Stage Crew

164 ‘J
4
A
:3043125'
M)A
1469
al
NNt
~ar
Delivery Orbit Dx160mi @ 85 °
Ddivery Othit Payiced 7352 lbm 3B4MT
Net payload 66179 lbm 30D0MT
Insertion Altitude: 760rmi
TW @ Liftof 118
Max Dyremic Pressure 424 psf
Maxg ’s Ascert Bun 400g
TW @ Stegng 141
T Secod Stage 057
Delivery Orbit 0x 180mi @ 516
Ddivery Othit Payiced 65067 lbm 25MT
Net Payload 5852 lbm 286MT

Closed Case Summary Data for Reference Mission (30

Liftoff to LRB staging

max LRB+1st

fime of maxQ =

mach=123
maxQ =424

sty accel =4.00

89.8

After LRB staging (1st + 2nd stages)
tstg LRBs =228sec
mach@stg =10.8
dynp@stg =51.1 psf
alt@stg = 191,034ft
Core throtle = 0.600
dv1= 15990ftlsec

maxCore stg

accel =4.00

Human Rated (SF=14)

Vehicle Concept Characteristics

GLOW
LES JettisonMass
Booster Stage (each)
Propellarts
Useshie Propellant
Propellant Officed
Stae pmf
Dry Mass
Bunout Mass
#Engnes/ Type
Engire Thust (100%)
Engre Isp (100%)
Mission Power Level

First Stage
Propellarts
Useshie Propellant
Propilant Officed
Stae pmf
Dry Mass
Burout Mass
#Engnes/ Type
Ergjre Thust (100%)
Engre Isp (100%)
Mission Power Level

Propdllarts
Useshie Propellant
Propellant Officed
Stage pf
Dry Mass
Burout Mass
#Engnes/ Type
Engine Thust (100%)
Engre Isp (100%)
Mission Poner Level

2,189,029 Ibf
930 Ibm

LOXRP -1

6225 lbm

00%

0%

4788 Itm

53913 Ibm

1/RD 180

8B If @SLWBA0 I @V
312s@SL  3B4s@ Va

1000%

LOXRP -1

6225 lbm

00%

09165

50657 Ibm

667 Ibm

1/RD 180

8877 If @SL W0 If @V
312s@SL  3B4s@ Vac

600% @ 5Bsecurti boostersep, then 1000%

LOXLH2

57113 lbm
00%

07613

15115  lbm
17906  lbm
4/RL -10A -42
230 I @ Va
4510s@ Vao
1000%

x 160 nmi @ 28.5):

After core staging (2nd stage only)
tstg core=296sec
mach@stg =20.0
dynp@stg =2.32 psf
ali@stg = 280,362t

dv2=

22667 fisec

max 2nd sty accel =0.976

Launch Escape System Jetison
tles = 326sec
alt@ les jettison = 325,157 ft

2nd Stage MECO
tstg core=585sec

dvt = 29,672ftsec

Figure 6C-3. LV 2 Summary

84



Altitude vs Time
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Figure 6C-4. Altitude versus Time
Velocity vs Time
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Figure 6C-5. Velocity versus Time
Acceleration vs Time
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Figure 6C-6. Acceleration versus Time

85



Dynamic Pressure vs Time
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Figure 6C-7. Dynamic Pressure versus Time

6C.5.1.3 Launch Vehicle 4 (LV 4)
6C.5.1.3.1 Vehicle Description

LV 4 (Figure 6C-8) is the Delta IV HLV configuration with a new upper
stage for CEV. The vehicle consists of two common core, liquid boosters
strapped to a center CCB. All booster elements are LOX/LH2. “Common
core” refers to all three booster elements being similar in dimensions,
engines, and manufacturing commonality. There are some differences in
structural design for the different load paths for the central core and the
strap-on boosters. A new larger, more powerful upper stage has been added
to the configuration to increase the payload capability of the vehicle. The
new upper stage is LOX/LH2 with four RL-10A—4-2 engines.

This vehicle concept was flown to 30 x 160 nmi orbits at inclinations of
28.5 deg and 51.6 deg and inserted at an altitude of 77.3 nmi. The net

payload capability of LV 4 is 28.4 mT to a 30 x 160 nmi orbit at a 28.5 deg
inclination. The net payload to 30 x 160 nmi at a 51.6 deg inclination is 22.9

mT. No ground rules or constraints were violated for this LV analysis.
B1/\R1/\ A

A special consideration was required to analyze this vehicle: ANAA
Additional mass was added to the vehicle for human rating of the .
ELV. Figure 6C-8. LV 4

General Configuration

6C.5.1.3.2 Vehicle Sizing

The mass properties for LV 4 are shown in Table 6C-2. The primary structural mass of
the strap-on boosters and the core stage was increased 3.1 percent to provide a 1.4 FS.
The second-stage design margin already included a 1.4 FS.
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Table 6C-2. LV 4 INTROS Mass Summary

MASS PROPERTIES ACCOUNTING

VEHICLE: Delta IV HLV HR (New Upper Stage) Crew—Blk 2
STAGE: Strap-on Liquid Booster (1 RS-68)

MASS
SUBTOTALS MASS TOTALS
ITEM ;
Primary
Ibm Ibm
Primary Body Structures 29,843
Secondary Structures 907
Separation Systems 509
TPSs 53
TCSs 1,698
MPS 21,098
Power (Electrical) 772
Power (Hydraulic) 557
Avionics 417
Miscellaneous 193
STAGE DRY MASS WITH GROWTH 56,047
Residuals 5,252
Reserves 678
In-flight Fluid Losses 81
STAGE BURNOUT MASS 62,058
Main Ascent Propellant 451,749
Engine Purge Helium 17
STAGE GROSS LIFTOFF MASS 513,824
STAGE: Second Stage (4 RL-10A—4-2)
Primary Body Structures 6,219
Secondary Structures 152
Separation Systems 70
TCSs 530
MPS 2,583
Power (Electrical) 863
Power (Hydraulic) 278
Avionics 813
Miscellaneous 36
STAGE DRY MASS WITHOUT GROWTH 11,545
Dry Mass Growth Allowance 1,344
STAGE DRY MASS WITH GROWTH 12,889
Residuals 806
Reserves 1,819
In-flight Fluid Losses 38
STAGE BURNOUT MASS 15,553
Main Ascent Propellant 57,241
Engine Purge Helium 2
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STAGE GROSS LIFTOFF MASS | 72,796
STAGE: Core Stage (1 RS-68)

Primary Body Structures 33,664

Secondary Structures 907

Separation Systems 1,944

TPSs 53

TCSs 2,139

MPS 21,098

Power (Electrical) 788

Power (Hydraulic) 557

Avionics 417

Miscellaneous 213

STAGE DRY MASS WITH GROWTH 61,782

Residuals 5,252

Reserves 678

In-flight Fluid Losses 81

STAGE BURNOUT MASS 67,793

Main Ascent Propellant 451,749

Engine Purge Helium 17

STAGE GROSS LIFTOFF MASS 519,558

Payload 69,582

LES 9,300

Upper Stage(s), Gross 72,796

Strap-on(s), Gross Liftoff 1,027,647

VEHICLE GROSS LIFTOFF MASS 1,698,884

6C.5.1.3.3 Structural Analysis

Since this is an existing vehicle, an LV analysis analysis was not run, except that
correlation factors were run for the upper stage. The rest of the structural weights were
scaled from the INTROS model. The structural configuration is shown in Figure 6C-9,
and the results of the structural loads analysis are provided in Figure 6C-10.



Figure 6C-9. LVA Structura figuration

Figure 6C-10. LVA Structural Loads Analysis Results
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6C.5.1.3.4 Flight Performance Analysis and Trajectory Design

The closed case trajectory summary results and LV characteristics are shown in Figure
6C-11. Selected trajectory parameters are shown graphically in Figures 6C-12 through
6C-15. The vehicle has a 1.17 T/W ratio at liftoff, which is considered acceptable since it
is an EELV. Fifty seconds into the flight the RS—68 on the core stage is throttled to 57
percent in order to avoid simultaneous burnout of the core and boosters. Maximum
dynamic pressure is 338 psf at 93.7 sec into the flight. The maximum acceleration during
the liquid booster burn is 3.89 g’s, 3.44 g’s during core stage burn after Liquid Rocket
Booster (LRB) separation, and 1.03 g’s during the upper stage burn. The boosters burn
out 244 sec into the flight at an altitude of 237,526 ft and Mach 11.1, during this time the
throttled core has burned 903,498 1b of propellant. The core is throttled up at staging and
the core burnout occurs at 328 sec into the flight with a corresponding altitude of 353,988
ft and Mach 16.7. The T/W ratio at core ignition is 2.02 and the upper stage is 0.58,
orbital injection occurs at 617 sec at 77.3 nmi.

Delta IV Heavy New Upper Stage Crew

Human Rated (SF=14)

Vehicle C ct o
2 GLOW 1698884 Ibf
LESJetismMass 9300 Itm
16.4 -
Propdlarts | LOXLH2
G UseeblePropellart 451749 lom
P Prepelrt Officed 00%
/—\ Stege pmf 0872
N DyMas 507 Im
| | BuratMess 6208 Ibm
#Ergnes/Type  1/RS 68
ErgreThust (100%) o774 I @SLTBMBI I @ Voo
Ergre Isp (100%) Fas@SL 4BSs@ Vao
04 Mission Power Level 1020%
First Stage
Propellats  LOXLH2
Usesbie Propslant 45179 Tom
PropallartOffcad 0%
See pmf 0885
DyMass 6172 Itm
TG Banitis &7
#Egnes/Type  1/RS 48
2 —> Ergine Thust (100%) o774 I @SL TR0 If @V
DevayOrot XX @5 Ergre Isp (100%) Fas@SL  4BBs@ Vo
Ddivey OttitPayiced @52 Ibm  3L6MT Missicn PowerLevel 57.0% @ EDsecurtl bocstersep, then 1020%
Net Payicad €64 |bm  2B4MT Second Stage
TERoT AT 773 Popdlats  LOXLHR
TW@Lifof 117 Useetie Propellant 5201 Ibm
Max Dynemic Pressure 3B pf Propdlart Officed 00%
Maxg 'sAsetBun  3@g See pmf 0780
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Ddivay Ottt Payloed %157 Im  255MT Ergine Thust (100%) 230 I @ Va
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MissionPower Level 1000%
Closed Case Summary Data for Reference Mission (30 x 160 nmi_ @285 °):

After core bumout (2nd stage only)
tstg = 328 sec
mach@stg =16.7
dynp@stg =0.0414 psf
alt@stg =353,988 ft

Liftoff to booster staging
max booster+1st stg accel =3.89

time of maxQ=93.7

ma);]Q_=13g:: dv2 = 23,136 ft/s
mach = 1. max 2nd stage acceleration = 1.03
After booster staging (1st + 2nd stages) LES Jetti
i
tstg LRBs =244 sec Q_LESJSggs sec
mach@stg =11.1 alt = 388,322 ft

dynp@stg =6.91 psf

alt@stg =237,526 ft

dv1 = 16,104 ft/s

max 2nd stage acceleration = 3.44

2nd Stage MECO
time to MECO =617 sec
dvt = 30,443 ft/sec
Max Lofted Altitude = 469,771 ft

Figure 6C-11. LV 4 Summary
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Figure 6C-14. Acceleration versus Time
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Dynamic Pressure vs Time
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Figure 6C-15. Dynamic Pressure versus Time

6C.5.14 Launch Vehicle 5.1 (LV 5.1)
6C.5.1.4.1 Vehicle Description

LV 5.1 (Figure 6C-16) is a two-stage series-burn LV for CEV. The first stage is an ET
diameter, LOX/RP stage with five RD—180 engines. The LOX/LH2 second stage is
also ET diameter with four J-2S+ engines for propulsion. This vehicle was flown to 30
x 160 nmi orbits at inclinations of 28.5 deg and 51.6 deg and inserted at an altitude of
78.5 nmi. All liquid engines were operated at a 100 percent power level in the analysis.

The net payload capability of LV 5.1 is 70.4 mT to a 30 x 160 nmi orbit at a 28.5 deg
inclination. The net payload to 30 x 160 nmi at a 51.6 deg inclination is 66.4 mT. No
ground rules or constraints were violated for this LV analysis.

AA

No special considerations were required to analyze this vehicle.
6C.5.1.4.2 Vehicle Sizing

The mass properties for LV 5.1 are shown in Table 6C-3. The Crew Exploration
Vehicle (CEV) adapter mass is included in the second-stage primary body structures
mass.

Q@D I0@->

Figure 6C-16. LV 5.1
General
Configuration

Table 6C-3. LV 5.1 INTROS Mass Summary

MASS PROPERTIES ACCOUNTING

VEHICLE: (5/4+) Atlas Evolved (8-m Core) Crew — Blk 2
STAGE: Second Stage (4 J-2S+)

MASS SUBTOTALS MASS
ITEM Tertiary Secondary Primary TOTALS
Ibm Ibm Ibm Ibm
Primary Body Structures 45,840
Secondary Structures 2,987
Separation Systems 2,453
TPSs 403
TCSs 2,175




MPS 25,283
Power (Electrical) 1,775
Power (Hydraulic) 807
Avionics 590
Miscellaneous 194
STAGE DRY MASS WITHOUT GROWTH 82,508
Dry Mass Growth Allowance | | 8,714
STAGE DRY MASS WITH GROWTH (mdry) 91,222
Residuals 7,431
Reserves 8,085
In-flight Fluid Losses 117
STAGE BURNOUT MASS (mbo) 106,856
Main Ascent Propellant 666,458
Engine Purge Helium 75
STAGE GROSS LIFTOFF MASS (mgross) 773,390
STAGE: First Stage (5—RD-180s)
Primary Body Structures 71,470
Secondary Structures 4,893
Separation Systems 3,269
TPSs 1,473
TCSs 2,006
MPS 84,131
Power (Electrical) 2,017
Avionics 670
Miscellaneous 264
STAGE DRY MASS WITHOUT GROWTH 170,194
Dry Mass Growth Allowance | | 14,182
STAGE DRY MASS WITH GROWTH (mdry) 184,376
Residuals 23,830
Reserves 1,832
Fuel Bias 1,832
STAGE BURNOUT MASS (mbo) 210,038
Main Ascent Propellant 2,411,799
Liquid Oxygen 2,003,925
RP-1 736,755
Offload Core Stage -328,882
Engine Purge Helium 233
STAGE GROSS LIFTOFF MASS (mgross) 2,622,069
Payload 172,535
LES 9,300
Upper Stage(s), Gross 773,390
VEHICLE GROSS LIFTOFF MASS (mgross_veh) 3,577,294

6C.5.1.4.3 Structural Analysis
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LV analysis for LV 7.4 was applied to LV 5.1 because the core and upper stage are the
same for both concepts.

6C.5.1.4.4 Flight Performance Analysis and Trajectory Design

The closed case trajectory summary results and LV characteristics are shown in Figure
6C-17. Selected trajectory parameters are shown graphically in Figures 6C-18 through
6C-21. The vehicle exhibits a 1.20 T/W ratio at liftoff. Maximum dynamic pressure is
549 psf at 85.8 sec in the flight. The maximum acceleration is 4.00 g’s during the first
stage and 3.93 g’s during the second stage. Staging occurs at 174.8 sec into the flight at
an altitude of 185,516 ft and Mach 7.25. The T/W ratio at second-stage ignition is 1.14.
Orbital injection occurs at 448.9 sec at 78.5 nmi.

Atlas Evolved (5 RD -180 & 4 J -2S+)- Crew

Vehicle Concept Characteristics
GLOW 3577294 bbf
E LES JettisonMass 930 Ibm
First Stage
6z Propdlanis LOXRP -1
Usesble Propsllart 24179 Itm
Propellart Officed 00%

Stage pmf 0918
DyMass 18437  Ibm

v
A

Bunaut Mass 210088  Ibm

#Engnes/ Type 5/RD -180
Engine Thust (100%) 8837 I @SL 9WBAD I @ Vac
Ergre Isp (100%) M2s@SL  IWAs@ Vao

A4 N

i 8
Q Mission Power Level 1000%.
g

829"

265.6"
Propelants LOX1H2

UseablePropsllart 606458 Itm
Propeilart Officed 00%
Stage pmf 08617
DyMass 9122 I
BunutMass 10685  Ibm
#Engres/ Type 410 B+

Engine Thust (100%) MWID I @Va
1205 . F Engre Isp (100%) #H155s@ Ve
MissinPowerLevel 1000%
Delivery Orbit Dx160mMmi @ 85 °
Delivery Ottt Payloed 7255 Ibm  7B3MT
NetPayied 1522 lbm  704MT
v QQQQLJL Insertion Altituce: 785mi
L“'}-/,53- ™ @LUftdF 120
Max Dyremic Pressure 59 psf
DeliveryOrbit  3x160mmi @516 . Maxg 'sAsoentBun - 400g
Delivery Ortit Payload 102587 lbm  737MT TV Seocrd Stage 14
NetPaylod 1639 Im  684MT
Closed Case Summary Data for Reference Mission (30 x 160 nmi_ @ 28.5 °):

mach@stg =7.25
dynp@stg =29 psf
dv2 =12,205 ft/s
max stg2 fiw=3.93

Liftoff to Stg1 staging
max core accel =4.00

time of max Q = 85.8 sec

core throttle @ bucket =no change
max Q=549 psf

mach =1.41

LES Jettison @t =204.8 sec
alt @ jettison = 247,891 ft

At MECO / Orbital Insertion
time to MECO = 448.9 sec
dvt = 29,905 ft/s

After Core jettison (stg2 only)
tstg =174.8 sec
at@stg = 185,516 ft

Figure 6C-17. LV 5.1 Summary
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Figure 6C-21. Dynamic Pressure versus Time

6C.5.1.5 Launch Vehicle 9 (LV 9) |
6C.5.1.5.1 Vehicle Description 2

LV 9 (Figure 6C-22) is a two-stage series-burn LV for CEV. The structural

configuration is shown in Figure 6C-23, and the results of the loads analysis are | AN}
provided in Figure 6C-24. The first stage is a 5.4-m diameter LOX/RP stage with two
RD-180 engines. The LOX/LH2 second stage is also 5.4-m diameter with four LR—60
engines for propulsion. This vehicle was flown to 30 x 160 nmi orbits at inclinations of ‘
28.5 deg and 51.6 deg and inserted at an altitude of 63.5 nmi. All liquid engines were | i

T
operated at a 100 percent power level in the analysis. ‘ -

o VA LS A e P

Al x
LVAVEI S ]
Atias V Core - Phase 2/3 Combined Loads Crew [LM Loads]
\ i
Y
| & | Plee: Bl Figure 6C-22. LV 9
dollabmel WAt = e e e I o B e - | General Configuration
L pEAn
T~ gt Tt (I~ oo b= 2 el

Figure 6C-23. LVA Structural Configuration
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Figure 6C-24. LVA Structural Loads Analysis Results

The net payload capability of LV 9 is 25.9 mT to a 30 x 160 nmi orbit at a 28.5 deg
inclination. The net payload to 30 x 160 nmi at a 51.6 deg inclination is 24.5 mT. No
ground rules or constraints were violated for this LV analysis.

A special consideration was required to analyze this vehicle: The propellant tanks of both
stages were designed with nested domes to be consistent with the contractors design for
this concept.

6C.5.1.5.2 Vehicle Sizing

The mass properties for LV 9 are shown in Table 6C-4. All hardware was considered to
be new for this vehicle concept.

Table 6C-4. LV 9 INTROS Mass Summary

MASS PROPERTIES ACCOUNTING

VEHICLE: Atlas Phase 2 Crew — Blk 2
STAGE: Stage 2 - (4 LR-60)

MASS SUBTOTALS MASS
ITEM Tertiary Secondary Primary TOTALS
Ibm Ibm Ibm Ibm
Primary Body Structures 11,882
Secondary Structures 211
Separation Systems 120
TPSs 121
TCSs 452
MPS 6,828
Power (Electrical) 934
Power (Hydraulic) 176
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Avionics 813
Miscellaneous 57
STAGE DRY MASS WITHOUT GROWTH 21,594
Dry Mass Growth Allowance | | 2,579
STAGE DRY MASS WITH GROWTH (mdry) 24,174
Residuals 1,825
Reserves 2,039
In-flight Fluid Losses 26
STAGE BURNOUT MASS (mbo) 28,063
Main Ascent Propellant 158,833
Engine Purge Helium 7
STAGE GROSS LIFTOFF MASS (mgross) 186,902
STAGE: First Stage (2RD-180)
Primary Body Structures 28,267
Secondary Structures 1,945
Separation Systems 1,919
TPSs 188
TCSs 895
MPS 41,210
Power (Electrical) 984
Power (Hydraulic) 1,373
Avionics 542
Miscellaneous 150
STAGE DRY MASS WITHOUT GROWTH 77,473
Dry Mass Growth Allowance | | 7,953
STAGE DRY MASS WITH GROWTH (mdry) 85,426
Residuals 8,629
Reserves 735
In-flight Fluid Losses 199
STAGE BURNOUT MASS (mbo) 94,990
Main Ascent Propellant 1,054,852
Engine Purge Helium 32
STAGE GROSS LIFTOFF MASS (mgross) 1,149,874
Payload 63,562
Payload Shroud 9,300
Upper Stage(s), Gross 186,902
VEHICLE GROSS LIFTOFF MASS (mgross_veh) 1,409,638

6C.5.1.5.3 Structural Analysis

The loads plot is a combined worst case including pre-launch, liftoff, maximum dynamic
pressure (max q), and maximum acceleration (max g). The tie-down loads are assumed to
be carried by the core vehicle. The compression loads show a major jump where the LOX
tank, RP tank, and payload loads are integrated into the outside structure. For the
purposes of the analysis, all boosters were assumed to introduce axial loads at the aft of
the core.
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6C.5.1.5.4 Flight Performance Analysis and Trajectory Design

The closed case trajectory summary results and LV characteristics for the Atlas Phase 2
are shown in Figure 6C-25. Selected trajectory parameters are shown graphically in
Figures 6C-26 through 6C-29. The vehicle lifts off with a T/W ratio of 1.22, quickly
achieving the 4.00 g’s limit. A maximum dynamic pressure of 532 psf is met along the
way at 81.3 sec through the flight. The maximum acceleration during the second stage is
2.62 g’s. Staging occurs at 194 sec at an altitude of 218,594 ft and Mach 10.2. The T/W
ratio at second stage ignition is 0.91. Orbital injection occurs at 502 sec dropping into
orbit at 63.5 nmi.

Atlas Phase2 - Crew
- e : ..

GLOW 1409638 Ibf
LES Jettison Mass 9300Ibm

First Stage
Propdllats  LOXRP A1
Useetle Propellart 1,0548821bm
Propeiart Offced 00%
T Stage pmf 09174
= DyMass  854%lbm
Bumaut Mass HA90Ibm
#Engnes/Type  2/RD -180
B3 287 Engine Thust (100%) 8837 If @SL WD If @Vac
Engne Isp (100%) M2s@SL  3B4s@ Vac
i T MissicnPowerLeve 100%
Second Stage
Propellats  LOXLH2
Useetle Propellart 153833Ibm
Propelert Officed 00%

g ngry Data for Reference Missiofsf@ %160 nmi_ @ 28.5 °):

Bumout Mass 28083Ibm
#Engnes/Type  4/IR -6
EngreThst (100PbACH I @02
i Engre Isp_(100%
€l 1600 MissionPower| 2

358 aceleration = 2.62

Deliveyy Obit 20x 160rmi @ 285

7=
. IR Delivery Ottit Payloed 6352/bm 288 mT .
time of max G=81.3 NePajoxd  5apim 9 mr__ [iSON

 DeiveyObit  x10mi @516  ° WG IRE . I5

O s Simolm 35 T MexDymicPreSl = 276432 i
TAV Secord Stage 091
1st stage bumout 2nd Stage MECO
tstg = 194 sec time to MECO =502 sec
dv1 = 15,014 ft/s dvt = 30,023 ft/sec
dynp@stg =14.1 psf Max lofted altitude = 385,739 ft

alt@stg =218,594 ft

Figure 6C-25. LV 9 Summary
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Dynamic Pressure vs Time

600 -

500

300

200

100 4

~

Dynamic Pressure (Ib/ftA2)
S

50 100 150 200 250

-100 -

Time (sec)

Figure 6C-29. Dynamic Pressure versus Time

6C.5.1.6 Cost Analysis EELV Vehicle for Crew (LV 2, LV 4, LV 5.1, LV 9)

The EELV vehicles for crew include a human-rated Delta IV HLV, human-rated Atlas V
HLYV, and two vehicle configurations that evolved from the Atlas. All vehicles have new
upper stages.

6C.5.1.6.1 Inputs
Booster Stage for Delta IV HLV and Atlas V HLV

The booster stage for the Delta IV HLV and the Atlas V HLV crew vehicles is very
similar to the existing EEL Vs in production today.

Structure and Tanks

Both metallic and composite intertanks, interstages, and thrust structures have been used
on various programs. Design and manufacturing capabilities exist today. Material is
either 2219 aluminum or Aluminum-Lithium (Al-Li). Shrouds are made of graphite-
epoxy panels, based on Titan and Delta IV designs. Structures and tanks are well
understood with sufficient manufacturing capability in existence. All structures have
similar subsystems (to EELV, Shuttle, or ET). NAFCOM cost estimate assumptions
assumed existing structure/tanks with similar subsystems validated in the relevant
environment. Greater than 50 percent will require testing and qualification.

Main Propulsion System—Less Engine

The MPS will take significant heritage from the existing EELV MPS subsystem.
However, the existing design will need to accommodate any changes to the subsystem for
human rating the RD—180 and the RS—68 engines. NAFCOM cost estimate assumptions
assumed an existing design with similar subsystems validated in the relevant
environment. Greater than 50 percent will require testing and qualification.

Engine: RD—-180
RD-180 is currently in production and is being flown on the Atlas V. However, the

production of the RD-180 is presently occurring in Russia. Coproduction in America is
desired. Also, design must meet requirements from the program Human Rating Plan.
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DDT&E costs assumes minimal hardware modification for human rating,
expansion/enhancement of sensor suite, activation of flight redlines, and integrated Fault
Detection, Isolation, and Recovery (FDIR).

Engine: RS—68

Bottom-up cost assessment was performed on the RS—68U engine for the RS—68 upgrade
for human rating. Engine development assumes regenerative nozzle, main injector, and
turbo pump modifications.

Avionics and Software

The avionics subsystem must support Fail Operational/Fail Safe vehicle fault tolerant
requirements. Upon the first failure, the vehicle will keep operating. The second failure
will safely recommend an abort. Crew abort failure detection and decision-making
capabilities have been demonstrated and are ready for flight. All architectures will meet
these requirements, either by adding a modification for instrumentation redundancy for
the EELV health management system, or by providing the capabilities through the new
design of the avionics for Shuttle-derived configurations.

EELV Avionics Hardware

EELV avionics was developed for nonhuman flight. To meet the requirements from the
program Human Rating Plan, DDT&E costs assume minimal hardware modification for
human rating, expansion/enhancement of sensor suite to include redundancy for
instrumentation and rate gyro units, addition of an error detection system, and modified
flight software. The extent of modification to the existing system is dependent on the
level of redundancy required for human rating—single, dual, or triple string
redundancy—still under discussion at the time of this report. The avionics hardware suite
is essentially the current EELV with these improvements added through the Integrated
Vehicle Health Management (IVHM) kit.

EELV Software

EELYV software has been developed for the current vehicles. To meet the new
requirements, existing software is used and/or modified. In addition, new software will be
required for command and control, database, test, navigation/guidance management, and
health management for both ground and flight software. It is also anticipated that a
backup Guidance, Navigation, and Control (GN&C) software development will be
required.

Other Booster Subsystems

The remaining booster subsystems all used existing design and technology. Thermal,
power, and range safety subsystems are in existence today, and have been validated for
the relevant environment. NASA and Air Force Cost Model (NAFCOM) cost estimate
assumptions assumed existing structure/tanks with similar subsystems validated in the
relevant environment. Minor modifications will be tested and qualified.
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EELYV Upper Stage
Structure and Tanks

Both metallic and composite intertanks, interstages, and thrust structures have been used
on various programs. Design and manufacturing capabilities exist today. The critical
elements will be the development of the separation system, a new interstage, and the
payload adapter. Material is either 2219 aluminum or Al-Li. Shrouds are made of
graphite-epoxy panels, which are based on Titan and Delta IV designs. Structures and
tanks are well understood with sufficient manufacturing capability in existence. All
structures have similar subsystems (to EELV, Shuttle, or ET). NAFCOM cost estimate
assumptions assumed a new design with similar subsystems validated in the relevant
environment. Full testing and qualification will be required.

MPS—Less Engine

The MPS will take significant heritage from the existing EELV MPS subsystem.
However, a new design is needed to accommodate either an increased number of engines
over the current EELV design, or a new upper stage engine. NAFCOM cost estimate
assumptions assumed a new design with similar subsystems validated in the relevant
environment. Full testing and qualification will be required.

Engine: RL-10s

RL-10 engines are currently being used today. However the engine is not human rated.
With this said, the amount of design work, and hence cost, associated with human rating
this highly reliable engine is subject to some debate. NASA has completed an
independent evaluation on the amount of redesign needed, including increased engine
component redundancy, FDIR, and other human-rated and mission requirements.

Engine: J-2§

Two different variants of the J-2S were analyzed for this study. The first assumed a
design as close as possible to the original Apollo-era J-2S. The second variant was a J-2S
redesign, specifically designed from optimal reliability and low production costs. Once
again, cost analysis was performed using a bottom-up approach.

Engine: LR-60

LR-60 is the proposed next generation cryogenic upper stage rocket engine. All major
components have been independently tested by the contractor. Once again, cost analysis
was performed using a bottom-up approach, with input from the engine contractor and
engineering assessments.

Avionics Architecture

The avionics subsystem must support Fail Operational/Fail Safe vehicle fault tolerant
requirements. Upon the first failure, the vehicle will keep operating. The second failure
will safely recommend an abort. Crew abort failure detection and decision-making
capabilities have been demonstrated and are ready for flight. All architectures will meet
these requirements, either by adding a modification for instrumentation redundancy for
the EELV health management system, or providing the capabilities through the new
design of the avionics for Shuttle-derived configurations.
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EELV Avionics Hardware

EELV avionics was developed for nonhuman flight. To meet the requirements from the
program Human Rating Plan, DDT&E costs assume minimal hardware modification for
human rating, expansion/enhancement of a sensor suite to include redundancy for
instrumentation and rate gyro units, addition of an error detection system, and modified
flight software. The extent of modification to the existing system is dependent on the
level of redundancy required for human rating—single, dual, or triple string
redundancy—still under discussion at the time of this report. The avionics hardware suite
is essentially the current EELV with these improvements added through the Integrated
Vehicle Health Management (IVHM) kit.

EELV Software

EELYV software has been developed for the current vehicles. To meet the new
requirements, existing software is used and/or modified. In addition, new software will be
required for command and control, database, test, navigation/guidance management, and
health management for both ground and flight software. It is also anticipated that a
backup GN&C software development will be required.

Other Upper Stage Subsystems

The remaining upper stage subsystems all used existing design and technology. Thermal,
power, and range safety subsystems are in existence today, and have been validated for
the relevant environment. NAFCOM cost estimate assumptions assumed existing
structure/tanks with similar subsystems validated in the relevant environment. Minor
modifications will be tested and qualified.

6C.5.1.6.2 DDT&E

The lowest cost option in this group of vehicles is the Delta IV HLV with a new upper
stage. This vehicle is basically designed, and only needs to meet the requirements for
human rating. Next is the Atlas V HLV. It is also basically designed, but will require
human rating and Americanization of the RD-180 engine. The Phase 2 Atlas is a new
design, though it does have some heritage with the existing Atlas. For the Phase 2, the
RD-180 will have to be human rated and Americanized, and a new upper stage engine
development will be required. The most expensive vehicle in this group is the evolved
Atlas with the increased diameter core to accommodate five RD-180 engines. This
evolved Atlas will also require a new engine in the upper stage.

6C.5.1.6.3 Production

LV 2,LV 4,and LV 5.1 are ELV-based crew vehicles, derived from either existing Atlas
or Delta configurations. LV 2 and LV 4 are both 3-core human-rated versions of the Atlas
and Delta vehicles respectively. LV 9 is a 5.4-m Atlas core vehicle with two RD-180
engines and an upper stage with four LR-60 engines, while LV 5.1 is an 8-m Atlas with
five RD-180s and no upper stage. The LV 2 configuration is the cheapest to produce
followed by the LV 4, LV 9 and LV 5.1 vehicles in ascending order of production cost.

6C.5.1.6.4  Operations
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Launch operations for these concepts take place at Cape Canaveral Air Force Station
(CCAFS). The lowest annual cost at six flights per year occurs with LV 4 despite the
integration of the three cores. The highest cost is for LV 2. Next highest is LV 9.

6C.5.1.6.5 Facilities

Facilities costs are for the modifications to the integration facilities, launch pads and
Government Supplied Equipment (GSE). The costs are the same for all four concepts, as
shown in Table 6C-5.

Table 6C-5. Relative Comparison of ELV Crew Vehicle Costs

Phase Relative Cost Position
Vehicle 2 4 5.1 9
DDT&E 1.23 1.02 2.60 1.74
Production 0.91 0.78 1.43 0.94
Operations 2.55 1.02 1.25 2.01
Facilities 0.92 0.92 0.92 0.92

6C.5.1.7 Safety/Reliability Analysis (EELV-Derived Crew LVs)

The same similarity analysis tool used to estimate the first order Shuttle-derived crew
LVs’ Loss of Mission (LOM) and Loss of Crew (LOC) estimates was used to estimate
the EELV-derived estimates. A complete description of the analyses methodology is
provided in Appendix 6D, Risk and Reliability. Likewise, a complete description of
how reliability predictions were developed for the individual LV systems that were used
in the similarity analyses is provided in Appendix 6D, Risk and Reliability. The four
EELV-derived LV estimates are shown in Figures 6C-30 and 6C-31. Detailed analyses
results are provided in Appendix 6D, Risk and Reliability.
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Figure 6C-30 CLV LOM Estimates
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Figure 6C-31 CLV LOC Estimates

Figure 6C-32 shows the LV subsystem risk contributions. Vehicle reliability was equally
dominated by non-catastrophic shutdown risk of all engines on all stages and air-start risk

of second-stage engines.
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Figure 6C-32. LV Subsystem Risk Contributions

In addition to the similarity analyses, Aerospace Corporation used a “risk

decomposition” model that is based on the risk/reliability characteristics of the LV
subsystem and major components. For components with earlier heritage the model
utilizes a risk estimate based on flight data. Components with minimum heritage
utilized a risk estimate based on flight data of components with similar function and
design characteristics. The Aerospace LOM for LV 2 (human-rated Atlas V with new
upper stage) was 1 in 35, (based on Aerospace’s probability of mission success as high
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as 0.9711). The LOM estimate for LV 4 (Delta IV HLV with new upper stage) was 1 in
45, (based on a probability of mission success as high as 0.9778). The Aerospace LOC
estimates were 1 in 87 for LV 2, and 1 in 296 for LV 4. Note that the Atlas and Delta
LVs analyzed by Aerospace were not identical to the vehicle analyzed in the similarity
model (FIRST). Aerospace estimates were based on upgrades to the upper stage that were
not modeled in NASA’s analyses. In addition, Aerospace estimates did not address the
abort system reliability. This accounts for the lower LOC estimates. But, Aerospace
estimates for both LOC and LOM confirm the comparative ranking of these two vehicles,
both analyses methods ranked LV 4 higher than LV 2.

6C.5.1.8 Launch Vehicle 15 (LV 15)
6C.5.1.8.1 Vehicle Description

LV 15 (Figure 6C-33) is a two-stage series-burn LV for CEV. Figure 6C-34 shows the
structural configuration, while Figure 6C-35 provides the results of the structural loads
analysis. The first stage is a five-segment RSRB (Hydroxyl Terminated Poly-Butadiene
(HTPB) propellant). The second stage is LOX/LH2 with four LR-85 engines for
propulsion. The LR-85 engine would be a new expander cycle engine with 85 klb of
thrust. This vehicle was flown to 30 x 160 nmi orbits at inclinations of 28.5 deg and 51.6
deg and inserted at an altitude of 59.5 nmi. The LR-85 engines were run at a throttle
setting of 100 percent. The purpose of this analysis was to evaluate the performance of
the LR-85 engine cluster as an upper stage engine application in comparison to a
modified J-2S (J-2S+) engine or SSME.

Figure 6C-34. LVA Structural Configuration
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Figure 6C-35. LVA Structural Loads Analysis Results

The net payload capability of LV 15 is 27.0 mT to a 30 x 160 nmi orbit at a 28.5 deg
inclination. The net payload to 30 x 160 nmi at a 51.6 deg inclination is 25.3 mT. No
ground rules or constraints were violated for this LV analysis.

No special considerations were required to analyze this vehicle.

6C.5.1.8.2 Vehicle Sizing

The mass properties for Stage 2 of LV 15 are shown in Table 6C-6. The mass properties
for the five-segment SRB were supplied by the Solid and Hybrid Propulsion System
Branch of the MSFC Engineering Directorate and used as delivered with only two
modifications. The current SRB nosecone was removed and an interstage added to
complete the vehicle configuration.

Table 6C-6. LV 15 INTROS Mass Summary

MASS PROPERTIES ACCOUNTING
VEHICLE: In-line Five-Segment SRM with 4 LR-85 Crew — Blk 2
STAGE: Second Stage (4 LR-85)
MASS SUBTOTALS MASS
ITEM Tertiary Secondary Primary TOTALS
Ibm Ibm Ibm Ibm
Primary Body Structures 13,477
Secondary Structures 779
Separation Systems 99
TPSs 53
TCSs 1,284
MPS 9,766
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Power (Electrical) 1,484
Power (Hydraulic) 305
Avionics 813
Miscellaneous 129
STAGE DRY MASS WITHOUT GROWTH 28,188
Dry Mass Growth Allowance | | 2,778
STAGE DRY MASS WITH GROWTH (mdry) 30,966
Residuals 2,731
Reserves 2,328
In-flight Fluid Losses 50
STAGE BURNOUT MASS (mbo) 36,075
Main Ascent Propellant 260,093
Engine Purge Helium 29
STAGE GROSS LIFTOFF MASS (mgross) 296,198
STAGE: First (Five-Segment SRB)
STAGE BURNOUT MASS (mbo) 222,697
Main Ascent Propellant | | | 1,434,906
STAGE GROSS LIFTOFF MASS (mgross) 1,657,603
Net Vehicle Stackup
Payload 66,027
LES 9,300
Upper Stage(s), Gross 296,198
NET VEHICLE GROSS LIFTOFF MASS (mgross_veh) 2,029,128

6C.5.1.8.3 Structural Analysis

For the purpose of the LV analysis, only the loads data forward of station number 1972.3
were used. The SRB was assumed to be structurally capable of handling the loads. The
loads plot is a combined worst case including pre-launch, liftoff, max q, and max g. The
compression loads show a major jump where the LOX tank loads are integrated into the
outside structure. The bending moment shows a steady increase from the tip progressing

aftward.

6C.5.1.8.4 Flight Performance Analysis and Trajectory Design

The closed case trajectory summary results and LV characteristics are shown in Figure
6C-36. Selected trajectory parameters are shown graphically in Figures 6C-37 through
6C-40. The vehicle exhibits a 1.77 T/W ratio at liftoff. Maximum dynamic pressure is
986 pst at 48.4 sec in the flight. The maximum acceleration during the first stage is 3.47
g’s and 3.45 g’s during the second stage. Staging occurs at 132.5 sec into the flight at an
altitude of 189,843 ft and Mach 7.0. The T/W ratio at second-stage ignition is 0.91.

Orbital injection occurs at 476.8 sec at 59.5 nmi.
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110



6C.5.1.9

dvV (ft's)

Velocity vs Time

— dVideal Inertial Velocity ‘

35000 -

30000

25000 L

20000 I

15000 e

10000 s

5000 %

0 \ \ \ \ \

-5000 & 100 200 300 400 500

Time (sec)

600

Figure 6C-38. Velocity versus Time
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Figure 6C-39. Acceleration versus Time
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Figure 6C-40. Dynamic Pressure versus Time

Launch Vehicle 16 (LV 16)
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6C.5.1.9.1 Vehicle Description

LV 16 (Figure 6C-41) is a two-stage series-burn LV for CEV. The structural H
configuration is shown in Figure 6C-42, with the results of the loads analysis !
provided in Figure 6C-43. The first stage is a five-segment RSRB (HTPB

propellant). The second stage is LOX/LH2 with one J-2S+ engine for propulsion. nA
This vehicle was flown to 30 x 160 nmi orbits at inclinations of 28.5 deg and 51.6

deg and inserted at an altitude of 59.4 nmi. The J-2S+ engine was run at a throttle

setting of 100 percent. The purpose of this analysis was to evaluate the performance

of the J-2S+ as an upper stage engine in comparison to an SSME and cluster of LR— e
85s. -R-

Figure 6C-41.LV 16
General
Configuration
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Figure 6C-43. LVA Structural Loads Analysis Results

The net payload capability of LV 16 is 25.8 mT to a 30 x 160 nmi orbit at a 28.5 deg
inclination. The net payload to 30 x 160 nmi at a 51.6 deg inclination is 24.3 mT.

For this concept, the Isp of the J-2S+ engine of the upper stage was analyzed at 451.0 sec
instead of 451.5 sec, which is the quoted value for this engine. Performance analysis at

the corrected Isp value for this engine produced a 0.06 mT payload increase and this
result is not considered significant.
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No special considerations were required to analyze this vehicle.
6C.5.1.9.2 Vehicle Sizing

The mass properties for the second stage of LV 16 are shown in Table 6C-7. The mass
properties for the five-segment SRB were supplied by the Solid and Hybrid Propulsion
System Branch of the MSFC Engineering Directorate and used as delivered with only
two modifications. The current SRB nosecone was removed and an interstage added to
complete the vehicle configuration.
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Table 6C-7. LV 16 INTROS Mass Summary

MASS PROPERTIES ACCOUNTING

VEHICLE: Five-Segment SRB with 1 J-2S+ Crew — Blk 2
STAGE: Second Stage (1 J-2S+)

MASS SUBTOTALS MASS
ITEM Tertiary Secondary Primary TOTALS
Ibm Ibm Ibm Ibm
Primary Body Structures 13,643
Secondary Structures 845
Separation Systems 95
TPSs 65
TCSs 1,291
MPS 6,333
Auxiliary Propulsion System 147
Power (Electrical) 1,743
Power (Hydraulic) 249
Avionics 513
Miscellaneous 132
STAGE DRY MASS WITHOUT GROWTH 24,924
Dry Mass Growth Allowance | | 2,724
STAGE DRY MASS WITH GROWTH (mdry) 27,780
Residuals 2,646
Reserves 2,196
In-flight Fluid Losses 41
STAGE BURNOUT MASS (mbo) 32,663
Main Ascent Propellant 250,193
Engine Purge Helium 28
RCS Ascent Propellant 300
STAGE GROSS LIFTOFF MASS (mgross) 283,184
STAGE: First (Five-Segment SRB)
STAGE BURNOUT MASS (mbo) 223,377
Main Ascent Propellant | | | 1,434,906
STAGE GROSS LIFTOFF MASS (mgross) 1,658,283
Net Vehicle Stackup
Payload 63,316
LES 9,300
Upper Stage(s), Gross 283,184
NET VEHICLE GROSS LIFTOFF MASS (mgross_veh) 2,014,083

6C.5.1.9.3 Structural Analysis

For the purpose of the LV analysis, only the loads data forward of station number 1972.3
were used. The SRB assessment is included in Appendix 6H, Integrated Vehicle
Configuration Definition. The loads plot is a combined worst case including pre-launch,
liftoff, max q, and max g. The compression loads show a major jump where the LOX




tank loads are integrated into the outside structure. The bending moment shows a steady

increase from the tip progressing aftwards.

6C.5.1.9.4 Flight Performance Analysis and Trajectory Design

The closed case trajectory summary results and LV characteristics are shown in Figure
6C-44. Selected trajectory parameters are shown graphically in Figures 6C-45 through
6C-48. The vehicle exhibits a 1.78 T/W ratio at liftoff. Maximum dynamic pressure is
994 pst at 87.0 sec in the flight. The maximum acceleration during the first stage is 3.53
g’s and 2.85 g’s during the second stage. Staging occurs at 132.5 sec into the flight at an
altitude of 202,406 ft and Mach 7.2. The T/W ratio at second-stage ignition is 0.77.

Orbital injection occurs at 543.6 sec at 59.4 nmi.
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Figure 6C-48. Dynamic Pressure versus Time

6C.5.1.10 Cost Analysis for Crew Vehicles (LV 13.1, LV 15, LV 16)
6C.5.1.10.1 Inputs

The booster stage for these crew vehicles is either a four-segment RSRB or a five-
segment RSRB. The four-segment RSRB is in production today. While the five-segment
will draw heavily from the four-segment, some DDT&E will be needed.

Upper stages are used to deliver the payload to the desired orbit. In general, all of the
upper stages are considered new designs using existing technology.

Structure and Tanks

Both metallic and composite intertanks, interstages, and thrust structures have been used
on various programs. Design and manufacturing capabilities exist today. The critical
elements will be the development of the separation system, a new interstage, and the
payload adapter. Material is either 2219 aluminum or Al-Li. Shrouds are made of
graphite-epoxy panels, which are based on Titan and Delta IV designs. Structures and
tanks are well understood with sufficient manufacturing capability in existence. All
structures have similar subsystems (to EELV, Shuttle, or ET). NAFCOM cost estimate
assumptions assumed a new design with similar subsystems validated in the relevant
environment. Full testing and qualification will be required.

MPS—Less Engine

The MPS will take significant heritage from the existing SSME MPS subsystem.
However, a new design is needed to accommodate one SSME. NAFCOM cost estimate
assumptions assumed a new design with similar subsystems validated in the relevant
environment. Full testing and qualification will be required.

Both the J-2S+ and LR—85 engines are equivalent to new engines, due to the length of
time that has passed since each was in production. Each will take heritage from the
previously existing engine, but the MPS on the upper stage will be new. NAFCOM cost
estimate assumptions assumed a new design with similar subsystems validated in the
relevant environment. Full testing and qualification will be required.

Engine - SSME

118



Altitude Start SSME

A 1993 study (NAS8-39211) and a 2004 MSFC study examined the Block 2 engines for
altitude start. Both studies determined altitude start will require minor changes, but is
considered straightforward. Specialized testing for certification to the environment will
be required. Development and certification of altitude start for the Block 2 RS-25d
engine is needed. The cost estimate is based on contractor-provided information, which
included SSME historical actuals, vendor quotes, and estimates. It also assumes the
Shuttle Program continues to pay the fixed cost of infrastructure through Shuttle
termination

Current Inventory SSME

At the conclusion of the STS Program, there will be 12 Block 2 (RS-25d) engines in
inventory if the 28-flight manifest occurs, or 14 engines in inventory with a 16-flight
manifest. In either case, the program plans to use at lease 12 of the existing Block 2
assets for the early flights. Assembly, handling, and refurbishment of the existing
engines, and conversion of the reusable engine for upper stage use will be needed.
Excluded from these costs are any sustaining engineering or Space Shuttle Program
(SSP) hardware refurbishment. These early flights will incur some operations costs,
which is yet to be determined.

Minimal Changes for Expendable Applications SSME

In addition to the minor changes required to altitude start the SSME (RS-25d), it is
desirable to make some engine improvements to lower the unit cost and improve
producibility. Suggested improvements include low pressure turbomachinery
simplifications; a new controller; a Hot Isostatic Press (HIP) bonded main combustion
chamber; flex hoses to replace flex joints on four ducts; and simplified nozzle processing.
In addition, process changes would be incorporated to eliminate inspections for reuse and
accommodate obsolescence of the controller. Development and certification of these
minimal changes is designated SSME RS—25e. The estimate is based on contractor-
provided information, which included SSME historical actuals, vendor quotes, and
estimates

Engine: J-2S

Two different variants of the J-2S were analyzed for this study. The first assumed a
design as close as possible to the original Apollo-era J-2S. The second variant was a J—
28 redesign, specifically designed from optimal reliability and low production costs.
Once again, cost analysis was performed using a bottom-up approach. All production
costs were derived assuming a manufacturing rate of six engines per year.

Engine: LR-85

LR-85 is a conceptual design engineered to meet derived requirements from the program
Human Rating Plan. Production of the LR—85 was assumed to utilize domestic
production capabilities. Parametric analysis was performed on the engine using the
Liquid Rocket Engine Cost Model (LRECM). Major cost drivers to this model are the Isp
and thrust. Options are available to include heritage from older engines.
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Appropriate rate curves were applied to both manufacturing and refurbishment to reflect
dynamics of the engine production rates with respect to the largely fixed nature of the
costs. Theoretical First Unit (TFU) costs from NAFCOM or vendor data were used as a
baseline point in the analysis. Historic RS—68, RL—10, and SSME data was also used to
help generate Productivity Rate Curves (PRCs).

Avionics and Software

The avionics subsystem must support Fail Operational/Fail Safe vehicle fault tolerant
requirements. Upon the first failure, the vehicle will keep operating. The second failure
will safely recommend an abort. Crew abort failure detection and decision-making
capabilities have been demonstrated and are ready for flight. All architectures will meet
these requirements, either by adding a modification for instrumentation redundancy for
the EELV health management system, or providing the capabilities through the new
design of the avionics for Shuttle-derived configurations.

Avionics hardware is divided into GN&C, and Command, Control, and Data Handling
(CCDH). GN&C provided for attitude control, attitude determination, and attitude
stabilization. CCDH provides all the equipment necessary to transfer and process data;
communication for personnel, as well as spacecraft operations/telemetry data; and
instrumentation for monitoring the vehicle and its performance. Both systems are tied
together through the LV software system. LV hardware requirements are well
understood.

During the benchmarking activity for NAFCOM, it was discovered that the Cost
Estimating Relationships (CERs) for avionics were significantly different from the
contractors’. This difference led to NAFCOM developers reviewing the database and
statistical analysis of the avionics CERs. One result of this exercise was to drop very old
avionics data points as unrepresentative of modern avionics. In addition to the CER
adjustment, the avionics Mass Estimating Relationships (MERs) used in the INTROS LV
sizing program were revised. Previous MERs were derived from STS data, Centaur stage
data, Shuttle C, Heavy-Lift Launch Vehicle (HLLV), and other studies, leading to a much
heavier weight input into NAFCOM than would be expected with modern electronics. In
recent years avionics have changed considerably due to such things as electronics
miniaturization and function integration. State-of-the-art avionics masses are
considerably less than what was previously used in INTROS. Revised MERs were
provided by MSFC’s Avionics Department for GN&C, Actuator Control, Radio
Frequency (RF) Communications, Instrumentation, Data Management/Handling, and
Range Safety. The revised MERs were used within NAFCOM as one input into the
multivariate CERs.

The core booster does not guide and control the ascent. This function is in the upper
stage. Core booster avionics includes translators, controllers, Analog-to-Digitial (AD)
converters, actuator control, electronics, and sufficient CCDH hardware to interface with
the upper stage. The upper stage avionics controls ascent, separations, and flight. Upper
stage avionics hardware includes the Inertial Measuring Unit (IMU), processors,
communication, telemetry, and instrumentation. Software provides the separation
commands, and the software for general flight, mission specific flight algorithms, and
launch-date-specific software.
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Software provides the commands that control the vehicle, viewed as one entity for the
LV. As such, the software estimate is not divided between the core and upper stage.
Software is normally located on the upper stage since it is the upper stage that controls
the ascent of the LV. The software estimate for the LVs is based on a detailed breakdown
of the functional requirements.

Table 6C-8. Functional Breakout of Lines of Codes Estimates

Events Manager (50 Hz) (approximately 500 to 1,000 SLOC

Manage Events Sequencer
Manage Events Updates
Provide Translational Navigation Estimates
Provide Rotational Navigation Estimates
Ascent Mode

Provide Open-Loop Guidance

Provide Closed-Loop Guidance

Provide Circularization Guidance
Abort Mode

Provide Ascent Abort (IIP) (50 Hz) (flight planning for avoiding undesirable landing areas using reduced

capability)

Note: This could contain added capability; currently no defined requirements.
Control Manager (50 Hz) (approximately 8,000 to 15,000 SLOC)
Manage Stage Separation Control
Manage Ascent Vehicle Control
Manage RCS Control
Command and Data Manager (50 Hz) (approximately 28,000 to 40,000 SLOC)
Initialize Software
Initialize Hardware
Provide Payload Interface
Provide Sensor Interface (GPS, INS, Gyro)
Provide Telemetry Data
Provide Ground Interface
Provide Engine Controller Interface
Provide Upper Stage Controller Interface
Provide Booster Interface Unit Interface
Provide TVC Controller Interface
Provide Flight Termination System Interface
Note: This assumes a limited fault detection and notification/recovery capability.
Time Manager (50 Hz) (approximately 1,500 to 2,000 SLOC)

Provide Time
Power Manager (25 Hz) (approximately 2,500 to 4,000 SLOC)
Provide Power System Management
Vehicle Management Software (110K SLOC + 50%)
Abort Management System (70K SLOC + 50%)
Trajectory Replan Requests (10K SLOC)
- Engine Operation
- Stage Separation
Status Payload (10K SLOC)
- Abort Conditions
- Health Indications
Determination of Proper Scenario (50K SLOC)
- Burn Remaining Engines Longer
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- Separate Upper Stage Early

Launch Pad Interface (15K SLOC + 50%)
Data Gathering
Communication with Launch Pad—ability to diagnose health of engine
Fault Identification on Vehicle

Onboard FTS Tracking (25K SLOC + 50%)
Trajectory Following
RT Position Monitoring
Compare Position Monitoring
Abort Scenario Updates
- Trajectory Modifications
- Flight Termination Delay
Communication with Range Safety to Request Flight Termination

Total Flight Software SLOC estimate: 48,500 to 102,000
Vehicle Management included: 55,000 to 165,000
Total: 103,000 to 267,000

Software estimates are based on the above maximum lines of code, using the SEER-SEM
tool for software estimation, planning, and project control. SEER-SEM is a recognized
software estimation tool developed by Galorath Incorporated for use in industry and
government.

Shuttle-Derived Avionics Hardware

The GN&C and CCDH subsystems for Shuttle-derived LV are considered new designs.
Because the subsystems and software are new, integrated health management and human-
rating requirements are incorporated from the start. The avionics hardware assumed a
new design with existing technology.

Shuttle-Derived Software

All Shuttle-derived software is considered a new software development, incorporating the
functions identified above. The maximum SLOC estimate was used with the SEER-SEM
model to arrive at a deterministic software estimate.

Other Subsystems

The basic thermal systems are 2 to 1 inch SOFI, with cold plates and insulation for
passive cooling of equipment and avionics. No new technology is planned. Heritage has
normally been given to the thermal subsystem because it is well understood and used on
existing systems today.

Electrical power is provided by silver-zinc batteries with a redundancy of two.
Conversion, distribution, and circuitry are considered new designs with state-of-the-art
technology. Hydraulic power is hydrazine fueled, used in LVs today.

Reaction Control Systems (RCSs), when used, are the same type as used in the Shuttle
today. Range safety will require modifications to the Flight Termination System (FTS) to
add a time delay for abort. Human-rating requirements may require the removal of the
autodestruct capability. All of these subsystems are similar to those already in existence,
either on EELVs or Shuttle, and have been validated in the relevant environment. Full
qualification and testing is estimated for all crew and cargo vehicles.

6C.5.1.10.2 DDT&E
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The lowest cost option uses the existing four-segment RSRB and the modified SSME. Of
the two five-segment configurations, the vehicle that uses only one J-2S+ engine is
cheaper than the vehicle that requires four LR—85s.

6C.5.1.10.3 Production

LV 13.1, LV 15, and LV 16 are single SRB-based crew vehicles, with either a four- or
five-segment booster modified from the current Shuttle SRBs. As described above, the
modifications will enable the integration of the booster with an upper stage. The recurring
production costs of these three concepts are very close and within the accuracy of the
model. Although the four-segment SRM is slightly cheaper to refurbish than the five-
segment version (the cost of refurbishing and reloading a single motor segment is
relatively small), the cost of the Expendable Space Shuttle Main Engine (eSSME)
equipped upper stage more than offsets this savings, so that LV 13.1 has the highest
recurring production cost. LV 16, with the single J-2S+ upper stage has the lowest
production cost, while LV 15 with four LR—85 engines is slightly higher.

6C.5.1.10.4 Launch Operations

All of these concepts require the stacking of either a four- or five-segment SRB with
modified forward skirt and the interface to the interstage. The SRM segments are
refurbished in the same manner as in the current Shuttle operation (described previously
in the Production section). A portion of the interstage is also a refurbished item. The
upper stage, upper stage engine, and part of the interstage are newly manufactured
hardware. The launch operations activities include receipt, checkout, stacking and
integration, testing, transport to the launch pad, pad operations, and launch. The cost of
launch operations is lowest for LV 16 and greatest for LV 13.1. However, the difference
at six flights per year is slight.

6C.5.1.10.5 Facilities

The facilities costs include modifications to Mobile Launch Platform (MLP), Vehicle
Assembly Building (VAB), and launch pad to accommodate the different profile and
footprint of the in-line SRB configuration. The cost is the same for all three concepts, as
shown in Table 6C-9.

Table 6C-9. Relative Comparison of SDV Crew Vehicle Costs

Phase Relative Cost Position
Vehicle 13.1 15 16
DDT&E 1.00 1.38 1.32

Production 1.00 0.92 0.93
Operations 1.00 1.03 0.85
Facilities 1.00 1.00 1.00

6C.5.2 Cargo Launch Vehicles
6C.5.2.1 Launch Vehicle 20 (LV 20)
6C.5.2.1.1 Vehicle Description
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LV 20 (Figure 6C-49) is a 1.5-stage parallel burn LV for cargo. This side-
mount Shuttle-derived LV concept (Carrier B) was developed at MSFC.
The general configuration is two solid strap-on boosters connected to an
ET with a payload carrier mounted on the side. The propulsion module for
this concept is attached to the back end of the payload carrier and contains
three SSMEs. The two solid strap-on boosters are four-segment RSRBs
(Polybutadiene Acrylonitride (PBAN) propellant). A portion of the
payload carrier is jettisoned during ascent according to the FMHR ground
rule for shroud jettison conditions. This vehicle was flown to 30 x 160 nmi
orbits at inclinations of 28.5 deg and 51.6 deg and inserted at an altitude of
71.0 nmi. The SSMEs were run at a throttle setting of 104.5 percent after
liftoff.

The net payload capability of LV 20 is 66.7 mT to a 30 x 160 nmi orbit
at a 28.5 deg inclination. The net payload to 30 x 160 nmi ata 51.6

deg inclination is 62.2 mT. No ground rules or constraints were
violated for this LV analysis.

Special considerations required to analyze this vehicle were:
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Figure 6C-49. LV 20
General Configuration

e Maximum allowed acceleration was 3.00 g’s, based on Shuttle ET structural

limits,

e The vehicle was flown inverted to more closely mimic the Shuttle trajectory,

o Liftoff with SSMEs at 100% power level,
o Throttle-up to 104.5% at 60 fps relative velocity,
o Gravity turn was maintained until 1 sec after RSRB jettison, and
o Used average Shuttle SSME cant angles.
6C.5.2.1.2 Vehicle Sizing

The mass properties for LV 20 are shown in Table 6C-10. These properties were

supplied by the MSFC Engineering Directorate and used as delivered.
Table 6C-10. LV 20 INTROS Mass Summary

MASS PROPERTIES ACCOUNTING

VEHICLE: Side-mounted Shuttle-derived Four-segment RSRB
STAGE: ET/Payload Carrier B

MASS SUBTOTALS MASS
ITEM Tertiary Secondary Primary TOTALS
Ibm Ibm Ibm Ibm
External Tank
Primary Structures 50,062
Secondary Structures 1,502
Separation Systems 800
MPS 2,167
TPS/TCS 3,128
Electrical Systems 303




Delta from STS-117TDDP | | 1,263

EXTERNAL TANK DRY MASS (mdry_ET) 59,226

Residual ET Propellant 895

Pressurization Gases 3,809

Reserves 4,367

EXTERNAL TANK MASS AT MECO (mjett ET) 68,297
Payload Carrier

Primary Structures 47,541

Secondary Structures 13,005

Separation Systems 3,510

TPS 4,868

TCS 1,539

MPS 32,302

Auxiliary Propulsion Systems 467

Power (Hydraulic) 873

Power (Electrical) 850

Avionics (No Breakout 922

Available)

Cabling (Electrical 2,591

Power/Avionics)

Miscellaneous 670

PAYLOAD CARRIER DRY MASS WITH GROWTH (mdry_orb) 109,138

Payload Carrier Main Propulsion 2,139

Residual

Subsystem Residuals 4

Payload Carrier Reserve Fluids 842

RCS On-Orbit Propellant 4,142

Less Jettisoned Payload Carrier -29,295

Shroud

PAYLOAD CARRIER BURNOUT MASS (mbo, mbo orb) 86,969

Main Ascent Propellant 1,588,636

In-flight Fluid Losses 89

Engine Purge Helium 65

Shutdown Propellant 2,310

Payload Carrier Shroud 29,295

ET/PAYLOAD CARRIER GROSS LIFTOFF MASS (mgross) 1,775,661

Payload 172,968

Strap-on Boosters, Gross Liftoff 2,595,763

VEHICLE GROSS LIFTOFF MASS (mgross veh) 4,544,392

6C.5.2.1.3 Structural Analysis

The structural analysis for this concept was performed by the MSFC Engineering

Directorate and was used as delivered. There was no LV analysis run for this vehicle.

6C.5.2.1.4 Flight Performance Analysis and Trajectory Design
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The closed case trajectory summary results and LV characteristics are shown in Figure
6C-50. Selected trajectory parameters are shown graphically in Figures 6C-51 through
6C-54. The vehicle exhibits a 1.52 T/W ratio at liftoff. Maximum dynamic pressure is
719 pst at 53.0 sec into the flight. The maximum acceleration is 2.42 g’s during the
RSRB burn and 3.00 g’s during the first-stage burn after RSRB separation. RSRB jettison
occurs at 125.4 sec into the flight at an altitude of 184,910 ft and Mach 4.2. The T/W
ratio after Reusable Solid Rocket Motor (RSRM) jettison is 0.97. Orbital injection occurs
at 499.0 sec at 71.0 nmi.

4 Segment SRM Side Mount SDV

Vehicle Concept Characteristics

__ GLOW 4544392 bf
Payload Envelope L xD 965 fix24.0 ft

1838

CarierShoud Jettison Mass

Booster Stage (each)
Popellanis
Useable Popellant
Stage pmf
BumoutMass
#Boosters/ Type
BoosterThust@0.7  secs )

Boosier Isp (@07 secs )
Tankace

Propellants
Useable Popellant
PopellantOfioad
Stage pmf
DyMass
BumoutMass
Carrier
DyMass
BumoutMass
#Engines/Type
Engine Thrust(100%)

29,295 lbm

PBAN

1111019 Itm

0.8560

186,863 Ibm

2/4 SegnentSRM

3,139,106 It
2688's

LOXLH2
1590946 Ibm
0.0 %

08913
59,226 Ibm
68,297 Ibm

109,138 Itm

86,969 Itm

3/SSMEBLKII

375432 If @SL 469,710 Ibf @ Vac

—v Engine Isp (100%) 3653s@SL  46225@ Vac
Mission PowerLevel  1045%

DeliveryOrbit 30x160mi @285 °
Delivery Ombit Payload 172968 lbm  78.5MT

Payload Indudes  Cargo
DeliveryOrbit ~ 30x160mi @516 ° Insettion Alftude ~ 71.0 mi
Delivery Ombit Payload 161234 lbm 73.1MT TW @ Lifiof 152
NetPayload 137,049 lbm 622 MT MaxDynamicPressure 719 psf
Maxg 'sAscentBun 3009
TW Secnd Stage 097

Closed Case Summary Data for Reference Mission (30 x 160 nmi_@ 28.5 °):

Liftoff to SRM staging dynp@stg =9.80 psf
max RSRM accel =2.42 dv1=8,427 fi/s
max core f/w = 3.00
time of max Q = 53.0 sec
max Q=719 psf
throttle @ bucket = no change

Shroud Jettison @t =237 sec
alt @ jettison = 357,980 ft

After RSRM jettison time to MECO = 499 sec
(ET+Carrier) dvt = 30,252 ft/s
tstg =125.42 sec
at@stg = 184,910 ft
mach@stg = 4.20

Figure 6C-50. LV 20 Summary
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Altitude vs Time
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Figure 6C-53. Acceleration versus Time
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Dynamic Pressure vs Time
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Figure 6C-54. Dynamic Pressure versus Time

6C.5.2.2 Launch Vehicle 21 (LV 21)
6C.5.2.2.1 Vehicle Description ~

LV 21 (Figure 6C-55) is a 1.5-stage parallel burn LV for cargo. This side- / \
mount Shuttle-derived LV concept (Carrier B) was developed at MSFC. The
general configuration is two solid strap-on boosters connected to an ET with a
payload carrier mounted on the side. The propulsion module for this concept
is attached to the back end of the payload carrier and contains three SSMEs.
The two solid strap-on boosters are five-segment RSRBs (HTPB propellant).
A portion of the payload carrier is jettisoned during ascent according to the
FMHR ground rule for shroud jettison conditions. This vehicle was flown to
30 x 160 nmi orbits at inclinations of 28.5 deg and 51.6 deg and inserted at an
altitude of 72.8 nmi. The SSMEs were run at a throttle setting of 104.5 \
percent after liftoff. »

The net payload capability of LV 21 is 79.5 mT to a 30 x 160 nmi orbit at
a 28.5 deg inclination. The net payload to 30 x 160 nmi at a 51.6 deg
inclination is 74.4 mT.

Figure 6C-55. LV 21
General Configuration

In final data review of this concept, it was determined that the useable

propellant load in the ET of this concept was 1,413 Ib less than the useable propellant
load of LV 20. Because of time constraints this case was not reanalyzed, however, this
was not considered significant.

Special considerations required to analyze this vehicle were:
e Max allowed acceleration was 3.00 g’s, based on Shuttle ET structural limits,
e The vehicle was flown inverted to more closely mimic the Shuttle trajectory,
e Liftoff with SSMEs at 100 percent power level,
e Throttle-up to 104.5 percent at 60 fps relative velocity,

e Gravity turn was maintained until 1 sec after RSRB jettison, and
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e Used average Shuttle SSME cant angles.
6C.5.2.2.2 Vehicle Sizing

The mass properties for LV 21 are shown in Table 6C-11. These properties were
supplied by the MSFC Engineering Directorate and used as delivered.

Table 6C-11. LV 21 INTROS Mass Summary

MASS PROPERTIES ACCOUNTING
VEHICLE: Side-mounted Shuttle-Derived Five-Segment SRB
STAGE: ET/Payload Carrier B
MASS SUBTOTALS MASS
ITEM Tertiary Secondary Primary TOTALS
Ibm Ibm Ibm Ibm
External Tank
Primary Structures 50,063
Secondary Structures 1,502
Separation Systems 1,020
MPS 2,167
TPS/TCS 3,128
Electrical Systems 303
Delta from STS-117TDDP 1,263
EXTERNAL TANK DRY MASS (mdry_ET) 59,447
Residual ET Propellant 895
Pressurization Gases 3,809
Reserves 4,367
EXTERNAL TANK MASS AT MECO (mjett_ET) 68,518
Payload Carrier
Primary Structures 47,541
Secondary Structures 13,005
Separation Systems 3,510
TPS 4,868
TCS 1,539
MPS 32,302
Auxiliary Propulsion Systems 467
Power (Hydraulic) 873
Power (Electrical) 850
Avionics (No Breakout 922
Available)
Cabling (Electrical 2,591
Power/Avionics)
Miscellaneous 670
PAYLOAD CARRIER DRY MASS WITH GROWTH (mdry_orb) 109,138
Payload Carrier Main Propulsion 2,139
Residual
Subsystem Residuals 4
Payload Carrier Reserve Fluids 842
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RCS On-Orbit Propellant 4,142

Less Jettisoned Payload Carrier -29,295

Shroud

PAYLOAD CARRIER BURNOUT MASS (mbo, mbo_orb) 86,969
Main Ascent Propellant 1,588,636

In-flight Fluid Losses 89

Engine Purge Helium 65

Shutdown Propellant 2,310

Payload Carrier Shroud 29,295

ET/PAYLOAD CARRIER GROSS LIFTOFF MASS (mgross) 1,775,882
Payload 206,146

Strap-on Boosters, Gross Liftoff 3,312,279

VEHICLE GROSS LIFTOFF MASS (mgross_veh) 5,294,308

6C.5.2.2.3 Structural Analysis

The structural analysis for this concept was performed by the MSFC Engineering
Directorate and was used as delivered. There was no LV analysis run for this vehicle.

6C.5.2.2.4 Flight Performance Analysis and Trajectory Design

The closed case trajectory summary results and LV characteristics are shown in Figure
6C-56. Selected trajectory parameters are shown graphically in Figures 6C-57 through
6C-60. The vehicle exhibits a 1.57 T/W ratio at liftoff. Maximum dynamic pressure is
690 pst at 60.3 sec into the flight. The maximum acceleration is 2.74 g’s during the
RSRB burn and 3.00 g’s during the first-stage burn after RSRB separation. RSRB jettison
occurs at 132.5 sec into the flight at an altitude of 183,757 ft and Mach 5.0. The T/W
ratio after RSRB jettison is 0.94. Orbital injection occurs at 494.2 sec at 72.8 nmi.

130



J
=

]

176.7

[

o L[]

5 Segment SRM Side Mount SDV

Vehicle Concept Characteristics
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tOffoad

Stage pmf
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BumoutMass

Carrier
DryMass

BumoutMass
#Engines/Type
Engine Thrust(100%)

Engine Isp (100%)
Mission PowerLevel

5294308 bbf
96.5ftx24.0 ft
29,295 lbm

HTPB

1,434,906 Ibm

0.8664

221234 Ibm

2/5 SegmentSRM

3,480,123 Ibf
2654s

LOXLH2
1,590,946 lbm
00%

08912
59,447 Ibm
68,518 Ibm

109,138 lbm

86,969 lbm

3/SSMEBLKIIl

375432 If @SL 469,710 Ibf @ Vac
3653s@SL 4522s@ Vac

104.5%

DeliveryOrbit 30x160 mi @516
Delivery Obit Payload 192,966 Ibm 87.5MT
NetPayload 164,021 lbm 744 MT

Delivery Obit Payload
NetPayload

30x160 mi @285
206,146 lbm 93.5MT

175224 |bm 79.5MT

Payload

Indudes

Insertion Altitude
TW @ Lifioff
MaxDynamicPressure

Maxg 'sAscentBum
TMW Seond Stage

Closed Case Summary Data for Reference Mission (30 x 160

Liftoff to SRM staging
max RSRM accel =2.74

time of max Q =60.3 sec
max Q=690 psf

throttle @ bucket = no change

After RSRM jettison (ET+Canier)

tstg =132.52 sec
at@stg = 183,757 ft
mach@stg = 5.02

Camgo
728 mi
157
690 psf
3009
094

nmi_@28.5 °):

dynp@stg = 14.7 psf
dv1=9,118 ft/s
max core fiw =3.00

Shroud Jettison @t =233 sec
alt @ jettison = 364,678 ft

time to MECO = 494 sec
dvt = 29,860 ft/s

Figure 6C-56. LV 21 Summary
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Dynamic Pressure vs Time
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Figure 6C-60. Dynamic Pressure versus Time

6C.5.2.3 Launch Vehicle 24 (LV 24)
6C.5.2.3.1 Vehicle Description

LV 24 (Figure 6C-61) is a 1.5-stage parallel burn LV for crew and cargo based on an in-
line Shuttle-derived design and uses ET diameter tanks and structure in the core. This LV
concept is the same as LV 25, except it carries a CEV above the payload shroud. The
general configuration, shown in Figure 6C-62, is two solid strap-on boosters connected
to a LOX/LH2 core stage with the payload contained in a shroud above the core
stage, with a CEV attached above the shroud. The two solid strap-on boosters are
four-segment RSRBs (PBAN propellant). The LOX/LH2 core stage utilizes three
SSME:s for propulsion. This vehicle was flown to 30 x 160 nmi orbits at
inclinations of 28.5 deg and 51.6 deg and inserted at an altitude of 62.0 nmi. The
SSMESs were run at a throttle setting of 104.5 percent. The results of the structural
analysis are provided in Figure 6C-63.

o E— sz
| LvAvea2

Magnum All Composite Reference

—
-
-
-

[ Jwe—-

e Figure 6C-61. LV 24
— General Configuration

Figure 6C-62. LVA Structural Configuration
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Figure 6C-63. LVA Structural Loads Analysis Results

The net payload capability of LV 24 is 73.9 mT to a 30 x 160 nmi orbit at a 28.5 deg
inclination. This net payload would constitute the CEV mass, SM mass, and payload
mass contained in the cylindrical shroud. The net payload to 30 x 160 nmi ata 51.6 deg
inclination is 69.3 mT.

For this concept, the LES was jettisoned 47 sec after liftoff. This is a deviation from the
nominal ground rule of LES jettison at 30 sec after RSRB separation for this type of
vehicle configuration. Performance analysis at nominal LES jettison conditions was later
checked and determined that this resulted in a 0.3 mT payload increase and is not
considered significant for this concept.

For this concept, the RSRBs were jettisoned 2.4 sec early. This error was due to a slightly
smaller propellant mass than was standard. Performance analysis with the correct
propellant loadings was later performed and determined that this resulted in a 0.2 mT
payload decrease and is not considered significant for this concept.

No special considerations were required to analyze this vehicle.
6C.5.2.3.2 Vehicle Sizing

The mass properties for the core stage of LV 24 are shown in Table 6C-12. The mass
properties for the four-segment RSRB were supplied by the Solid and Hybrid Propulsion
System Branch of the MSFC Engineering Directorate and used as delivered. The shroud
cylindrical shell and the CEV adapter were both included in the core mass properties
accounting.
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Table 6C-12. LV 24 INTROS Mass Summary

MASS PROPERTIES ACCOUNTING

VEHICLE: In-line Four-Segment SRM & 3-SSME Crew + Cargo — Blk 11

STAGE: Strap-on Solid Booster (Four-Segment SRB)

MASS SUBTOTALS MASS
ITEM Tertiary Secondary Primary TOTALS
Ibm Ibm Ibm Ibm
STAGE BURNOUT MASS (mbo) 186,863
Main Ascent Propellant | | 1,111,019
STAGE GROSS LIFTOFF MASS (mgross) 1,297,882
STAGE: Core
Primary Body Structures 88,249
Secondary Structures 3,409
Separation Systems 1,818
TPS 427
TCS 3,574
MPS 34,810
Power (Electrical) 2,492
Power (Hydraulic) 1,082
Avionics 713
Miscellaneous 381
STAGE DRY MASS WITHOUT GROWTH 136,955
Dry Mass Growth Allowance | | 12,313
STAGE DRY MASS WITH GROWTH (mdry) 149,268
Residuals 6,870
Reserves 4,391
In-flight Fluid Losses 157
STAGE BURNOUT MASS (mbo) 160,686
Main Ascent Propellant 1,588,636
Shutdown Propellant 2,310
Engine Purge Helium 65
STAGE GROSS LIFTOFF MASS (mgross) 1,751,697
Payload 181,034
LES 9,300
Strap-on(s), Gross Liftoff 2,595,763
VEHICLE GROSS LIFTOFF MASS (mgross_veh) 4,537,794

6C.5.2.3.3 Structural Analysis

The loads plot is a combined worst case including liftoff, max q, and max g. The tie-
down loads are assumed to be carried by the SRBs, as they do with the STS. The
compression loads show a major jump where the LOX tank loads are integrated into the
outside structure with a quick reduction of the loads where the introduced SRB loads
counteract the compression. The bending moment shows a steady increase from the tip of
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the vehicle to the liftoff Center of Gravity (CG), then a steady decrease back to zero, as
expected from an in-flight case.

6C.5.2.3.4 Flight Performance Analysis and Trajectory Design

The closed case trajectory summary results and LV characteristics are shown in Figure
6C-64. Selected trajectory parameters are shown graphically in Figures 6C-65 through
6C-68. The vehicle exhibits a 1.54 T/W ratio at liftoff. Maximum dynamic pressure is
718 pst at 58.0 sec into the flight. The maximum acceleration is 2.45 g’s during the
RSRB burn and 4.00 g’s during the first-stage burn after RSRB separation. RSRB jettison
occurs at 123 sec into the flight at an altitude of 151,458 ft and Mach 4.3. The T/W ratio
of the core stage after RSRB separation is 0.96. Orbital injection occurs at 488 sec at 62
nmi.

4 Segment SRB Inline SDV - Crew+Cargo

GLOW 4537,794  Ibf

8

PaylcadEnvelopeLxD &0ftx245ft

| ' 3

LES Jettison Mass 930 Ibm

Useehle Propellant 1111019 lbm
82, Stage  pmf 0850
l Bunaut Mass 18688  Im

l Booster Stage(each)
] 1z Propdlats . PBAN
0

#Baosters/ Type 2/4Segmert SRM
Baoster Thst (@ 07 ss ) 31RIB I
— Buster kp (@07 sacs ) 288s
3159

First Stage
Propdlarts  LOXILH2
Useehie Propellant 158866  lbm
Propellart Officed 00%

=

Ste pmf 08O
1500 ] DyMass 19268 Im
BuuMass 16068  lbm
#Ergnes/Type  3/SSMEBLKII
Ergine Thst (100%) FEBI I @SL 4040 If @ Vo
Ergre Isp (100%) F3s@SL  21s@ Vao
MissicnPowerLeve 1045%

Delivary Ortit Payloed 181084 Itm  &1MT
D 1B0rmi @516 Net Payloed 182%B1  Ibm  73IMT
DéwayomlPaylced 16781 Itm  770MT Paylced Irdludes CEV+SM+ Capp
Net Payicad 12802 lbm  693MT Insertion Alfitude: 620 rmi
Payload Indluces CEV+SM+ Cago W @Liftdf 154
Max Dyremic Pressire 718 psf
Maxg ’'sAscertBun 4009
T Core Stege 0%

¥ 7 ‘ DeiveryOrbit  0x160rmi @ 285

Closed Case Summary Data for Reference Mission (30 x 160 nmi @ 28.5 °):

Liftoff to SRM staging mach@stg =4.27
max RSRM accel =245 dynp@stg =36.6 psf
dv1=8252ft/s
time of max Q =58.0 sec max core fiw = 4.00
throttle @ bucket = no change
max Q=718 psf LES Jettison @t = 47.9 sec
mach = 1.40 alt @ jettison = 24811 ft

After SRM jettison (Core only) At MECO / Orbital Insertion

tstg = 123 sec time to MECO =488 sec
alt@stg = 151458 ft dvt =29972 ft/s

Figure 6C-64. LV 24 Summary
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Figure 6C-65. Altitude versus Time
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Figure 6C-66. Velocity versus Time
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Figure 6C-67. Acceleration versus Time
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Dynamic Pressure vs Time
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Figure 6C-68. Dynamic Pressure versus Time

6C.5.2.4 Launch Vehicle 25 (LV 25)
6C.5.2.4.1 Vehicle Description

LV 25 (Figure 6C-69) is a 1.5-stage parallel burn LV for cargo and uses ET
diameter tanks and structure in the core. The general configuration, shown in
Figure 6C-70, is two solid strap-on boosters connected to a LOX/LH2 core
stage with the payload contained in a shroud above the core stage. The two
solid strap-on boosters are four-segment RSRBs (PBAN propellant). The
LOX/LH2 core stage utilizes three SSMEs for propulsion. This vehicle was
flown to 30 x 160 nmi orbits at inclinations of 28.5 deg and 51.6 deg and

&

inserted at an altitude of 78.5 nmi. The SSMEs were run at a throttle setting of
104.5 percent. Loads analysis results for LV 25 are provided in Figure 6C-71.

General Configuration

\

Figure 6C-69. LV 25
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Figure 6C-71. LVA Structural Loads Analysis Results

The net payload capability of LV 25 is 73.5 mT to a 30 x 160 nmiorbit at a 28.5 deg
inclination. The net payload to 30 x 160 nmi at a 51.6 deg inclination is 69.0 mT. No
ground rules or constraints were violated for this LV analysis.

No special considerations were required to analyze this vehicle.

This concept was also flown with EDS to determine the lunar payload capability for this
vehicle. Four different EDS scenarios were analyzed: (1) No suborbital burn EDS only
(no payload attached at launch), (2) No suborbital burn of EDS with payload attached, (3)
Suborbital burn of the EDS only (no payload attached at launch), and (4) Suborbital burn
of the EDS with payload attached. Payloads to three different lunar orbits were calculated
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for each scenario: Trans-Lunar Injection (TLI), TLI + Lunar Orbit Insertion (LOI), and

TLI + LOI + Plane Change.
6C.5.2.4.2 Vehicle Sizing

The mass properties for the core stage of LV 25 are shown in Table 6C-13. The mass
properties for the four-segment RSRB were supplied by the Solid and Hybrid Propulsion

System Branch of the MSFC Engineering Directorate and used as delivered.

Table 6C-13. LV 25 INTROS Mass Summary

MASS PROPERTIES ACCOUNTING
VEHICLE: In-line 3-SSME & Four-Segment RSRB Cargo — Blk 2
STAGE: Strap-on Solid Booster (Four-Segment SRB)
MASS SUBTOTALS MASS
ITEM Tertiary Secondary Primary TOTALS
Ibm Ibm Ibm Ibm
STAGE BURNOUT MASS (mbo) 186,854
Main Ascent Propellant | | | 1,111,028
STAGE GROSS LIFTOFF MASS (mgross) 1,297,882
STAGE: Core Stage (3 SSME)
Primary Body Structures 74,173
Secondary Structures 3,409
Separation Systems 1,838
TPS 427
TCS 3,542
MPS 34,810
Power (Electrical) 2,492
Power (Hydraulic) 1,082
Avionics 510
Miscellaneous 381
STAGE DRY MASS WITHOUT GROWTH 122,663
Dry Mass Growth Allowance | | 10,151
STAGE DRY MASS WITH GROWTH (mdry) 132,814
Residuals 6,870
Reserves 4,391
In-flight Fluid Losses 157
STAGE BURNOUT MASS (mbo) 144,232
Main Ascent Propellant 1,588,636
Shutdown Propellant 2,310
Engine Purge Helium 65
STAGE GROSS LIFTOFF MASS (mgross) 1,735,243
Payload 190,743
Payload Shroud 23,419
Strap-on(s), Gross Liftoff 2,595,763
VEHICLE GROSS LIFTOFF MASS (mgross_veh) 4,545,168
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6C.5.2.4.3 Structural Analysis

The loads plot is a combined worst case including liftoff, max q, and max g. The tie-
down loads are assumed to be carried by the SRBs, as they do with the STS. The
compression loads show a major jump where the LOX tank loads are integrated into the
outside structure with a quick reduction of the loads where the introduced SRB loads
counteract the compression. The bending moment shows a steady increase from the tip of
the vehicle to the liftoff CG, then a steady decrease back to zero, as expected from an in-
flight case.

6C.5.2.4.4 Flight Performance Analysis and Trajectory Design

The closed case trajectory summary results and LV characteristics are shown in Figure
6C-72. Selected trajectory parameters are shown graphically in Figures 6C-73 through
6C-76. The vehicle exhibits a 1.54 T/W ratio at liftoff. Maximum dynamic pressure is
704 pst at 55.4 sec into the flight. The maximum acceleration is 2.47 g’s during the
RSRB burn and 4.00 g’s during the first-stage burn after RSRB separation. RSRB jettison
occurs at 125.4 sec into the flight at an altitude of 167,999 ft and Mach 4.2. The T/W
ratio of the core stage after RSRB separation is 0.95. Orbital injection occurs at 488.3 sec
at 78.5 nmi. Figures 6C-77 through 6C-80 provide the results of the analysis of the four
separate EDS scenarios.
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4 Segment SRB Inline SDV

Vehicle Concept Characteristics
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Closed Case Summary Data for Reference Mission (30 x 160

- Cargo

GLOW 4545168  bf
Payload Envelope L xD 984 ftx24 5
Shroud Jetiison Mass 23419 Ibm
BoosterStage(each)
Propellants PBAN
Useable Propellant 1,111,028 Ibm
Stage pmf 0.8560
BumoutMass 186,854 |bm
# Boosters/ Type 2/4 SegmentSRM
BoosterThust(@0.7 secs ) 3,139,106 Ibf
Booster Isp (@07 secs ) 2688s
First Stage
Propellants LOXLH2
Useable Popellant 1588636 Ibm
PropellantOfioad 00 %
Stage pmf 09155
DryMass 132,814 lbm
BumoutMass 144232 Ibm
#Engines/Type 3 /SSMEBLKII
Engine Thust(100%) 375,181 Ibf @SL 469449 Ibf @ Vac
Engine Isp (100%) 3613s@SL  452.1s@ Vac
Mission PowerLevel 1045 %

Delivery Orbit 30x160nmi @285
Delivery OmitPayload 190,743 lbm 86.5MT
NetPayload 162,132 Ibm 735MT
Insetion Altitude 785 nmi
TMW @ Lifioff 154
MaxDynamicPressure 704 psf
Maxg 'sAscentBum 400g
TMW Second Stage 095
Delivery Orbit 30x160nmi @516
Delivery Oit Payload 178,843 lbm 811 MT
NetPayload 152,017 lbm 69.0 MT

nmi @ 28.5 °):

Liftoff to SRM staging
max RSRM accel =247

time of max Q =55.40 sec
max Q=704 psf
mach = 1.32

After SRM jettison (Core only)

tstg = 125.42 sec
alt@stg = 167,999 ft
mach@stg =4.21

dynp@stg =19 psf
dv1= 8,277 ft/s
max core fiw = 4.00

Shroud Jettison @t = 240.9 sec
alt @ jettison = 361,469 ft

At MECO / Orbital Insertion

time to MECO =488.3 sec
dvt =30,082 ft/s

Figure 6C-72. LV 25 Summary
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Figure 6C-73. Altitude versus Time
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Figure 6C-74. Velocity versus Time
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Figure 6C-75. Acceleration versus Time
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Figure 6C-76. Dynamic Pressure versus Time

EDS Only / No Suborbital Burn
Launch Vehicle 25 — SDV In-line 4-Seg RSRB/3-SSME Core

Vehicle Concept Characteristics

EDS Gross @ Liftoff

EDS Stage (TLI+LOI+PC)
Propellants

Useable Propellant

Stage pmf

Dry Mass

Burnout Mass

# Engines / Type

Engine Thrust (100%)

Engine Isp (100%)

Mission Power Level

TLI Delivery
Gross Payload
Net Payload

Gross Payload
Net Payload

TLI+LOI+PC Delivery
Gross Payload
Net Payload

203,159 Ibf N1A

LOX/LH2

173,990 Ibm

0.8564

26,928 lbm

29,150 lbm

4 /LR-85

85,000 Ibf @ Vac
450.0s @ Vac

100.0%

136,610 Ibm 62.0 mT
122,949 Ibm 558 mT

85,890 Ibm 39.0mT
77,301 Ibm 351 mT

66,300 Ibm
59,670 lom

30.1mT
27AmT

Figure 6C-77. EDS with No Payload and No Suborbital Burn

EDS + Payload Attached / No Suborbital Burn
Launch Vehicle 25 — SDV In-line 4-seg RSRB/3-SSME Core

Vehicle Concept Characteristics

EDS Gross @ Liftoff

EDS Stage (TLI+LOI+PC)
Propellants

Useable Propellant

Liftoff Stage pmf

Dry Mass

Burnout Mass

# Engines / Type

Engine Thrust (100%)

Engine Isp (100%)

Mission Power Level

TLI Delivery
Gross Payload
Net Payload

Gross Payload
Net Payload

TLI+LOI+PC Delivery
Gross Payload
Net Payload

157,606 Ibf

N1B

LOX/LH2

131,500 Ibm

0.8344
24,337 Ibm
26,090 Ibm
4/LR-85

85,000 Ibf @ Vac
450.0s @ Vac

100.0%

72,308 Ibm
65,077 Ibm

54,333 Ibm
48,900 Ibm

45,553 Ibm
40,998 lbm

328 mT
295 mT

246mT
222mT

20.7mT
18.6 mT

Figure 6C-78. EDS with Payload and No Suborbital Burn
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EDS Only with Suborbital Burn

Launch Vehicle 25 — SDV In-line 4-seg RSRB/3-SSME Core

Vehicle Concept Characteristics
EDS Gross @ Liftoff 330,057 Ibf

EDS Stage (TLI+LOI+PC)
Propellants

Useable Propellant @ Liftoff
Useable Propellant @ 160 nmi cir.
Liftoff Stage pmf

Dry Mass

Burnout Mass

# Engines / Type

Engine Thrust (100%)

Engine Isp (100%)

Mission Power Level

TLI Delivery
Gross Payload
Net Payload

TLI+LOI Delivery
Gross Payload
Net Payload

TLI+LOI+PC Delivery
Gross Payload
Net Payload

LOX/LH2
294,519 Ibm
204,859 Ibm
0.8923
32,012 Ibm
35,505 Ibm
4/LR-70

S1A

70,000 Ibf @ Vac
450.0s @ Vac

100.0%

163,800 Ibm
147,420 Ibm

102,820 Ibm
92,538 Ibm

743 mT
66.9 mT

46.6 mT
42.0mT

79,260 Ibm  36.0 mT
71,334 1bm 324 mT

Figure 6C-79. EDS with Suborbital Burn

EDS + Payload attached with Suborbital Burn
Launch Vehicle 25 — SDV In-line 4-seg RSRB/3-SSME Core

6C.5.2.5
6C.5.2.5.1 Vehicle Description

Vehicle Concept Characteristics

S1B

EDS Gross @ Liftoff
EDS Stage (TLI+LOI+PC)

Propellants

Useable Propellant @ Liftoff
Useable Propellant @ 160 nmi cir.
Liftoff Stage pmf

Dry Mass

Burnout Mass

# Engines / Type

Engine Thrust (100%)

Engine Isp (100%)

Mission Power Level

TLI Delivery
Gross Payload
Net Payload

TLI+LOI Delivery
Gross Payload
Net Payload

TLI+LOI+PC Delivery
Gross Payload
Net Payload

Launch Vehicle 26 (LV 26)

276,326 Ibf

LOX/LH2
243,736 Ibm
154,076 Ibm
0.8821
29,595 Ibm
32,562 Ibm
4/LR-70

70,000 Ibf @ Vac
450.0s @ Vac

100.0%

85,985 Ibm
77,387 lbm

64,330 Ibm
57,897 Ibm

53,731 Ibm
48,358 Ibm

39.0mT
351 mT

292 mT
26.3mT

244mT
21.9mT

Figure 6C-80. EDS with Payload and Suborbital Burn

Figure 6C-81. LV 26
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LV 26 (Figure 6C-81) is a 1.5-stage parallel burn LV for crew and cargo based on an in-
line Shuttle-derived design and uses ET diameter tanks and structure in the core. The
structural configuration is shown in Figure 6C-82. This LV concept is the same as LV
27, except it carries a CEV above the payload shroud. The general configuration is two
solid strap-on boosters connected to a LOX/LH2 core stage with the payload contained in
a shroud above the core stage with a CEV attached above the shroud. The two solid strap-
on boosters are five-segment SRBs (HTPB propellant). The LOX/LH2 core stage utilizes
four SSMEs for propulsion. This vehicle was flown to 30 x 160 nmi orbits at inclinations
of 28.5 deg and 51.6 deg and inserted at an altitude of 77.7 nmi. The SSMEs were run at
a throttle setting of 104.5 percent. The results of the structural loads analysis are provided
in Figure 6C-83.

The net payload capability of LV 26 is 91.3 mT to a 30 x 160 nmi orbit at a 28.5 deg
inclination. This net payload would constitute the CEV mass, SM mass, and payload
mass contained in the cylindrical shroud. The net payload to 30 x 160 nmi ata 51.6 deg
inclination is 85.3 mT. No ground rules or constraints were violated for this LV analysis.

No special considerations were required to analyze this vehicle.

[somumn e sememns - ot
LVAVS3I4

Lunar-Mars Magnum ‘05 - InLine Crewed Attached Moved - SSMEx4 5sSRB

Graiees| ovi | CRERIP T TR e
] T S DV | [t tenten [t S

Figure 6C-82. LVA Structural Configuration
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Figure 6C-83. LVA Structural Loads Analysis Results

6C.5.2.5.2 Vehicle Sizing

The mass properties for the core stage of LV 26 are shown in Table 6C-14. The mass
properties for the five-segment SRB were supplied by the Solid and Hybrid Propulsion
System Branch of the MSFC Engineering Directorate and used as delivered. The shroud
cylindrical shell and the CEV adapter were both included in the core mass properties

accounting.
Table 6C-14. LV 26 INTROS Mass Summary
MASS PROPERTIES ACCOUNTING
VEHICLE: In-line Five-Segment SRM & 4-SSME Crew + Cargo — Blk 2
STAGE: Strap-on Solid Booster (Five-Segment SRB)
MASS SUBTOTALS MASS
ITEM Tertiary Secondary Primary TOTALS
Ibm Ibm Ibm Ibm

STAGE BURNOUT MASS (mbo) 221,234
Main Ascent Propellant | | 1,434,906

STAGE GROSS LIFTOFF MASS (mgross) 1,656,140

STAGE: Core Stage (4 SSME)

Primary Body Structures 108,865

Secondary Structures 3,943

Separation Systems 2,152

TPS 514

TCS 3,999

MPS 46,412

Power (Electrical) 2,719
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Power (Hydraulic) 1,443
Avionics 813
Miscellaneous 472
STAGE DRY MASS WITHOUT GROWTH 171,332
Dry Mass Growth Allowance | | 14,900
STAGE DRY MASS WITH GROWTH (mdry) 186,231
Residuals 16,643
Reserves 12,477
In-flight Fluid Losses 210
STAGE BURNOUT MASS (mbo) 215,560
Main Ascent Propellant 2,210,023
Engine Purge Helium 251
STAGE GROSS LIFTOFF MASS (mgross) 2,425,833
Payload 236,690
Payload Shroud 9,300
Strap-on(s), Gross Liftoff 3,312,279
VEHICLE GROSS LIFTOFF MASS (mgross_veh) 5,984,103

6C.5.2.5.3 Structural Analysis

The loads plot is a combined worst case including liftoff, max q, and max g. The tie-
down loads are assumed to be carried by the SRBs, as they do with the STS. The
compression loads show a major jump where the LOX tank loads are integrated into the
outside structure with a quick reduction of the loads where the introduced SRB loads
counteract the compression. The bending moment shows a steady increase from the tip of
the vehicle to the liftoff CG, then a steady decrease back to zero, as expected from an in-
flight case.

6C.5.2.5.4 Flight Performance Analysis and Trajectory Design

The closed case trajectory summary results and LV characteristics are shown in Figure
6C-84. Selected trajectory parameters are shown graphically in Figures 6C-85 through
6C-88. The vehicle exhibits a 1.47 T/W ratio at liftoff. Maximum dynamic pressure is
563 psf at 70.0 sec into the flight. The maximum acceleration is 2.39 g’s during the SRB
burn and 4.00 g’s during the first-stage burn after SRB separation. SRB jettison occurs at
132.5 sec into the flight at an altitude of 165,206 ft and Mach 4.0. The T/W ratio of the
core stage after SRB separation is 0.93. Orbital injection occurs at 509.1 sec at 77.7 nmi.
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5-Segment SRB In -line SDV - Crew + Cargo
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Figure 6C-85. Altitude versus Time
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Figure 6C-86. Velocity versus Time
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Figure 6C-87. Acceleration versus Time

600 -

500

Dynamic Pressure vs Time

400

300

/

200

\

100

.

/

Dynamic Pressure (Ib/ft*2)

-100 -

20 40 60 80 100 120 140 160

Time (sec)

150



Figure 6C-88. Dynamic Pressure versus Time

6C.5.2.6 Launch Vehicle 27 (LV27)
6C.5.2.6.1 Vehicle Description

LV 27 (Figure 6C-89) is a 1.5-stage parallel burn LV for cargo. This is an in-line
Shuttle-derived concept. The general configuration is two solid strap-on boosters
connected to a LOX/LH2 core stage with the payload contained in a shroud above
the core stage. The structural configuration of LV 27 is shown in Figure 6C-90,
while the results of the loads analysis are provided in Figure 6C-91. The two solid
strap-on boosters are five-segment SRBs (HTPB propellant). The LOX/LH2 core
stage utilizes four SSMEs for propulsion. This vehicle was flown to 30 x 160 nmi
orbits at inclinations of 28.5 deg and 51.6 deg and inserted at an altitude of 77.7
nmi. The SSMEs were run at a throttle setting of 104.5 percent.

The net payload capability of LV 25 is 96.7 mT to a 30 x 160 nmi orbit at a 28.5
deg inclination. The net payload to 30 x 160 nmi at a 51.6 deg inclination is 90.8
mT. No ground rules or constraints were violated for this LV analysis.

No special considerations were required to analyze this vehicle.

&= >

|

f\

This concept was also flown with EDS to determine the lunar payload Figure 6C-89. LV 27

capability for this vehicle. Four different EDS scenarios were analyzed: (1)
No suborbital burn EDS only (no payload attached at launch), (2) No
suborbital burn of EDS with payload attached, (3) Suborbital burn of the
EDS only (no payload attached at launch), and (4) Suborbital burn of the EDS with
payload attached. Payloads to three different lunar orbits were calculated for each
scenario: TLI, TLI + LOI, and TLI + LOI + Plane Change.

Lunar-Mars Magnum ‘05 - InLine Cargo Attached Moved - SSMEx4 5sSR8

Figure 6C-90. LVA Structural Configuration

General Configuration
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Figure 6C-91. LVA Structural Loads Analysis Results

6C.5.2.6.2 Vehicle Sizing

The mass properties for the core stage of LV 27 are shown in Table 6C-15. The mass
properties for the five-segment SRB were supplied by the Solid and Hybrid Propulsion

System Branch of the MSFC Engineering Directorate and used as delivered.

Table 6C-15. LV 27 INTROS Mass Summary

MASS PROPERTIES ACCOUNTING

VEHICLE: Five-Segment SRB & 4-SSME Cargo — Blk 2
STAGE: Strap-on Solid Booster (Five-Segment SRB)

MASS SUBTOTALS MASS
ITEM Tertiary Secondary Primary TOTALS
Ibm Ibm Ibm Ibm
STAGE BURNOUT MASS (mbo) 221,234
Main Ascent Propellant | | | 1,434,906
STAGE GROSS LIFTOFF MASS (mgross) 1,656,140

STAGE: Core Stage (4-SSME)

Primary Body Structures 93,061
Secondary Structures 3,943
Separation Systems 2,181
TPS 514
TCS 3,963
MPS 46,412
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Power (Electrical) 2,719
Power (Hydraulic) 1,443
Avionics 590
Miscellaneous 472
STAGE DRY MASS WITHOUT GROWTH 155,299
Dry Mass Growth Allowance | | 12,508
STAGE DRY MASS WITH GROWTH (mdry) 167,806
Residuals 16,643
Reserves 12,387
In-flight Fluid Losses 210
STAGE BURNOUT MASS (mbo) 197,046
Main Ascent Propellant 2,210,112
Engine Purge Helium 251
STAGE GROSS LIFTOFF MASS (mgross) 2,407,408
Payload 250,798
Payload Shroud 23,404
Strap-on(s), Gross Liftoff 3,312,279
VEHICLE GROSS LIFTOFF MASS (mgross_veh) 5,993,890

6C.5.2.6.3 Structural Analysis

The loads plot is a combined worst case including liftoff, max q, and max g. The tie-
down loads are assumed to be carried by the SRBs, as they do with the STS. The
compression loads show a major jump where the LOX tank loads are integrated into the
outside structure with a quick reduction of the loads where the introduced SRB loads
counteract the compression. The bending moment shows a steady increase from the tip of
the vehicle to the liftoff CG, then a steady decrease back to zero, as expected from an in-
flight case.

6C.5.2.6.4 Flight Performance Analysis and Trajectory Design

The closed case trajectory summary results and LV characteristics are shown in Figure
6C-92. Selected trajectory parameters are shown graphically in Figures 6C-93 through
6C-96. The vehicle exhibits a 1.46 T/W ratio at liftoff. Maximum dynamic pressure is
562 psf at 69.5 sec into the flight. The maximum acceleration is 2.38 g’s during the SRB
burn and 4.00 g’s during the first-stage burn after SRB separation. SRB jettison occurs at
132.5 sec into the flight at an altitude of 164,634 ft and Mach 3.9. The T/W ratio of the
core stage after SRB separation is 0.93. Orbital injection occurs at 509.5 sec at 77.7 nmi.
Figures 6C-97 through 6C-100 provide the results of the analysis of the four separate
EDS scenarios.
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Figure 6C-92. LV 27 Summary

500000.00

Altitude vs Time

400000.00

300000.00

/

Altitude (ft)

200000.00 /
100000.00

0.00 ’/

100

200 300 400 500 600

-100000.00

Time (sec)

Figure 6C-93. Altitude versus Time
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Velocity vs Time
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Figure 6C-94. Velocity versus Time
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Figure 6C-95. Acceleration versus Time
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EDS - No Suborbital Burn No Payload Attached
Launch Vehicle 27 — SDV In-line 5-Seg RSRB/4-SSME Core

i

(i)

AL

Vehicle Concept Characteristics

EDS Gross @ Liftoff (TLI+LOI+PC)

EDS Stage (TLI+LOI+PC)
Propellants

Useable Propellant

Stage pmf

Dry Mass

Burnout Mass

# Engines / Type

Engine Thrust (100%)

Engine Isp (100%)

Mission Power Level

TLI Delivery
Gross Payload
Net Payload

TLI+LOI Delivery
Gross Payload
Net Payload

TLI+LOI+PC Delivery
Gross Payload
Net Payload

260,224 Ibm

LOX/LH2

228,182 Ibm

0.8769

29,213 Ibm

32,016 Ibm

4/LR-85

85,000 Ibf @ Vac
4500 s @ Vac

100.0%

185490 Ibm 84.1mT
166,941 1bm  75.7 mT

118,930 Ibm 53.9mT
107,037 Ibm 486 mT

93,220 Ibm 423 mT
83,898 1bm 38.1mT

N2A

Figure 6C-97. EDS with No Payload and No Suborbital Burn

EDS - No Suborbital Burn with Payload Attached

Launch Vehicle — SDV In-line 5-Seg RSRB/4-SSME Core

Payload

62.2'

sk

Vehicle Concept Characteristics

EDS Gross @ Liftoff (TLI+LOI+PC)
EDS Stage (TLI+LOI+PC)

Propellants

Useable Propellant
Stage pmf

Dry Mass

Burnout Mass

# Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

TLI Delivery
Gross Payload
Net Payload

TLI+LOI Delivery
Gross Payload
Net Payload

TLI+LOI+PC Delivery

Gross Payload
Net Payload

196,937 Ibm

LOX/MLH2

168,433 Ibm

0.8553

26,324 Ibm

28,485 Ibm

4/LR-85

85,000 Ibf @ Vac
450.0s @ Vac

100.0%

97,552 Ibm 442 mT
87,797 Ibm 39.8 mT

74,527 Ibm 33.8mT
67,074 1Ibm 304 mT

63,287 Ibm 28.7 mT
56,958 Ibm 258 mT

N2B

Figure 6C-98. EDS with Payload and No Suborbital Burn
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EDS - Suborbital Burn No Payload Attached
Launch Vehicle — SDV In-line 5-Seg RSRB/4-SSME Core

Vehicle Concept Characteristics

EDS Gross @ Liftoff

EDS Stage (TLI+LOI+PC)
Propellants

Useable Propellant @ Liftoff
Useable Propellant @ 160 nmi cir.
Stage pmf

Dry Mass

Burmout Mass

# Engines / Type

Engine Thrust (100%)

Engine Isp (100%)

Mission Power Level

370,430 Ibf

LOXLH2

332,401 Ibm

254,623 Ibm

0.8973

34,112 1bm

37,991 lbm

4/LR-70

70,000 Ibf @ Vac
4500 s @ Vac

100.0%

S2A

98.8 TLI Delivery
Gross Payload 209,740 1bm 95.1 mT
Net Payload 188,766 Ibm 856 mT

TLI+LOI Delivery
Gross Payload 133,940 Ibm 60.8 mT
Net Payload 120,546 lbm 54.7 mT

TLI+LOI+PC Delivery
Gross Payload 104,660 lbm 47.5mT
Net Payload 94,194 Ibm 427 mT

TLI Delivery w/ On-Orbit Refueling

Gross Payload 274,297 Ibm 124.4mT
Net Payload 246,868 Ibm 112.0 mT

Figure 6C-99. EDS with No Payload and Suborbital Burn

EDS - Suborbital Burn with Payload Attached
Launch Vehicle — SDV In-line 5-Seg RSRB/4-SSME Core

EDS Gross @ Liftoff
EDS Stage (TLI+LOI+PC)

Propellants

Useable Propellant @ Liftoff

I 3 Useable Propellant @ 160 nmi cir.
Stage pmf

Dry Mass

Bumout Mass

# Engines / Type
Engine Thrust (100%)
Engine Isp (100%)
Mission Power Level

TLI Delivery
z Gross Payload
83.6 Net Payload

TLI+LOI Delivery
Gross Payload
Net Payload

TLI+LOI+PC Delivery
Gross Payload
Net Payload

Gross Payload
Net Payload

Figure 6C-100. EDS with Paylo