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A COST TRADE-OFF
MODEL FOR ON-ORBIT
ASSEMBLY LOGISTICS

George W. Morgenthaler

(11/23/91)
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Figure 2-1 Reference Boeing NTR Vehicle
|
—  Dissassembled )
|/ Aerobrake
HLLV Config: 5 HLLV Config: 5 HLLV Config: 6
Fairing: ECA Fairing: ECA Fairing: LMCA
Payload Mass: 62T Pavioad Mass: 1165 T Payload Mass*: 145 T

(Cargo Frame Mass: 14.3 T) (Cargo Frame Mass: 15.2T)  (Cargo Frame Mass: 18.9 T)

L L
Wor
(8= SP
=) £

Titan [V Configuration

HLLV Config: 1 HLLV Config: 5

Fairing: NCA Fairing: ECA Payload Mass: 1997
Payload Mass: 102 T Payload Mass: 935 T (Cargo Frame Mass: 5.7 T)
(Cargo Frame Mass:13.3 T) (Cargo Frame Mass: 26.7 T)

*38.5 T of TMI Topoff Required Per Tank

Figure 3-5 Initial HLLV Cargo Delivery Manifests
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Figure 3-6 Subassemblies for Delivery to Low-Earth Orbit
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Shuttle C Performance
Figure §

Shuttle Derived Launch Vehicles
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MORE Afuee WOOER CORY
SPACEFLIGHT, VoL 31, Semmamoer 1929
Figure 6

Performance of Shuttle Derived Launch Veﬁicies

800,000

Mase imte
Spase Sacien Qreit. De.
500,000
Martte-Mariotta Analyels
400.000 + _emm-
300.000 4+
200.000 ¢+
100.000 4 ‘—_l
° *
a-a-c Mm MZ.M Shnh-ZJl SDV-1 3oV-3
Ne. of AERMS 4 [}
Ne. of SEMRS 3 3 Q l 4 . T
Cendy S Sidam S Sid -4 In-ine

SPACEFLUIGHT, Vol. 31, Sepiamoer 1988

From Reference 10.



NLS - SHUTTLE E.T. CORE

core. Concept at left is of tha One and One-Half Stage Vehicle and at

tight Is the concept for the Heavy-lift Launch VYehicla.

HNOLOGY /August 26, 1991

These are two configurations envisioned for the National Launch System
that use the Martin Marietta space shuttle external tank as the vehicle
AVIATIOM WEEK & SPACE TE

ORIGINAL F2GE 1S
OF PCOR QUALITY



faoie L. venlcie Lost rerrormance (1 nousancas or lyvyu aotlars)

Venicie ICast (Millicns) iPoungs 'c LET [Kg te LED |CasuKg (thousands)
Scaut | 171 574 2611 85.131
Cansstceca i 29| 12971 63 Si 44 09
Scaut I l 21 1184/ 538l 28.03
ESAC S-i | 24l 2499| 1136 25.33!
E2AC S-il | 43! 58001 3000| 14.33|
Cetta ! 6327 | 42| aToo! 3953| 10.52]
Deita Il 7920 | 71l 110886i 5039 14.09]
Atlas | I 80l 1298¢! 53001 13.58]
Atlas || | 92| 14918] 6780l 13.57
EPAC S-3 [ 581 155382! 7210l 8.15
SAC S | 7 5l 203281 g924q| 8.12
ED2AC S-3 i 87! 24840| 11200! 7.77
EPAC S-5 | 105i 29¢29l 12600! 7.72|
Allas lla { 99| 15884| 7129l 13.20l
Atlas ilas } 121 188421 361Cl 14.05]
Ariane IV | 851 205040| 9318| g.38|
Titan 11 | 188| 32432! 14742| 12.53
Titan IV | 276l 4635001 21318l 12.95
Shuttle € | 240! 150000| §3182! 2.52
Shuttle Z 343| 250000 1136386| 3.02
Titan IV/Cant 276l 63004 309083l 8.93
Saturn V 600! 308090l 140000 4.29
Snauttle 1 i 345]| 54386] 24721 13.986
Shuttle 2 200! 54286| 24721 8.09
Shuttle 3 345§ 303620I 138000 2.50
Shuttle 4 | 200 3023600 138000/ 1.45

Note: There are four Shuttle data entries here because he Shuttle is the only cne of these launch vehicles
whose payload comparntment, the Orpiter, is recoverable and reusable. This makes it difficult to
compars it with expendable launch vehicles. Satum V data are frem Ret. 11.

Shuttle 1 this is the data entry for the standard Shuttle from Ref. 10.

Shytlle 2 this entry shows a reducticn of the cost of the Shuttle “launch vehicie” by an estimate of the
gst of the Orbiter, which is assumed to be replacad by a fairing. The amortized cost used was
the $4.1 billion Orbiter cost divided by a 28 launch utilization lifetime, i.e., approximately

8145 million per launch, reducing the $345 million to $200 million per launch.

Shuttle 2 this entry keeps the $345 million cost per launch cf the Shuttle but assumes that the QOrbiter is
replaced by a payload bay. The LEO delivery weight is thus (24,721 + 113,279) = 138,000 kg.

Shuttle 4 this entry shows a reduction of the per launch cost by $145 milllen and an increase of the
payload delivered to LEQ te 138,000 kg.

Figure 7 inciuces a ‘rectangle of uncartainty” with the Shuttle entries at the four ccrrers.
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NUMBER OF PAYLOADS NEEDED

NLW) = [Wo/w] + (1/2(1 + sgn(Wo/w - [‘Wo/w])} sgn(Wo/w - [Wo/wW])

Ny(w) = [Vo/VHEW)] + (1/2{1 + sgn(Vo/VuW) - [Vo/ VEWID] x
sgn(Vo/ VH(W) - [Vo/ VE(W)])

N(w) = Max (Np(w), Ny(w)}

LAUNCH VEHICLE RELIABILITY

Then the probability of a successful launch to LEO, i.e. not more than h units out
of n failing, is
h . .
(12) Pn(n-h) = T (n!/(n-j!jHp™ial,
j=0

If we let r be the conditional probability that an engine fails catas trophically,
given that it fails, then

(13) q =qr +q(l-n,
where q(1-r) = probability of that an engine fails, but not catastrophically.

Hence,

(14) Pn(n) = png(1-r)0 =pn
Pn(n-1) = npn-ig(l-r) + pn
Pn(n-2) = (n(n-1)/2)p™2g2(1-r)2 + npt-1q(1-r) + pn.
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Figure 10. Launch Vehicle Reliability as a Function of Clustered Rockets
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Figure 11. Launch Vehicle Reliability as a Function of Clustered Rockets
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MAKING THE LAUNCH WINDOW?

If N = N(w) payload deliveries are needed to assemble the spacecraft
and if time for up to j additional launches is included in the schedule to
compensate for up to (j - 1) launch failures, then, assuming no political
launch hiatus after any failure,

r . ;
» _ mmake launch window| _ N . ~NAN~ o ~N+1_ N7 . L AN
P-I‘l in ] extra launches =pN+CipY¥g+Cy " pV¥g=+ ...+ C pN g

where
(N+i-1)(N+i-2). . .((\)
i!

Cl+ pNg! = P!

is the negative binomial density which gives the probability that the Nth
success is achieved predisely at the (N + i )th launch.

LIMITATIONS ON HLLYV SIZE

1. Limitations on the usable size and shape of payload bays and the limited
deployability of space structures;

2. Limitations on the size of propellant tankage domes (currently around 10 to

15 meters in diameter) that can be built with current methods of metal
forming, spinning, welding, etc;

9)

barge;

L

and "strongbacks” at launch sites;
5. Limitations on the safety considerations for handling and launching very
large quantities of cryogenic or hypergolic propellants, particularly with
respect to the population living in the local abort zone;
6. Limitations on the reliability of HLLVs that are made of a large number of
clustered tanks;

~

launch of the HLLV.

Limitations on the size of loads that can be transported by air, rail, truck, and

Limitations on the size of facilities and handling ability of cranes, transports,

Limitations of cost and risk in concantrating too many resources in a single
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