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FOREWORD

The Space Shuttle Phase B Extension Study was
conducted under Modification 24, Supplemental
Agreement to Contract NAS 8-26016 by a team
headed by the McDonnell Douglas Corporation.
The period of performance for the study was
1 November 1971 through 15 March 1972. Mem-
bers of the study team included the McDonnell
Douglas Corporation, the Martin Marietta Corpo-
ration, TRW Incorporated, Pan American World

Airways Incorporated, and Sperry and Norden
as subcontractors.

This document constitutes Part I of the final doc-

umentation for the study which consists of the
following:

——— e
CDRL Item MA-04 Final Report
Part I Executive Summary
- Part II Technical Report
Volume I System and Orbiter

Volume II System and Booster
Volume III MMC Activity

Part III Development Requirements
Part IV Cost and Scheduling Data

CRDL Item SE-03
Part: V Design Data Book

Volume I Program and System Baseline

Volume II Drawings

Volume III Orbiter Aero Design Data
Book

Volume IV Booster Aero Design Data
Book (CDRL Item SE-01)

—
CDRL Item SE-04 _
Part VI Final Mass Properties Report
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RECOMMENDED SYSTEM
Twin — 156 In. Parallel Burn SRMs

® OFF-THE-PAD ABORT CAPABILITY
e RECOVERABLE BOOSTERS
 LARGE ORBITER, 15 X 60 BAY

* ORBITER ENGINES:; 3-470 K LB

® WEIGHTS (K LB)
PAYLOAD (EAST)
GLOW
OLOW
BLOW
| e REL STAGING VEL (FPS)
® COSTS (SM)
TOTAL PROGRAN
RDT&E
PER FLIGHT (TOTAL)

Figure 2
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PARALLEL BURN
TWIN 156 IN. SRM BOOSTER
14 x 45 Payload Bay

156 IN. DIA A w295 FT DA
e o DESIGN CHARACTERISTICS
GLOW 3617 K LB
OLOW 1691 K LB
BLOW 1926 K LB
o BOOSTER DATA (PER SRW)
PROPELLANT WT 848 K LB
BURNOUT WT 115 K LB.
MASS FRACTION .0.881
lgp (VAC) 264 SEC
S.L. THRUST 2068 K LB
GIMBAL ANGLE NONE
Figure 4

PARALLEL BURN
TWIN 156 IN. SRM BOOSTER

15 x 60 Payload Bay

- =285 FT DIA

15 FT DIA—= DESIGN CHARACTERISTICS:
N\ GLOW 4,315K LB
| \m Al OLOW (INCL P/L) 1.898.6K LB
| '.l fadl I 155 FT BLOW 2,416.5"( LB
BOOSTER DATA:
USABLE PROPELLANT 2 x 1064.5K LB
' BURNOUT WGT 2 x 143.8K LB
MASS FRACTION 0.881
Igp (VAC) - MIN 264 SEC
S.L. THRUST 2 x 2,575K LB
GIMBAL ANGLE NONE
Figure 5

2.2 Ascent Trajectories — Extensive ascent tra-
jectory analyses performed for the Shuttle sys-
tem concepts have provided performance verifica-
tion of the sizing studies and insight into thrust
shaping techniques required to satisfy q and g
constraints. From this, reference trajectories were
defined for control, separation, abort and Booster
entry analyses, and for mission planning purposes.
Figures 6 and 7 show altitude as a function of
downrange distance and relative velocity for the
preferred Parallel Burn Twin SRM 156-inch con-
figuration. Figure 8 summarizes staging condi-
tions and Booster impact range for the system

configurations of main interest. All configura-

tions were sized for 4000 fps staging velocity
except for the Series Burn Pump-Fed F-1, which
was sized for 5000 fps.

15 MARCH 1572

FLIGHT PROFILE
PARALLEL BURN — TWIN SRM (2 x 156 IN.)

o FASTERLY LAUNCH
e 15 x60' P/. BAY

-t h V
+ MAXq= 650 PSF | SEC | FT | FPS | DEG | PSF

A. ASCENT MAX g 10 39,160 | 1424} 56.2] 650 |

B. SRM REGRESSION | 80 | 51,805 1774| 49.3| 590
C. SRM CUTOFF 120.3 (118,590 | 4099| 28.5| 118
D. SRM APOGEE 1180 172,800} 32201 -0.9! -
E. ENTRY MAX q 1330 | 23,300 | 584!-83.6] 192
F. SRM IMPACT 369 0 - | -
G. ORBIT INJECT 515.7 | 303,980 |24 545 0| -

ALTITUDE - 1000 FT

160 200
RANGE — NM

400 600 800

Figure 6

- FLIGHT PROFILE
PARALLEL BURN — TWIN SRM (2 x 156 IN.)

300

e EASTERLY LAUNCH

® 15" x60' P/L BAY

o MAX q= 650 PSF —

AN M
100 SEM ENTRY
MAX q - 192 PSF |
ASCENT MAX q — 650 PSF

RELATWE VELOCITY - 1000 FPS Figure 7

200

ALTITUDE - 1000 FT

CONFIGURATION STAGING COMPARISON

o MAX q= 650 PSF

BOOSTER
NOMINAL STAGING CONDITIONS IMPACT
TIME DWNRAN
(SEC) FPS DEG) PSF

120.3 113,590 4093 | 28,5 | 18.7 | 118 96

CONFIGURATION

o KSC LAUNCH SITE
e EASTERLY MISSION

(i= 28.59)

| PARALLEL -~ SRM (2x156'")
15" x 60" PAYLOAD BAY

SERIES ~ PRESSURE FED |112.0
15" x 60’ PAYLOAD BAY

SERIES =~ F~1
15" x 60’ PAYLOAD BAY

112,798

144,410

PARALLEL — SRM {2x156"")
14" x 45’ PAYLOAD BAY

113,558

Figure 8
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ORBITER ABORT CAPABILITY SUMMARY

o 3 HiPc ENGINES - 1410 K LB TOTAL THRUST
o EASTERLY MISSION
o 105~109%

TIME AFTER LIFTOFF - SEC
0 100 200 300 400 500

SERIES BURN STAGING _ INSERTION

PRESSURE - FED , ' - | ABORT
o [ B scxarr
) — — BURN SOLID

P/L BAY - 65 KLB P/L

ROCKET MOTORS
PARALLEL BURN .
SRM BOOSTER AND GLIDE BACK_
(15 x 60’ P/L BAY 1 GLIDE BACK

- 63 KLB P/L) UNPOWERED
PARALLEL BURN 2 FLYBACK USING
SRV BOOSTER . MAIN ENGINES
(14" x 45’ P/L BAY  |_ . _ _ 2 ONCE AROUND

- 45 KLB) : ' ' \ RETURN ORBIT

BoosTéTQUOO A ' N 4 DEGRADED MISSION,

FAILURE --|<— ONE ORBITER ENGINE OUT .__._..\ Vops = 350 FPS
5  SEPARATE AT

PARALLEL BURN '
(EITHER BOOSTER - BOOSTER BURNOUT,
THEN USE MODES

OR PAYLOAD . - ONE ORBITER ENGINE OUT —————— 10R2

Figure 10
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& ORBITERS

T'wo basic orbiters were used in the extension
studies for system analysis. The first evolved from
the MSC 040A configuration with modifications
needed to accommodate the change from 4-306K
J2-S main engines to 3-470K HiPc engines. This
configuration, referred to as the 068B and shown
in Figure 13, has the large payload capability and
- was the subject of most of the detailed Orbiter
analysis during this study period. The second

configuration is the small payload Orbiter which
1s essentially the 068B shrunk to the smaller pay-

15 MARCH 1972

load bay and retaining the 3-470K HiPc engines.
This configuration, referred to as the 085A, has
been analyzed only insofar as necessary to sup-
port system studies. Geometric characteristics for
both the 068B and 085A Orbiters are shown in
Figure 14. Several other Orbiter engine combina-
tions have been examined to provide parametric
data used in various trade studies.

3.1 Aerodynamics and Performance — Orbiter
configuration 040A generic wind tunnel tests

ORBITER GENERAL ARRANGEMENT
15 x 60 Payload (068B)

WING ACPS POD (HYDRAZINE)/—:

-

FIN ACPS POD (HYDRAZINE)
FORWARD DOCKING \
RECESSED ESEEOAD
WINDSHIELD COVERS

C

r"'" -
e "—I—

FUEL CELL

MODULE  MAIN GEAR

114.3

MANIPULATOR BOOM
DUAL SURFACE
RADIATOR

19.6 FT

R )/ -"""‘;z—iss N,
e j — Nmee —— |
' e _.f-.__l.
_ \\,‘ A=A

FULL SPAN FLARED RUDDER
//Am ENGINE M

UPPER LONGERON
PAYLOAD DOOR

FIXED OMS POD

AIRBREATHING

ENGINE—&

Figure 13
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e Operational Instrumentation

¢ Displays and Controls, Caution, and
Warning

e Payload Handling

T'he avionics system implements each of the func-
tions with separate dedicated subsystems with
minimal interfaces. Each subsystem design is

multiply redundant, with hardwired functional
strings, and management at the subsystem level.

3.7 Crew Station — The crew station includes
the life support environment, crew/passenger
furnishings and accommodations, and vehicle sub-
system status monitoring and control required by
the flight crews.

The Environmental Control and Life Support
System (ECLSS) provides a shirtsleeve environ-
ment, water management, atmosphere revitaliza-
tion, waste management, and equipment thermal
control through launch, ascent, on-orbit, entry
and landing for a flight crew of two pilots and
two cargo handlers. The ECLSS design makes
‘maximum use of aircraft philosophies and prac-
tices to provide convenient maintainability.

The crew subsystems include crew furnishings
and equipment, controls and displays. The flight
station provides for two pilots in a conventional
side-by-side arrangement in the forward part of
the flight deck. The general layout of the for-
ward instrument panel, center console, side con-
soles and overhead panel is essentially the same
as the DC-10. Side stick controllers are used in
lieu of a center stick. The rudder pedals are re-
tained for yaw control, braking, and nose wheel
steering. Seat adjustments and floor spacing be-
neath the seats meet launch and orbital opera-
tions requirements.

3.8 Power Systems — Power systems for the
Orbiter consist of the electrical and hydraulic
subsystems.

EXECUTIVE SUMMARY
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Wprop = 1,577,900 LB

e B |
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The Electrical power subsystem consists of three
28 volt fuel cells and four AC generators. Two
batteries provide power for restart of the fuel
cell modules and the AC generators. Static in-
verters provide AC power during periods when
the AC generators are not running; transformer-
rectifier units provide DC power from the AC
generators. Power is transmitted fore and aft in
the vehicle over 115/200 volt, 3¢, 400 Hz AC
transmission lines to reduce the weight.

TI'he Hydraulic system consists of four indepen-

~dent systems operating at 3000 psig. Each sys-

tem is powered by a hydrazine auxiliary power
unit which drives the system pump. All four |
hydraulic systems are distributed to flight critical
subsystems to provide the vehicle with a highly
reliable design.

3.9 External Tanks — The Orbiter mounting ar-
rangement and tank geometry of the external
HO tank for the recommended twin 156-inch SRM
parallel burn configuration is illustrated in Figure
22. The external tank design for the series burn
contiguration is similar except that it contains
separate bulkheads and holds about one third less

propeliant.

TANK GEOMETRY - PARALLEL BURN 5T
/1)

e O A S

Bef porf T T T
37 R '

LOX |\ "
19621 F73 Ly, 345

¢ A | ' 53,956 FT3  DIA
200 X . 14 R/’ .

)

4

—~—— 1649

Figure 22
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[o DESIGN CHARACTERISTICS
‘GLOW 4,458 300 LB

OLOW 1341700 LB

|  BLOW 3116500 LB

e BOOSTER DATA

PROPELLANT WEIGHT= 2687 K LB
I BURNOUT WEIGHT = 436,645 LB

MASS FRACTION = 0.857

| Ispl VAC) MIN = 304.1SEC |
S.L. THRUST =4 x 1,505 K LB
GIMBAL RANGE = 6 DEG

T10 IN ~— e

EXECUTIVE SUMMARY

SERIES BURN F-1 BOOSTER

JACKETD 10X
FEED LINES (4)

RP-1 TANK

FUEL
PRESSURANT
GAS STORAGE

BULKHEAD

NOSE CONE
REINFORCED
FOR WATER
LANDING

AN

INBOARD PROFILE

15 MARCH 1972

' e ma ' s v .

Series Burn Pump-Fed (F-1) Booster

ENGINE
MOUNT
PLANE

INTERCONNECT
TUNNEL

INTERSTAGE
SEPARATION
PLANE

20

| SPEED
/ BRAKES (4)—
. — F-1

ENGINES
(4)

— ENGINE \/

BASE HEAT SEALING

SHIELD COVERS (4)
- PLANE

" RETRO ROCKETS (4

Figure 32












MDC E0558
PART |

M

PEAK CONCENTRATION (HC1, CO, and Al1703)
Downwind, Pad Abort

W r

Tp— — T rep— Y T o ﬁ.

ATMOSPHERIC CONDITIONS

FALL, SPRING, SEA BREEZE,
TEMPERATURE INVERSION

102

q.

ENTRATION ~ MG/

-
=
]

i
Tt

REFERENCE: |}
THIOKOL/GCA|

10-MINUTE MAX. ALLOWABLE
CONCENTRATION

€O ~ 1,500 PPM
HCI - 30 PPM
Aly07 - 150 MG/M3

100

2

PEAK CONCENTRATION - PPM

PEAK CON

10-1
102

10-1

103 104 109

DISTANCE —~ METERS

- Figure 38
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| COMPONENTS

| MOTOR CASE/NOZZLE_ | DESIGNDEY
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DEVELOPMENT SCHEDULE
Parallel 156 In. SRM Configuration

YEARS | FROM SHUTTLE ATP

7 SRMATP| |
~ DESIGN DEV  JQUAL|

- \Y BURST AND SEAL TEST

----------

i—FLT INSUL AND NOZZLE

TT— || ~FLTHTTT |
— FLT PROTOTYPE
| ——— FLT _
ﬁ:'ﬁﬁ:fguﬁs“ STRUCTURE |
| ADAPTERS

| VAVAVA VI RAvAV. VY |

SRM FIRING TEST......)....... TCOS]  DEV. T QUAL ] 11 MOTORS
| FORWARD AND AFT o - _
ADAPTERS......___. —_DESCNANDFAB. 0T

24

-------------------

VERTICAL GROUND
VIBTEST oo ..
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costs was investigated, utilizing reduced perform-
ance capability for the first 125 flights of the 445
flight program. This involved interim use of re-
duced payload requirements, an existing Orbiter
engine (J2/J2-S), ablative TPS, simpler avionics,
and an expendable Booster. Figures 41 and 42
compare the evolution time frame and risk of the
two development approaches. Total program cost
was found to be considerably lower if the Mark I
phase was eliminated, primarily because Mark I
required a single engine development, lower oper-
ational costs, and no retrofit costs.

5.3 Parallel versus Series Burn and Booster Se-
lection — During the study, selection of the
Booster and mated vehicle configuration was em-
phasized with particular attention to costs and
technical risk. Evaluation of technical risk indi-
cates parallel burn SRM’s have the least risk,

EXECUTIVE SUMMARY
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series burn HiPc Boosters have the most risk and
series pressure-fed and series F-1 pump-fed are
intermediate and about equal in risk. This tech-
nical risk assessment, along with the cost com-
parisons summarized in Figure 43, led to the
selection of the twin 156-inch parallel burn design
as the prime choice and the pump-fed F-1 series-
burn as the second choice.

5.4 Orbiter Engine Selection — A series of trade
studies were conducted in which various J-2 de-
rivative engine designs as well as the HiPc engine
were evaluated for variations in engine number
and thrust level. The recommended main engine
configuration for the Orbiter is three HiPc, oxy-
gen/hydrogen engines each delivering 470K 1b
(vac) thrust, The evaluation is summarized in
Figure 44. While the recommended configuration
was three 450K Ib (vac) thrust engines, the thrust

MARK | - MARK || EVOLUTION

- — MARK | ——— e —
MARK I E

- « ABLATIVE TPS  RSI/ABLATOR BLEND

E . J-25 ENGINE - Hi P_

| « BASIC AVIONICS « UPGRADED AVIONICS

x « STRUCTURE/CONFIGURATION — DESIGNED « STRUCTURE/CONFIGURATION - LOCAL
< FOR 25 K LB RETURN LOAD BEEF-UP LAND AT HIGHER SPEED

0 20 40 60 80 100 120 140

_ ABLATIVE TPS

§ . A— ABLATOR/RSI BLEND S
< 4—HiP_ OR J-25 ENGINE —_—
E (AVIONICS)

— |&  —AUTO LAND: . . | .
x A-, ADDITIONAL ON-BOARD CHECKOUT —
= o AUTOMATIC CHECKOUT FUNCTIONS - — -
;_. o INCREASED AUTONOMY —mn—— -_—
< A— IMPROVED PAYLOAD SUPPORT — —_—

O— SATELLITE RELAY COMMUNICATIONS —
® - AUTONOMOUS NAVIGATION - —

A DESIGN STRUCTURE FOR 40 K LB PAYLOAD

26
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SYSTEM COST COM

PARISON
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6.0
| } ' |
55 15 x 60 CARGO BAY SiZE 14 x 45
LIQUIDS . SERIES BURN o
A  PARALLEL BURN &
L. - SR
g 3.0
|
-
S
[
L
245 —
= SOLIDS
2-156 (RECOVERABLE)
A N o A1 -
4.0 . A s 1207
) 156" 3156 d‘ 51207
3.5 F— — vk -—-—-——u _I perom— "~ -—J— , —
4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0

COST/FLIGHT ~ $M

and while about two thirds of the DOD missions
could be accomplished with the smaller bay, most
would require dual launches. It was also deter-
mined that program cost savings with the small

Figure 43

bay (ranging from $202 M to $576 M) were
attributable primarily to reduction in payload
welight. Only about one-fourth of the savings is
attributable to reduction in Orbiter size.

ORBITER MAIN ENGINE SYSTEM SELECTION

Engine Selection Cost Comparison

DELTAS FROM BASELINE

BASELINE CONCEPTS BASELINE |, . HiPc (ALONE)
1-5=HiPe | (a1 ONE) {4-306 K LB | 3-250 KLB] 4-450 KLB
_ (VAC) (VAC) (VAC)
| FLYBACK SERIES BURN o . y . v |
- - -209 - - |
RDT&E -
oL |
TOTAL PROGRAM - - - - - |
OTAL 1 319(76) ~17 + 37 +49 + 51
~ PAF
| SINGLE RAQ ‘SERIES BURN IR
RDT&E 5726 262 -209 199 ~180
PER FLIGHT | 5.45 +0.03 0 0 +0.02
PAF 1,046 {718) + 22 + 37 + 3b + 32
| ) T
I TWIN RAQ PARALLEL BURN
| RoTaE 5199 213 209 -208 ~258
PER FLIGHT 5.87 +0.10 0 ~0,01 -0,01
10,469 -120 ~287 _347 ~407
TOTAL PROGRAM -
PAF 939(78) | .32 v37 L 25 v 16

* ORBITER THRUST OPTIONS

4-6 265K
4 320K

J=25

« STUDY PARAMETERS
* ORBITER GEOMETRY WEIGHT EFFECTS

* VsTacING VS ORBITER THRUST LEVEL

J-25 UPRATED
3—4 300K — 450K Hi P¢

* VSTAGING, GROWTH CAPABILITY.
THRUST LEVEL INTERRELATIONSHIPS

* PROGRAM COSTS

Three Engines Preferred to Four

« ASSUMING CONSTANT TOTAL ORBITER THRUST

NUMBER
CRITERION OF ENGINES
3 4
SYSTEM RELIABILITY | » SYSTEM RELIABILITY HIGHER WiTH FEWER ENGINES PROVIDED
ABORT GAPS — | = | .« NOSIGNIFICANT DISCRIMINATOR BETWEEN 3 AND 4
ENGINE SYSTEM
DESIGN ' « FEWER ENGINES ALLOW VEHICLE INTERFACES TO BE SIMPLIFIED
MAINTENANCE | ] o MANHOURS ~ 3 HiPc 96 MMH/FLT
4 HiPc 128 MMH/ELT
4 J-25 160 MMH/FLT
‘f - FIELD OPERATIONS (SUPPORT, SPARES, TURNAROUND TIME)
FAVOR FEWER ENGINES
FLIGHT OPERATIONS | ¥ » DATA MONITQRING, INSTRUMENTATION, ELECTRICAL POWER
CONSIDERATIONS FAVOR FEWER ENGINES
ORBITER WEIGHT Y | . THREE ENGINE SYSTEM 1000 LB HEAVIER

» SINGLE ENGINE DEVELOPMENT PREFERRED

« & }-25 ENGINE SYSTEM FEASIBLE FOR BOTH SINGLE AND TWIN RAQ (PRESSURE-FED)-
Vg1 37000 FPS

« HIGHER ORBITER THRUST ALLOWS HEﬁUCED Ve AND LOWER COSTS

+ "UPRATED' J-28 BETTER THAN J~2S, BUT HiP¢ IS SUPERIOR

« 3 - 450 K ENGINES REPRESENTS GOOD COMPROMISE FOR BOTH SINGLE AND TWIN
RAG (PRESSURE-FED) SYSTEMS

» 4-450K ENGINES WOULD SAVE MORE THAN S100  IN SYSTEM COST FOR PARALLEL
BURN. EXPENSE OF ORBITER AER0/CG DESIGN PROBLEMS NOT ACCOUNTED FOR.

« 3 — 450 K ENGINES IS RECOMMENDED SELLECTION

Figure 44
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gram and engineering decisions must be made

FISCAL FUNDING REQUIREMENTS which are critical to the course of the entire pro-

_ - gram. A summary of these key decisions is

Parallel Burn, 2-156 In. SRM Boosters shown on the schedule. Each major program

element was developed not only to satisfy its own
peculiar objectives but also to be integrated with
the Space Shuttle objectives so that no one major
element dominated or drove the entire program.

The Orbiter vehicles will be used to satisfy the de-
velopment requirements and to also satisfy the
operational requirements through 77 vertical
flights. Orbiter No. 3 will be required in January
1982 to satisfy the 41 vertical launches during
that year. A total of five Orbiters will be required.
A single expendable tank links the Orbiter and

T T TN oo

|/ - ‘ A solid rocket motor (twin, parallel burn) Booster
0 ‘-....L will be developed in parallel with the Orbiter. A
1972 1976 1980 1984 1988 1992 total of 445 Boosters will be produced. The first

FISCAL YEAR five will be utilized to satisfy development re-
Figure 46 quirements.

BILLIONS OF 1970 DOLLARS
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