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PREFACE

The purpose of this book is to present, R a2 form suitadle for easy usa, the
ocperational aercdynamic data for the Reckwell Spaca Shuttle Vehicle. The
Space Shuttle Venhicle is a2 combination aircraft/spacecrast designed for the
express purpose of launching a variety of payloads into Earth orbit [and/or
retrieving payloads from ordit]. relurn to Earth, and land {n the manner of
conventional aireraft. The Spacs Shuttle Venicle is comprised of thres
major elements: the Orditer, External Tank, and two So!id Rocket Boosters.
Tha external features have besn designed to provide the protection and ver-
satility required for both atmospheric and space flight regimes.

This book providas the primary refersncs work for all Space Shuttlie Vehicle

i€ data appropriate to full-gscale, operational, flight performance
ang stanility and control analyses. An effort has been macds to trsat the
data in successive steps from the launch through entry and landing. The
book has been divided into five volumes, the first dealing with gensralities
ang usage of the data wnich are contained in the remaining four volumes.

The book has been written to mest the needs of the practicing engineer in
the areas of systems design and analyses, loads and structures, performance
analyses, and manned simulationg. The text is based largely on standard
asredynanic rejationshiips ang the naterial and data gathered curing axten-
sive vind tunnel testing of models as well as full-scale flight testing over
the past few years. All the material have been used previously in this
boek’'s forerunner: the AERCOYNAMIC OESIGN OATA B8DOK. Since that tima., the
data have been revised. Based largely on flight tast results of the Spacs
Transportation System Flight Test Program and NASA raviews.

The first volume pressnts the Spacs Shuttle Vehicle mission cascription and
capability, evaelution of the spacscraft configuration, systems descriptions,
angd the use of the aercdynamic data. Tha latter ssction presents all perti-
nant aerodynamic relationships necessary to the calculation of total aero-
dynamic forces and moments, airloads computations, and the associated
uncertainties. The second volume presents the aerodynamic data for the
launch configuration, including separation of the three elements and abort
situations. The third volume contains the asrcdynamic data for the entry
configuration and includes pertinent on-orbit data. The fourth volume con-
sists of the external airicads data for the launch configuration and the
fifth volume contains external airicads data for the entry configuration.
All references for a particular section are given as tha 1ast pags in the
single digit part of the ssction. For example, all references for Section 1
are on page 1.0-3. All freferences for Section 3 ars on page 3.0-4, etec.

Many referancas 0 publications of the NASA have been uysed in the prepara-
tion of thass volumes, for wvhich appreciation is gratefully extended. Ack-
nowvliedgement is also extended to Messers R. Wallacs, P. Romere, and J.
Underwvood of the NASA/JSC for their help and review auring the preparation
of this manuscript and to those Rockwell engineers uncer the direction of T.
E. Surder and 0. C. Schlosser (supervisors) Wwne prepared and analyzed the
asrodynamic data.

JSC and Rockwell coordinatad the flight test results for incorporation
into the final data bass. The Aero Technical Panel, whose mempers (JSC.
LaRC, ARC.AR0/ AEDC,AFFTC,anct OPRC) all contributed to this Dook, was of
particular significancs.

W. R. Russell: Editor
Rockwall International '
Space Transportation Systems Division

Downey, California
September 1988
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INTRODUCTION

This document, Volume 1 of the OPERATIONAL AERODYNAMIC DATA BOOK, contains
information psrtinent to the uss of Volumes 2 througn 5. Volume 1 deseribes
the Spacs Shuttle Vehicle, its mission, evolution, geometry, systems, and
the use of the data given in the remaining volumss. For sxample, the
eguations presented in Section 4.1 of Volume 1 direct the usear to the cata
of Section 5.1 in Volume 2 (Launch Vehicle Aesrodynamic Data) and the
egquations presanted in Section 4.2 of Volume 1 direct the user to the data
of Section 5.2 of Volume 3 (Orditer Vehicle Aerodynamic Data). The
equations given in this first volume consist of several elements or compo-
nents, each of which has been definec separately and noted By reference to a
particular Table or Fiqure numder where the applicable data may be found for
that particular element in the remaining four voliumes. These data have been
prasented in a format consicered useful <to trajectory andg fliight similation
analyses and to structuril engineering analyses.

The Data Book has bsen prepared under the terms of contract number
NASS-14000. It is speacifisd  in the Information Raquirements Oocument,
SE~-840 (Schecules D ana E).

vii
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ACRONYMS

AA
AADS
AAP
ACIP
AADS
ADS
ADOTA
AFCS
AFSCF
ALT
AM!
APU

BET
BFCS
BITE

CATSGT
cce
elog 3
cCTv
COR
CEi

cG
COMSEC
css
CeT
CawW

0&C
OCR
OF 1
000
00F
0To

EAFB
EMI
EMS
ESTL
ET
ETR
EVA
E
FAA
FCF
FCS
FEWG
FF
FMOF

Space Tramsportation ‘ Rockwell
Systems Division International

NOMENCLATURE

Accelercmeter Assembly

Ascent Air Data System

Angular Accelerometer Package
Aerodynamic Coefficient identification Package
Ascent Air Data System '

Air Data System

Air Data Transducer Assembly
Automatic Flight Control System

Air Force Satellite Control Facility
Approach and Landing Test

Alpha=Mach Indicator

Auxiliary Power Unit

Best Estimate Trajectory
Back-up Flight Control System
Built=In Test Equipment

Communications and Tracking System Ground Test
Configuration Control Board
Computer Compatible Tape
Closed Circuit Television
Critical Design Review
Contract End |tem

Center of Gravity
Communications Security
Control Stick Steering
Communications and Tracking
Caution and Warning

Display(s) and Controi(s)

Oesign Certification Review
Deveiopment Flight Instrumentation
Oepartment of Qefense

Degree(s) of Freedom

Oetailed Test Qbjective

Edwards Air Force Base
Electromagnetic Interference
Engineering Master Schedule
Electronic Systems Test Laboratory
External Tank

Eastern Test Range
Extravehicular Activity

Ferry

Federal Aviation Agency
functional Checkout Flight
Flight Control System

Flight Evaluation Working Group
Free Flight

First Manned Orbital Flight

viii
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ACRONYMS (Continued)

FOF
FRC
FRD
FRF
FRR
FSSR
FTR
FTRO

GFE
GMT
GN&C
GSE
GSFC

HAC
HOSC
HQ
HS|
HW

]
ICo
108D
iLS
MU

JSC

KBPS
KEAS
KSC

L&l
LPS
LV

M-
MDA
MECO
MER
MET
MEWG
MFTAD
MILA
MMDB
MML
MMLE
MOF
MPAD
MPS
MRC
MSFC
MSR

First -Qperational Flight

Fiight Research Center

Flight Requirements Document

Flight Readiness Firing

Flight Readiness Review

Functional Subsystem Software Requirement
Flight Test Requirement

Flight Test Requirements Jocument

Government Furnished Equipment
Greenwich Mean Time

Guidance Navigation and Control
Ground Support Eguipment
Goddard Space Flight Center

Heading Alignment Circle

Huntsville Qperations Support Center
Handling Qualities

Horizontal Situation Indicator

Head Wind

Inert

Interface Control Document
Institutional Data Systems Division
Instrument Landing System

Inertial Measurement Unit

Johnson Space Center

Kilobits per second
Knots~Equivalent Airspeed
Kennedy Space Center

Launch and Landing
Launch Pad Station
Launch Vehicle

Manned or Mandatory

Modulate - Jemodulate

Rain Engine Cut-Off

Mission Evaluation Room

Mission Elasped Time

Mission Evaluation Working Group
Raster Flight Test Assignments DJocument
Merrit Island Launch Area

Master Measurement Data Book

Master Measurement List

Modified Maximum Liklihood Estimate
Manned Orbital Flight

Mission Planning and Analysis QOivision
Main Propulsion System

Moment Reference Center

Marshall Space Flight Center

Mission Support Room

o\

Rockwell
international
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ACRONYMS (Continued)

MvP

N/A
NAV
NRZ

0AA
QF i
OFT
ot
oMi
OMRSD
OMS
OPF
ov

PCA
POR
P/L
PSRD
PTI1

RCS
RF

RGA
RID
RMS
RSS

SAIL
SESL
SILTS
SAVP
sops
SPAN
SP!
SPS
SR8
s/C
SSME
SSPM
ssv
STAR
STC
STS

TAEM
T80
TORS
™
TO
TOGW
TPsS
TRS

Master Verification Plan

Not Applicable
Navigation (System)
Non~Return Zero

Orbiter Access Arm

Operational Flight instrumentation
Orbital Flight Test

Operational instrumentation

Operations and Maintenance Instruction

Rockwell
international

Operations and Maintenance Reguirements Specification Document

Orbital Maneuvering System
Orbiter Processing Facility
Orbiter Vehicle

Pulse Code Rodulation

Preliminary Design Review

Payload

Program Support Requirements Document
Programmed Test [nput

Reaction Control System

Radio Freguency

Rate Gyro Assembly

Review ltem Disposition

Remote Manipulator Subsystem or Root-Mean-Square
Range Safety System or Root-Sum=Square

Shuttle Avionics Integration Laboratory
Shuttle Engineering Simulation Laboratory
Shuttlie Infrared Leeside Temperature Sensor
Shuttle Master Verification Plan

Shuttle Operational Data Book

Spacecraft Analysis

Surface Position Indicator

Samples per Second

Solid Rocket Booster

Spacecraft or Stability and Control

Space Shuttle Main Engine

Space Shuttle Program Manager

Space Shuttle Vehicle X

Shuttle Turnaround Analysis Report
Supplemental Type Certificate

Space Transportation System

Terminal Area Energy Management

To Be Determined .

Tracking and Data Relay Satellite
Telemetry '

Take=0ff

Take=0ff Gross Weight

Thermal Protection System

Test Requirements Specification Document

X
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A. ACRONYMS (Continued)

TV Television

T/™ Thrust-to-Weight Ratio

UHF Ultra=High Frequency '
VCN Verification Completion Notice

VFT Vertical Flight Test

VHF Very-High Frequency

vVis Verification information System

VOR/LOC Visual OMNI-Range/Localizer

WTR Western Test Range
B. GENERAL
A Acceleration ft/sec? (also g's)’

Subscripts: X axial

Y lateral
Z normal
8L Buttock Line
8P Buttock Plane
€ Centerline
F Force . b

Subscripts: (see Acceleration, above)

FRL Fuselage Reference Line
FRP Fuselage Reference Plane
FS Fuselage Station

B or H Hingeline
M Mach Number

Subscripts: O dive
MO0 maximum operating

P Pressure Ibs/ft2 (psf)
Subscripts; e ambient (or freestream)
s static
T Total
o
sea level
SL
R Universal Gas Constant
ReN Reynolds Number
T Temperature °F, °R, or °K
Xi

STS85-0118-1



GENERAL (Continued)

Space Transportation ’ Rockwell
Systems Division International

T Thrust ibs.
T Thrustline
v Velocity fps or knots
u linear perturbed velocity along
x-axis (positive forward)
v linear perturbed velocity along
y-axis (positive out right wing)
w linear perturbed velocity along

2-axis (positive downward)

Subscripts: ¢ calibrated
e equivalent
i indicated
D dive
MCA minimum control in air
MCG minimum control on ground
K0 maximum operating
- » freestream
Vg Viscous Parameter
W Weight tbs
wL Waterline
wP Water Plane
woP Wing Datum Plane
a Speed of Sound in Air ft/sec or knots
a.c, Aerodynamic Center
b Span ft
c Chord inches
< or MAC - mean aerodynamic chord
Subscripts: bf body flap
elevon
r rudder
sb speed brake
w wing
cg Center of graJity
cp Center of pressure
g Acceleration due to gravity ft/sec?
h Altitude (or height) ft of nautical miles
m Mass slugs
n Load Factor g's
q dynamic pressure = 1/2 pVv2 1b/ft2 (psf)

xii
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B. GENERAL (Continued)

<

time
increment

Nondimensional change in MRC with regard
to WP; (Zygre- Zggc)/c
F

(1) Semi~Span Parameter - y/b/2
(Z) Flexible=to-Rigid Ratio

Inci-dence
Sweep Angle
Taper Ratio
Mean Free Path

Non dimensiona! change to MRC with
regard to Fuselage Station ;

= (Xype = xggg)/c

(1) Mass density of air
(2) Correlation Coefficient

(1) Ratio of freestresam density at a
given altitude to standard sea

level air density
{2) Standard Deviation

Fregquency Hz
Angle

Greater than

Less than

CONF 1GURATION

L

LE

Body Length
Leading Edge

Reference Area

Xiii

‘ Rockwell .
international

secs, mins, hrs

degrees

degrees

i nches

slug/ft3

{cycles/sec)

inches
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C. CONFIGURATION (Continued)
Subscripts: a aileron

bf body flap
e elevon (elevator)

r rudder
sb speedbrake
w wing

v vertical tail

TE Trailing Edge

X Longitudinal axis

Y Lateral axis

Z Vertical axis

] (1) Control Surface Deflection

Subscripts: a aileron (positive
for positive roil-
ing moment)

bf body flap (positive
for nosedown pitch-
ing moment)

e elevon (positive for
nosedown pitching
moment

r rudder (positive for
nose-left yawing
moment)

sb speed brake

(2) Oihedral Angie
0. MOMENT & PRODUCTS OF INERTIA
1, Moment of Inertia
Ix roliing
ly pitching
1z yawing
2. Product of Inertia

Ixy » Ixz s vz

E. FORCES
A ‘ Axial; aerodynamic force along
the X-body axis (positive aft)
Ca Axial force coefficient = A/qS

Xiv

o\

Rockwell
International

degrees

degrees

slug-ft2

slug=-ft2

pounds
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Space Transportation ’ Rockwe}l
Systems Division International

E. FORCES (Continued)

rj Drag; aerodynamic force along the pounds
total velocity vector in plane of
symmetry (positive aft)

Co Drag coefficient = B/qS
L Lift; aerodynamic force perpen- pounds
dicular to total velocity vector in
plane of symmetry (positive upward)
CL Lift coefficient = L/gS

N Normal; aerodynamic force along the . pounds
Z-body axis (positive upward)

CN Normal! force coefficient = N/qS
Y Side; aerodynamic force along the pounds
Y-body axis (positive out right
wing
Cy Side force coefficient = Y/qS
F. MOMENTS
H Hinge; moment about hinge iine f t-pounds
Ch Hinge moment coefficient = M/qSc

Subscripts: bf body flap
e elevon
r rudder
sb speed brake

z " Rolling; moment about the X-axis f t-pounds
due to aerodynamic torques (positive
right-wing down
o Rolling moment coefficient =3?/ESL
Mor H Pitching; moment about the Y-axis f t-pounds
due to asrodynamic torques (posi-
tive nose-up)
Cm Pitching moment coefficient = M/gSL
N Yawing; moment about the Z-axis ft-pounds
due to aerodynamic torques (posi-

tive nose-right)

Cn Yawing moment coefficient =¥/qSL

XV
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G. ANGLES

a

Space Transportation
Systems Division

A\

Angle.of attack; angie between the projection

of the resultant velocity vector on the X-Z
plane and the X-body (reference) axis

Sideslip; angle between the resultant ve-
locity vector and the plane of symmetry
{(positive nose-left) = =y

Flight paths inclination of flight path te
the horizontal

Downwash
Sidewash

Pitch: displacement of reference axis from
the horizontal (positive nose-up)

Roll or Bank (positive right-wing down)
Yaw; angle between the resultant velocity

vector and the plane of symmetry (positive
nose-right) = -§

H, TIME-RELATED PARAMETERS

Jo

-

®o

DO

Acceleration = 3 = jﬂi

at
Acceleration due to gravity
Altitude rate

Roll rate; angular velocity about the X-
axis (positive right-wing down)

Pitzsh rate; angular velocity about the Y-
axis (positive nose-up)

Yaw rate; angular velocity about the Z-axis
{positive nose-right)

Rate of change of angle of attack

Sideslip rate

xXvi

Rockwell
Internationai

degrees

degrees

degrees

degrees
degrees

degrees

degrees

degrees

ft/sec?
ft/sec?
ft/sec

radians/sec

radians/sec

radians/sec

radians/sec

radians/sec
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Space Transportation ’ Rockwe'l |
Systems Division International
1.0 SPACE SHUTTLE VEHICLE '

The Rockwell Space Shuttle has been designed to launch a variety
of payloads into [and/or retrieve from] farth orbit. The launch
) configuration consists of
the Orbiter Vehicie, the
External Tank, and two
Solid Rocket Boosters.

VERTICAL

ELﬁK&ﬁio The QOrbiter Vehicle
OUTBOARD is launched in a

vertical attitude

by means of the Space
Shuttle Main Engines
and the two Solid
Rocket Boosters.
EXTERNAL TANK Landing of the
Orbiter Vehicle is accomplished in a horizontal manner, similar te
conventional aircraft. Figure 1.0-1 summari2es a typical Space
Shuttle Mission.

-

EXTERNAL TANK ______
SEPARATION

e

IMPACT OF
EXTERNAL TANK
RETURN TO

LAUNCH SITE TERMINAL
PHASE

LAUNCH

HORIZONTAL

u

TG

Pigure 1.0=1

\_ : : SPACE SHUTTLE MISSION

J

Maximum payload capability is 65,000 pounds for an easterly launch
from the Eastern Test Range (ETR) at Kennedy Space Center (KSC) and
32,000 pounds for a polar orbit launch from the Western Test Range
(WTR) at Vandenburg Air Force Base (VAFB). Figure 1.0-2 presents
sketches of the two launch facilities.

1.0-1
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\___ SPACE SHUTTLE LAUNCH FACILITIES )

1.0=2
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The launch is accomplished in two stages: the first st = terminat-

ing with SRB separation and the second stage terminatinc with Orbi-

ter separation from the ET, The separation profile is lustrated
in Figure i,1-3, Mission abort capability is provided all aiong the
launch trajectory with two ; as ica on the f &S

Abort-Once—Around (AQA) and Return=-To-Launch=Site (RTLS).

OUSINATED LANDIMNG SITE

Figure 1,1-3
SEPARATION PROFILE

Subseguent to nominal separaticn from the ET, the Orbiter Vehicle

will be inserted into Earth orbit where a payload may be deployed
and/or retrieved, The Orbiter Vehicle can also function as a Space
Laboratory for a moderate duration and will provide accommodations

for up to five mission specialists in addition to the normal crew of
commander and co-pilot, An on-orbit stay period of seven days is
required and could be extended for up to thirty days during the
operational phase of the rogram,

After completion of the orbital operations phase, deo it is accom=
plished by retro-fire of the Orbital Maneuvering System (OMS) and
the Jrbiter Vehicle descends to the atmospheric entry interface (no-

naily, an ti tude 400,000 feet), The initial entry phase
extends to a dynamic pressure level of 20 psf (approximately 250,000
feet) during which RCS attitude control from two aft OMS pods is
biended with aerodynamic surface controls, the latter gaining in
effectiveness with increasing dynamic pressure,

§7S83-0118~1
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The entry flight phase from a dynamic pressure level of 20 psf to a Mach
number of less than five, is accomplished at a high angle of attack
during which the blanketing effect of the wing essentiaily precludes any
rudder control, Coordinated
lateral-directional control
is provided by combined

yaw RCS and aileron control,
The terminal phase occurs as
angle of attack is reduced
below 18-degrees, As the Orbiter
descends to 3ltitudes where winds,

in conjunction with vehicle speed, -
can result in relatively large errors
in inertially derived air data, praobes
are extended (M = 3,5) to provide air data A
relative to the vehicle., QOuring a typical !

normal entry, range control is achieved by bank angle while angle of
attack follows a predetermined schedule to achieve (at approximately
M = 1,5) an angle somewhat smaller than that corresponding to a max-
imum 1ift-to~drag ratio. A down-range capability of up to 4300 nau-
tical miles with a cross-range capability of 980 nautical miles may
be realized,

Equilibrium, subsonic, gliding flight is attained at an altitude of
approximately 40,000 feet., Range control during the gliding descent
is obtained by angle of attack modulation with velocity control
maintained by the speedbrake, The approach and landing interface
occurs at 10,000 feet above ground level and a pre-flare is initi-
ated at an appropriate altitude, followed by a deceleration float
and touchdown, The initial approach target and flare altitude are
scheduled to provide a minimum of 25 seconds between flare initi-
ation and touchdown,

Representative time histories of six entry trajectofy parameters are
given in Figure 1,1-4, This trajectory is the TPS Design Entry Tra-
jectory (14414,1) and represents a high cross~range return from a
100 nautical mile orbit with a 25,000 pound payload and an aft cen-
ter of gravity. :

§7585-0118-1
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MISSION CAPABILiTY, The Space Shuttle "Mission Capability Envelope"

is defined by four baseline reference missions. Table 1.2~1 summarizes
these base line ’
missions. From the
standpoint of
launch, the Mission
3A ascent trajectory
has been provided
for information orsut

Tebla 1.2=1
BASELING REPERENCE MISSIONS

PAYLOAD
only. Descriptions [8&m omecTive OURATION | ASCENT | DESCENT
of the other degroms | MM 10° oounds
reference missions %
for the Space @ PAYLOAD OELIMERY 28.5 150 7 Bevs 65.0 32.0
Shuttle should be COMBINED REVISIT
obtained from the @ O CRSITING 55.0 270 7 Oeys — —
Flight Performance ELEMENT & SPACZLAS
Oata Book, Volume 1, A;mmo ORLIVERY 32.0 2.8
Ascent (Reference (:) i el 1040 | 100 | 120 o= -
1=1). B:mnqm RETRIEVAL 2.5 25.0

|
Mission 3A, which DELIVERY AND
. 980
sizes the Solid ® RETRIEVAL 180 | 78evs | 32.0 | 22.

Rocket Booster and - i
External Tank

propellant capacities, is comprised of a southerly launch from the
Western Tast Range with a 32,00C-pound payioad to a 50 by 100 nauti-

cal mile orbit at an inclination of 104 degrees. Time histories of
dynamic pressure, altitude, Mach number, anc¢ freestream pressure are’
presented in Table 1.2-2 and on Figure 1.2=1 from lift-off to Main
Engine Cut-Qff (MECO). These time histories are based on a refer-

ence December launch. Trajectory data include the separate AQA and

RTLS data (denoted by dashed lines on the figure).

From the standpoint of entry, these baseline reference missions
become essentially two types - a ramped angle of attack, character-
ized by long down=range and high cross-range and a high angle of
attack, characterized by short down-range and low cross-range. Typ-
ica! entry trajectories representing these two mission types are
presented in Figure 1.2-2 (typical of Mission l) ang figure 1.2-3
for the latter (typical of Mission 18).

Msre compliete and detaiied mission data are available in the Mission

.Data Book, Reference 1-2. Raferences 1-3 and 1-4 contain detailed

information relative t¢c separation and abort.

1.2-1
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OF POOR
Table 1.2-2 ,
MISSION 3A ASCENT TRAJECTORY
-DECEMBER LAUNCH~
EVENT TIME[{ MACH Em Py ALTITUDE EVENT TIME| MACH Ea ALTITUDE
see No pst psf feat sec No psf feat
(1) 0.0 0.00 0.0 2088.67 518.1 102.0 3.40 214.0 97815.9
(2) 0.3 0.00 0.0 | 2088.67 819.1 104.0 | 3.82 192.0 101885.9
2.0 0.02 1.0 2087.41 $33.8 108.0 | 3.83 171.0 1086848.9
3.8 0.04 2.0 | 2083.80 583.8 108.0 | 3.78 152.0 109768.4
4.0 | 0.08 3.0 | 2022.04 807.1 110.0 3.87 138.0 113951.7
4.4 0.08 4.0 2080.41 628.7 112.0 3.98 119.0 118199.6
(3) 8.0 0.08 9.0 2071.93 741.8 114.0 4.09 105.0 122508.6
8.0 | 0.11 17.0. | 2085.58 947.4 118.0 4.19 82.0 128865.7
10.0 | 0.14 30.0 | 203%8.78 1228.6 118.0 4.28 80.0 131258.7
12.0 0.18 48.0 2009.34 1589.3 120.0 4.30 88.0 138888.5
14.0 0.22 87.0 1977.29 2033.0 122.0 | 4.33 s8.0 140042.7
(4) 16.0 0.28 32.0 1939.83 2983.0 124.0 4.38 49.0 144393.7
18.0 0.30 1.0 1890. 48 3182.0 128.0 4.3% 42.0 148899 .4
20.0 | 0.38 . 1848.00 3893.2 (8) 127.2 4_354 38.0 151301.7
22.0 0.39 1794.41 4699.3 128.0 4.352 38.0 152954.9
24.0 0.44 1738.19 $6800.1 144.0 4.749 12.0 185570.%5
28.0 0.48 1874 .28 8%88.3 180.0 5.390 S.0 218704 .2
28.0 0.83 1809 .44 76858.4 178.0 8.147 1.6 243413.7
30.0 0.87 1842.29 8807.1 192.0 7.130 0.8 2887S8.6
32.0 0.682 1473.30 10031.7 208.0 7.717 0.0 291804 .9
34.0 0.88 1403.18 11330.3 224.0 8.012 312815.6
38.0 0.70 1332.10 12700.9 240.0 8.288 331260.38
38.0 0.78 1280.681 14142.0 2%98.0 8.489 347814 .5
40.0 0.80 1189.08 15852.1 (7)) 2%8.7 8.538 350449 .4
42.0 | 0.84 1117.84 17229.9 272.0 8.74% 381781.68
4.0 0.89 1047 .27 18873.7 288.0 8.958 372141.8
48.0 | 0.94 977.89 20881.7 304.0 9.37¢8 379183.5
48.0 | 0.98 909.44 | 223%1.8 318.0 9.889 382730.1
%0.0 1.04 843.08 24178.4 320.0 9.974 383081.2
52.0 1.09 778.13 28070.5 336.0 {10.750 384179.8
54.0 1.13 71%8.88 28007.7 3%2.0 [11.718 382882.0
$8.0 1.19 850.27 29991.4 388.0 [12.894 379814 .4
88.0 1.24 599.42 32022.8 377.2 |13.879 377040.2
80.0 1.30 S4S. 14 34103.8 384.0 {14.308 374917.9
82.0 1.37 493.54 38238.7 382.0 {15.110 372238%.5
(3) 83.4 1.42 438 .37 37799.2 400.0 [ 18.977 3689485.2
84.0 1.44° 444 .88 38440.8 (8) 404.0 |18.438 388083.5
88.0 1.82 398.98 40721.4 408.0 | 18.804 388882.3
88.0 1.81 385.97 43007.1 418.0 |17.85S8 384007.9
70.0 1.70 315.88 45841.8 424.0 [18.829 381488 .2
72.0 1.79 278.8 48089.0 432.0 {19.707 389225.9
74.0 1.89 244.78 50731.0 440.0 |20.54S 3572688.8
768.0 . 213.73 534689.3 448 .0 |21.388 385708 .8
78.0 188.72 58304.9 458.0 [22.188 384634 .6
80.0 180.47 §8239.2 484 .0 |22.930 354138.3
82.0 .138.59 82273.0 472.0 [23.847 354318.7
84.0 119.01 8%408.0 478.3 |24.187 3%4992.2
88.0 101.72 88838.3 479.9 |24.282 3582%8.2
88.0 8o 86.84 | 71987.7 480.0 j24.2886 358288.7
90.0 7" 73.82 | 7%370.3 (9) 485.9 [24.607 3564368.2
92.0 82 82.43 | 78871.1
94.0 93 52.88 824%8.0
98.0 0s 44.98 | 88128.4
98.0 .17 37.57 89879.86
100.0 .29 31.81 937098.6 END NOMINAL
1.2-2
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Table 1.2-2 (cont)
MISSION 3A ASCENT TRAJEGTORY
-DECEMBER LAUNCH-

Rockwell
International

A

BEGIN RTLS BEGIN AQA
EVENT| | TIKE MACH | ALTITUDE EVENT|| TIME MACH |ALTITUDE
sec No fest Sac No feat
(10)]}2%8.7 8.538 350449.4 (17) 288.7 8.5335 |350448.4
260.0 | 8.484 351832.3 (18) 268.8 8.501 |357728.7
282.0 8.478 383489.4 272.0 | 8.487 |382142.2
284.0 8.478 355371.8 288.0 8.378 |373949.8
(11)}1288.0 8.3886 357288.8 (13) 297.0 8.384 {379523.0
288.8 8.387 357988.9 304.0 8.418 [383349.3
270.3 8.177 381312.2 (20) 30S.0 8.425 |383683.4
272.0 | 8.048 | 38290S5.1 320.0 8.581 |390482.7
288.0 | 7.048 375108.3 3368.0 | 8.788 |398391.4 //4‘\
304.0 | 6.308 | 383009.38 (21) 350.8 9.018 1398189.0
320.0 | 5.719 | 388788.8 382.0 | 9.039 {398320.8 \
336.0 | 5.233 386698.3 360.0 9.221 [399072.7
382.0 | 4.8178 382981.2 388.0 9.442 |399368.1
388.0 4.446 | 379883.4 376.0 | 9.701 |399227.2
384.0 4.108 368880S.4 384.0 |10.002 |338872.3
400.0 | 3.888 383119.9 392.0 110.344 [397728.8
418.0 | 3.208 338280.4 400.0 [10.733 [39S414.8
432.0 | 2.833 32i811.2 408.0 {11.172 |394782.8
448.0 | 2.039 304319.8 418.0 [11.6821 |392798.1
484 .0 1.445 | 286510.9 424.0 {12.083 |390850.8
480.0 1.220 | 289207.1 432.0 [12.819 |3890S81.6
(12)1)481.8 1.238 | 287522.1 440.0 [13.021 {388334.6
(13)]|489.6 1.397 258422. 1 448.0 113.582 |3824358.4
488.0 1.832 283330.5 488.0 |14.143 {379392.4¢
$12.0 | 2.430 | 239990.8 464.0 |14.788 1376248.9
S28.0 | 3.384 | 230284.3 472.0 [ 18.433 {373043.3
(14)11533.8 3.779 228088.7 480.0 [16.143 |389829.2
838.0 | 3.932 | 227414.9 488.0 [ 16.895 {360858.2
S44.0 | 4.507 228090. 1 498.0 {17.891 [383580.0
(15)}|547.1 4.748 226803S8.7 504.0 [18.512 |380881.1
982.0 5.133 | 2288%0S.3 $12.0 (19.219 |357984.7
980.0 | 5.795 | 22873%8.7 520.0 |19.948 |355582.9
(18)|!%@2.5 | 8.013 | 229848.7 S28.0 [20.888 (353832.5
838.0 [21.44% {351958.4
844.0 [22.1968 |3%0932.7
(22) 85850.6 [22.821 |3850S883.1
S82.0 [22.947 {3%0348.2
$680.0 [23.888 |350908.9
584.2 [24.008 |351418.2
588.0 {24.245 |352066.0
(23) S689.2 124.290 |352294.4
(23) 5§75.0 |24.472 |383853.5
No EVENT No EVENT
(1)) SR8 IGNITION COMMAND (13)]| BEGIN RCS 8SURN
(2)| LIFT-QPF (T/W = 1.0) (14)]| OMS AND RCS CUTOFF
(3)| END VERTICAL RISE, BEGIN PITCH PROGRAM (15)} 3-@ LIMIT
(4)! END PITCH PROGRAM (18)} RTLS MECD - 15 sec OMS CUTOFF
(S)| MAXIMUM OYNAMIC PRESSURE (17)| RTLS/ACA POINT
(8)] SR8 JETTISON (18)} BEGIN OMS DUMP
(7)1 RTLS/AOA PQINT (19)| END OMS DUMP
(8)] NOMINAL MISSION 3-G LIMIT (20)| BEGIN RCS BURN
(9)| NOMINAL MECD (21)| OMS AND RCS CUTOFF
(10)| RTLS/AQA PQINT, BEGIN OMS BURN (22)| 3-G LIMIT
211) BEGIN OMS OUMP (23){ AOA MECD
12)

END OMS CuUMP

1.2-3




Space Transportation
Systems Division

"

Rockwell
International

DYNAMIC -
PRESSURE, 360,000 j===
q

(psf)
800§ 320,000 b

FREESTREAM

PRESSURE,
Po 700

(psf)

2400}~ 600 240,000

2000 =~

1600 =

1200 p=

800 f=

400

500 200,000
a, h
a00f 160,000

300f 120,000

200~

FOR INFORMATION ONLY

AI.TITUD!_.

h
( Fr)
440,000

400,000 ==

- 280,000

IS AOA POINT

80,000 F SCAL

o MACH NMUMBER
€ CHANGE

= \: f -

40,000

so 120 160 200
TIME FROM LIFT-OFF (sec)

Figure 1.2-1

MISSION 3A TRAJECTORY PARAMETERS
—DECEMBER LAUNCH-

NUMBER

N

MACH

(MZ4
4RTLS)
24

1.2=h

§T583-0118-!



Space Transportation ‘ Rockwell
Systems Division International
—
Trajectory No. 148 . (Milu‘u 1)
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SPACE SHUTTLE VEHICLE EVOLUTION

Evolution of the Space Shuttle Vehicle from Authority-To-Proceed
(ATP) to the current operational configuration is provided in this
section, The major program requirements influencing the aerodynamic
design were delineated in the Space Shuttle Program Request Fcr Pro—
posal and subsequent directives from the NASA. The Space-

Shuttie Vehicle was designed to satisfy specific funding con-
straints and minimize technical risk., During the relatively brief
launch phase of flight, the aerodynamic design is primarily related
to performance and structural loads, Ouring the entry flight phase,
the aerodynamic design is primarily related to performance, stabili-
ty, and control,

Aerodynamic design considerations for the ascent phase invoived
shaping to reduce drag and optimization of the element (Orbiter
Vehicle, External Tank, and Solid Rocket Boosters) locations to
reduce structural loading and weight, The External Tank nose shape
evelved from trades of cost, drag, and reduced SRB/ET and ET/Orbiter
interference. The Solid Rocket Boosters were located on the periph=
ary of the External Tank to reduce Orbiter wing loads and,
longitudinally, to decrease SRB/ET nose interference drag., The Sol-
id Rocket Booster skirt was sized to reduce nozzle loads and
increase pitch and directional stability. The rudder was fixed in
the neutral position for launch to simplify control system design
and the elevons incorporate a load relief system to reduce hinge
moments at high dynamic pressures during launch, The SRB nozzle
exit plane is located well aft to minimize the effect of plumes on
stability, control, and airloads.

FiXed WUDDER ODURING LAUNL:
REOUCE CONTROL COMPLEXtTY

HUVABLE AILERUN
JURING LAUNCH
REDUCE ELEVON
HINGE MOMENTS

ORBITER INCIDENCE
FAVORABLE LW
ANGLE OF ATTALK
TRiM

SRAB EXIT PLANE

LUCATION

REDUCES PLUME

EFFECTS ON S&C

5 PRESS QISTRIBUTION
.,

NUSE SHAPE
REDUCE JRAG
REQUCE CuST
REQUCE SRB/ET
INTERFERENCE

SRB SKIRT SIZE RECULE ORB/ET

INCREASED PATCH & e (NTERFERENCE
OIRECTIONAL STABILITY .
REDUCE NOZZLE LOADS

ORBITER/ET/SRB /

ATTACH STRUCTURE \

INFLUENCES /

ORAG ¢ SR8 LOCATION ~ SR8 LOCAT!uN
LOCAL LOADS (LONGITUDINAL ) {CIRCUMFERENTIAL)
REDUCES SRB/ETY REDUCES uRBITER
NOSE INTERFERENCE WING LUADS
ORAG
2.0-1
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Unclas

1 : e € : rade studies,
! The moderate fineness ratio-soft ch|ne nose evolved from trade stu-
| dies of hypersonic lift-to-drag ratio and wing-body matching to pro-
| i vide desirable stability characteristics, The wing evolved from

| trade studies of wing weight with aspect ratio, leading and trailing
‘ edge sweep, and taper ratio, Wing airfoil section and twist were

| ' optimized to provide high 1ift efficiency, The vertical tail was
designec to provide directional stability and control at low angies
of attack, The speedbrake (split rudder type) was designed to
increase directional stability at hypersonic speeds and to modu.ate
drag. The body flap was designed to shield the main engine nozzie
from the high thermal environment during entry and to augment pitch
trim, Full-span elevons provide good effectiveness in both pitch
and roll control for minimum weight.

Aerodynamic design trade studies performed early in the Shuttle
Vehicle development established the primary configuration details,
Vertical tail trades included a centerline vertical, centerline ver-
tical with ventrals, wing tip fins, and butterfly fins, - The center-
line vertical resulted in minimunm weight for specifiea stability and
handling qualities, Vertical tail airfoil trades indicated that a
| ten-degree wedge airfoil provided the required stability level at
_minimum weight, Location of the speedbrake on the vertical provided
multiple use with flared rudder and represented the minimum weight
approach, The tail scrape attitude was based on a compromise
between reduced wing size/weight and increased landing gear
length/weight, Nose camber, cross-section, and upward sloping fore-
body sides were selected to improve hypersonic pitch trim and
directional stability and, in conjunction with wing/body blending,
to reduce entry heating on the fuyselage sides., £arly baseline wing
selection provided good maximum lift, good low to high speed aero-
dynamic balance, good low speed lift characteristics, reduced wing
size, and minimized landing trim losses. The wing/body integration
baseline selection provided a good allowable payload envelope with—=
out major configuration impact, met the cross-range requirement, and
allowed high angle of attack.

2.1 AUTHORITY TO PROCEED (ATP), The Space Shuttle Vehicie concept at -
ATP in August of 1972 was based on pre-contract studies and
configured to meet initial

Shuttle Program require-

ments, This configuration

was specified in MCR 001.

- The ATP configuration is
shown in the sketch based

_on control drawing VL
72-000001 (Launch Vehicle),
The overall length of the
ATP vehicle was 208,7 fee:,

The AT? Solid Rocket Boost-

ers (control drawing VL
— .| 77-00C001) had an overall
length of 184,75 feet and a
37 diameter of 13 feet, The
2.0-2
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SRB nose radius was 13 inches and the cone semi-vertex angie was 18
degrees. The SRB nose was located 200 inches aft cf tne ET nose ang
37 inches above the ET centerline, The SRB's were mounted parallel
to the ET. The nozzles had a large cant (11 degrees outboard in the
yaw plane) such that the thrust vector would be through the approxi-
mate vehicle center of gravity during launch, There were no
provisions for Thrust Vector Control (TVC).

The ATP External Tank (controi drawing VL 78-00000i1) was essentially
a cone-cylinder arrangement fitted with a retro Solid Rocket Motor
(SRM) at the tank nose to facilitate External Tank de-orbit, The
conical nose portion of the ET had a semi-vertex angle of 30 degrees
and blended smoothly into the cylindrical section, The shoulder
blending radius at the cone-cylinder juncture was identical to the
cylinder radius of 13,25 feat (26.5 ft, dia,). Overall iength of
the ET was 182 feet, The external shape of the retro SRM was a
small hemisphere~cylinder with a nose radius of 20,5 ianches and a
length of 12L inches.

The ATP Qrbiter Vehicle (Contrel drawing VL 70-000001) was located
piggy-back on the ET with the Orbiter nose 372 inches aft of the ET
nose mounted at an inci-
dence angle of =1,2
degrees. The Orbiter had a
50-degree blended delta
wing planform. Ory weignt
— - =" was 170,000 pounds and the
- - ianding weight was 215,115
S ’ pounds with a payload
weight of 40,000 pounds.
T~ The center of gravity range
\\\\\ was 65% to 68% of body
length, The wing span was
84 feet and wing area was
3220 ft2, Minimum design

touchdown speed was 150
@ @ @ @ @ é (*) knots at an angle of attack
of i8-degrees., The per-
formance of this

configuration was inten-

-‘L- sively evaluated in studias
sonducted between ATP and
ﬁ/, 3 the Preliminary Require~

ments Review,

2.0-3
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PRELIMINARY REQUIREMENTS REVIEW (PRR}., The Space Shuttie baseline
configuration at the PRR in November of 1572 had evolved into that

. shown in the sketch. This
configuration was specified
in MCR 0026, The PRR
sketch s based on contrcl
drawings VL 72-000030
(Launch Vehicle) ana VL
7C-000040 {(Crbiter
Vehicle). The overall
iength of the PRR vehicle
was 2[&.33 feet,

[ )

The PRR Solid Rocket Soost-
ers {(control arawing VL
77=-000006) had ar overall
length of 175.083 feet and
a3 diameter of (3,5 feet,
The nose racdius was 13
inches and the ccne
semi-vertax angle was i8 degre=es, The SRB nose was located 471
inches aft of the ET nose and 4! inches above the ET centerline,
The SRB's were mounted parallel to the ET, The nozzlies were canted
outboard 3.5 degrees in the yaw piane with a gimbal range cof i5
degrees for Thrust Vector Control,

The PRR External Tank (Control drawing VL 78-000Q1i) was an ogive-
cylinder arrangement fitted with a retro SRM at the nose of the same
' dimensions as the ATP retro

] package, The ogive nose

//////‘ portion of the tank had a

radius of 567.8 inches and

blended smoothly into the
cylindrical section which

/;é—' I had a diameter of 304 inch-

— es, Overall iength of the
! ET was 2278 inches (189,33

feet).
\\\\\\\\\ The PRR Orbiter Vehicle
. (control drawing VL
\\\\~ 70-000040) was attached

'(f) piggy-back to the External

Tank with the Urbiter nose
1063 inches aft of the ET
nose mounted at an inci-
dence angle of +0,5 degree,
The abert Solid Rocket
Motors (ASRM) were removed
and the Orbital Maneuvering
System (CMS) pods were
relocated tc the fuselage
shoulder,

VL70-000040

[ X}
.
()
]
P

$TS85-9118-1



Space Transportation ‘ Rockwell .
Systems Division International

The Orbiter had a 50 degree blended delta wing pianform, DOry weight
was 170,000 pounds and the landing weight was 215,115 pounds with a
payioad weight of 40,000 pounds. The center of gravity range was 65
to 68 percent-of the body length, The wing span was 84 feet and the
wing area was 3220 ft2, The landing weight and payload, minimum
design touchdown speed and angie of attack were identical -to the ATP
configuration,

Continued trade studies of the PRR configuration indicated a need to
re~size the Space Shuttle to a lighter weight configuratian, These
studies led to a reduction in Orbiter Vehicle weight from 180,000
pounds to 150,000 pounds and a reduction in the weight of the Launch
Vehicle. Orbiter wing size was reduced from 3220 ft2 to 2690 ft2,
Static stability limits changed from positive to negative and center
of gravity travel was reduced from 3-percent to 2.5-percent of body
length, The manipulator arm housing was removed and the landing
speed and anglie of attack were changed. All of these changes con-
tributed to a lighter weight system between the PRR and Preliminary
Design Requirements review,

PRELIMINARY OESIGN REQUIREMENTS (PDR), The Space Shuttie baseline
configuration at the time of the POR review in March of 1975 had
evoived into the light-

waight configuration shown
in the sketch, This con-
<::r ‘Aﬁ-——’// figuration was specified in
. MCR Q074., The sketch is
based on control drawings
—— [l g

<< ~ VL 72-000061 (Launch Vehi-
\. l; cle) and VL 70-0000898

(orbiter Vehicle). The
768 I :é; overall length of the POR
vehicle was 192,083 feet,
584 ) \al
Q,q— The PDR Solid Rocket Boost-
] Zz " ers (control drawing VL
~__ — 0 77-000012A) had an overall
length of 145,083 feet and
a diameter of 142 inches,
The nose radius was 13 inches and the cone semi-vertex angle was 18
degrees, The SRB nose was located 564 inches aft of the ET nose and
on the £T centerliine, The SR8's were mounted parallel to the ET,

The nozzles had a zero degree nuil position (pitch and yaw) with + §
degrees gimbal limits (pitch and yaw) for Thrust Vecter Control,

[

The PDR External Tank (control drawing VL 78-000018) was basically
an ogive-cylinder arrangement fitted with a retro SRM at the tank
nose, The SRM had a nose radius of 20,5 inches and a length of 139
inches, The ogive nose porticn of the tank had a planform radius of
605 inches and blended smocthly into the 324 inches diameter cylin=
drical section, Overall length of the ET was 1969 inches (165,75
feet),

The PDR Qrbiter Vehicle (control drawing VL 74-0000898) was attached
piggy-back to the External Tank with the Orbiter nose 768 inches aft

2,0-5
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of the ET nose mounted at an incidence angle of % 0,5 degree,
Refinements in the aeradynamic configuration led to an increased

® O«

=

@)
)
Y
{3 _
@
()
W
fi\_
Y

VL70~000089
POR

nose radius and to a
L5°/79° doubie delta wing
slanferm incorporating a
more efficient lifting sur-
face than the 50 gegree
blended deita, OQrbiter dry
weight was reduced to
150,000 pounds, The land-
ing weight was 179,800
pounds with a payload of
25,000 pounds, The center
of gravity range was 65 to
67.5 percent of body
length, The wing span was
78.1 feet and the wing area
was 2690 ft2, The vehicle
had an overal! length of
125 feet, The minimum
design touchdown speed for

= _— — ?5} this configuration was [6§

knots at an angle of attack
of 15 degrees,

Further trade studies
refined the PDR base point

design to the configuration for Critical Design Review conducted in

October1977.

2, b CRITICAL DESIGN REVIEW (COR)., The Space Shuttle baseline
configuration at the time of CDR in Qctober 1977 had evoiveg into

that shown in the sketch, This
configuration was specified in
MCR 3570, The sketch is based on
control drawings VC 72-000002G
Launch Vehicle) and VC
70-000C028 (Orbiter Vehicle),
The overall length of the COR
vehicle was 184,17 feet.

The COR Solid Rocket Boosters
(controi drawing VG 77-000002J)
had an overall length of 149,13
feet and a diameter of 146
inches, The nose radius was
13,28 ‘inches and the cone
semi-vertex angle was 18 degrees,

The SR8 nose was located 420.5 inches aft of the ET nose along the

ET centerline,

2.0-6

§7583-attl8-1



[N

wn

Space Transportation ‘ Rockweil
" Systems Division International

The SRB's were mounted parallel to the ET, The nozzles had a zero
degree null position {pitch and yaw) with £ 5 degrees gimbal limits
(pitch and vaw) for Thrust Vector Control,

The COR External Tank (control drawing VC 78-000002G) was basically
an ogive-cylinder arrangement, The ogive nose portion of the tank
had a planform radius of 612 inches and blended smoothly into the
331 inch diameter cylindrical section, The retro SRH at the tank
nose was replaced by the Ascent Air Data System (AADS) spike probe,
The overall length of the €T was 1850,525 inches.

The COR Orbiter Vehicle (control drawing VC 70~000002B) was attached
piggy-back to the External Tank with the Orbiter nose 654.5 inches
aft of the ET nose mounted parallel to the ET (zero degree
incidence), 2
4 Aerodynamic refinements
included decreased nose
- radius and a L5°/81°
a1 20 il . double-delta wing pianform.
~t <~ .2 + The 0MS pods had a blunt
g nose in piace of the faired
e — G nose formerly used., The
s g _ dry weight was 150,000
pounds, The landing weight
was 187,900 pounds with a
32,000 pound payloaa. The

. 3 center of grawty range was
g i 6 67.
@O O OO @O s o oy

78 feet and wing area was
2690 ft2, The vehicle had
an overall length of 122.3
feet., The minimum design
touchdown speed for this
configuration was 171 knots
at 15 degrees angie of
attack,

CPERATIONAL VEHICLES (OPS). The Qperationai Vehicles are
characterized by the lInterface Conirol Dpocument (iCD) 1CD-2-00001
Revision f dated January 31,
1980, The overall length of the
AR a2 OPS. Vehicles is 183,77 feet,

é’“ﬂ ' The OPS Solid Rocket Boosters
3 (steelcase SRB's) have an overall
i IR S S O = length of 149,13 feet and a diam=
eter of 148 inches. The nose
radius is 13,27 inches and the
nose, as well as the aft frustum
semi-vertex angles, are both 18
degrees, The SRB nose is located
415,78 inches aft of the ET nose
parallel to the ET centerline.
The distance between ET and SRS

SRR
I T T 1= T 1T
bl L1 T TS
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centerlines is 250.5 inches in the ET waterpliane 400, The nozzles
have a zero degree null position (pitch and yaw) with 5 degree gim-
bai limits (pitch and yaw) for Thrust Vector Control,

The OPS External Tank (iightweight ET) is basically an
ogive-cylinder-ellipsoidal base configuration, The ogive necse has a
planform radius of 612 inches which blends smoothly inte the 331
inch diameter cylindrical section, The Ascent Air Data System (AADS)
spike probe has been replaced by a non-functional probe having the
same OML, Simpliification of the protuberances by redesign, relo-
cation, and/or elimination distinguishes the lightweight ET from the
COR ET, The overall fength of the ET is 1845,.805 inches,

The OPS Orbiter Vehicle is attached piggy—-back to the External Tank

with the Orbiter nose 649,78 inches aft of the ET nose mounted par-

allel to the ET (zero degree incidence), The Grbiter Vehicle remains
essentially unchanged from the CDR configuration,

2.0-8
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3.0 CONF IGURATION AND SYSTEMS DESCR!IPTIOQNS.

The Space Shuttle Vehicle configuration is comprised of essentially
three elements; (1) the Orbiter Vehicle (0OV) mounted on top of, {2)
a non-recoverable LOX-Hydrogen External fuel Tank (ET) to which are
also attached, (3) two Solid Rocket Boosters (SRB) which are recov-
erable for refurbishing and reuse on subsequent missions, Rockwell
International is the NASA prime contractor for the development and
building of the Space Shuttle Orbiter and Main Engines (SSME) and
for the integration of the entire system,

EXTERNAL TANK
Maran Manretia

SOLID-AOCKET 8QOSTERS
integration, Finai Assembly
Marshail Space Flight Center

MAIN ENGINES
Rockwetl [nternationai
Rocketdvne Divisior

Structure Rockwefl [nternational

MeDonrell Douglas North American Space Operations

Motors Space Transportation and -
Systems Groy

Thiokol 4 P

Design of the integrated Launch Vehicle is such that it meets all
requirements established in the Contract End |tem Specification,
Volume 10 [Reference 3-1]. The design is based on satisfying the
prescribed boost criteria consisting of; (1) nominal SR8 staging,
(2) ET separation, and (3) Abort-Once-Around {AOA) capability at the
time Return-To-Launch-Site {RTLS) capability is lost, The design
angle of attack and sideslip envelopes are shown in Figure 3,0-1,

+10

Angle
of
Sideslip,

Dogr.cc-

~-10
0 1 2 3 4

Mach Number

Mach Number

Figure 3.0-1
LAUNCH VEHICLE ENVELOPES

The Rockwell Space Shuttie Orbiter Vehicle has been designed to
function as both spacecraft and aircraft and must, therefore, pro-
vide the protection and versatility necessary for both space and
atmospheric flight operations, The Orbiter Vehicle meets ail
requirements set forth in the Orbiter Vehicle End I|tem Specification
[Reference 3-2]. Atmospheric (or asrodynamic) requirements are
predicated, for the most part, on the entry flight phase of the
Orbiter mission(s) [cf, Section 1,0]. The aerodynamic lines ensure
acceptable performance over hypersonic, supersonic, transonic, and

3.0-1
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subsonic speed regimes while providing the specified down-range and

cross—range capabilities and meeting the specified landing require-
ments shown in Figure 3,0-2,

MAXINUN LANDING SPEED T MAXIMUM
(ST OISPERSION + 10-KNOT TAILWIND]  LANDING
WEIGHT
{63,000-20UND ”
PAYLUAD) F
o0 ™ oo BASELING LANDING ‘-"
ua@uwannammo ‘,L
vmm PAYLOAD)
200 monvmlo: o
TOUCHOOWN 10
numw. LANDING SPEED i
vVELOTITY
(KEAS) 190 b i W"“ Az
[} LENGTH
{ro08 ey
-l ’ _ 1
I_/
anmm— t
bl il — TN R 10 e vaRowUN
MIRIMUM LANDING SPEED preeir bty I8
(AP C.C. [LEVON SCRAPE)
120 ¢ _t t ] t 1 ) { 1 t 1 : ] Lt i
1%0 190 179 130 199 200 10 po.] p~ -] 14 0 198 m 190 199 00 219 k-4

TOUCHOOWR VELOCITY (RNOTS TRUE GROUND SPEED!
CREITER LANDING WEIGNT (1000 LAY

Figure 3,0-2
LANDING REQUIREMENTS

The design data angle of attack and sideslip envelopes are shown in Fig-
ure 3.0-3.
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3.1 CONFIGURATION AND DIMENSIONS. The Space Shuttle configuration was

selected on the basis of performing certain representative missions
[cf. Section 1.2] from both the ETR (Missions 1 and 2) and the WTR
(Rissions 3 and L) with variable payloads. Detail drawings and
dimensional parameters defining the vehicle configuration as estab-
lished by MCR 3570 [Reference 3-3] are presented in this section.

Reference axes and sign convention are consistent with-those for
conventional aircraft. The axis systems for vehicle design and mass
properties statements are defined in the sketch below for the Orbi-
ter Vehicle, External Tank, and Solid Rocket Boosters. The axis
systems are also defined in the Space Shuttle Master Dimensions Spe-
cification, Reference 3-7. All vehicle design drawing axis systems
are in accordance with the NASA Phase B Technical Directives 2519
and 2519A.

3.1.1 LAUNCH VEHICLE. The aerodynamic design of the launch configuration
is the result of drag reduction shaping and optimized element
locations for the purpose of reduced structural iocading and weight.
A general arrangement drawing of the Launch vehicle with pertinent

dimensions and relative locations of each element is given in Figure
3.1.0-1.

3.1-1
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The operational Space Shuttle Vehicle consists of three basic ele-
ments: the Orbiter Vehicle, the External Tank, and two solid Rocket
Boosters., The overall length of the Launch Vehicle is 184,17 feet,
The Orbiter Vehicle is mounted on top of, and parallel to, the
External Tank with the Orbiter nose located 654.5 inches aft of the
ET nose, The Solid Rocket Boosters are attached to the left and
right hand sides of the External Tank and are parallel to the ET
with the SRB nose located 420.5 inches aft of the ET nose,

-,‘@‘g;é‘:%...,____. S

C T = | ( @

Xo1702.06

e 1466.08

Xo 236
R WOLO Ling}

d20.5 1789.587

X200 - l X41689.557
e 1880.525

|
X, 2173.028

Figure 3,1,1-1
LAUNCH VEHICLE GEOMETRY

Aerodynamic forces and moments are measured with respect to a given
Moment Refersnce Center (MRC) which is specified in each of the
aerodynamic data sections, The Launch Vehicle aerodynamic data are
given in the body axis systems which is illustrated in Figure
3.1.1-2, The body axis system is a conventional, right hand,
orthogonal! axis system with the X- and Z-axes in the plane of symme-
try and with the positive X-axis along the External Tank centerline
and directed out the tank nose,

§TS85-0118-1
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NOTE: VEHICLE ATTITUDE (S $
“TAIL-OOWN® QURING ASCENT
.2 Vv,
XT_976 ORBITER NOSE

MOMENT REFERENCE CENTER (MRC) { ¥
(RC) ;z;&og} ET CENTERLINE

X7,Y7,27 REFERENCE SYSTEM DEFINED ON PAGE 3. 11

Figure 3.1,1-2
AERODYNAMIC BODY-AX!S REFERENCE SYSTEM

The aerodynamic force and moment sign convention is illustrated in
Figure 3,1,1-3, All directions on the figure are positive as shown,

BODY AXES |}

a

RELATIVE
WIND

Figure 3,1,1-3
LAUNCH VEHICLE SIGN CONVENTION
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f ELEVATOR MACHINERY ROOM \
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s CONSTRUCT 10N ELEVATORS

EXTERNAL TANK = GHy VENT ARM
ORBITER EMERGENCY ACCESS ARM
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0

: 1z

HINGE COLUMN FOR ROTARY nwes———\ 7.

. Nt b

AIR SUPPLY DUCTS TO HE Py FILTERS e )1
)

TRENCHES IN PAD SURFACE
FGR HYPERGOLIC PIPING

s~ R

To we sToRace Prue e, AN
ACILITY wi Wt St P :
g e ) Wy S i

\ 4 23473 - TUNNEL

e i i T (esT n0)
MMM AND N2O4 ' Ny j ) TO N,0, STORAGE
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Jj 1!

{1

ROTARY SRIOQGE -
Y & TRUCK ORIVE ASSERSLIES
e ORBITER FLAME DEFLECTOR

ROTARY BRIDGE
CRAVLERWAY SURFACE

Figure 3.1,1-4
SPACE SHUTTLE LAUNCH FACILITY J

QRBITER NOSE (h = 220 ft 9 inches)
RCS MEZZANINE FLOOR (h = 215 ft .4 inches)

ANTENNA ACCESS PLATFORM (h = 139 ft 7.5 inches
-———ACCESS PLATFORM (h = 186 ft)

—ACCESS PLATFORM (h = 168 ft)

. \\ ACCESS PLATFORM (h = 153 ft 2 inches)

PCR HAIN FLOOR (h = 130 ft 7 inches)

APU SERVICING PLATFORM (h = 120 ft)

El APS SERVICING PLATFORM (h = 107 ft)
MLP DECK '"0** (h = 95 ft)

t
MOSILE LAUNCHER PLATFORM

CRAWLER TRANSPOATER
-+
| PAD SURFACE (h = 48 ft)
FLAME TRENCH

Figure 3.1.1=5
\ ETR LAUNCH TOWER AND ACCESS PLATFORMS . j
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The Solid Rocket Boosters are reusable and contain parachute recov-
ery systems and loc .ion ds in the forward section of each booster
as shown in the sketch below,

) a

PiLi AND DROGUE
PARACHUTE COMPARTHENT

7 PILOT PARACHUTE
M-\ MA 1N PARACHUTES (3)
FN" SEPARAT 10N R ING

§ PILOT PARACHUTE (1)
DROGUE PARACHUTE 683 DEPLOYMENT
) 863 DEPLOYMENT
’ FULL DEPLOYHENT
' uowe PARACHUTE (1)
« SR8 --____________
FRUSTUM See——
MAIN PARACWUTES (3) "=~
153 DEPLOYMENT Y.
358 DEPLOYMENT e

SRB RECOVERY SYSTEM

Two basic types of SRB's are maintained in the inventory; the steel
case and filament wound case motors. Both types use the high per-

formance no2zle., Design geometry for these configurations is given
in Figure(s) 3.1.2-2 (a through d).
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ATTACH STRUCTURE. The External Tank includes the structural
interconnections with the two Solid Rocket Boosters and the Orbiter
as illustrated below. These interconnections consist of the forward
and aft attach points for the SRB's and for the Orbiter, the propel-~
lant and electrical interfaces with the Orbiter, and the Qrbiter to
SRB interface cables.

ET/SRB

FWD THRUST 3\
‘~ e s
ATTACH | & 1o
; L ﬂﬁi
X
- ; e al -
INTERTANK ! /\ﬂim ET/SR8 AFT ATTACH
UMBILICAL PN e
— =
LH SHOWN L T
RAM QPPQSITE T LR

One fcrward thrust fitting for each SRB attachment and thrust trans-
mission is located on each side of the ET at Tank station 985.675.
The aft stabilization points, consisting of upper and lower
fittings, for SRB attachment are located on each side of the ET aft
major ring frame at Tank station 2058. Provisions for adjustment
and alignment of the SRB and ET centerlines are located on the SRB
sides of each interface. [Detailed discussion of the SRB forward and
aft attachments is contained in References 3-4 and 3-5.

PRECEDING PAGE BLANT WQT FILMED
3.4-15 —do ~ 3./-9
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The SRB's are attached to the External Tank as shown below. The
farward attach fitting i's located on the SRB forward skirt and the
aft attach fittings are on the SRB attach ring at station 1511 as
illustrated.

Y
-’ T H T H T Y11,
- O — f— - . & .
'*litz T . + + 1 t
Li . S . H | ;

FORWARD SKIRTS \roRuARD ATTACH POINT ©AFT ATTACH POINT

FORWARD
SKIRT

FW0
SEPARATION
80LT NOT
REMOVAL COVER SHOMWN FOR
INSI0E FORWARD

CLARITY
SKIRT -
ET CONNECTION

80LT CATCHER

SEPARATION PLANE
STA, 442.075 -

STA. 523.83

CRUSHABLE
HONEYCOMS
{NOT SHOWN) PP
SRB/ET FORWARD ATTACH FITTING smﬁ? saag;(g:a(rsa

COVER }

REHOVED g
NS1 CABLES g i¥ ‘g}:gguAL
"\ COVER

REMOVED

RING
‘LOVER

STRUT
COVER
REMOVED

NS CABLE

AFT UPPER TOP
ATTACH POINT

AFT UPPER TOP

/ ATTACH POINT

~AFT UPPER BOTTOM
ATTACH POINT

ELECTRICAL
CONNECTIONS
ANO CABLES

AFT UPPER BOTTOM
ATTACH POINT

ELECTRICAL
CONNECTIONS
AND CABLES

AFT ET/SRB
ATTACH RING

7.180
—.i_ZTCSIOO -

RS
49.82

-+ 2zraco.00 +

A $7.00 .09

27 343.00 4

pome 161,79 2.20 et

323.50 2.40
AFT LOWER

ATTACH POINT & ATTACH POINT
VIEW LOOKING FWD

3.1-21
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Structural attach points between the Qrbiter and the ET consist of
one forward fitting supported by the LH, tank forward ring frame and
two aft fittings and support structure at the aft major ring frame.
The forward attach structure is a bipod possessing rotational free-
dom at the attach points on the ET and rotates about a Y-axis refer-
ence line so that thermally induced changes in the Tank length will
not induce locad changes in the Orbiter. The bipod is canted 0.5
degree forward when mated to the Orbiter and cryogenic shrinkage of
the ET results in an additional 5.5 degrees forward cant. The
structure is constrained to carry loads in the Y-Z plane and is
designed to be partially retracted forward at Qrbiter separation.
This retraction, or pivot action, is accomplished with leaf springs
on the spindles which attach the struts to the tank.

s Ty 42.765

soLt
4.500 OlA SPRERE *2
-‘ 83 L—-— ORBITER FITTING REF l SEPARATION
- / 2428354 A {_1 ORBITER

gt
1 | 27 620.344 = I
€r
1071
ET LOADED | (REF)
(*IOMINAL) 7]
STRUTS PROVIDE
. LATERAL ADJUSTMENT
A FOR ET/0RB MATING
ET UML.OAOED
(MOMINAL) N
96.344
ISOLATOR-
GLASS PMENOLIC
. ‘ e
21 %64.0 Nr— - /
! Ekﬁ!ﬁ

, J 25,,,———,_____ﬁ‘

! 42.763

] 63.330

Xy 1129.90 VIEW LOOKING FORWARD AT ay 1129.9

FORWARD ET/0RB ATTACMMENT STRUCTURE.

PROVIOES A POSITIVE RESTRAINT AT SEPARATION,

TQO PREVENRT THE BIPOD FROM MOVING AFT OF

ITS SEPARATION POSITION REF., 3-5

ORBITER/ET FORWARD ATTACH STRUCTURE

3.1=22
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The attach structure between the External Tank and Orbiter Vehicle
is shown in Figure 3.1.4-1 with photo insets showing actual flight
hardware.

The aft attach hardware (shown below) consists of a left bipod,
right tripod, and crossbeam. The aft left bipod structure is free
to pivot laterally about the ET junctures, permitting unrestrained
relative lateral distortion between the aft ET and Orbiter. This
biped is canted 18 degrees inboard from the X-Z plane when the Tank

is in the unloaded condition.

to the ET at this interface.

THAUST STRUT
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ORBITER/ET AFT ATTACH STRUCTURE

The aft right attach tripod structure results in a fixed attach
interface for alignment purpcses. The crossbeam

inboard flange of the right ball
to the lef: fitting.

is bolted to the

interface fitting and slip-joined
The right end of the crossbeam contains two

bulkhead forgings which sugport the Lo, feedline eibow. The left
end of the crossbeam contains two integral forgings for attaching
the LiH, feedline hinge brackets and terminates in a forging that

houzes twc self-zligning bearings which,

the left ball
nection.

combined with shear gins in

interface fitting., provide the slip-joined intercon-

tIL.":‘:;'-L"._ e s . B .
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3.1.5 ORBITER VEHICLE, The aerodynamic design of the Orbiter Vehicle
configuration is the result of a selection which would achieve high
cross-range aerodynamically and which would be capable of trimmed
flight over a wide range of angles of attack, The double-delta wing
planform, combined with a moderately low fineness ratio (approxi-
mately 5) body, minimizes interference heating effects, provides the
required L/D ratio to meet cross-range requirements, and possesses
an acceptable trim range over the flight Mach regime, Figure
3.1.5-1 presents a general arrangement drawing of the Orbiter Vehi-
cle, ‘

GEOMETRY COMPONENT
WING JverTiCAL
AREA 2690,00 ft? 413,25 (12
< SPAN 936.68 in 315.72 in
g | ASPECT RATIO 2.265 1.675
TAPER RATIO 0.2 0.404
_ SWEEP (LE) 450 450
= e[ DIHEDRAL 3.50 =
INCIDEN 0.50 =
MAC 474.81 in 199.81n
co AREA AX DEFLECTION
i ELEVON (151 206,57 12] ~350 10+200
] RUDDER 7.15 112 +22.80
SPEEDBRAKE 7. 16 f17 0910 87.2°
%o 236 BODY FLAP 135, 75 ft? —'1.;’(0 +2E5°
OUTER ML
¢

{REF BODY LENGTH,Lg) | STATIC GROUND LINE
Xo 238(REF)

Figure 3.1.,5-1
ORBITER GEOMETRY

Orbiter Vehicle design geometry is presented in Figure(s) 3.1.,5-2
{a through f). The Orbiter Vehicle axis system for design drawing and
mass properties statements :

is illustrated in the LONGITUOINAL BATom .- V7

sketch, This axis sys- \<iF lfiizngum 43 FRL ang
tem is defined in the . - . - AVLg.AD BAY
Space Shuttle Master 2o .- y “Xo

Dimensions Specification '
(Reference 3-7) and on
Figure 3.,1,5-2,  All Y%
vehicle and design

drawing axes systems

are in accordance with

NASA Phase B Technical ,/’/15:;:::elﬁnume1oOML

DireCtives 25]9 and 25]9A. \ /iVERTICAL Cisor“:::tindcirr‘::;sion for -

M
DATU reterence body length
is 238 inches.

(see also Figure 3.1.5-2)"
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The sketch below shows the relationship between the design drawing
coordinates and the fuselage station expressed in percent of body

length, °
eooL
2, 800
Inches
I D T A | -
400 5 . a o @ | ¥
® . o = Wy
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" ACPERENCE 80OV LIJDIG'I’N Lg® 12802
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200 400 600 800 1000 1200 1400 1600 1800
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i [ 1 1 | || | ] ] § |
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Aerodynamic forces and moments are measured with respect to a given
Moment Reference Center {MRC) which is specified in each of the

aerodynamic data sections,

The Orbiter Vehicle longitudinal data

are given in both stability and body axes systems and the
latergl-directional data are given in the body axis system only,
These aerodynamic reference axis systems are sets of conventional,
right=-hand, orthagonal axes with the X~ and Z-axes in the plane of
symmetry and with the positive X-axis directed out the nose {in the
body axis system) or pointing into the component of the wind {(in the
stability axis system) which lies in the plane of symmetry as illus-

trated in Figure 3,1.5-3.
as shown,

80DY AXIS SYSTEM

All directions on the figure are positive

STASILITY AXiS SYSTEM

Figure 3,1,5-3
ORBITER REFERENCE AXIS SYSTEMS

3.1-32
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The aerodynamic force and moment sign convention is illustrated in
Figure 3,1.5-4 which also includes the longitudinal equations for
conversion from stability to body axis system,

[srAauJ?v AxlSl

Cn = C cos(a) + Cq sin(x)
Ca 2 Cp cos(a@) = C sin(a)

B8ODY AX!S

Figure 3,1.5-4
ORBITER SIGN CONVENTION

NOTE: Normal and Axial Force coefficients may be
computed from Lift and Orag coefficients with
wind axes system and Side Force coefficient in
the body axis system as foliows:

sina sina cos B
CN = CD COSB "’CY COSB "'CLCOSQ

cos o * cycosa smg -CLsina

€= Co cos B cos B

3.1-33
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CAUTION., Reference areas and lengths used to normalize aerodynamic
forces and moments are presented in the table below, In some cases
{notabiy control surface hinge moments) the reference dimensions
differ from the existing geometry, REFERENCE VALUES ARE BASED ON
THEQORETICAL AND NOT TRUE DIMENSIONS,

AERODYNAMIC FORCE AND MOMENT REFERENCE DIMENSIONS

PARAMETER REFERENCE
VALUE
LONGITUDINAL AND LATERAL/DIRECT!IONAL COEFFICIENTS
Wing Area, S 2690.000 ft2
Wing Span b 78.057 ft
Mean Aerodynamic chord (M,A.C), ¢ 39,568 ft

HINGE MOMENT COEFFICIENTS

ELEVON
Area, S 210,000 ft2
Chord ¢ 90,700 in
Area Moment 19,047,000 ft2~in
BODY FLAP
Area, § 135,000 fr2
Chord, ¢ 81.000 in
Area Moment 10,935,000 ft2-in
RUDDER/SPEEDBRAKE
Area, S 100,150 ft2
Chord, ¢ 73.200 in
Area Moment 7331.000 ft2-in

3.1-34
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3.1.5.1 WiING, The Orbiter wing was sized to provide a 171-knot touchdown

3.0

speed (Vg). at a 15-degree angle of attack (tail scrape attitude for
main gear strut compressed, tire flat) with body flap retracted and
the center of gravity at the forward limit (see also Figure 3.6-2).
The leading edge sweep (45 degrees) and aspect ratio (2.265) were
selected on the basis of aerothermodynamic trade studies to provide
the design touchdown speed for a center of gravity at the forward
limit with minimum wing size and to optimize the wing leading edge -
thermal protection system (TPS) for a re-use cycle of 100 flights
prior to major rework. Spanwise twist distribution and chordwise
camber are illustrated in Figure 3,1.5.1-1,

3 —1 Q.03
SPANWISE TWIST}: . .

=TOUTBOARD
- WING PANEL
> 0,428

.02

Y

degrees

1.0

‘GLOVE SECTION

0.01

n=0.333

0.01 ST

Figure 3,1.5,.1-1
WING TWIST AND CAMBER

.Control surfaces located in the wing consist of the elevons (eleva~-

tor-ailerons) with elevon seal (or "flipper"™) doors which effec~
tively seal the resultant gaps when the elevons are deflected by
following the control surface leading -edge.

LEADING £0GE SPRING SEAL

FUPPER DOGA
TRAILING EDGE
Lﬁsg / SPMING SEAL
T 3 o o SCL T, RuS PanEL
- pmenioe\ £
ATION
- \ 4 SYSTEM
\ INSULATION
CLOSE.QUT PANEL NEDUNOANT SEAL
arRs: ]
FLIPPER DOOR
1
. WG Has: ELEVON HAS!
PRIMARY STAL
3.1-35
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The wing planform reference area (2690 ft2) includes that portion of
the basic planform covered by the fuselage. |t does NOT include the
areas formed by wing-body fairings or areas clipped from the equiv-

alent "delta™ by the faired wing tips, Pertinent dimensional! param-
eters are summarized in Table 3.1.5.1-1 (see also, Figures 3,1,5,4=1
through 3.1,5.4=4 for areas and perimeters).

3.1-36
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Tabie-3.1.5.1=1
WING DIMENS I ONAL PARAMMETERS

Space Trangportation
Systems Oivision

Rockwell
. International

o\

PARAMETER SYMSOL VALUE WNITS
AIRFOIL SECTION |
(7° 199.045) -— 0.0010 {(mod) -
(v 468.340) LT — 0012 - 64 (md) ——
DIMEDRAL {(at trailing sdgs) [ 3.5 dagress
AREA :
Planform (cocai) Sess 2690 fe?
Planform (exposed) I sew 2012.4 £e2
Vettsd Surfacs (exposed) Swur %001.2 fe?
SPAM B 78.056 (936.48) fc (Incn)
ASPECT RATIOQ -, 2.265 cee
TAPER RATIO Ae GL/G; g.20 -
SWEEP
Leading Edge A 45 degress
Trailing Edge Are -10 dagress
CHORD
Root (zneoretical)
Fuseiage Station (0.25¢} (F.S.) X, 1008. 31 incnes
Butzoex Line (8.L.) s 0 inches
Langeh <, 57.4k (689.24) ft {ineh)
TeQn
Root (exposed)
Fuseiage Station (0.25¢)(F.S.) X, 778.5 inches
Buttock Line (8.L.) Yy 108.0 incnes
Length <, 80,33 (970) ft (inen)
Tlo
Fuselage Statlon (0.25C) ((F.s.) Xy 1338.80 inches
Suttock Line (8.L.) s 468. 36 {nches
Lengen <, 11,648 (137.35) ft (inen)
Maan Aarodynamic MAC
Fuselage Station (0.25¢)(F.S.) X, 1136.83 inches
Buttock Line (8.L.) Y, 182,13 incnes
Langen Tw 39.56 (L76.81) ft (inch)
GLOVE
Sween Aciove 8 degraas
Theoretical Intersectian
Fuselage Station (F.S.) Xq 1026.0 incnes
Jyttock Line (8.L.) ' 188.9 inchas
ELEVON
INBGARD
Ares (equivaient) Se; 131,12 fed
Span {equivalent) be; 16.77 fc
Aspect Ratio Ry, 1.90 -
Qistance (cantroid to hingeline) - 50.3% inches
OUTBOARD
Area (equivalent) Seq 75. 45 fel
Span (equivalent) beg 13.10 fe
Aspect Ratio Mg, .27 o=
Oiscance (centroia to hingeiine) - 35.03 inches
TOTAL (ona side)
Inboard/Cutboard Split (BL) Yo 3t1.00 inenes
Ares (equivaient) Se 206.57 fel
Scan {equivaiant) be 28.87 fe
Agpect Aatio Rq 4.03 aee
Chara MAC, Tq 7.46 (89.5) ft{inches)
Fuselage Station (0.25¢)(F.S.) Xo 1409.37% inches
Jistance /centroid to hingeline) - b, 75 inches
3.1-37 §TS85-0118-1



Rockwell
international

Space Transportation ’ l
Systems Division

3.1.5.2 FUSELAGE (OR BODY), The Orbiter fuselage was designed to
accommodate a variety of payloads and house the crew and maneuvering
control systems. Nose camber, cross section, and upward sloping
forebody sides were selected to improve hypersonic pitch trim and
directional stability and, in conjunction with wing-body blending,
to reduce entry heating on the body sides, Attitude Control Propul-
sion Systems (ACPS) pods have been incorporated with the OMS and are
located in the aft body fairings. Hinged surfaces attached tc the
fuselage include the cargo bay doors and the bady flap. The cargo
bay doors have 13 hinges on each side of the fuselage, The six for-
ward hinges on each side are covered with TPS and faired fore and
aft. The aft seven hinges have no TPS and no fairings. The body
flap is used to protect the Shuttle main engines (SME) during entry
and to provide trim capability to relieve elevon loads., Pertinent
dimensional parameters are summarized in Table 3.1.5.2-1,

Table 3.1.5.2-1
FUSELAGE DIMENSIONAL PARAMETERS

_ PARAMETER SYHBL
LENGTH
Referencs Le 1290.3 inches
Nose Fuselage Station (F.S5.) X, 238 inches
DEPTH he 19.92 (239) ft (inch)
Maximum at F.S. xo 1280 inches
WIDTH wg 22.0 (264) - ft (inch)
Max{mum at F.S. x° 1528. 3 inches
AREA
Planform So 1914, 4 fe?
Watted Surfacs Sewer 5634 fe?
Base Staase 365.7 ft?
aMS Pods Secos 71.0 fe2
CARGO BAY
Di amater des 15 ft
Langth Ley 80 ft
GLOVE
Fuselags Intersection (F.S.) (00 inches
' (8.L.) 102 inches
(Based on OML - TPS included)
BODY FLAP
Area (planform) Ser 135.7% el
Span (equivalent) by, 241.33 Inches
Chord [ . 81 Inches
Hinge Line (F.5.) L 1532 inches
\
3.1-38
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3.1.5.3 VERTICAL TAIL, The vertical tail has been sized to provide a low-
speed Cnp of 0.0013 at an angle of attack of 13 degrees about a cen-
ter of gravity located at the aft limit and has a reference area of
413,25 ft2, "including the rudder/speed braks, The rudder is spiit
along the Orbiter buttock plane to provide directional stability
augmentation in the hypersonic/supersonic flight regimes and to
apply drag meduiation for the subsonic flight phases, approach and
landing, The section profile is a five-degree half-angle, 60 .to 40

percent doublie wedge airfoil, Dimensional parameters are summarized
in Table 3,1,5.3~1.,

Table 3.1.5.3-1
VERTICAL TAIL DIMENSIONAL PARAMETERS

PARAMETER |___s::so7|. | VALUE | wars
AIRFOIL SECTION == 10* Symmetrical -
{root=tip) 603 - 403 double
. wedge
AREA ' Sy . 413,25 fr?
SPAN F by 26.31 (315.72) ft (inch)
ASPECT RATIO R 1.675 .-
TAPER RATIO A, = cz/':r 0. kob -
SWEEP
Leading Edge Ay, 45 degress
Trailing Edge A, 26.2 degreeas
CHORD
Root <, 22.37 (268.5) ft (inch)
Tip e 9.0k (108.47) fr (inch)
Mean Aarodynamic <. 16.65 (199.81) fr (inch)
Fussiage Station (0.25C) F.S. X, 1463. 35 inch
Watarline w.l. Z, 635.5 inch
RUDDER/SPEED BRAKE
AREA H 97.84 fr?
SPaN b 16.55 (198.61) ft (inch)
CHORD
Mean Aerodynamic 3 §.07 (72.84) ft (inch)
Fuselage Station (0.25c) F.S. Xy 1§75.77 inch
Watariine w.l. Zo 670. 41 inch

3.1.5.4 TOTAL VEHICLE, Cross Sectional data defining the total Orbiter
Vehicle geometry are presented in Figures 3,1.5,4~1 through
3.1.5.b=4, These figures provide the cross sectional area variation
for components and tota! vehicle and the perimeter distribution for
components and total vehicle, Total! vehicle dimensional parameters
are summarized in Table 3.1,5.4-1,

3.1-39
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Table 3.1.5.4~1
TOTAL VEHICLE DIMENSIONAL PARAMETERS
(fuselage plus exposed wing)

PARAMETER SYKBOL VALUE UNITS
AREA
Planform Srorac 3952 fe?
vwetted Surfacs F Swetygra, 11,136 fe
LENGTH
overall | L 122.0 (1464) ft (inch)
Reference : Le 107.5 (1290.3) ft (inch)
SPAN by 78.056 (936.68) ft (inch)
HE 1 GHT
Gear-Up Noeas ur 46.14 (553.68) ft (inch)
Gear-Down (static position) Ngras cowse §3.76 (645.12) ft inch)
COMPONENTS ]

ONS _

Wit i
i
u%

Tiwe SUBFACE

H
I 365.7ft?

Figure 3,1,5,4=1
CROSS-SECTIONAL AREA VARIATION

3.1=-40
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TOTAL

LWe SuRPaCE

4Seast 3368.7fd
EXCLUDING
el 1) :oos

s =5 : 0k i
AREA
~ 30
!
100
108
o oe 7 v 500 T pmm—tTT) 1400 1600 1500
Xg = {nghes
Figure 3.1,5,4-2
CROSS~SECTIONAL AREA VARIATION
COMPONENTS
PERIMETER AND SURFACE AREAS ,
eWING CORRECTED FOR CUAVATURE
240 eOML DIMENSIONS

iMBASIC 800V 6649.0 fu?
I covesto ev:
i WING/GLOVE -aa7.8
: Oms POOS -320.0
9 VERVICAL Tan -27.4
| Nev. BODY $634.0
{ €XPO3ED:
; GiovE 111 +883.0
i Oms P00 i) +809.0
1 YERTICAL TAM +744,.0
: wiNG S3288.0
| TOTAL WET (Swa:) 11136.0 fe?
PERIMETER ! /NCLUGES 800V FiLaS" WA SuRACE & Si0eS
~ 1208  fACLUDES 8a3E anga :
toat L
. “ -

Figure 3.1.5.4-3
PERIMETER DISTRIBUTION

ORIGINAL PAGE 3
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PERIMETER AND SURFACE AREAS TOTAL
oWiING CORRECTED FOR CURVATURE
260n o QML DIMENSIONS

{88ASIC BODY 8849.0 ft?
i, covereD av:
i ‘WING/GLOVE -ae7.6
H Oms PODS -330.0
300 VERTICAL Tall -27.8
! Ner soov 56834.0
i EXPOSED:
GLOvE 12) +@63.0
1 Oms »OD (D) +609.0
ool VERTICAL TAIL +744.0
: WwWING +3468.0 il
TOTAL WET (Seqr) 11138.0 fe? i
G INCLUCES 800V FLAP LWR SURPACE & 31068 .
. EXCLYOES 8ASK anea ;

200 | o0 00 00 1000 1200 1400 16000 180@
g = tachos .

. Figure 3.1.5.4=b
PERIMETER DISTRIBUTION

ORIGINAL PACT 75
OF PCOR QUALITY
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SURFACE OJESIGN REQUIREMENTS, The aerodynamic integrity of the Space
Shuttl!e Vehicle is dependent on_the efficiency of all surfaces
exposed to the airflow such that surface design requiraments are
critical to.the definition of the vehicle aerodynamic charactaer-
istics. The ailowable aerodynamic surface alignments, Outer Moid
Line {(OML) fairing and smoothness requirements, and the sealing
reguirements which establish deviations affecting both aerodynamic
and aerothermodynamic characteristics of the vehicle are discussed
in this subsection [3.2].

SOLID ROCKET BOQSTERS. The pre-flight OML surface finish on the SRB
is basically that of the surface coating or materials applied to the
exterior structure and protuberances, A spray-on ablative material
{MSA-1) with a weather sealer top coat is applied to areas such as
the forward skirt and protuberances, inciuding the cable systems
tunnel, Cork is used extensively on the aft skirt, forward nose
cap, and separation motor fairings., External thermal protection is
not required for the steel motor case segments but paint is applied
to provide corrosion resistance,

g 161).50 1777.58
Xg 1491.48 1733.5¢] 1837.29

T511.0 |1657 53] ACT
JOTHT PiNS (6 SRA SEG.) (3 san_[sec), [0

£ 6- 14 am 01 l T
;33
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523.8

AT SEPARATION
=QTOR mODULE
HOLDOOWN
PQils

C 1

160.0-

i

166.2601A
200.2 0ia

ACCESS DOOR
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50—

Tvp
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.55
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g |
STUB OMLY ¢-%gl613.50, | %
Tetve  tems xgiss?.s2 5‘442@ 4. 14
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oy
Figure 3.,2. "“ OI{IFT\”’“‘" ._1 ‘J‘l\.'l :J.

TYPICAL SRB PROTUBERANCES OF POOR QUALM '
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Significant protuberances are defined in Reference 3-8 &s those lar-
ger than a threshold size which could cause a change in drag or
thermal environment, The maximum height and width of such protuber-
ances are not to exceed a specified distance beyond a nominal OML
defined for static ambient conditions, The threshold size for sig-
nificant protuberances is defined in the reference for three radial
regions at the stations where the protuberances are located (see
under 3.2,2, SIGNIFICANT PROTUBERANCES). Typical examples of protu-
berances which may deviate from the threshold size requirements
include the cable systems tunnel, motor case segment joint flanges,
aft case stiffener rings, and the SRB/ET attach ring and struts,
Figure 3,2.1-1 illustrates some typical examples of these protuber-
ances.

EXTERNAL TANK, Two versions of the External Tank exist - the heavy
weight and the lightweight tank, Both versions are currently
planned for use operationally, Oimensionally detailed descriptions
of the external surfaces, OML definition, and protuberances are con-
tained in Reference 3-8, The External Tank mold lines and aerodyna-
mic fairings are not to exceed a nominal mold line defined for
static ambient conditions as specified in the reference for both the
heavy and light weight tanks,

The pre-flight OML surface finish on the ET consists of the nose
cone surface insulating/ablative material, ogive area insulation,
and a spray-on foam insulatiaon applied over most of the ET exterior
(including higher temperature ablative insulators)s. The nose cone
insulating/ablative material (SLA561) is machined to 0.63 £ 0.03
inches and is normally controlled to within 20 percent of the speci-
fied thickness, The ogive insulation is 2-inches thick, reducing to
1-inch at ET station 851 {intertank juncture), The initial smooth-
ness of the spray-on foam insulation (SOF() is that required to
obtain the specified thickness and OML tolerances, although, that
sprayed on the intertank area ribs can vary considerably (1.00, +
0.75, -0.50 inch on the rib tops with a minimum of 0,30 inch
required on the rib sides),

Significant ET protuberances are defined for four radial regions of
the tank at the ET stations where the protuberances are located,

The maximum allowable height and width of significant protuberances
are calculated in the following manner:

3.2-2
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SIGNIFICANT PROTUBERANCES
THERMAL ENVIRONMENT

1 = 0,15 + ,0003(X)

2 M A =o0.15 + .0004(x)
REGION ]

3 B 4 =0.15+ .001(X)

4 ] A=0.15+.002(x)

WIDTH~-NOT TO EXCEED A

4 is the maximun ailowabie heignt above OML.

X is the distance in inches from the nose of the
elemant {ET or SRB) to the station whare the
protuberance is locatasd.

Xer = (Xvpmgr= 322.5)
Xsne= (Xapeqp= 200.0)

(1) No critaria for SR8 aft of SSME exit plane.

(2) This cricaria does not apply when protubarancas of diffarent
elements are facing each other; Each of these cases snouid
be trested indiviaually,

{(3) Not appiicable to uniformly distributed TPS surface roudn-
ness or to toierancas on TPS OML. Procuberances heignts
are measured from OML of TPS.

(4) All protuberancas 2 1.0 will be reported regardless of
criteria,

AERODYNAMICS

All protuberances > 1 inch from the vehicle moldiine {projected
above TPS or hard structure) and greater than 2 feet in width on the
Shuttle integrated Vehicle will require Level || approval,

All protuberances will be reported regardless of criteria,

Typical exampies of protuberances which may deviate from the thresh-
old size requirements include the forward and aft Orbiter attach

structure; the L0, feed, pressure, and anti-geyser lines; LH, feed,
pressure, and recirculation lines; and the electrical conduit.

3.2-3
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AFT INTERFACE E£T/ORBITER

Taa 0 SEPARATION PLANE —
——— X ca /
r(. T 20 2 J
71
: [}
2 ] v.ég\\zuu.a
\ 331.0 D1A OSL Jag | |
612.0R 10693 \y
J—— | - :
l \ /"=
UMB 1L ICAL P
PLATE L \ Xr
o A G ACCESS DOOR 20489 )
1371.0 T b un.u ; '?’:: PT
= 952.8 1872 2173
j27.22 935 67
Vv FOAM FLUSH
LENGTH OF SMOOTH AREA Xy 852.8 . 'MiTH EXISTING FOAN
MAY VARY OUE TO FQAM Toase® £1.002.25 IN CLOSE OUT AREA
THICKNESS TOLERANCES 3. oo:.zo———l———)u 0 MIN

Xy 37!.0//“,39'23'3” A SRR DA
¥ e é)- R .]l_‘_..:-;

£/ 0.80 ABLATGR L1 002,25 constant
28,224 FOAM THKNS TO
«.00 Xt 570.0
ot T
Yy r -
70.0 0.00 ,-FWO INTERFACE (ET TO OR8ITER) 0.3 miN, TYP

/,l/—}{" - a283.84
9 3
IO L AN ar seea0n

A%’s.n?\u [ 220.36
N\ 5

Cf&  FOAM INSULATION
\ 2 0.3 MIN, TYP

Figure 3,2,2~1
TYPICAL ET PROTUBERANCES _
CrIGINAL PAGE 13

OE POOR QUALITY
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3.2.3 ORBITER VEHICLE, The Orbiter Vehicle surface design requirements,
allowable surface alignments, OML fairing and smoothness, and the
sealing requirements which established deviations affecting both
aerodynamic and aerothermodynamic characteristics are outlined
below,

WING INCIDENCE TOLERANCE
X=Z PLANE AT WING-FUSELAGE JUNCTURE Y,105

| DESIGN INCIDENCE

CTUAL INCIDENCE

A-B £ 0.25 inch

X,1307
CRITERIA RATIONALE
© MAXIMUM ALLOWABLE WING 50,25 INCH MAINTAIN ACCEPTABLE
INCIDENCE TOLERANCE AT WING- IMPACT ON ELEVON
FUSELAGE JUNCTURE FOR THE REQUIREMENTS DUE TO
LEADING EDGE ELEMENT RELATIVE STRUCT. MISALIGNMENTS

TO THE ‘TRAILING EDGE ELEMENT
(FUSELAGE AND WING SUPPORTED
IN MATING TOOLING)

WING DIFFERENTIAL INCIDENCE TOLERANCE

X=Z PLANE AT WING-FUSELAGE JUNCTURE Y,105

LEFT WING PANEL
{GHT WING PANEL

Xo807

)

—bn‘bni‘

€C £ 0.37Sinch I

Xo1307
~ CRITERIA RATIONALE
© MAX ALLOWABLE DIF- 50,375 INCH MINTHIZE DEGRADATION
FERENTIAL INCIDENCE FOR THE LEADING  OF AILERON EFFECTIVE-
BETWEEN THE LEFT AND EDGE ELEMENT OF  NESS OUE TO STRUCTURAL
RIGHT WING PANELS AT ONE PANEL RELA-  MISALIGNMENT

THE WiNG-FUSELAGE JUNC- TIVE TO THE TRAIL-
TURE (VEHICLE SUPPORTED [ING EDGE ELEMENT FOR
IN TOOLING JIG) THE OTHER PANEL

WING'S DIFFERENTIAL INCIDENCE TOLERANCE EQUALS LEFT WING'S

INCIDENCE TOLERANCE MINUS RIGHT WING'S INCIDENCE TOLERANCE

OR, C = (A= 8)cerwing = (A= Blagur wing

3.2-5
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DIFFERENTIAL DEFLECTION OF WING TIPS
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o\

| FRL - -
| N— B
* A-8 g 1.0 inch *
e MAXIMUM DIFFERENTIAL DEFLECTION RATIONALE: MINIMIZE

OF WING TIPS (FUSELAGE AND WING
SUPPORTED IN MATING TOOLING)

ASYMMETRIC LIFT AND
ROLL

MAX1MUM ALLOWABLE TWIST TOLERANCE

CHORD ACTUAL
LOCATION

A = CHORD'S ACTUAL TWIST, INCHES -—{A I‘- CHORD DESIGN LOCATION

L = CHORD'S DESIGN LENGTH, FEET

A i NCHES
LIFTING SURFACE TWiIST TOLERANCE = —,
L FOOT
CRITERIA RATIONALE

$0.005 INCH MAINTAIN SURFACE AERO
PER FOOT EFFICIENCY AND REDUCE
CONTROL REQUIREMENTS

e MAXI{MUM ALLOWABLE TWIST
TOLERANCE FOR ANY
LIFTING SURFACE (WING

_OR TAIL (VEHICLE IN
TOOLING JIG)

o THE MAXIMUM ALLOWABLE
DIFFERENTIAL TWIST
TOLERANCE PER 12
INCH SPANWISE DISTANCE
(VEHICLE IN TOOLING JIG)

$0,005 INCH
PER FOOT

3.2-6
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ERROR IN LOCATION OF LEADING AND TRAILING EDGES

DEORTTICAL TMILING

CRITERIA RATIONALE KL CLONT
® ACTUAL L.E. ELEMENT PROVIDE ACCEPTABLE
SHOULD LIE WITHIN AERO CHARACTERISTICS
AN 0,06 INCH-RADIUS WITHOUT {MPACTING
CYLINDER FROM THE WE |GHT AND COST Aa
DESIGN LEADING EDGE 0.06 g

ELEMENT
e ACTUAL T.E. SHOULD
LIE WITHIN 0,06
INCH-RADIUS CYLINDER
FROM THE THEORETICAL 2=0.06 i
TRAILING EDGE
e REQUIREMENTS CHECKED
AFTER LEADING AND

TRAILING EDGE ASSEM- Py © LOCATION OF 4 FOINT OF ACTUAL LLADING DG DLDWDNT
BLIES HAVE BEEN FULLY 2 7 LOGHTION Of 4 MOIXT O ACTUAL THALLN D QLD
FASTENED TO CENTER ry - COVIATIS cem of ) 18 1RO

SECTION OF THE SURFACE. R o MAXIRS ALOWMLE DIVIATICR CRODR

VERTICAL TAIL CANT AND INCIDENCE TOLERANCE

_"C_1 PERPEND {CULAR TO WATER PLANE

4= S

{
L

A INCHES
CANT TOLERANCE = <=
L FOOT
B INCHES
INCIDENCE TOLERANCE = ===
c FOOT
CRITERIA RATIONALE
e MAXIMUM ALLOWABLE VERTICAL S$0.025 INCH MAINTAIN VERTICAL
TAIL CANT PER FOOT TAIL AERO EFFICIENCY
(VEHICLE IN TOOLING JIG) S0.0125 INCH AND REDUCE CONTROL
e MAXIMUM ALLOWABLE INCIDENCE REQUIREMENTS

TOLERANCE OF THE VERTICAL
TAIL (VEHICLE IN TOOLING JIG)

The aerodynamic criteria pertaining to surface discontinuities and
waviness are based on aerodynamic efficiency requirements of lifting
surfaces and the prevention of premature transition from laminar to
turbulent boundary layers during the high heating portion of entry,
The prevention of premature separation of the boundary layer on all
fixed and movable lifting surfaces is also important, Aerodynamic
efficiency is affected to a much greater extent by surface condi-
tions over forward regions of components rather than aft regions,

3.2-7
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Tolerance criteria are, therefore, generally more severe for forward
sections of the vehicle surfaces and are somewhat relaxed for aft
portions, ’

Surface discontinuities consist of steps and gaps. A step is an
abrupt deviation from the faired contour; e.g., a lap joint
(2E5St). The tolerance for a forward facing step is generally

" the same as for a rearward facing step uniess specifically noted
otherwise, The step requirements (cf, Figure 3,2.3~2) apply to ail
surface irreguiarities which have a dimension normal to the OML
except RCC areas., RCC step and gap criteria are shown below based
on trajectory 2689,

RCC/RCC STEP AND GAP CRITERIA
BASED ON TRAJECTORY 2689

0.08 \\\N 0.16
0.06 0.12

MAX MAX

STEP GAP

.04 0.08
in. : in. ™
0.02 ] 0.04

Q Q
400 600 800 1000 1200 1400 400 600 800 1000 1200 1400
ENTRY TIME ~ sec. ENTRY TIME~ sec.

A gap is defined as an abrupt negative deviation from a faired con-
tour followed by an abrupt positive deviation such as is caused by a
poorly matched butt joint (&5 -5=2) or spaces between TPS
tiles, TPS gap criteria are outlined below and apply to all surface
gaps with the exception of RCC areas (given above) and control sur-
face gaps. Gaps shall not allow any increase in air leakage,

TPS GAP CRITERIA (PRE=-FLIGHT)

e BASIC REQUIREMENT: MINIMIZE GAP WIOTH AT THE AERODYNAMIC SURFACE
e LOWER SURFACE: 0.045+0.020 inch :
(BELOW A LINE: Xo238, 25336 TO X582, Z,320
AND Xo>582, Z,320; LOWER SURFACE OF WING;
GLOVE L.E. TO LRSI; UPPER AND LOWER BODY
FLAP; BASE HEAT SHIELD)

e UPPER SURFACE: 0.055+0,020 inch
(ALL SURFACES NOT DEFINED ABOVE)

e TILE PATTERNED SO THAT NO GAPS ARE ALIGNED WITH LOCAL SURFACE
STREAMLINES DURING ENTRY,

e TPS GAP EDGE RADIUS: 0,06 inch (MAXIMUM)

3.2-8
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A wave is defined as a smooth variation from a faired contour, The
wave height (H) is the distance measured normal to the surface
between a law point on the surface and an adjacent high point,

The wavelength (22) is twice the distance from a low point on the
surface to an adjacent high point, (See Figure 3.2.3=1 for surface
waviness criteria and Figure 3,2.3-2 for maximum allowable gaps).
The waviness reguirement applies to all external surfaces,

The master lines OML fairing requirements permit no reflex fairing
on lower surfaces, Reflex fairing is permitted on upper surtaces,
Continuous second derivatives of eguations defining the surface of
the lower forward fuselage are required, The maximum manufacturing
fairing deviation from the theoretical fairing is $0.06 inch con-
sistent with the OML smoothness requirements, TPS thickness
requirements, and aerodynamic surface alignment requirements, Maxi-
mun surface irregularities, including RMS surface finish, are
defined below,

MICRO SURFACE FIN!SH CRITERIA

e APPLIES TO ALL EXTERNAL SURFACES (HRSI, LRS!, FRSI, RCC AND
METALLIC TPS)

e DEFINITION OF MAXIMUM ALLOWABLE SMALL SCALE IRREGULARITIES

©300 4 IN RMS SURFACE FINISH
©0.002 IN AMPLITUDE SMALL SCALE WAVINESS (ANY DIRECTION)

)

®PROTUBERANCES 0.001 IN

? 0.005 WIDTH
e HOLES, SCRATCHES ,CRACKS {0.005 DEPTH

PENETRATION CRITERIA

® NOSE LANDING GEAR DOOR oML
e STEPS $0,017 inch MAXIMUM ANY DIRECTION
® LONGITUDINAL GAPS 0.034 inch WIDE x 0.034 inch DEEP
OR EQUIVALENT AREA, ONE GAP PER DOOR INTERFACE.
e TRANSVERSE GAPS 0,045+0.020 inch (FILLED WITH HIGH
PRESSURE GRADIENT THERMAL BARRIER),

¢ FORWARD EXTERNAL TANK ATTACHMENT QML
o STEPS $0.017 inch HMAXIMUM

® GAPS 0.030 inch MAXIMUM (BASED ON 3.0 inches MAXIMUM
CIRCLE DIAMETER),

3.2-9
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ELEVON
73 HINGELINE
jos 26 5mey iy138a
¥ 97
30
. N
3ASE HEAT SHIELD AREAS OF :
AFT 800Y AND APS PQDS ARE
EXEMPT FROM GENERAL IML
VAVINESS REQUIREMENTS
at
—— o —t— - e 1000,
[
L]
S soot
WU T =0-0018 Max Tenoing Toce
L. acC
7 =0.0100MAx % sool INTERFAC
—:— = 0.0120 MaX e
ALLOWABLE ML WAVINESS «cof
(CREST TO TROUGH)
200 L)r.(_..‘l ARIERENCE SO0V LINGEIN |\ - ‘I‘l—_—ﬂ‘
200 400 00 800 1000 1200 14Q0 1400 1WQQ
l Xg~ tacnes
L } 1 L L 1 1 1 | 1 i i3
Q - 9] c.2 [- %] Q.4 Q.8 068 Q.7 Q.8 [+ %] .Q 1.1 .2

INNER MOLD LINE WAVINESS CRITERIA

WING LEADING EDGE

= 0.0150

2z 0.0018

@ ¥
O

OUTER MOLD

omuL

NQSE CaP

LESS/WING UP'R SURFACE
NOSE CAP/BODY UP'R SURF. ABOVE MH8

LESS/WING UP'R SURFACE
NOSE CAP/BODY UP'R SURF. BELOW MHB8

LINE WAVINESS CRITERIA

Figure 3.2.3-1
ORBITER VEH!CLE SURFACE WAVINESS CRITERIA
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- 1140 260 MAXIMUM
ALLOWABLE STEPS

£ 0.017 we. ' £ 0.025 na.
A + o020m. £ 0.035m.

£ 0.030m } £ 0.060m,
AFRSI
'onun.) taci1neG l;o:'u.g'a:‘c \ 20.12
turstatams raTeeA M EXCEPT
D + 00604 «0.080 14 WING & VT LE

NIGN TRaapgRATUG?

_‘ I—-GAP
COATING | ow remeeantune

MAXIMUM ALLOWABLE GAP

TANGENT (A sTEps +0.05 ,-0.12

Llowor Surface: 0.048 £ 0.020 inches
Upper Susface: 0.055 +0.020 inchas
TPS Gap Edge Radius: 0.060 lnchaes (Maximum}

" NOTE: NU 7WO FACING STEPS ALLOWED

AT TILE/BLANKET BUIT JOINTS

Figure 3.2,3-2
ORBITER OML STEP AND GAP CR!TERIA

Surface irregularities due to protuberances such as air data probes,
umbilical attachment, vents, and nozzle ports must be assessed on an

individual basis., Such items are shown on Figure 3.2.3-3.

CARGD SAY OOORS ~=
- GAPS

- #IRGE COVERS
L~ “AIN PROPULSION AND

! ams NOTILES

AECESSED THERMAL “WLASS
- dINOSMIELD

- OBSERVATION Jiiuuws
- HATCH Winuows

ACS ML
CAV{TIES

FLIPPER 00ORS
- TRAILING EDGE STEPS

Z ELEVONS

- SPAMMISE GAPS
- CAD BAY - SUX-(NGH GRS
- FORWARD RCS
: g“:“;“ {INCLUDES AL OTMER PROTUSERANCES nOT
©AFT FUSELAGE [OENTIFIED ASOYE)

Figure 3.2,3-3
PROTUBERANCE ITEMS REQUIRING SPECIAL TREATMENT

3.2-N

§TS8S-0118-1



Space Transportation ‘ Rockwell
Systems Division International

The prevention of unprogrammed air leakage from inside the Qrbiter
or through lifting surfaces is important in maintaining lift effec-
tiveness and minimum total drag. An unsealed surface has more pro-
file drag and drag=-due-to-lift than a sealed surface,

OUTER MCLD LINE SEALING REQUIREMENTS OURING ENTRY

(Beyond the scope of this book, refer to Reference 3-11)

3.2-12
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THERMAL PROTECTION SYSTEM., The Thermal Protective System (TPS) is
designed to protect the primary airframe structure from the effects
of aerodynamic heating during ascent and entry. The basic TPS for
the SRB's is- a spray-on ablative material with a weather sealer,
Ablative composites are used on the ET in areas of high aerodynamic
heating and in those areas subjected to plume heating. In general,
the Orbiter TPS consists of reusable surface insulation tiles.

SOLID ROCKET BOOSTERS. The requirement for thermal protection of
the SRB's is less extensive than for either the ET or Orbiter Vehi-
cle, Thermal protection is required in those areas subjected to
maximum aerodynamic and plume heating where aluminum skin is
employed such as the nose cone, forward skirt, aft skirt, and BSM
fairings., Several protuberances (rings and attach structure) also
require special protective materials for instrumentation and elec-
trical cables.

The two primary materials used for insulation on the SRB's are Mars-
hall Sprayable Ablator (MSA-1) and cork, The MSA-1 is used on the
forward skirt and cone areas, systems tunnel, and around the ET
attach ring of the SRB, This material is sprayed on and built up to
a thickness of 0.125 to 0.25 inch, Cork is bondegd to the aft skirt,
BSA fairings, and nose cap with a urethane adhesive with a thickness
ranging from 0.25 to 0,50 inch, Both materials (MSA-1 and cork) are
readily removed for SRB refurbishment,

NQSE CAP (COAK)

NOSE CONE (msa-1) €T ATTACH R1ING (MSA-I)
SWO SKIAT (MSA-7) \

p v va vl
8\ FAIRING (CORK) 8SA FAIRING (CORKI/
SYSTEMS TUNNEL (MSA-T) ART SKTET (CCRK)

SRB THERMAL PROTECTION

Detailed SRB thermal protection system descriptions.are given in
Reference 3-10,

EXTERNAL TANK. The major portion of the ET thermal protection is

"provided by Spray-On Foam Insulation (SOF!) which is applied over
‘most of the ET exterior, including higher temperature ablative insu-

lators., The SOF1 (CPR-488) is a light weight (2.4 1b/ft3), low con-
ductivity (0,014 BTU/ft=hr°F at 75°F) material which provides for
heating rates up to 10 BTU/ft2-sec and temperatures above 300°F,
Application of the SOF! is carefully controlled to provide the
required strength, adhesion, thickness, and surface finish without
machining, SOFI thickness is defined by pre-launch requirements for

stable, high-quality propellants and a minimum of air condensation
and ice formation,

3.3-1
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Ablative materials are used on ET surface areas where ascent flight
heating rates exceed the SOF| temperature !imits. These ablative
materiais.maintain design temperature limits for the structure, sys-
tem components, and propellant boil-off rates as aerodynamic and
plume heating char the SOFI, The ablator thickness and required
heating rates are derived from the worst case mission environment
which, for the most part, is an Abort-Once-Around {ADA).

The primary ablative material used is SLA-561 (for heating rates up
to 25 BTU/Ft2-sec) which is a highly filled composite of silicone
rubber base with a nominal density of 18 1b/ft3 and a thermal con-
ductivity of 0,45 BTU/ft-hr®F at 75°F, A similar material of higher
density (30 1b/ft3), MA-225, is used for heating rates up to 75
BTU/ft2-sec, An over-coat is applied to the ablator material to
prevent moisture accumuliation in the porous filler material, Cer-
tain areas of the £T use SLA type ablative material under a CPR foam
insulator as indicated in the sketch,

OGIVE CPR
-540 2°
STA $40-550-TAPER 2°-1°
STA 530-852 1°

_—~CPR.488

v

STA 371.400 0.35°
STA 400-440 TAPER 0.35"-0.15"

513-707 PRIMER

L ALUMINUM/STEEL SURFACE

CPR-4s8 SAMPLE CROSS SECTION

//—SLA~561

015

INTERTANK CPR| ™ 15 cFr
0.3
AL wnimun | SLA.CPR

[: SLA ONLY

LHy TANK CPR _ SLA-561 SAMPLE CROSS SECTION
I REF 3-5

LA b3 ADHESIVE
~ 0C 12Ul PRIMER
ALUMINUM/LTEEL SURFACE

ET THERMAL PROTECTIQON

Two light weight urethane foams (BX-250) are also appiied in smailer
areas with lower thermal requirements (less than 200°F substrate)
such as the L0, tank forward bulkhead and aft dome and on the LH,
forward dome, ODetailed ET thermal protection system descriptions
can be obtained from Reference 3-5, The ET Thermal Protection is
summarized in Table 3,3.2-1,

3.3-2
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Table 3.3.2-1
EXTZRNAL TANK THERMAL PROTECTION
ET COMPONENT TPS MATER JAL | CKNESS __J
inches
Acreage
Nose Fairing SLA=561 0.6
L0z Vent Louvers SLA=3561 None
Conauit Fairing SLA=561 8.65
L0, Tank Qgive CPR-488/5LA=56) Tager
L0. Tank Barrel CPR~488 1.0
L0, Tank Fwa Bulkhead 8X=250 0.5
LO; Tank Aft Ocme BX-250 0.5
Intertank CPRaLBB/SLA=361 0.5¢
LH; Tank Fwa Jome 3X-250 0.5
LH; Tank Aft Oome CPR-4BB/SLA=561 1.02
LH; Tank Barrei CPRoLBB/SLA=SH] 1.3%
Penecratian
L0; Fegdline CPR-LE8 1.0
G0, Pressurization Line None Req. co=
LH. Feedline SLA=581/CPR 0.a/1.0
LH, Recirculation Line SLA=561/CPR 0.6/'.0
GH, Pressurization Line None Rea. san
Electrical Capie Tray SLA=58] /MA=25S 0.3<0.65
LHs Vent Line BX<250 3.5
L0; Feedline Fairing SLA=581 0.2
GHy; Press Line Fairing SLA=561 0.23
intartank Fairing SLA=361 0.6
Structural Attachments
L0y Feedline (§) SLA=561/CPR-LEB. 0.4/1.0
GO: Pressyre Line, GH; Pressure line,
Capie Tray on Liy Tank (1) SLA=561 /CPR=LES 0.471.9
L0; Press Line/Canle Tray={0; Tank {17) SLA=561/CPR-LE8 0.4/1.8
Interface Structure
Fwa ET/ORB Attacnment Strut MA=25S 0.5
Aft ET/QRB Thrust Scrut SLA=561/SOF I 0.18/1.0
Aft ET/0R8 Vertical Stryt SLA=861 /SQF ! 2.751.3
A¥t £T/0RB Oiagonal Strut SLA=56i /SOF 1 0.75/1.3
AFt ST/0R8 Crossbeam SLA=5E1 0.50 Fwda/Aft Face
0.25 Top/Bottom
Fwd ST/SRB Attachment tione Req, -
LS, Lire AfT incerface Attacqment SQF 1 1.3
Lz Line Aft interface Attachment SOF i 1.8
lsgtator Reguiraments
ET/SRB Aft Attachment (b) Glass Phenolic 0.4
ET/ORB Fwd Attacrment (2) Glass Phenolic 0.5
ET/ORB Aft Verzicai Attachment (2) Glass Phenciic Q.0
ET/ORB Aft Swey Attachmenc (1) Glass Phenoiic 0.4
L0: Feegline Attachment (8)- Glass Phengiic a.4
L0y Prassurization Line/Canie Tray (14) || Glass Phenglic g.5
LHy Pressurization Line Attacnment (15) || Glass Phenolic 0.5
misceilaneous
Intertank Umoilical Carrier Place None Reg. -
3.3-3
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3.3.3 ORBITER VEHICLE. The Orbiter Vehicle TPS is required to provide

adequate_capability for assuring safe Earth return and intact iand-
ing foilowing Abort-Once-Around (AQA) and Return-To-Launch-Site
(RTLS) abort, In general, the TPS consists of Reusable Surface
Insulation (RSI) tiles of four types having a 100-mission
capability, The four types of insulation used are:
FRS| (flexible RS!) to 700°F (entry) and 750°F (ascent)
AFRS| (advanced flexible RSI) 700°F to 1200°F (nominal)
LRS! (low temperature RSI) 700°F to 1200°F (nominal)

HRS! (high temperature RS!) 1200°F to 2300°F (nominal)

oTHERMAL PROTECTION SYSTEM
- RS- REUSABLE SURFACE INSULATION
. f RSi = FELT "'Nomes:
o RS- HIGH TEMPERATURE
o RSI=-LOW TEMPERATURE
¢ RCC - AEINFORCED CARBON CARBON

STRUCTURE
Fused Silica Tile

Leading Edge

Hass

ErvIRONUrYTAY
sanmen

AEDUNCANT Pane 5

'ﬁl_ PRESSURL PANE |

/‘U‘U’\e,. etee 8 RETANERN

ATCS €N T TORE"

Figure 3,3.3-1

ORBITER THERMAL PROTECTION
(0V102 and 0V099)

3.3-h
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Orbiter Vehicle 102 was flown on the first five and on the ninth
flights (STS-1 through STS=5 and STS-9). Orbiter Vehicle 099 was
used on flights six through eight (STS-6, =7, and -8). The Thermal
Protection System for OV102 during these flights is shown in Figure
3.3.3-1, CV099 TPS during flight STS-6 was similar to OV102 except
that the OMS pods on 0V099 were protected with AFRSi, The AFRSI| on
the highly curved forward edge of the QOMS pods sustained severe dam—
age during this flight, Consequentliy, AFRS! on the OMS pod leading

edge and canopy was replaced with tile and/or FRS! for subsequent
flights,

The Thermal Protection System for OVI03 and OVIOL.is shown in Figure
3.3.3~2. Following flight STS=9, OV102 was returned to Paimdale,
Caiifornia for extensive modification from a flight test vehicie to
a fully operational vehicie and the 102 MOD OMS pod TPS was made
similar to that for QV103,

Figure 3.3,3=2
CRBITER THERMAL PROTECTION
(OV103 and OViO4)

Tile gaps and steps influence the aerodynamic characteristics (par-
ticularly drag). Orbiter mold line criteria are given in Section

3.2.3. A more detailed description of the TPS is given in Reference
3-9. '

3.3-5
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AIR DATA SYSTEMS., The air data systems are designed to provide air
data relative to the vehicle at altitudes where winds, in conjunc-
tion with vehicle speeds, can produce relatively large errors in
inertially derived air data. Orbiter Vehicle 102 will contain both
the Ascent Air Data System (AADS) and the Orbiter Air Data System
(ADS) for at least four flights, The remainder of the Operational
Flights will contain only the ADS on the Orbiter,

ASCENT AIR DATA SYSTEM (AADS). The air data from the AADS are used
in the Mach range 0.6 through 3.5. The AADS probe is located at the
nose of the External Tank and is instrumented to measure total and
static pressures as shown in Figure 3 L-1,
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Figure 3, L-1
ASCENT AIR DATA SYSTEM
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AIR DATA SYSTEM (ADS). At approximately 100,000 feet of altitude (M=
3.5) two air data probes are extended from the Orbiter forebody (FS
299, WP 324) to sense vehicle flight conditions. One probe is
located on each side of the Orbiter forebody canted 10 degrees, nose
down, relative to the FRL, The ADS probe is illustrated in Figure
3.4-2, The air data probe is instrumented to measure total temper-
ature (Ty), local static pressure (Ps), and angle of attack from
three pressure ports, (P,, P, and Py),

= .8 - g MEASURE MENTS
= e [ . —_— .
v P, b . emperdaiure (]
H ‘e / } 1 Local Static Pressure P
o I p _gz:__._ ——— Angle of Attack [
@ Ty Sensor et
N . Speed of = H(Tr, M) ==i(T,)
A ==X R ’ - !
$.0(Minimum) oo i Valocity 2= Mo
Altitude z6(P,)

) TPS
/ Surface

NOTE: Probes canted 10° — AR DATA PROBSE {2 SIOES]
nose down reiativeto FRL FS 291.86
WL 121.549
BL +53.105

Figure 3, 4-=2
AIR DATA SYSTEM PROBE
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3.5 CONTROL SYSTEMS. Space Shuttle control during the launch phase is
achieved through a combination of aerodynamic surface controls,
thrust veétor gimballing, and reaction controls, Orbiter Vehicle
control during the entry phase is accomplished by blending RCS atti-
tude control from the two aft OMS pods with aerodynamic surface con-
trols, Surface deflections and gimbal limits are presented, as well
as the sign conventions applicable to developed forces and moments.
Each form of control is discussed separately in the ensuing para-
graphs of this section [3.5].

First stage boost relies primarily on SRB thrust gimballing for con—
trol while the Space Shuttle Main Engine (SSME) gimballing and ele-
von controls are used as load relief mechanisms, During SRB thrust
tailoff, prior to SRB separation, primary control is switched to the
SSME's where it remains throughout the entire second stage flight
phase, Ouring SRB staging, Booster Separation Motors (BSM's) are
used to remove the SRB's from the proximity of the Orbiter and
External Tank, No other form of control is available to alter the
course of the SRB's during their descent to Earth. Throughout Orbi-
ter/ET staging, and until such time as orbital insertion has been
achieved, control of the Orbiter is attained by means of the Orbital
Maneuvering System (OMS) engines, Once in orbit, Reaction Control
System (RCS) jets are used to orient and change the course of the
Orbiter vehicle.

The Return=To~tLaunch-Site (RTLS) abort separation of the Orbiter and
ET utilizes a combination of elevon and RCS jet firing for control

during mated coast (pre—separation), separation, and post-separation
Orbiter recovery.

Rudder, speedbrake, or body flap controls are not used to any great
extent during the launch phase or separation maneuver but are impor-
tant to the Orbiter Vehicle entry flight phase,

—
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Reaction controls for the Space Shuttle Vehicle

are comprised of the SRB thrust vector control, SSME thrust vector
control, QOMS thrust vector control, and the forward and aft RCS,
Each system is discussed separately in the ensuing paragraphs,

FORWARD RCS
AFT RCS

3.5.1.1

ing boost,

SR8 THRUST VECTOR CONTROL.
or Thrust Vector Control (TVC)

Solid Rocket Booster nozzle gimballing,
is used for first stage control dur-

The SRB TVC subsystem consists of two hydraulic power

units located adjacent to one another and two servoactuators, all of
which are located in the aft skirt of each SRB .as shown in Figure

3.5.1-1, .
T
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SRB THRUST VECTOR CONTROL
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The two hydraulic power units drive the two dual action servoactua-

tors which provide attitude control for each of the SRB's

response to
control commands
from the GN&C com-
puters in the Or-
biter Vehicle.

The servoactuators
are located on the
outboard sides of
the SRB's, L5-de-
grees to the Y-
axis, and are used
to position the
SRB nozzles in the
pitch and yaw axes
as commanded, SRB
deflection angles
are *5 degrees in
the pitch and yaw
TVC axes which
correspond to *8
degrees in the
body axis system,

At burnout, .prior to separation,
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the

TVC subsystem is designed to

return each nozzle to the null position which is maintained from

separation to splashdown,

SSME THRUST VECTOR CONTROL. The primary use of the Space Shuttie
Main Engines is to provide thrust during first-stage boost, These
engines are not used for control during the first stage, except to
counter trajectory changes resulting from wind dispersions and imme-
diately preceding first stage separation when the SRB's are nuilled
to zero (see Section 3.5.1.1) and shut down,
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3.5.1.4 REACTION CONTROL SYSTEM, Attitude control and three-axis
translation of the Orbiter Vehicle during orbit insertion and
on-orbit operations is achieved by use of both forward and aft RCS
thrusters, The aft RCS thrusters are also used to control the Orbi-
ter and ET (mated coast) and the Orbiter alone during the RTLS abort
separation maneuver, Details of the RCS and thruster identification
are given in Figure 3,5,1.4=1,

OMS ENGINE

HOTE: RCS D NUMBERS

- N () ARE
RCS HELIUM FOR RH &ODULE
NOTE: RCS 1D WUMBERS TANKS ~
N { } ARE AL~ p N _/-Lhu (MU).
FOR RH MODULE 200 N\, -L2u (nzu)’«-z
i Fau TANK 7 W lV -Ltu (R1V)
'(' F3u RCS FUEL f g //"LIA (RIA) }

/
/e

GV +X
g\ - 3A (RIA) S
'&'. ‘#

Y ,"’ Fiu

VERNIER

LIL (RIR)
SFIL (F2R) LR(RM”.Y
FiL (FiR) L2L (R2R) )

£30 (F4D) L4l (RGR)

F10 (F20) L30 (R]D)"‘
N FSL (FSR) VERMIER By Tl L20 (R20),-Z

: OMS HELIUM TANK 4D (RuD)}

£ORNARD HODULE RCS OXIDIZER TANK OMS FUEL TANK THRUS TER Locnrlon—-’,t
PROPELLANT MANIFOLD NO.

THRUST REACTION

Figure 3,5,1,4=1
RCS THRUSTER IDENTIFICATION

Attitude control of the Orbiter Vehicle during entry is provided by
the aft RCS in roll and pitch up to dynamic pressure levels of 10
and 20 psf, respectively, The RCS thrusters are located in the OMS
pods as shown in the figure, For dynamic pressure levels exceeding
20 psf, sufficient elevon (elevator-aileron) contrel authority is
available and the roll and pitch thrusters are deactivated, The
blanketing effect of the wing at high angles of attack necessitates
‘the use of yaw thrusters to augment the rudder control until the
angle of attack is reduced to approximately ten degrees, Aft RCS
jet/aerodynamic interaction, illustrated in the inset, can result in
net effects which oppose the thrust moments alone, thus making it
critical to flight safety and performance to be aware of induced RCS
flow field interactions,

3.5-5
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RCS jet-to-freestream momentum ratio was the primary correlating
parameter for the side firing jet interactions, The analytical mod-
el developed indicates the total reaction control moments to be the
sum of thrust, impingement, and interaction terms; i.e,, the
equation is of the form:

Macs = MruRusT + MimPinGgemeEnT + MINTERACTION

The force and moment terms due to RCS jet thrust as obtained from
Reference 3-10 are presented in Table 3.5.1.4=1., These values have
been included for reference only and are not intended for design
purposes, The values are based on a nominal vacuum thrust of 870
pounds/jet and average moment arms for each jet group. All moments
are referenced to 65 percent of body length and WL375., The effect
of jet angle cant.is also included in the values presented in the
table.

Table 3.5,1,.4=1
REFERENCE JET FORCES AND MOMENTS

LONGITUDINAL LATERAL-DIRECTIONAL
ONE SIDE FIRING . LH SIDE FIRING ONLY
(R SIDE — USE OPPOSITE SIGN)
JET GROUP Nyt A Mgy Yier - M 2
W et freLns ey 80 FTon/ier )
DOWN FIRING + 802 -170 - 31,140 - 292 - 9,422 + 8,996
UP FIRING -870 [} +32,791 [} 0 - 9,570
SIDE FIRING + 22 o} - 856 + 871 -33,.282 - 6,373

Impingement forces were determined by use of a computer program
based on modified Newtonian impact theory and a modified vacuum
plume flow field. These impingement forces {or moments) account for
. the RCS plume impinging on the Orbiter Vehicle surface(s) and are
provided as a function of freestream static pressure, P_,

The interaction terms were determined by wind tunnel test data, The
RCS jets were simulated by high pressure air discharged through
non-metric ports in the wind tunnel! model of the Orbiter Vehicle.
The aerodynamic increment due to jet firing was computed and forces
{or moments) due to the interaction of the jet plume were computed
froms

MinTeracTion= (Cmgeg™ Cmacs) 35S € = MimpinGeEmENT
ON OFF

The procedure for determining RCS jet effectiveness during the

thrust build~up and shut-down transient firing periods {as shown in
Figure 3.5.1,4=2) is as follows:

3.5-6
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STEP | - Evaluate RCS interaction and impingement effects for the
full power condition (i'e"PCHAMBER'-' 152 psia=870 1b
thrust level)

STEP 2 - Reduce the results of STEP 1 to the actual momentary pre-

sure level using the ratio R, . /Pcwu POWER *

> CHAMBER PRESSURE, P,

100 p=—== 152 psia

0=

8UILD-yP

60p=
CHAMBER
PRESSURE, [~

3 kor

20f=

TAIL=0FF

ek LA L4t b L) T——

Time,t

qomSe /VALVE VOLTAGE
L]

| _r

Figure 3,5,1,4=-2
RCS PRIMARY THRUSTER CHAMBER PRESSURE
-TYPICAL 80-MILLISECOND PULSE-
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3.5.2 AERODYNAMIC CONTROLS. Orbiter Vehicle aerodynamic control surface
) deflections, forces, and hinge moments are summarized in the sketch
and table below. In general, control surface deflection angles are
measured in a plane perpendicular to the control surface hinge axis,
An exception is the rudder/speedbrake control surface(s) deflection
which is measured in a plane parallel to the Fuselage Reference
Plane (FRP). E£ach aerodynamic control surface is discussed sepa-
rately in the ensuing paragraphs of this section,
. AERODYNAMIC
SURFACE DEFLECTION {DISPLACEMENT and MOMENT
MOMENTS
degrees deg/sec
ELEVONS
ELEVATOR t‘e: l;(.liek . !iQ.) ] -0 9 ‘0 'Cm -Che
LEFT i;'_.. = lz(h"-u’ flo,_'} :gg ;: ;SWN 20.0 - ¢ qu_ .—C,‘QL
ANCHT Beg= ‘;(6,- r Bon ) Szol . : ‘¢ -Cg ’Ch,.
AILERON |} 54 = {(Be, -Bea) |5a 20.0 +o *Cq
~°‘0 -20 O +20
L]
AUDDER bn $22.8% 10.0 +8 , -y «Cy,-Cn -Ch,,
SPEEDBRAKE Ssa o to 87.2 S5.0 +a , +0 *Cm
- - 11,70 TE UP . - - - -
BOOY FLAP fag | a5 as Te bown 1.3 a,-90 Cm Ch,,

*Refer to Figure 3.5.2.2-2 for rudder limits.

Figure 3.5.2-1 presents the speedbrake and body flap control sched-
ules,

3.5-8
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3.5.2.1 ELEVONS., The elevons are divided into four segments, right- and
left-inboard and right- and left-outboard., Gaps between the fuse-
lage and elevon and between the inboard and outboard segments, to
which the data herein are applicable, are those baselined in MCR
0315, A typical elevon control installation is shown in Figure
30502.1-]-

HYORAULIC

\\Eszun‘suarAcz

Figure 3,5.2.1-1
ELEVON CONTROL

The surfaces are hydraulic-actuated with four agtuators to control each
of the four segments, These surfaces are employed for pitch and

roll contro! and pitch and roll trim, Maximum control surface
deflections and rates are given in the table under Section 3.5.2,

The elevon deflection range is -35 degreas (trailing edge up) to +20
degrees (trailing edge down) except during entry where it is limited
to +10 degrees to prevent excessive heating, The aileron function
deflections are also shown in the table,

3.5.2.2 RUDDER/SPEEDBRAKE, -DOirectional control of the Orbiter is achieved
aerodynamicaily by means of the rudder, OQuring entry, at high
angles of attack, the rudder is augmented by RCS (see Section 3.5.1,
paragraph 3,5.1.4). The rudder is split into four panels, two per
side (upper and lower), which are deflected together for yaw control
and deployed symmetrically, in opposition, for drag moduiation
(speedbrake function), Each pair (upper and lower) of panels is
actuated by power hinges driven by a common torque shaft as illus-
trated in Figure 3,5,2.2-1,

3.5-10

87583-0118-1



Space Transportation ’ Rockweli
Systems Division Internationai

RH ORIVE FIXED RING GEAR

SHAFT/RH SURFACE

MOVEABLE RING GEAR

i ORIVE
SHAFT/AN SURFACE

COMICAL SEAL
SECTION A-A

LW PANEL SHOWN -
RH QPPOSITE

AN SURFACE MOVEASLE
RING GEAR (TYP)

LH SURFACE MOVEASBLE
RING GEAR (TYP)

@ 1 PQUER ORIVE UMIT (POU)
OME CONTROL UNAT FOR RUDDER
ONE COMTROL UNMIT FOR SPEEDBRAKE
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© PANELS ORIVEN IM SAHE DIRECTION
FOR RUDQER, IN OPPOSITE
DIRECTIONS FOR SPEEDBRAKE

TORQUE SHAFTS

ACCESS DOOR
B0TH SIDES

Figure 3.5.,2,2-1
RUDDER/SPEED BRAKE CONTROL

Rudder/speed brake deflections are given in Figure 3.5.2.2-2 and in
the table of Section 3.5.2,

Op = aupoer prriecrion
83- SPELDBRAKE DEFLEICTION

E&E&ﬁ:d::&ﬂﬂﬂ"" '*EEEE::éégé;E?EZr
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11 PP
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10f 8, =128
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= 34.830134° —
8;.: MALF ANGLE OF SPEEDBRAKE 0 iy )
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PLANE NORMAL TO ¥ sa
. COMBINED RUDDER/SPEEDBRAKE MAXIMUM
OEFLECTIONS J

Figure 3.5.2.2-2
ORBITER RUDDER/SPEED BRAKE DEFLECTIONS

3.5.2.3 BOOY FLAP, Trim capability to relieve elevon loads is obtained by

body flap deflection actuated by power hinges as shown in Figure

3.5.2.3~1,

305-] ]
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Ye9Q ORIVE SHAFT Y0

Figure 3.5.2.3-1
BOOY FLAP CONTROL

Body flap deflection is from -11.7 degrees (trailing edge up) for
entry with a forward center of gravity to +16.3 degrees (trailing
edge down) for entry with an aft center of gravity, Maximum posi-
tive body flap deflection is +22.5 degrees -as shown in Figure

3.5.2.3-2,

4 — )

83! SLM
Surface
Q° |~ 6.3°

-11.7° |~18°
«16.3° [+10°
+22.55%+16.25°
NQTE: Oeflection angies

are referenced o
Fuselage. Reference Line

J

Figure 3,5.2.3=2
BODY FLAP DEFLECTION
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LANDING GEAR., The Orbiter Vehicle landing gear consists of a
double-whee! steerable nose gear and two, double-wheel,
wing-mounted, main gear, Figure 3,6-1 presents the nose gear
installation, Steering capability is £10 degrees and the crosswind
constraint is 20 knots maximum,

UOOR-ACTUATING MECHARISH

UP-LOCX HOOK
(GEAR RETRACTED)

SECTION 3-8

SECTIONR AcA

- ,
+
) [
MG EXTEND/RETRACT
DOOR FORUARD UPLOCK HYDRAUL IC ACTUATOR

OOOR AFT UPLOCK

DOOR ASSY-RM

STEER-OAMPER uUMIT

FHD“‘\,:F

SHOCK STRUT

Figure 3,6-1
NOSE GEAR INSTALLATION

3.6-1
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Figure 3,6~2 presents the main gear installation, The gear is
designed for a maximum landing velocity of 221 knots, Maximum .
allowable -sink rate for the Orbiter Vehicle with a 65,000 pound pay-
load is 6,0 fps, Gear deployment is 300 knots maximum, :

GEAR UP-LOCK MECH .
\ X = 1180.0 |62.0 INoo=
]
4 \
3 Ny T\ &R {
. —c R ACTUATOR L i
(s T K
000R UP-LOCK AL e 2, - 2.0 ]
ROLLER 2 =
(4 PLACES) \ - ] '
i DOOR
1 : RETRACT
MECH
e . 2.50 In.
BIVQ
<3 roruarn |
[_-L%‘~ [
// \ l
y 35.0 IN,
STATIC 6L ¥ 16,00-1N.
STROKE
v, - 136.0
DOOR UPLOCK
EXT/RET WY
ACTUATOR
00GR RETRACT/
EXTENO MECH

Figure 3,6-2
MAIN GEAR - INSTALLATION
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3.7 SHUTTLE INFRARED LEESIDE TEMPERATURE SENSING, The objectives of the
Shuttle Infrared.Leeside Temperature Sensing (SILTS) experiment are
to:

o Obtain benchmark leeside aeroheating data on a full-scale
vehicle in a true entry environment,

o Establish a ground to flight extrapolation for leeside aero-
dynamic heating data,

0 Assess the capability of various ground facilities to simu-
late the full scale flight environment on the leeside of an
aerodynamic vehicle,

o Establish a leeside flow model for development of anaiytical
prediction technigues,

o Explore Reynolds number and scale effects on leeside vortex
and boundary layer development,

o Determine real gas effects on leeside flow,

o Establish the validity of existing flow-fields models,
This experiment will support the NASA/QAST goals of developing tech-
nology for advanced aerospace transportation systems, The knowledge

derived from the SILTS experiments may also alilow modification of
the Orbiter upper surface Thermal Protection System and, thereby,

reduce both weight and refurbishment costs, SILTS will be imple-
mented on O0V-102 for a minimum of three flights. Leeside heating
effects will be measured for approximately 30 minutes beginning five

minutes prior to entry (400,000 feet altitude),

The SILTS Experiment is to be mounted in a pod—-like structure which
will replace the tip of the vertical tail as shown in Figure 3.7-1
Data will be recorded on an (0EX tape recorder located remoteiy from
the experiment. The experiment system consists of an IR Camera/Dome
Assembiy, Data & Control Module, and a Pressure System Module, The
dome assembly contains window covers, a Window Cooling System, and
the IR camera mount and indexing mechanism which provides alternate
views through two windows,

3.7-1
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AERODYNAMIC DATA USAGE

The Space Shuttlie Vehicle moves along trajectories that are depend-
ent upon the vehicle's inertia characteristics, Earth's gravitation-
al fieid, propulsive and reaction forces, and the aerodynamic forces
and moments ac:ing on it, The aerodynamic forces and moments acting
on the vehicle are functions of the velocity, censity of the medium
through which it flies, vehicle geometry, and the angle that the
relative wind makes with the vehicle,

The trajectories along which the Space Shuttle Vehicle can fly are
limited only by the propulsive characteristics, the aerodynamic
characteristics, and the vehicle's structural and thermal integrity,
These limitations dictate the maximum performance and maneuverabili-
ty of the spacecraft, |f the spacecraft is to fly steadily along
any arbitrary flight path {(trajectory), the forces acting on it must
be in static equilibrium (if the path is straight) or in dynamic
equilibrium (if the path is curved or acceierated). I% is, there-
fore, convenient to represent the spacecraft by a set of mutually
perpendicular axes with their origin at some specified reference
center, Aerodynamic reference systems for the launch vehicle are
discussed in Section 3,1.1 and, for the Orbiter vehicle, in Section

3.1.5.

L, 0-1
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LAUNCH VEHICLE AERODYNAMIC EQUATIONS,

Space Transportation
Systems Division

’l Rockwell

Equations for use in ascent

trajectory analyses, subsystems analyses, flight control analyses,
and manned simulation studies are given for the body-axis system
(cf. Section 3.1)., These equations relate directly to the aerodyna-
mic data presented in Volume 2; i.e,, equations for the first-stage
longitudinal aerodynamics (Volume 1, Section 4.1.1.1) make use of
the data given under first-stage longitudinal aerodynamics (Volume

International

2, Section 5.1,1.1), etc.

OPERATIONAL AERODYNAMIC
DATA BOOK

VOLLUME 1 .
AERQDYNAMIC DESCRIPTION
AND DATA USAGE
SECTIONS 1.0 THROUGH 4.0

VOLUME 2
AERODYNAMIC DATA
LAUNCH VEHICLE

VOLUME 3
AERODYNAMIC DATA
ORBITER VEHICLE

AIRLOADS DATA
LAUNCH VEHICLE
SECTION 6.0
SECTION 6.1

SECTION 5.0 SECTION 5.0
SECTION 5.1 SECTION S5.2
VOLUME 4 VOLUME §

- SECTION 6.0

f AIRLOADS DATA
! . ORBITER VEHICLE

SECTION 6.2

vl
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FIRST STAGE, Aerodynamic characteristics pertaining to the first-
stage ascent vehicle (including abort conditions) are defined for
full-scale, rigid and elastic, forces and moments by the equations
of the following sub—sections. The first-stage is comprised of the
Orbiter Vehicle (OV), External Tank (ET), and two Solid Rocket
Boosters (SRB)., Two types of abort can occur during first-stage
ascent; Intact Abort of Contingency Abort, The former consists of
safe separation of the OV from the other Shuttle elements and occurs
when a compliete or partial loss of thrust from any one Space Shuttle
Main Engine (SSME) is experienced. Loss of thrust from two or three
SSME's constitute the latter or Contingency Abort condition., The
contingency ‘abort is usually considered where trajectory and remain-
ing Shuttle capability permit crew survival. A Contingency Abort is
accomplished by utilization of special guidance procedures and
flight profiles similar to Glide=RTLS (cf. Section 4,1.5),

LONGITUDINAL AERODYNAMICS, The basic first-stage, operational,

longitudinal! forces and moment are defined for three phases or cate-
goriess

1) ground wind forces and moment
(function of wind direction).

2) transition from high to low attitudes
over the Mach range zero to 0.60
(function of pitch and yaw).

3) low attitude forces and moment
over the Mach range 0,60 to 4,50
{function of Mach number, angle of
attack, and sideslip angle),

bo1,1-1 _
§7585-0118-1
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The total longitudinal forces and moment for the first-stage are
defined as:

"Normal Force, NrortaL = ESCNTOTALAERO (18)
Axial Force, AtgtaL = EscATOTA(AERO (18)

Pitching Moment, Mrora, = GSLaCmigra, acnol FE=1b)
where, q = dynamic pressure (1b/ft2)
S = Reference Wing Area T (2690 ft2)

Lg = Reference Body Length {(1290.3 in)
{see Figure 3,1,5-2b)

NOTE: 1., The first-stage Moment Reference Center is located at
X976, Y:0, Z+4o0.

2, To obtain pitching moment data about any other
reference center:

1200~ AX AZ
Chupe = Cmyrypst === Cy === Cj
1000~ Lg La
WATERLINES

MRCuew 7

8oo
Zuncrew ~
600
(30
~400
z”“ow j -
) || r 3 /
200 F MRCg! J ]
(e ax - \al
o | 1 | | 11 L { | 1 L ] [

Q 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
) !

| ) )
XmHco, o Xaancygw
(978)

PUSELAGE STATIOGN

where, AX = Xupc,e,, ~ 976 inches
AZ = Zyupcyew ~ 400 inches

The total non-dimensional forces and moment coefficients are“défined
as:

GROUND WINDS (M_ = 0)

1+ +
o IGWrgraL ( k"zl.("(os,c)c“wm Towen' C!laase
AERO VAFB
4,o1.1-2
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TRANSITION (0 < M_ < 4.5)
Corrmans = C0pans * Ctlaase
TOTAL AERQ

LOW ATTITUDE (0.6 S M £ 4.5)

¢ c +C, +AC -1 S |
Urow atT = “UM, o4 thase AC (1gevom U132y a2y Clegex

TOTAL AERQ ATT

Where, the subscript ( ) is used to denote either normal force (N),
axial force (A), or pitching moment (m).

ky 2 = post-lift off parameter

500 ™

400

300

RY
Foet
200
vHeold
%uis l —_—
I T
r , y 100 -
[ —————
0
"EXTEANAL TANK NOSE
AT TOP OF TOWER __
k SR8 SKIRT BASE
12 AT TOP OF TOWER
A ooslh 0
i s
5 —_ 1 I ] ] ]
> () 2 a 6 3 10
TIME FROM LIFTOFF

LIFTOFF TRAJECTORY AND POST-LIFTOFF INTERFERENCE PARAMETER

K‘Ksc = longitudinal tower interference factor

Qr
VAFB

b,1,1-3
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180
WIND OIRECTION, & ~ Dagrees

(a) KENNEDY SPACE CENTER

- AcN'vQ-u - Acm"a-u
I CN'-O 10wed cﬂ"-.-q 1Qwes
+Q.1 : n " ~ T —
Kivase - ,‘— -
/A" ol b P
— . S
oO 90 180 360
NS ( ———w § —ng N —

WIND DIRECTION.d = Degrees

(b) VANDENBURG AIR FORCE BASE

TOWER INTERFERENCE EFFECTS ON LAUNCH VEHICLE

h.]ol-h
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= Basic force or moment coefficient

Ciy
“”orowf' on crawler without tower

subscript: (N) (Figure 5,1.1,1,1=1, =2)
(a) (Figure 5.1.1.1.2-1, -2)
(m) (Figure 5.1,1,.1,.3=1, -2)
C(" = Basic forebody force or moment
TRANS coefficient during transition
cosp(-3. 55(sm1¢|)' "+ 0,066(1 - sin|a|)]
for (-90 g < 07)
subscript(N) { cosp(3.25(sina)’"%%+ 0.046(1 - sina)]
for (0° < g < +90°)
(use in conjunction with Tables 5.1.1,1,1-1, =2
for a, § > £ 12°)
0.134 = 0,134sin(/aZ + B2)]
for (-90° < ¢ < +30°)
subscript(A) if (|a|+]|B]) 2 140°, assume Cp= 0
(use in conjunction with Tables 5,1,1.1,2-1, -2
for ¢, B > £ 12°)
{l,?ZS(sin|¢|)Ls7 0.059{1 - (sm|¢|)°‘55 1} cosg
for (-90° S ¢ S 0°)
1-1.509(sing)’"14 - 0, 059(1 - sina)}cosp
subscript(m) for (0° < ¢ < +90°)
(use in conjunction with Tables 5.1.,1,1,3-1, -2
for a, f§ > £12°)
C(,f = Fyll-scale, rigid-body, proximity
k$¥ forebody force or mement coefficient
{(including forebody plume effects)
subscript: (N) (Figure 5,1,1,1,.1=-3)
(Tables 5,1,1,1,1-3 through -5)
(a) (Figure 5.1,.1,1,2-3)
(Tables 5.1.1.1,2-3 through -5)
(m) (Figure 5,1,1,.1,3-3)
(Tables 5.1,1,.1,3-3 through =5)

NOTE: All control surfaces neutral except elevons
which follow Mach-deflection schedule

h1,1-5
§TS83-0118-!
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‘ e, | Beg
| 6e| r
i Degrees
| ~ t9.0} 9.0

1 Degrees © 10.0{ 3.0

| 1.0} 9.0

| 10.0{ 9.0

] 10.0{ 9.0

: 10.0{ 9.0

! to.0{ 7.5

i 10.0 5.0

‘ 10.0] 3.0

10.0] -+.0

10.0{ -5.0

500 10.0{ 5.0

4.3 -5.0

| ~ 1.4{ -5.0

0] -2.5

Degrees 3.3 I

0.0{ 0.0

0.0 0.0

! MACH NUMBER

= Power-on base force or moment coefficient

€
Bast (including effects of SSME and SRM plumes).

F
()
= :‘—P-A—S-E X [] + Kaa + szﬂzl
| ' qs S

wR
(]

OR

HBASE
3 — x [1 + Kya + Kj282]

aste |323
| 180~ -

MR S

——

ao— L4

120 ——— e - - o e mee eee=

| I

100m— : e e

t

ALTITUDE, E£-.. . :

h Y A —
hnd - oL . .
1094t i : \ :

|
I
|

20

o | : = '
I
|

o . . - _
-0,004 -0.002 Q 0.002 0.004 0008 0.008 0.010
VARIATION FACTOR, K

bo1.1-6
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The base terms for normal

F,NBASE

FNBASE
THROTTLE

FAgase

Fhaase
THROTTLE

Maase

RKRaase
THROTTLE

The difference between normal

Space Transportation ’ Rockwell
Systems Division ° International

first-stage launch are:

(Figure 5.1,1,1,1=4)

(Figure 5.1,1,1,1=5)

(Figure 5.1,1,1,2-4)

(Figure 5.1,1,1,2-5)

(Figure 5.1,1,1,3~4)

(Figure 5.1,1,1,3-5)

launch aerodynamics and INTACT ABORT

aerodynamics lies in the base term only, where a one SSME-out fail-
ure condition prevails., The base force and moment terms for one
SSME-out condition are defined as:

F

Ngase
#1 SSmE OFF
FIRST STAGE

FNaase
¥210R 1) SSME OFF
FIRST STAGE

F

Agase
#1 SSME OFF
FIRST STAGE

FAgase
$2 1OR 1) SSME OFF
FIRST STAGE

Mgase
®1 SSME QFF
FIRST STAGE

Kgase
82 (OR 1) SSME OFF
FIRST STAGE

bo1,1-7

(Figure 5,1,1.1,1-6)

(Figure 5.1.1.1,1=7)

(Figure 5,1.1,1,.2-6)

(Figure 5.1,.1,1,2-7)

(Figure 5.1,1,1,3-6)

(Figure 5.1.1.1.3-7)

§TS835-0118-1
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A CONTINGENCY ABORT is characterized by two or more SSME-out condi-

tions,

The terms affected by contingency abort requirements are the

forebody and base terms which are defined as follows:

Ci

FNBASE
21 AND 82 SSME OFF
(OR #1 AND #3)

FNBASE
2 AND %] SSME OFF

FNaase
ALL SSME OFF

FAsase
21 AND %2 SSME OFF
(OR #1 AND #3)

FAaase
%2 AND %1 SSME OFF

FAgase
ALL SSME OFF

HBASE
#1 AND %2 SSME OFF
{OR #1 AND ®1)

Rgase
#2 AND 33 SSME OFF

Maase

ALL SSME OFF

gubscript {N), (A),or (m)

Rockwells (TSO datasets)
M= 0.6: $TTLL3, CONT,STRUC,MO60,DATA
M = 0.9: STTLL3, CONT,STRUC.MO90,DATA
NASA:
Rockwell tape A02578

(Figure 5.1,1,.1,1=8)

(Figure 5.1,1,1,1-9)
(Figure 5.1.1.1,1-10)
(Figure 5,1.1,1,2~8)
(Figure 5.1,1,1,2-9)
(Figure 5.1.1.1.2-10)
(Figure 5.1,1,1.3-~8)
(Figure 5,1.1.1,3-9)
5.1.1.1,3-10)

(Figure

h-‘.]—a
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AC, = Change in force or moment coefficient due to elevon
ELEVON deflection.

='8x + Cx2 + 0y +Exy + Fy2
x = (5e - Se, )
Y = (6eo - 6eo )

de, = inboard deflection
5eg= outboard deflection

Coefficients B, C, D, €, and F

subscript: (N) 8 = - 6° (Table 5.1.,1,1,1=3)
g= 0° (Table 5.1,1.1,1-b)
B =+ 6&° (Table 5,1.1.1,1=5)
(A) B = ~-6° (Table 5,1,1,1,2-3)
g= 0° (Table 5.1.1,1.2-4)
B =+ 6° (Table 5.1,1,1,2-5)
(m) g = - 8° (Table 5,1.1,1,3=3)
g= Q° (Table 5.1.1,1.3=4)
g=+6° (Tabie 5.1,1,1,3-5)
Cire = Change in force or moment coefficient due to
@ rate of change of angle of attack, & (per
radian)®
subscript: (N) {(assume z2eroc)
(R) (assume zero)
(m) {see note ff C‘H)
C(,q = Change in force or moment coefficient due to
pitch rate, q (per radian)®

subscrfpt: (N) (assume 2ero)
(A) (assume zero)
(m) (Figure 5,1,1,1,3-12)

NOTE: As presented here, Cmq = Cmq + Cmqg
and should be treated as C"M'

AC”FLEx = Change in force or moment coefficient due to
aeroelastic detprmation ’

' q
= AC()5 =650 f(—)
3e=65 ps 650

NOTE: See under Hinge Moments for alternate
method,

*See reference 4-1 for rotary derivative transfer

L,1,1-9
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subscript: (N) (Figure 5,1,1,1,.1-11)
(A) (Figure 5.1,1,1,2-11)
{(m) (Figure 5,1,1,1.3-11)

L, 1,1.2 LATERAL-DIRECTIONAL AEROOYNAMICS, The basic first-stage operational

lateral-directional force and moments are defined under the same
three categories listed in Section 4.1,1,1,

The total lateral-directional force and moments for the first stage
ares

Side Force, YiotaL = Esc"roru. AERO
Yawing Moment, “Frora = A5LgChrorar atro
Rolling Moment, Z1oras = aSLaCy TOoTal a€RO
NOTE: The first-stage moment reference center is located

at X376, Y;0, Z. koo,
To obtain yawing moment about any other MRC;

AY AX
Compc = CnXTY'rZT -=—Cp + —Cy
Ls Lg
where, AX = Xmmc,ew= 976 inches

AY = YMRCNEW. 0 inch

AY AZ
! Cimpc = cixTszT + L Cy - L Cy
’ 8 8

AZ = Zypcuew™ 400 inches

The total non-dimensional force and moment coefficients are defined
as:

GROUND WIND (M = 0)

Cligw = {1+ k1'2K2)C()“V° TOwER
ToTAL agRQ

TRANSITION (0 < M S 0.6)

Ci)rrans = C{)rRans
TOTAL AERQ

LOW ATTITUBE (0.6 < M < 4,5)

I’Le

p 3
Coowatt = Cllopenooy 8C0evon™ COTZV * CourZV * Coag 20 + 8Chg,
TOTAL AERQ .

where, the subscript { ) is used to denote either side force (Y),
yawing moment (n), or roliing moment (),

Lot.1-10
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ac
K, = frawea - "Frowes - AC"vomu
, = ER =

C
Vwrg 1owes " Fwig rowen c’f\,,o rowes

© WIND DIRECTION, b ~ Degroes
90 180 270 160

E-aw SN We—ag N—a=$

(a) KENNEDY SPACE CENTER

; Y e ) .\Cn,’“" ) 3, owre a i'"l k > o -f
2 * = = CSUR .
Cy'wﬁ ower C'T’mo 1owes c‘f','olo... P e ! B s
WIND DIRECTION, $ ~ Degrees
N——$ g ——ww g ———py [P N §
Q 90 270
or= proaen e 1 iy
ETE
K2yars |- /
Y=

(b) VANDENBURG AIR FORCE BASE

TOWER INTERFERENCE EFFECTS ON LAUNCH VEHICLE

har1-1n

§7585-0118-1



Space Transportation ‘ Rockwell
Systems Division International

= Basic force or moment coefficient

Co
w/QO TOWER
on crawlier without tower

subscript: (Y) - (Figure 5.1.1:2,1-1, =2)
(n) (Figure 5.,1.1.2.2=1, =2)
(2) (Figure 5,1,1.2,3=1, -2)

C,,"ANS = Basic forebody force or moment (-90° < a < +90°)

coefficient during transition phase (-90° s § < +90°)

subscript (Y), [2. 03($m|ﬁ|)““94 - 0,0123 ~ 2.02(sin|f|)2]cosa + 2. 02(sm|ﬂ|)273
+ 8 - $Cy
for a, 8 > IZ' use in conjunction with Tables 5.,1,1,2.1-1, -2

, [cos2a - 0.02][0.9638(sin|8|) + 0.0022 - 0.966(sin|g|)2]
+ 0,966(sin|g])%'2
t f+ £Cn
for g, B > !2‘, use in conjunction with Tables 5,1.1,2,2=1, =2

), [0.332(sin|8])°>°7 + 0.0008 - 0.333(sin{B|)"?lcos a + 0.333(sin|g])*'?
t g+ ¥y
for ¢, 8 > 12°, use in conjunction with Tables 5,1,1,2,3-1, =2

a Full-scale, rigid-body, proximity,
forebody force or moment coefficient
(including forebody plume effects)

NOTE: All control surfaces neutral except
elevons which follow the Mach -
deflection schedule given in
Section 4,1.1,1,

c
{ deoresopy

subscript: (Y) (Figures 5,1,1,2,1-3,-4)
(Tables 5,1,1.2.1-3 through 6)

(n) (Figures 5.1.1.1,1-3,-4)

(Tables 5,1,1.2,2=3 through 6)

(2) (Figures 5.1,1,1,3-3,-4)

(Tables 5.1.1.2.3=3 through 6)

ACy, = Change in force or moment coefficient due to elevon
ELEvON deflection

a Bx + Cx2 + Dy + Exy + Fy2

X = (50| - Se.NOM)

OFF NOM
y = “eoon NOM 'seONOM)

Coefficients 8, C, D, E, and F

subscript_: (Y) e = - 8° (Table 5.].].2.] 3)
P— (Table 5.1.1.2,1-4)
a=s 0° (Table 5.1.1,.2.1-5)
a = +4° (Table 5.1.1.2.1-6)

bo1,1-12
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(n) a =~ 8° (Table 5.1
g = ~ 4° (Table 5,1
a= 0° (Table 5.1
a = +4° (Table 5.1

(2) ¢ = - 8° (Table 5.1,
a s - b° (Table 5.1,
a= 0° (Table 5.1.1,
a3 +4° (Table 5.1.1,

= Change in force or moment coefficient due to rotll
rate, p (per radian)®

(Y)
(n)
(2)

Corp

subscript:

Corp = Change in force or moment coefficient due to yaw

rate, r (per radian)®
subscript: (Y)
(n)

(2)

Ciia = Change in force or moment coefficient due to iateral
B acceleration, § (per radian)*
subscript: (Y)
(n)
(2)

= Incremental change in basic force or moment coefficient
due to aeroelastic deformation

. (Acgp gab

8C( 14 ey

subscript: (Y) (Figure 5,1
(n) (Figure 5,1
(2) (Figure 5.1

®See reference L~1 for rotary derivative transfer.

L,1,1-13

§7533-
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{assume zero)
(Figure 5.1.1,2,2-5)
(Figure 5,1,1,2,3-5)

(assume zero)
(Figure 5.1.1,2.2-6)
(Figure 5.1,1,2,.3-6)

{assume zero)
{assume zero)
{assume zero)

.1.2.1-5)
.1.2,2-7)
.1.2.3-7)

0118-¢
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The difference between normal launch aerodynamics and INTACT ABORT

aerodynamics lies in the base term only, where a one SSME-out fail-
ure condition prevails, No lateral-directional terms are affected

by Intact Abort requirements.

A CONTINGENCY ABORT is characterized by two or more SSME-out condi-
tions, The only changes to the nominal data are in the forebody
aerodynamic coefficients for Mach 0.6 and 0.9 and represent an
expansion of the g/f matrix to cover the following flight
conditions:

Mach a-Range (éeg.) f-Range (deg.)
0.6 -4 to +8 -10 to +8
0.9 ~12 to +h - 6 to +6

These data set expansions are limited to the nominal trajectory ele-
von setting, $e,/8e, = 10/9 degrees, The only terms affected by
Contingency Abort requirements are as follows:

Rockwell: (TSO datasets)

(
M = 0,6: $TTLL3_ CONT.STRUC,.MO60,.DATA
CYFonesoov 0,9: S$TTLL3_CONT,STRUC.MO90.DATA
NASA:
A > 0,9, refer to normal launch data,
Rockwell: (TSO datasets)
M = 0.6: $TTLL3_CONT.STRUC,M060.DATA
c"roassoov M= 0,9: $TTLL3,CONT,STRUC.MO090,.DATA
4 roresooy NASA:

Rockwell Tape A02578

For M > 0.9 refer to normal launch data. There are no lateral-directional
base force terms,

bol,1-14
§7S8S-0118~1
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SOLID ROCKET BOOSTER SEPARATION, The Solid Rocket Boosters (SRB's)
are separated (at burn-out) from the Orbiter-plus External Tank (OT)
by means of aerodynamic forces and moments and by the application of
thrust from the Booster Separation Motors (BSM's), Longitudinal sep-
aration (AX) is achieved by means of the higher axial acceleration
of the 0T whereas, lateral (AY) and normal (AZ) separation are
achieved by a combination of the BSM thrust and the aerodynamic
forces and moments on the SRB's, The effects of SSME plumes on SRB
separation trajectories are also taken into account. This section
considerss

(1) Pre-Separation Launch Vehicle Aerodynamics
(2) Separation Proximity Aerodynamics

(3) Separation Isolated Orbiter-plus-External Tank

(L) Separation isolated Solid Rocket Booster

bo1.,2=1
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Separation motion is initiated by firing the eight, solid propell-
lant, Booster Separation Motors on each SRB (see Section 3.1.2).
These motors produce 21,700 1b thrust each over a very short burn
time (0,68 sec) which was selected to minimize impingement of the
exhauyst plume on the 0T, Three basic aerodynamic phenomena must be
taken into account in order to describe the separation motion., These
are:

1) The BSM plume effect on the flow

field surrounding the vehicle(s).

2) BSM plume impingement on the OT.

3) Proximity effect of the separating
vehicles on one another,

Each of these items is a function of the orientation of the 0T with
respect to the freestream flow and the relative displacement and
orientation between the separating vehicles, A set of eight inde~-
pendent variables are, therefore, required to define the separation
motion (aqr, Bor, Aa, AB, AX, AY, AZ and the Separation Motor
jet-to-freestream Momentum Ratio). The orientation variables are
described in the following figure,

~®sne

NOTE: 1. AX, AY, AZ are orthogonail b, Aa
displacements of SRB nose A8
from its mated position,

(aspe = or)
(5sna = ﬁoT)

2. Angular orientation of SRB 5. Separation Motor jet-
is about SRB nose, to~freestream Momentum

Ratio (MR) is also an

3. AX - Positive aft independent variable,

AY ~ Positive outboard right
AZ -~ Positive down

b,o1,2-2
§7S83-0118-1
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Aerodynamic forces and moments are defined as a function of these
parameters in the Orbiter-plus-External Tank (OT) and Solid Rocket
Booster body-axis systems (see also Section 3.1),

L B B B BN BE B BE Nk L IR BE SR 2SN NE N EE Bk NN NS B N BE B BE BE SR B R R I SR -

Particular attention should be given to the location
of the MOMENT REFERENCE CENTERS Used in the separation
data. These Moment Reference Centers differ for each
configuration and also differ from the MRC used for
nominal data,

* % % N % % % % %
% % % ¥ 2 M ¥ ¥ ¥

F2E 2 2k B Bk N BE R R N B EE NS R Nk NS Nk S IR N B N 2R B BE R EE S R S R S

The use of eight independent variables (hyperspace) in any data base is
extremely cumbersome if the standard square data grid is used and, most of
the data required to fill the grid, would exceed any reasonable expectation
of use where SRB separation is concerned, A unigque data organization concept
was, therefore, developed by the NASA (JSC) which would handle the five
independent proximity variables (AX, AY, AZ, Aa, and Af) by placing two,
four-dimensional, arrays of data (AY, AZ, Ae,and A8) at various points along-
a fifth dimension (AX). This concept has been designated as a "hypercube”
format consisting of "inner™ and "outer" data sets which are not constrained
to have parallel opposite sides and may, therefore, be shaped to match any
physical constraints, An exampie of the hypercube boundaries surrounding the
nominal SRB trajectory is shown in the following sketch,

HYPERCUBE
© CORNERS
(® PIERCE POINT

NOMINAL
TRAJECTORY

INNER CUBE
OUTER CUBE

h,1.2-3
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The inner data set encompasses the flight parameters for a nominal sepa-
ration trajectory with 3-sigma dispersions and the outer data set encom—-
passes all potential separation conditions, including engine-out conditions,
Data are provided at the vertices of the hypercubes and at an interior point
within each hypercube to increase the data density in a particular region of
interest and provide non—linear variation between hypercube corners, The
longitudinal displacements {AX) at which the hypercubes are placed are
selected in a manner which maintains constant intervals of time {(rather than
constant length intervals) to provide increased data density early in. the
separation motion when trends are being established, A low order polynomial
surface was fit to the vertices and interior points for the purpose of
interpolation on AY, AZ, Aa, and Af. Interpolation of the remaining inde-
pendent variables (AX, agr, Bor, and the plume scaling parameter) is handled
in a linear fashion,

Each hypercube has a total of 34 data points comprised of 16 inner cube cor-
ners, 16 ocuter cube corners, plus the additional interior points located near
the centers of each hypercube. Although the hypercube geometry remains the
same for all values of goy and f,y, the dependent variables (proximity coef-
ficient, ACy) = C{yon0x = C(),go, » 9ata) stored within are unique. These
proximity coefficients are stored on ROCKWELL COMPUTER DISK PACK TUOI110 in
three separate data bases for the RH SRB (LH SRB data are obtained by appro-
priate transformation) under the following data set names:

MR = O3 TAERO1,.JULY82 PWROQFF .HYPC,PCO.DATA
MR = 133,hk: TAEROI,.JULY82 PWRON,HYPC,PC900,.DATA
MR = 222,.3: TAEROI,JULY82.PWRON.HYPC,PCI1500.DATA

The nine proximity coefficients;

Alngy ACmgr ACYOT
ACnor ACIQT ACNsgg
Achne ACYSRQ Ac"sna

are followed by a coded index {(consisting of four, two-digit numbers) which
identifies the hypercube and corner number, This code is defined in the fol-~-
lowing manner:

07 01 01 01

—

aor/Bor
LONGITUDINAL DISPLACEMENT (AX)

CUBE TYPE

CORNER NUMBER

ho1.,2-4

§7883-0118-1
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FIRST SECOND THIRD FOURTH
INTEGER INTEGER INTEGER INTEGER
PLUME=-ON PLUME-OFF CUBE CORNER
CODE | eqr/Bor | CODE | AX | CODE | AX | CODE | TYPE | CODE | NUMBER
=
ot | -10/-10 00 0 00 o| oo | mateo | o1 1
02 0/-10 o1 | 100 01 100 [ o1 | INNER | 02 2
03 .| 10/-10 02 | 200 02 goo 02 | ouTerR | 03 3
Ob | = b/=5 b 7 03 0 St Ob
05 W- 5 |7 ob 1100 ::;// 05 5
06 -105 0 //// 05 | 1700 %/% 06 6
07 o/ © v v 07 7
08 10/ © 27 //////A 08 8
08 | 1o 9 /////// 09 g
1 8/ 5 ; - 10 10
11 | -10/ 10 ;22222222222226222222/////// }
12 o/ 10 /////*//////A /////” /42222?
IRKAY 7777777777/ R

The purpose of the.coded index is to facilitate data interpoiation by providing
each set of aerodynamic coefficients for a specific set of independent variables
with an unique identifying number, An illustration of the relationship between

the coded index
PACK TUO110 and

lowing example:

" PLUME-ON (MR = 133.4) INNER HYPERCUBE

associated with the aerodynamic coefficient data stored on DISK
the corresponding independent variables is provided in the foi-

INDEX CODE agr/Bor AX | AY | AZ Aa Ag CORNER
Deg/Deg in in in Deg. Deg. No,
07-01-01-01 0/0 100 | 60 | 110 | = b | =15 1
-02 { 0 2
-03 0] -1.5 3
-0h 1| o b
-05 70| -4 | -1.5 5
-06 11 o 6
-07 0| -1.5 7
-08 Y b| o 8
-09 30| 110 | =& | -1.5 9

-10 1| o 10 -
=11 0 [ -1.5 N
-12 l 0 12
=13 70 | - -1.5 13
~1h 1] o 14
-IS o -]~5 ]S
=16 1 il o 16
*| 07-01-01-17 Y y | 0] %0 =b[-10 17

* |NTERIOR HYPERCUBE POINT
b.1.2-5
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A sample of the output for these conditions is provided in the following table:

PLUME-ON (MR = 133.4) INNER HYPERCUBE

S &
. Ll x |2 |2,
CNor | Cmor| Cvor | Cnor | Ctor | CNsrg | CMmsmg| CYsrs | Csre 3'5 Q| x> |82
Q

-0.0138{-0.0740| 0.0037| 0.001S§ 0.0012| 0.0012] 0.0083|-0.0048|-0.0028 Q7 01 01 o1
-0.0079|-0.0737|-0.0027| 0.0038| 0.0008|-0.0007| 0.0078| 0.0015|-0.0023 Qa7 01 01 02
-0.0101|{-0.0714§{ 0.0032{ 0.0004( 0.0007!|-0.0088f 0.0081|-0.0038(-0.0087 o7 o1 o1 03
-0.0130{-0.0710|-0.0011]| 0.0018] 0.0004!|-0.0071| 0.0068{ 0.0018]-0.008% o7 01 01 o4
-0.0812{-0.0888| 0.0181| 0.0083| 0.0010|-0.0004| 0.0048|-0.0048{-0.0017|| 07 | 01 | 01 | os
-0.0729{-0.0873| 0.0147] 0.0054| 0.0008|-0.0028| 0.0080| 0.0005|{-0.0018 o7 o1 01 o8
-0.0381|-0.0791| 0.0222] 0.00%9] 0.0008|-0.0083( 0.0038]-0.0083|-0.00%8 o7 01 01 o7
-0.0495(-0.0803| 0.0092] 0.0014| 0.0009}-0.0071| 0.0048| 0.0008|-~0.0080{{ 07 | o1 | o1 | o8
-0.0392{-0.0807|-0.0873] 0.0080{ 0.0013{ 0.0017| 0.0088{ 0.0193|~0.0031|| 07 | 01 | o1 | o9
-0.0388|-0.0808(-0.0579}-0.0078}-0.0010| 0.0 0.0077} 0.0015{-0.0010 o7 o1 01 10
-Q.0231|-0.0732|-0.0418{-0.0102|~-0.0001|-0.0078| 0.0048|-0.0033{-0.0033 o? o1 o1 11
-0.0238{-0.0747|-0.0437]-0.0093{-0.00031-0.0082| 0.00S4| 0.0022]|-0.0048 o7 01 o1 12
=-0.0483} -0.0937]-0.0203{-0.0030f 0.0001}{ 0.0017| 0.008S8|-0.0027}|-0.0017 o7 01 01 13
-0.0532|-0.0908| -0.0202(-0.0031| 0.0001|-0.0017| 0.0070( 0.0002(-0.0010{| 07 | 01 | 01 | 14
-0.0818{-0.0838|-0.0187|-0.0073|{ 0.0014{-0.0090| 0.0040{-0.0030{~0.0040|| 07 | 01 | 01 | 18
-0.0552{~0.0858{-0.0192|-0.0040| 0.0003|-0.0100] 0.0038]{ 0.0023|-0.0048 Q7 o1 01 16
-0.0271|-0.0838{ -0.0148{-0.0011(-0.0002| 0.0014| 0.0074|-0.0029|~0.0022{| 07 | 01 | 01 | 17

The Q0T proximity pitching moment coefficient from the table above is plotted in
the figure below to illustrate the hypercube variable concept. The coefficient
values are represented by arrows and identified by the appropriate hypercube
corner numbers, Similar plots for the other eight proximity coefficients are
presented in the appropriate data sections (Volume 2 of this report),

PLUME-CN (MR = 133.4) INNER HYPERCUBE
AX = 100 inches

8gr/Bor = 0 /0

CORNER AY | a2 aa As Ac,,,m,
No. in| in Oeg. Deg.

1 80 | 110 -4 | -1.8 | -0.0740

2 Y 0 ~0.0737

3 ol -1.5 | -0.0714

4 0 ~0.0710

5 70 -4 | -1.3 | -0.0888

g L -] -~0.0878

7 l o] -1.8 | -0.0791

] \4 0 ~0.0803

9 30| 110 -4 | -1.8 | -0.0807

10 ' ] ] ~0.0808

11 o| -1.5 | -0.0732

12 ' o ~0.0747

13 70 -4 | -1.8 | -0.0827

14 ' -] ~0.0808

18 o] -1.5 | -0.0838

18 v ) o .| -o.o0ass

.17 40 90 -4 | -1.0 | -0.0838

*SHOWN ONLY IN EXAMPLE A

+0.10Q
ACmq,
+Q.08
Ay
40 80
Q, —T7 - -~
1.
-1 ‘.{"-/ ’,
1_" | ’ 4
[:2 2
-2 HO 8
A 16 6
1ﬂ”§
1 ?
9 S
15
13
Y
Q a0 30
7 7
8 i
’J /,
160
AZ 19 ?
HGINRE
11] 18y 4
12§13 3 5
10 2
9 1
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The values associated with the hypercube corners for the entire PLUME~OFF and
PLUME-ON data base are summarized in Table 4,1,2=-1, The specific combinations of
these values are presented in Section and follow the format used in the
example for the PLUME-OM (MR = 133,4) INNER HYPERCUBE case.

ho1.2-7

§TSES-0118-1
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Table 4.1.2-%

PLUME -OFF AND PLUME-ON HYPERCUBE DATA BASE SUMMARY

PLUNE -OFF
ax Ay Az Aa Y] LOCATION
inches inches inches Degrees Degrees
0 o o o o ORIGIN
100 30, 60 70. 110 -4,0 - 1.6, 0 INNER CUBE
40 20 -4 - t.0 INTERIOR PT
10. 60, 80, 110 40, 80, 150, 250 -7.-4. 0 -5.8, -4.6, -2.5, -0.8, 1.0 | OUTER CUBE
o 170 -4 - 2.0 INTERIOR PT
300 90, 170 180, 280 -9, -8 S T INNER CUBE
130 230 -7 -2 INTERIOR PT
30, 130. 180, 260 | 40. 150. 400, 550 | -17.-14.-9.-7.-8.6.-2, O -t8, -9, -7, -1, 2 OUTER CUBE
170 400 -10 -6 INTERIOR PT
800 140, 200 300, 480 -46, - § -8, -1 INNER CUBE
220 380 -10 -6 INTERIOR PT
90, 220, 260, 810 | 140, 280, 860, 800 }|-30.-28,-18.-11.-9.-7.-2.0 -20, -12. -1%, -7, 3 OUTER CUBE
350 : 800 -18 -8 INTERIOR PT
1100 260, 480 380, 830 -2, -10 -16, - 3 INNER CUBE
‘ 350 600 -18 -9 INTERIOR PT
100, 370, 700 180, 400, 900 -33, -22, -17. -13, -4. 0 -20, -18, -18, 3 OUTER CUBE
500 750 -22 -1 INTERIOR PT
1700 380, 650 500, 800 -30, -18§ -16, - 8 INNER CUBE
500 650 -23 -10 INTERIOR PT
200, 800 300, 1000 -34, -27, -8, - B -20, -18, 0. 8 OUTER CUBE
500 900 -26 -18 INTERIOR PT
PLUME -ON
o o o o o ORIGIN
100 30, 80 70. 110 -4, 0 - 1.6, 0 INNER CUBE
40 20 -4 - 1.0 INTERIOR PT
10, 50, 60. 130 40, 80, 150, 250 -7, -4, 0 -6.5, -4.6, -2.6, -0.6, 1.0 | OUTER CUBE
80 170 -4 -2.0 INTERIOR PT
200 60, 110 130, 200 -7, -4 -2.6, -0.6 INNER CUBE
20 160 -4 - 1.8 INTERIOR PT
20, 80, 150 60. 80. 180, 280 -7. 0 -6.6, -3.6, -1.0, 0.6 OUTER CUBE

INTERIOR PT

UODISIAIQ SWdISAS
uoneuodsues) aseds

Ny

Jeuonewsyu|
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The hypercube data sets (sixteen) required to perform an interpolation for a
given set (agr, Bor, MR, AX, AY, AZ, Aa, and Af) of input conditions are defined
below, The order of. interpolation is:

1
!
|
I
|
I
!
I
|
I
|
I
|
I
I
dgrs Bor. AX, MR
veERcRE COTTION [
AY. AZ. Aa. A8

[1npur conorTIONS |

Cngre Cmore Cyvor

Cnore Cuore SNsme

Cmsry chné Crgns

{oata sase ror inTERPOLATION |

°eH.C. SET__ = HYPERCUBE POINTS 1 -17 (INNER OR OUTER)

h,1.2-9

HC DATA SETS (==t AX [=—i MR [—3m= ao7/Bor [ FINAL OUTPUT
*H.C. SET 1 (=jax, |
MR, |
*M.C. SET 2 [HP=faX, I
[@oTy /’of, '_.I |
=M.C. SET 3 M axX, |
& .
H.C. SET - 4 =t 4X, |
|
=H.C. SET § ax, |
& .
4.C. SET 8 ax, eor 7ers L, :
*H.C. SET 7 ax, |
1= .
4.C. SET 8 Hw aX, |

|

| =H.C. SET 9 AKX, |
I MR, !
| =H.C. SET 10 M aX; |
| ‘“ovz/ﬁot‘ [ l
| =4.C. SET 11 aX, |
| MR, |
| *H_C. SET 12 M=t AX, |
| |
| eM.C. SET 13 H» AX, |
| ml I
] =H.C. SET 14 Ho=d 4X, |
l . "o‘rz/‘o'rz it |
| *H4.C. SET 15 Het aX, !
| MR, |
| off.C. SET 18 = aX, |

GUTPUT DATA

§7583-0118-1
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Special rules, based on the SRB longitudinal separation position (aX), are to be
observed in the interpolation on momentum ratio (MR) as indicated below:

() 1F ur > 222.3, SET MR = 222.3

@ 1F MR < 335.0,SET MR = 0

() 1F uR > 133.4 AND aX > 200, SET aX = 200
(® 1F uR < 133.4 AND &X > 200, SET MR = 0

\4

300y © DATA STORAGE LOCATIONS
—m—e MR = 222.3
-— - —* ————————————————————————————————————
200} :
MOMENTUM |
RAT!IO |
~ ——b MRz 133.4
MR .- - e erddh -» S CED CE SED G GED AP D GED GED WD CED WES WP I D AR A IR T D WD GEs AU GEh AR GEE TED WS TED A e D
|
1004 |
|
i
_L MR= 38.0
|
[o} L. [ ] | [ ] * * PY
1 { { 1 { { [
O 100 200 300 800 1100 1700

LONGITUDINAL SEPARATION DISTANCE, AX ~ inches

Space Shuttle Main Engine (SSME) plume impingement force and moment
effects on SRB separation trajectories have been included to supple-
ment the basic aerodynamic contribution, A plume oriented coordinate
system, based on the number three SSME
(1ower right engine) is used to define
impingement effects on the
right hand SRB, The origin

of the piume coordinate system
is the intersection of the
noz22le axis with the nozzle

An SRB reference point, the intersection
of the SRB axis with the aft skirt plane
(Xg1930,64), is used in the definition of SRB to OT relative position
parameters, The plume property distributions in all radial planes con-
taining the plume axis (i.e,, any orientation, ¢, of the SRB .in

Figure 4,1,2-1) are considered similar based on the assumption that the
interaction of one SSME plume on another is neglected and discounting

nozzle cant with respect to the freestream flow., This simplifies impingement
calculations and data storage since the analysis of SRB movement can be
limited to the X = Z plane of the plume coordinate system,

h,1.2-10
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Ay
JACTyUAL
ey POSITION
wZd{ DATA
=APCSITION
(Y=Q)

REFERENCE
POINT

Figure L,1,2-1
SSME PLUME IMPINGEMENT COORDINATE SYSTEM

The relative position parameters for the actual SRB are converted (Euler
Transformations) into four independent variables in the plume coordinate
system defined as follows:

A Axial location of SRB reference point in plume measured
-in the X - Z plane,

R Radial location of SRB reference point in plume,
9 SRB pitch angie relative to the plume § measured in the
X - Z plane, :
¥ SRB yaw angle relative to the plume § measured in the
Z - Y plane,

Forces and moments due to impingement are then determined as a function of
these variables through a table look-up and the resuits transformed to the
proper SRB ¢ angle orientation by means of Euler relationships, The

Euler transformation order from plume coordinate system to SRB coordinate

system is pitch rotation followed by yaw rotation,

All of the tabulated plume impingement data are presented for the RH SRB
entering the number three (lower right) SSME plume, Comparable impingement
data for the LH SRB entering the number two (lower left) SSME plume

are generated from the right SRB data by considering appropriate sign changes
in the directional aerodynamic properties (side force, yawing moment, and

the yaw angle, ¢), Roll induced plume impingement effects are considered
negligible and are, therefore, not presented,

h,1,2-11
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L,1,2,1 LONGITUDINAL AERQDYNAMICS, Longitudinal aerodynamic force and moment
equations pertaining to SRB separation are presented in two parts:

PRE-SEPARATION (LAUNCH VEHICLE)
{PROXIMITY)
SEPARATION { ISOLATED 9T)

{ ISOLATED SRB)

The separation configuration was shown on page 4.,1,2-2, Definitions of
the appropriate flight parameters are also given on page L, 1,2-2,

| ‘ PRE-SEPARAT I ON

LAUNCH VEHICLE, Launch Vehicle longitudinal aerodynamiz forces and
| moment for the pre-separation phase are defined as:

: dlg qls
Ciiroran ® Ctiropeaooy Ctlgase ¥ ACleLevon Ctig T * Ciig * AC0rLex
AERO ' v

where the subscript ( ) is used to denote normal force (N), axial force
| _ (A), or pitching moment (m).

2 Full-scale, rigid, mated forebody force
or moment coefficient (including forebody
plume effects) with all control surfaces

c"soneaoov

% neutral,
i subscripts (N) Table 5.1.2.1.1-1
| (A) Table 5,1,2,.1,2=1
f (m) Tablie 5,1,2.1,3=1
? C(,B s s Power-on base force or moment coefficient
| ASE ({including effects of SSME and SRM piumes).
3 subscript: (N) cf. Section 4,1,1.,1
{A) cf. Section 4 1,.1,1
(m) cf. Section L, 1.1.1
ACy, a2 Change in force or moment coefficient due to
ELEvON elevon defliection,
subscript: (N) cf. Section L, 1,1.1
(A) cf, Section 4,1,1,1
(m) cf, Section k.l.[.]
C(,& = Change in force or moment coefficient due to
rate of change of angle of attack, a,
(per radian).
subscript: (N) cf, Section L, 1,1,1
(A) cf, Section 4,1,1,1
(m) cf, Section L,1,1,1
Lo1,2-12

| §TS85-0118-1



Space Transportation ’ Rockwell
Systems Division International

o Iq = Change in force or moment coefficient due to
pitch rate, g (per radian).

subscripts (N) cf, Section L,1.1,1
(A) cf, Section 4,1,1,1
(m) cf, Section L,1.1.1
Ac”FLEX = Change in force or moment coefficient due to
aeroelastic deformation,
-~
subscript: (N) cf. Section 4,1,.1,1
{A) cf. Section 4,1,1,1
(m) cf. Section L,1.1,1

SEPARATIQON

The total separation force and moment coefficients have been subdivided
into three components:

1. VSOLATED VEHICLE (LSRB, RSRB, QT)
2. PROXIMITY EFFECT (LSRB, RSRB, OT)
3. SSME PLUME EFFECT (LSRB, RSRB)
Total separation force, (N) or (A), coefficients are defined as:

1

+ $  cm—
Cq ’TOTALl = C¢ NSOLATED' acy )paoanv' AF Issme PLUMEIRS
AERO IRSRS8 RSRB ASR8 Q5 R8
1
+ % o=
Co ’rorA'Ll =G hSOLATED' ac, 'Pnoxwwvl 8F { 1ssme PLUME’
AERO |LsRB LSRB LsA8 4S LSR8

1 .
Cq )TOTALI = C 11SOLATED ' * {AC( )PROXIMITY' + AC JPROXIMITY

AERQ {OT oT K RSRB oT LSR8 lor
The total separation pitching moment (m) coefficient is defined as:

1
+ =——AMssme pLUME

o C + AC

"“'TOTALI (M) soLateo ACtmiaoximity
AERO |RsRs ASAB asas 95t8 RSRB

, 1
+ b —

c"'"TOTALI c"""usou.nsol Ac‘""pnoxnmrvl AMssme PLUME’

AERO |LSR8 LSR8 LsRe QSkg LSR8
1

C(""TOTAL = c"“'!SOLATED + [Ac‘""PRoxIM)Tv + Ac(“"mox;mnv.’

AERO lOT oT K RSRB oT LSR8 1ot
4,1.2-13
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ISOLATED VEHICLE, The isolated véhicle force or moment coefficients are
defined as:

) al ql
C‘MSOLArsooT = c“Foneaoovo-r+ c”useo{+ Cog 2y * c('q 2v

a Plume-off, free-air, force or moment coefficient for
the isolated 0T,
where, = Fyll-scale, rigid, forebody force or moment -
coefficient (including forebody plume effects)
with all control surfaces neutral,

€ 'roresoOYgy

subscript: (N) Tabie 5.1,2.1,1-2
(A) Table §5.1,2.1.2-2
(m) Table 5.1.2.1.3=2
C(,BASEOT = QT base force or moment coefficient,
subscript: (N) cf, Section L,1,1,]
(A) cf. Section L. 1.1.1
(m) cf. Section L, 1.1,.1
[] : a 0T rotary derivatives,
subscript: (N) Assume zero,
(&) Non—existent.
(m) Assume zero.

a Fulil-scale, free-air, force or moment

Ch
ISOLATEDSRE  cnefficient for the isolated SRS.

subscripts (N) Tabie 5.1.2.1.1-3
(A) Table 5.1.2.1,2-3
(m) Table 5.1.2,1,3-3

PROXIMITY, Booster Separation Motor (BSM) plume-on and plume-off sepa-
ration aerodynamics are presented as proximity increments for the Orbi-
ter-plus-€External Tank (0T) and for the RIGHT-HAND Solid Rocket Booster
(RSRB), LEFT-HAND Solid Rocket Booster (LSRB) data are obtained by
interpoiating in the RSRB DATA BASE.

L2 BN BN B B N B Bk SR Nk BE BE Bk B EE B BE B BE BE B

*

* NOTE: The sign of the interpoliated RSRB

* longitudinal coefficients should

* NOT be changed for application to

* the LSRB,

* However , the sign of 8, A, and AY
* must be reversed prior to using the
*
*

RSRB data base,
I EEEEEEEEEEEE E R E E E EEE )

» % N % % % N % 2%

ORB/ET RSRB
MOMENT : X41097.0 Xg1258.5
REFERENCE Y+ 0.0 Yg 0.0
CENTER Z; 450.0 Zg 0.0

bo1,2-14
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The proximity data should be cbtained from Disk Pack TUQ110 and used
with the HYPERCUBE interpolator subroutine of the Rockwell SVDS Sepa-
ration Trajectory Program (Reference k- ), The proximity increments
include both impingement and flow interference effects of the BSM
plumes,

AC()prox = Orbiter-plus-External Tank force or moment proximity
RSRB |o7 increment due to the presence of the RSRSB,
AC( )prox s Orbiter-plus-External Tank force or moment proximity

LSRBIQT coefficient increment due to the presence of the LSRB,

Ac"nnox = RSRB force or moment proximity coefficient increment
Insas due to the presence of the 0T, :

s LSRB force or moment proximity coefficient increment

PHOXILSRB due to the presence of the QT,

Ac“nnox = c"vnoxtmnrv' c"lSOLATED
PLUME=ON PLUME=QFF
K s Plume indicator factor,

1 BSM plume-on
2 BSM piume-off

SSME PLUME EFFECTS., The incremental force, (N) or (A), and moment (m)
due to impingement of the SSME plume on the SRB was discussed on pages
L,1,2-10 and ~11, The effect of the SSME plumes on the left- and
right-hand SRB's is described as a dimensional force (pounds) or moment
{foot-pounds).

AF(,S a Incremental force due to impingement of SSME
PLUME IRSRB Plume-on RSRB.
subscript: (N) Table 5.1.,2.1.1-4
(&) Table 5.1.2.1,2-b
AF(%SME = Incremental force due to impingement of SSME

pLuMEILSRB plume-on LSRB.{Use same tables as for impingement
on RSRB with appropriate conversion of yaw angle, y).

AMssme I = Incremental piteching moment due to impingement of
PLUME{prspe = SSME plume on RSRB, .
Table 5,1,2.1,3=4
AMgsme = Incremental pitching moment due to impingement of SSME

PLUME |LSRB plume on LSRB, (Use same tables as for impingement
on RSRB with appropriate conversion of yaw angle, ¢).

h,1.2-15
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L,1.2.2 LATERAL~-DIRECTIONAL AERODYNAMICS, Lateral directional aerodynamic

force and moment equations pertaining to SRB separation are presented in
two parts:

PRE-SEPARATION (LAUNCH VEHICLE)

(PROXIMITY)
SEPARATION (1SOLATED 0OT)

( 1SOLATED SRB)

The separation configuration was shown on page 4,1,2-2, Definitions of
the appropriate flight parameters are also given on page 4,1,2-2,

PRE-SEPARATION

LAUNCH VEHICLE, Launch Vehicle lateral directional aerodynamic force
and moments for the pre—~separation phase are defined as:

pL rL BL
+ - o
Ctirorac = “Uroreacoy A€t ecevon” Ctlp 2y * Cor ) * Lo 2y * ACie ex

where the subscript { ) is used to denote side force (Y), yawing moment
(n), or rolling moment (£).

= Full-scale, rigid, mated forebody force
or moment coefficient (including forebody
plume effects) with -all control surfaces

Coy
FOREBODY

neutrai,
subsceripts (Y) Table 5.1.,2.2.1~1
(n) Table 5,1,2.2,2~1
(2) Table 5.1.2.2.3~1
ACy, =2 Change in force or moment coefficient due to
ELEVON elevon deflection,
subscripts (Y) cf, Section L4,1,1,2
(n) cf, Section 4,1,1,2
(2) e¢f, Section 4,1,1,2
Ch = Change in force or moment coefficient due to
P roll rate, p (per radian),
subscript: (Y) Assume zero
{n) Figure 5,1,1,2.2-5
{2) Figure 5,1,1,2.3-5
Cor = Change in force or moment coefficient due to
yaw rate, r'(per radian).
subscript: (Y) Assume zero
' (n) Figure 5,1.1,2,2-6
(2) Figure 5.1,1,2,.3-6
L,1,2-16
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Ciig = Change in force or moment coefficient due to
B lateral acceleration, B (per radian),

subscript: (Y) Assume zero
(n) Assume zero
(2) Assume zero

AC()p ex = Change in force or moment coefficient due to

aeroelastic deformation,

subscript: (Y) Figure 5,1,1,2.1-5
(n) Figure 5,1,1.2,2-7
(2) Figure 5,1,1,2,.3-7

SEPARATION

The total separation force and moment coefficients have been subdivided
into three components:

1. ISOLATED VEHICLE (LSRB, RSRB, 0T)
2, PROXIMITY EFFECT (LSRB, RSRB, OT)
3. SSME PLUME EFFECT (LSR8, RSRB)
Total separation force (Y) coefficient is defined as:

1

=z C c F
C¥iroraL (Y)GOLATED' *a ‘Y’pnoxumnrv‘ s 8 ivigsme
AERO |RsR8 SR8 q PLUME [2sre

1

CiviroraL = C(Y)ISOLATEDI AC‘Y’“ROXIMITY! —8F (¥)5sme
AERO | srs LS LsA8 g5 PLUME |LSR8B
1
C(Y)TOTAL = C(Y’iSOLArF.D' * [Ac(Ylpnoxwurvlo + AC(Y'PROMMWVI r]'
AEMO oT oT K T (o]

The total separation yawing moment { ) coefficient is defined as:

1

+ —h
CiniroraL = c("hSOLATED| Ac‘"‘wnoxxM|rv| + 8t ssme
AERO |rsas RSRS8 rsraedStla PLUME | ocng
1
CinirgraL = c‘“’lSOLATEDI Ac‘"'nnox|M|rv| A”'%€3§EI
AERO |LsRB LsradSla LSRB
] 1}
c C + == |AC + AC
NrgraL tMsoLaten 4 ‘“'PROxumsrvl a '"'pnoxlmnrvl
AERO oT oT or

b,1.2-17
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ISOLATED VEHICLE, The
defined as:

+
c(“SOLATEDOT = C"Foneaoovor [C"p v
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isolated vehicle force or moment coefficients are

+ Cpyp—— + C)3—

pL rlL ﬁL ]

= Plume-off, free-air, force or moment coefficient
for the isolated 0T,

where, C
' “leoresoovgy

subscript:

(1

subseript:

c‘hSOLATeosna
subscript:

a Full-scale, rigid, forebody force or moment

coefficient (including forebody plume effects)
with all control surfaces neutral,

(Y) Table 5,1,2,2.1-2
{n) Table 5.1,2.2,2-2
(2) Table 5,1,2.2.3-2
a 0T rotary derivatives,

(Y) Assume zero,
(n) Assume zero,
(2) Assume zero.

= Full=~scale, free—air, force or moment
coefficient for the isolated SRB,

(Y) - Table 5.1,2.2.1-3
(n) Table 5.1.2.2.2-3
(2) Table 5.1.2.2.3-3

PROXIMITY, Booster Separation Motor (BSM) plume-on and plume-off sepa~-
ration aerodynamics are presented as proximity increments for the 0Orbi-

ter-plus-External Tank

(0T) and for the RIGHT-HAND Solid Rocket Booster

(RSRB). LEFT-HAND Solid Rocket Booster (LSRB) data are obtained by
interpolating in the RSRB DATA BASE,

L B B R BNk B BNk R BN JNh BN SNE BN BN BN B B B B BE B B A

*
* NOTE: Reverse the sign of the interpolated *
* RSRB lateral-directional coefficients *
bod for application to the LSRB. *
t The sign of f, Af, and AY must be *
* reversed prior to using the RSR8 *
* data base, *
B E R EEEEEEEEE R R R R E E R
ORB/ET RSR8

MOMENT {x71097.0 Xg1258.5

REFERENCE Yr 0.0 Yg 0.0

CENTER Z;y 150.0 { g 0.0

b,o1.,2-18
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The proximity data should be obtained from Disk Pack TUO110 and used
with the HYPERCUBE interpolator subroutine of the Rockwell SVDS Sepa-
ration Trajectory Program (Reference 4-6), The proximity increments
include both impingement and flow unterference effects of the BSM
plumes,

8C( )pn0x = Orbiter-plus-External Tank force or moment proximity
nsaaIOT increment due to the presence of the RSRB.
Ac“paox = Orbiter-plus—External Tank force or moment proximity

LSRBIOT coefficient increment due to the presence of the LSRB.
Signs of AY, f, and A§ for the LSRB must be reversed
before using the RSRB data base. Sign of resulting
coefficient should be changed,

AC( 1oq0x = RSRB force or moment proximity coefficient increment
oT 'RSRB due to the presence of the 0T,
Ac"nnox = LSRB force or moment proximity coefficient increment
oT 'LSRB due to the presence of the QT.Signs of AY, f, and Af
for the LSRB must be reversed before using the RSRB
data base, Sign of resuliting coefficient shouid be
changed.
A% 1om0x * Coppoximry” CthisoLaten
PLUME=ON PLUME ~OFF
K = Plume indicator factor.

1 BSM plume-on
2 BSM plume=off

SSME PLUME EFFECTS. The incremental force (Y) and yawing moment [/} due
to impingement of the SSME plume on the SRB was discussed on pages
L,1,2=10 and =11, The effect of the SSME pliumes on the left- and
right-hand SRB's is described as a dimensional force (pounds) or moment
{foot-pounds).

= Incremental force due to impingement of SSME

AF ()
gfﬂﬁslnsna pliume-on RSRB,
subscript: (Y) Table 5,1,2,2.1-4
AF | JsSME = Incremental force due to impingement of SSME
i PLUME|Lsrg Plume-on LSRB.(Use same tables as for impingement
on RSRB with appropriate conversion of yaw angle, ¢.
AV SSME = incremental yawing moment due to impingement of
pLume {Rsre SSME plume on LSRB, )
Table 5.1,2,2.2=4
AN = |Incremental yawing moment due to impingement of SSME

SSME
PLUMElLsaB plume on LSRB, (Use same tables as for impingement

on RSRB with appropriate conversion of yaw angle, .

bo1,.2-19
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L,1.3 CONTINGENCY SEPARATION, Contingency Abort separation is defined as
the separation of the Orbiter Vehicle from the ET + SR8's (SRB's

thrusting)..

The separation configuration is shown in the sketch,

b.1.3.1 LONGITUDINAL
coefficients
aerodynamics

Cq) =
TOTAL
AERQ

subscript:

AERODYNAMICS, Aerodynamic force and moment
pertaining to Contingency Abort longitudinal separation
are defined for initial separation conditions only,

Full scale, rigid-bedy, total force or
moment coefficient,
(NO SSME plumes; all control surfaces neutral)

(N) Orbiter (Table 5.1.3.1.1-1)
ET + SRB's (Table 5,1,3.1,1=2)
(A) Orbiter (Table §.1.3.1,2=1)
: ET + SRB's (Table 5,1.3.1,2=2)
{m) Orbiter (Table 5.1.3.1.3-1)
‘ET + SRB's (Tabie 5.1.3.1.3-2)

b,o1,3-1
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NOTES: 1. The Moment Reference (Centers for the two
separating vehicles are;

: ORBITER -~  ET + SRB's
Xt 976.0 322.5
Yy 0.0 0.0
Zr 736.5 400.0

2. For a MRC other than given;

AX Az
CmMRC =2 meTYTZT + —— CN - —— CA
Ls Ls

and, AX ngc - 976.0

} ORBITER
AZ E ZMRC - 736.5

AX = Xpmme - 322.5
ET plus SR8's
AZ = ZMRC - ‘000.0

4,1.3.2 LATERAL-DIRECTIONAL AERODYNAMICS., Aerodynamic force and moment
coefficients pertaining to Contingency Abort lateral-directional
separation aerodynamics are defined for 2ero sideslip initial sepa-
ration conditions only, :

Clrora s Full-scale, rigid-body, total force
AERO or mament coefficient,
(NQ SSME plumes; aill control surfaces neutral),

subscript: (Y) Orbiter (assume 2ero)
ET + SRB's {assume zero)

(n) Orbiter (assume zero)
ET + SR8's (assume 2ero)

(1) Orbiter {assume zero)
ET + SRB's (assume zero)

b,1,3-2
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SECOND-STAGE, Aerodynamic characteristics pertaining to the
second-stage ascent vehicle are defined for full-scale, rigid-body,
forces and moments by the equations given in the following

" sub—sections, The secondg-stage is comprised of the Orbiter Vehicle

ho1.4.1

(0V) and the External Tank (ET), Where applicable, the figure num—
bers which relate the data of Volume 2 to the particular element of
the equations are given,

LONG!TUDINAL AERODYNAMICS. The basic second-stage operational

longitudinal forces and moment are defined for two categories of
flights

1. low attitude forces and moment as functions
of Mach number, angle of attack, and sideslip
angle over the Mach range 0.6 to 10,0,

2. hypersonic, viscous interaction effects
from continuum to the free molecular
flow regime,

The total longitudinal forces and moment for the second-stage are
(identical to first-stage) defined . in Section 4,1.1,1, The total
non-dimensional forces and moment coefficients are obtained from:

alg glg
Ciy = Cy) +C + Cg=* CHg ™
12;31. FOREBODY BASE a 2v q v

where, the subscript ( ) is used to denote either normal force {(N),
axial force (A), or pitching moment (m),

c‘honnoov = Fuyll-scale, rigid-body, proximity

forebody force or moment coefficient
NOTE: All control surfaces neutral,
C”f {0.6 £ M 5 10,0)

subscript: (N) {Table 5.!.#.1.1-1)
(A) (Table 5.1,4.1.2-1)
(m) (Table 5.1,.4,1,.3-1)
Coe (kn < 0,01)

CF

subscript: (N) : {(Tabie 5,1,4,1,1-2)
(A) (Table 5,1,4,1,2-2)
(m) (Table 5.1.4.1,3=2)
C”FTF (0,01 S Kn S 10.0)

Empirical transitional flow relationship.

= [c”fm = Coig,, 1sin(9.009(kn - 0.01)] + ()

bl b=
§7885~0118~1
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Cloreme (Kn 2 10.0)
subscript: (N) (Table 5.1.4.1,1-2)
© . (4) (Table 5.1.4,.1,2-2)
(m) (Table 5,1.4,1,3-2)
where, TF transitional flow

FMF = free molecular flow
CF = continuum flow

The following assumptions are applicablie to second-stage data:
(1) Specific heat ratio, 7, is constant for all altitudes

(2) Universal gas constant, R, is constant for all
altitudes

{3) The speed of sound at any altitude is;

a = (79cRT,) 12

where,
. 1b=-ft
¥ = 1,405 g.= 32,174
Ib-sec2

R ft-1b
R, = = = T_= Temperature, °R

M 1b=°R
- ft-1b b
R = 164k —— K = Molecuiar Weight, =

Mol-"R Mol

_ AL /P12
(L)  Knudsen number, Kn = 0,1407 —<——>

Vo \ P
where,
X_ 2 mean free path V_, = freestream velocity
P, = freestream pressure Pe = freestream density

{See Table 4,1 . 4=1)

Loy, b=2

§7S85-0118-1



Table 4,1,

Space Transportation
Systems Divigion

b1

(U.S. STANDARD ATMOSPHERE, 1962)

‘ ‘ Rockwell
International

VARIATION OF ATMOSPHERIC PARAMETERS WITH ALTITUDE

ALTITUBE FREESTREAM |FREESTREAM ROLECULAR GAS FREESTREAM
PRESSURE DENSITY KEAN FREE | CONSTANT | TEMPERATURE
Pa fe PATH, A, R, T,
feet 1b/ft2 1b/ft3 feet ft/°R °R
0 2.1160+*3 7.6L7 2 2.18"7 53.31 518,67
100,000 2.3272+1 1.068-3 1.,06"% 53.31 L08.57
125,000 7.7688 3.3014 .5.00-S 53,31 L1117
150,000 2.8419 1.112=4 1.53"4 53.31 k79,07
175,000 1.1000 L, 2605 4,05 4 53.31 433,94
200,000 L1344~ 1.696~% 1,003 53,31 L57.00
225,000 1,427271 6.598~s 2,50"3 53.31 Lo5. 48
250,000 4, 268072 2,26378 7.3073 53.31 351.83
275,000 1,0706°12 6.171°7 2.7072 53.31 325.17
300,000 2,6L29=13 1,488~7 1,16=1 53.31 332.90
325,000 7.2888"4 " 3,65278 4 801 53.43 373.20
350,000 2.3723°4 1.01278 1,62 53.82 L3s. 1k
375,000 9,2814~¢ 3.18379 5.30 Sk.bL2 535.14
400,000 L 4590~s 1.164~9 1.b2+1 55.20 693.61
425,000 2.4787"s L,952"10 3,20+ 55.95 945,78
450,000 1.757078 2,600"10 6.15+1 56.58 1193.77
475,000 1,275678 1.552710 1.00+2 57.07 1L39,66
500,000 9.75907% 1,020=10 1.50+2 57.48 1663, 48
550,000 6.2168~8 5.453"11 2.76+*2 58.37 1951.36
600,000 b,1852-8 3.350"11 L, Lg+2 59.25 2106.85
650,000 2.90897s 2.177-11 6.70+2 60.29 2214,53
700,000 2,0667°s 1. 46711 9,92+2 61,34 2295,37
750,000 1.4962°6 1,009~ 11 1.k1+3 62,43 2372.21
800,000 1.100478 7.135=11 1.95*3 63.56 2L24 .00
850,000 8.1973~7 5.121"12 2.68+3 6L ,74 2470,23
900,000 6.1797"7 3,724 12 3.65*3 65.98 2513,06
950,000 L, 71058~7 2,7k2712 L.80+3 67.25 2552.57
1,000,000 3.62867 2.0L612 6.30+3 68.56 2584 .22
(Ref. L-§)
ho1,4=3
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€y = Power-on base force or moment coefficient
Base (including effects of SSME plumes)
. Foase . .
subscript: (N), =—— FNgase (Figure 5.1.4,1,1-1)
qS
FAsase '
(R), —= - FAgase (Figure 5.1,4,1,2-1)
qs :
Moase .
(m), — Maase (Figure 5.1.4,1,.3-1)
qSLa

The base term for second-stage INTACT ABORT is defined for any one
SSME—-out condition by:

Figase Hoase
- or -
qs gSls
where, Fn.,... (Figure 5.1,4,1,1-2)
| SSME OFF
SECOND STAGE
FABASE (Figure 5.1,4,1,2-2)
1 SSME OFF
SECOND STAGE
Maase (Figure 5.1.4,1,3~2)
1 SSME OFF
SECOND STAGE
b1 b=
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The base term for second-stage CONTINGENCY ABORT is defined for two
or more SSME-out conditions by:

, FlNgase (Figure 5,1,4.1,1-3)

2 SSME OFF
SECOND STAGE

FNgase (Figure 5.1,4,.1,1=4)

ALL SSME OFF
SECOND STAGE

FAgase " (Figure 5.1.4.1.2=3)
2 SSME OFF
SECOND STAGE

FAgase (Figure 5.1.4,1,2-4)

ALL SSME OFF
SECOND STAGE

Maase (Figure 5,1,4.1,3-3)
2 SSME OFF ,
SECOND 'STAGE

Raase (Figure 5,1,4,1,3=4)
AlLL SSME OFF

SECOND STAGE

C,,& a Change in force or moment coefficient due to rate
of change of angle of attack, & (per radian)*
subscript (N) {(Assume 2ero)
(A) ' (Assume zero)
(m) (See note Cmg)
Cey 3 Change in force or moment coefficient due
g to pitch rate, q (per radian)*
subscript (N) (Assume zerc)
(A) . (Assume zero)
{m) (Figure 5,1,4,1,3-5)

NOTE: Cmg = Cmq + Cmd
(treat as Cmq)

LATERAL-DIRECTIONAL AERODYNAMICS, The second-stage basic
operational lateral-directional force and moments are defined for
low attitudes as functions of Mach number, angle of attack, and
sides!ip angle over the Mach range 0.6 to 10,0, The total force and
moments are as defined in Section 4,1,2,1, The total

non-dimensional force and moment coefficients are obtained from:
i

* See Reference 4~| for rotary derivative transfer,

bo1,4=5

§7585-0118~-1



+
c"rorAL 2 C{)ronescoy

AERO

where,

€ homesonr °
subscripts

Ciig =
subscript:

Cire =

subscript:

Cog a

subscript:

Space Transportation ‘ Rockwell
Systems Division International

pLa rig {8
C(' —— C(' — C‘)._
Pav v Aoy

Fuil=-scale, rigid-body, proximity
force or moment coefficient
NOTE: Afl control surfaces neutral.

(v) (Table 5.1,4,2,1-1)
(n) (Table 5.1,4,2,2-1)
(2) ' (Table 5.1.4,2,3-1)
Change in forebbdy force or moment
coefficient due to roll rate, p (per
radian)®
aCy .
(v), = CYD¢=°o+W&a (Undef i ned)
Cn )
(n), = Cap _ .+ WLO‘ (Figure 5.1.4.2,2-1)
aCy¢
(2), = cl°a=o° + aap a (Figure 5.1,4,2,3-1)
Change in forebody force or moment coefficient due to
yaw rate, r (per radian)®
3Cy, .
(v), = cha=0° + = {(Undef ined)
a3C
(n), = Carg. g0 * d—;f-a (Figure 5.1.4,2,2-2)
9Cg .
(D, = ¢ o+ —_—ra (Figure 5.1.4,2,3=2)
Change in forebody force or moment coefficient due to
latera! acceleration, 8 (per radian)®
(y), = Cvs {Undef ined)
(n), = Cng (Undef ined)
(2), = Cep (Undefined)

No second stage lateral-directional terms are affected by INTACT
ABORT requirements, -

No second-stage lateral-directional terms are affected by CONTINGEN-
CY ABORT requirements,

*op, cit,

bo1.b-6
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EXTERNAL TANK SEPARATION. Separation of the Orbiter Vehicle from
the External Tank is accomplished during one of- the following
flight modes: )

1) Nominal Mission just prior to Orbit Insertion

2) Return=to-Launch-Site (RTLS) Abort

3) Abort=Once Around (AOA)

L) Apbort=Te-0rbit (ATO)

5) Trans-Atlantic Abort Landing (TAL)

Separation during modes (1), (3), and {4) occurs at altitudes
where the aerodynamics of the vehicle(s) are of little or no con-
cern and will, therefore, not be discussed, External Tank sepa-
ration aerodynamic data are limited to modes (2) and (5). Oata
for RTLS separation have been !imited to Mach 6,0 over a flight
dynamic pressure range of 5 to 10 psf. Nominal conditions at
separation have been defined as a dynamic pressure of 8 psf and
an angle of attack of -4 degrees, The Launch Vehicle data (Vol-
ume 2) include the effects of jet impingement and plume/flow
field interaction resuiting from the Reaction Control System
(RCS) jet firings. Separation during TAL abort utilizes freesteam
aerodynamics for both Qrbiter and ET in conjunction with RCS imp-
ingement effects from the forward down=firing jets on the ET as a
function of ET separation position and attitude and aft jet imp-
ingement effects on the Qrbiter wing, The flight conditions for
TAL abort are Mach 25,0 and dynamic pressures less than | psf, No
jet/freestream interaction effects are present in Mode (§).

EmaBLE
oS
lconreor
[ragsige] [rresteros
lMECO' M 607
eo = INITIATE
MATED ETSEP
srrcHoOwN COAST PLIGHT PrasSE] .:.:2'
RC'S ] COMOITIONS
NO r-—-b CS o8
TVC——— "
™ }
40
ANGLE |
o % ramanio -~
ATs I artiryoe
ATTACK oovmnnnz::-). __C?:cfsﬂl:OL
b ATTITUDE
~~ CONTROL PagiTive
Degrees 20 ;';::,:,‘“ AERQ CONTAQLS
v T
(o] -~
.
\
* 625533!33
| 1 i | ]
-20% .3 o 0 =, 20 = 30 20

TIME FROM MECO ~~ Seconds

Figure 4.,1.85-1
ATLS CONTROL SEQUENCE OF EVENTS

L1.5-1
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Flight parameters used in describing the proximity aerodynamics are
shown in the foliowing sketch, h

flLOw «Bor

~fiv

- NOTE: }. AX, AY, AZ are orthogonal displacements
V of the ET nose from its mated position.

2. AX - positive aft
AY - positive outboard right
47 - positive down

3. ta = (ay = aor)
a8 = (BY ‘Bcr)

Aerodynamic forces and moments are defined as a function of these
parameters in the Orbiter-plus-fxternal Tank (OT) body~axis system,

B EEEEE R E R E R E R E R R R R E R E R EEE R

Parzicular attention should be given to the leocation
of thne MOMENT REFESRENCE CENTERS used in the separ_.:ion
data, These Moment Reference Centers differ for eacn
configuration and also differ from the MRC used for
nominal data. ’

* % % N N N N % ¥

R E R EE EE EEEEENREEIEIEIE I I I IR I I I I SR I IR

~% % N % N N N % N

- At MECO plus !0 seconds and continuing for approximately thirty sec-
onds, LH, pressure build-up is vented through the LHy dump line, The
proximity of .the dump line exit to the wing results in gaseous plume
impingement forces which affect the Orbiter aerodynamics during ET
separation (see Volume 2, Section 5,1,5),

L,1,5-2
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RTLS ABORT, Aerodynamic forces and moments pertaining to Orbiter
and External Tank separation during the RTLS abort mode are
defined for three phases of the separation maneuver:

TURN=AROUND MANEUVER
PRE=-SEPARATION

MATED COAST

SEPARAT | ON PROXINITY

1SOLATED ORBITER
POST-SEPARATION {

ISOLATED EXTERNAL TANK

Nominal conditions at RTLS separation are considered to be a
dynamic pressure of 8,0 psf with the vehicle at -4 degrees angle
of attack, The data of Volume 2 (Sectieon 5,1,5) are, however,
presented for freestream dynamic pressures of 5,0, 7.5, 8.0, and
10.0 psf, A value of jet-to-freestream momentum ratio (é,/¢.) is
associated with each dynamic pressure (J) and is denoted as the
plume scaling parameter with the following relationships

5 o Pw/2s | 0.1503
FL GrT '.bJ/‘,b:c (bj/¢¢

{Based on single RCS jet)

LONGITUDINAL AERODYNAMICS

PRE-SEPARATION (TURN-ARQUND MANEUVER), The total aerodynamic
forces and moment coefficients are defined as:

sCN

cN TOTAL f * cNBASE

AERQ

CarnraL * Cag * CAyage * KCA3-o cOSa
AERQ 8ASE

CmroraL = Cmg + Cingase
AERQ

where, C(,f = Second-stage, forebody force
or moment coefficient
-180° < ¢ < +180°

subscript: (N) (Table 5,1.5.1.1,1=1)
(A) (Table 5,1.5.1.1,2-1)
(m) (Table 5.1,5,1,1,3-1)

"o]°5°3
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c"sas s Power-on, base force or moment
€ coefficient {including effects
of SSME plumes)
1
subscript: (N) = :—-; FNBASE (see Figure 5,1,4,1,1-2)
Qe
!
(A) 2 — FABASE (see Figure 5,1,4,1,2-2)
Iner
1
(m) s = Mgage (see Figures 5,1,4,1,3-2)
Sperls
K = Factor relating to presence of
Caz-pg term
BASE
‘ 0 -90° $ ¢ S +90°

t +90° < ¢ s +180°
1.¢
-90° > g > -180°

Caq_p = Empirical three-dimensional base axial
BASE force coefficient (Reference L4-2)

THREE-DIMENS IONAL BASE
AX1AL FORCE COEFFICIENT

MACH 1,0 2.0 3.0 L.O 5.0 6.0 7.0 8.0 9.0 10.0

Caz=0 |]0.0722]0.0602{0.0344]|0,0224{0,0155/0,0103/0,0086{0.0069{0,0062!0.0052

*Reference Area is 2690 ft.

PRE-SEPARATIDON [MATED COAST). The available RCS roll/pitch com-
mands for the mated coast phase of the RTLS maneuver are pre-
sented in Table L, 1,5,1,1-1 with a description of the associated
jets being fired, Jet controi commands (denoted by tne circles on
the Table) are used in conjunction with one of the following
three conditions of YAW COMMAND (UZCMD):

UZCMO CONDITION

+1 2 forward left side-firing plus
1 aft right side=firing jets.

0 No side~firing jets,

-1 2 forward right side-firing plus
1 aft left side-firing jets.

bo1,5-b
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-~ Table 4.1.5.1.1-1

Space Transpartation ‘ Rockweli
Systems Division International

" ROLL/PITCH COMMAND GENERATION FOR RTLS MATED CDAST

JYCMD

&
3
&
3

PZLA

&
S

PZRA

NZLF

NZRF

+4

[SE SN S N [SESESESN S

NN =D N [SESESE SN N

+3

JPRIP . NN

- O s

+2

+1

[SY SN NY N wuNnLw wuLwww Luwwuw Wwwuww
[SE SIS N Y N WWwNWW wLuLwLL wwwwuw Lwuwww

WNOOO fWwNOOO WNROOO | WNOOO WNOOO ] wWwNOQOO

IV W,
4 s O =

+
-
442 WV O0O0O0ONW]IOoOOoOONW ][ OoOOONW]OOONW]IOOONW]OOONW

Wi ~ s

00000]000C00]J]000O0CO
0000000000} 00000

VwwLW [SE SRS EE RN
WWwWwWwW WwWwNNR

6.6

0000000000 ] 00000 00000]000VD0O0O0]|] 00000

00000} 0000000000 00000]J]00000]|] 00000

CEFINIT

NJTE:

REFEREN
)

IONS:

UYCMD = Pitsh Command

UXCMD = Rol!l Commang

NZLA 2 Negative ‘7' Lef¢ Aft Thrusters
3ZLA = PSositive ‘7’ Left Ast Thrustars

Numpers refer tC rumber of jes firing.

PZRA
NZLF
NZRF

'y I ‘4 FuWD JETS

e AN R E

* * * AFT JETS
(VIEW LOOKING FORWARD)
ARROWS DENOQTE PLUME CIRESTICN.

Nagative ‘Z’ Right Aft Thrusters
Pogitive 'Z' Rignt Afyr Thruysters
Negative ‘I‘ Left Forwvarz Thrysters
Negat:ve 'I’' Right Faruarzs Thrus<ers

CE: SD78-SHM-00034 (FLIGWT CONTRQL PSSR volume 2 Ascent: Sections 4.5 - 4.8 .1 2)

4.1.5~
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Orditer-plus—-fxternal Tank mated

coefficients are defined as:

Space Transportation
Systems Division

Rockwell
International

o\

coast aerodynamic forces and moment

Covorae ~ C'*P
AERO RCS ON
where,
g >o0°
Ciy 2 Ciygza90 * AC{))ga0e* AC() + = (Ciy,.ea Coy Jacs
Iﬁcs on 2asore g Bi"”‘ b 7= |F=0° oes
g < 0°
Ciy = Cyyp=oe * AC(y)p_ 00" ACY) g - — (c, = Cqy )
lgcs oN acs ore peo Blﬂ<0° b [p= e lg=oo 3¢
Ciy 2 RCS-off, fulli-scale, rigid body
Iacs ofF Second-stage force or moment
coefficient with SSME power-off
for § = -4°, 0°, + 4°
subscript: {N) (Table 5,1.5,1.1,1=2)
() (Tabte 5.1,5,1,1,2-2)
(m) (Table 5.1.5.1.,1,3-2)
Ac(wp,oo = [51)3 oo~ Ctrraa=0e ]
RCS ON RCS OFF
1
aCy, = [( 0 € - acy, ]
: 49 A= +4° =0°
pl”>°° 'gc;ow ACs OFF |#
I
AChnig = - "'[( = Co ) - ACy) ]
"] B=-40° A=a-40 g=0°
|#<o b hCSON hcson |

b,1.5-6
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g #,/8, | Subscript g < 0° g = o0° g > 0°

psf Table No, for RCS-ON

5.0 0.0303 N 5. 1.5.1.1.0=3] 5,1.5.1.1,1=4 | 5,1,5,1.1,.1=5
7.5 0.0202 N 5.1.5.1.,1.1-6] 5.1.5.,1.1.1-7 | §.1.5.1,1,1-8
10,0 | 0.0151 N 5.1.5.1.1.1-9} 5.1.5.1,1.1=16} 5,1,5.1.1.1=-1
5.0 0.0303 A 5.1.5.1.1.2-3] 5.1.5.1,.1.,2-4 5.1.5.1.1.2-5
7.5 0.0202 A 5.1.5,1,1.2-6| 5.1.5.1.1,2-7 | 5.1.5,1.1,.2-8
10.0 0.015] A 5.1.5,1.,1.2-9] 5,1,5,1,1,2=-10} 5.1.5.1.1,2=1
5.0 0.0303 m 5.1.5.1.1.3=31 5,1.5.1.,1.3=4 | 5,1,5,1.1,3-5
7.5 0.0202 m 5.1.5.1.1.3-6f 5.1.5.1,1.3-7 | 5.1.5.1.1,3-8
10.0 0.0151 m 5.1.5.1.1.3-9| 5.1.5.1,1.3=-10] 5.1.5,1.1,3=1

SEPARATION (PROXIMITY),

The RTLS separation aerodynamics (including

RCS jet plume effects) are defined for Mach 6.0, The neminal (no
failure) separation sequence, from structural release to transition
to Major Mode 602 (Figure 4,1.,5-1), consists of a -Z translation (4
forward and 6 aft down=firing RCS jets) without attitude control for
approximately l-second duration after structural release, followed
by RCS attitude control maneuvers where pitch rate is not to exceed '
+2,.25 degrees per second, Down-moding occurs in the case of a jet
failure resulting in a 2 forward and b aft down-firing transiation
jet configuration, Once initiated, down-moding continues throughout
the attitude contral phase of separation, The ~Z translation burn is
dencted by UXCMD = UYCMD = UZCMD = 0 in Tablie 4,1,5.1,1=-2 (heavy
outline), All other values of UXCMD, UYCMD, and UZCMD shown in the
table apply to the attitude control phase =f separation, -The terms
a, a,, b, ¢, d, and e appearing in the tabie are further defined in
Tables 4,1,5,1,1=-3, -4, and -5, Synthesis of RCS configurations is
required in the evaluation of aerodynamic coefficient sides!lip

derivatives because of the unavailability of wind tunnel

test

results for the basic RCS configurations RCO& (term c), RC21 (term
d), and RCO7 (term e) used in Table &4,1,5,1,1-2,

b,1.5-7
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Table L, 1,5.1.1-2

’ ‘ Rockwell
International

TLS SEPARATION TRANSLATION AND ATTITUDE CONTROL MANEUVERS

NO FAILURE DOWN MODED
O (4/6 DQWN-FIRING) {2/4 DOWN-FIRING)
1
a-c¢e u% a1qc+e %
a-c .L!.l..LL a,- ¢ _y_,'_v_
a-c+e '¥=!+1—1- a;mc+e A
= =
-d+e T = a,-c*--za-dd- K] =
= =
- - 2
d L 3= ¢ +21d -—!—’-—l—-”
- - 24+ v
d*e L-g.’-v’v-i-'-‘- 1T € r3d T e oy
: ) ° Yy iv
e vvv'vvvg -3¢+ e W=
A
-1 y
Fvvhoey | 317 3¢ AN
-1 Y Y
re glvvlvvv h1m3c v e Y l vy
v 2
-dvre -’—*%;Tg a;= c +3d + _H_%Y_;_
4 LT L 2 <
Q ™Yy a, C*Jd . T
2 1
- + - - +
d+e = Tvyy a;- ¢ +3d £ "j
2
+4 brdre )l Jyw = |P*59" ¢ W =
0
pad,] {{ b + d -;;;I— b""zz-d T'i_
-4
b+d+e o |briase g’ﬁ_f_—
z — ,
brove | gl oticr e | vt
2
B *rc vt | Bt e TBEL
. 2
Btcte §vv’vvv br3ycre E Al Ivv'
2
b+d+e —'_Evv_ b+3a+e —{-——"g
b +d VY b +5d |vv
brdve |g—hyy | pridre |

NOTE: 1., Terms a, a, , b, ¢, d, and e are defined in
Tables 4L, 1,5.,1,1-3, =&, and -5,

2, =1 Transiation burn ~ Structural release to
MM602 (cf, Figure 4,1,5-1),

b,1.5-8
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Table &4,1,5,1,1=3
RCS + PROXIMITY EFFECT FOR ZERO DEGREES SIDESLiP
TERM CONF | GURAT 1 ON SYNTHESIS DISK PACK
'y by FwO RCOl: DISK PACK (INCLUDES JET
a INTERACT!ON, PROXIM!TY, TUO095
VI Py oart AND COUPLING EFFECT). (APPENDIX Al
4 | RCO3: DISK PACK {INCLUDES JET
ay " INTERACTION, PROXIMITY, TUOSSS
AR
) EX] AND COUPLING EFFECT). (APPENDIX A)
(PROXIAITY
b : (POWER OFF PROXIMITY AERC) TUO110
w/o RCS) (APPENDIX A)
c RCO6: ( - RCS 0FF>
EXERER AEAREX)
d RC21: - RCS 0;:)
KR ( AR
e = RCO7: (‘_ -~ RCS OFF)
-2 ] P
NOTE: Terms ¢, 4, and e represent RCS effects only,

b,1,5-9
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Table 4.1.5.1.1~4

SIDESLIP DERIVATIVE OF RCS + PROXIMITY EFFECT
FOR SIDESLIP LESS THAN ZERO DEGREES

ternational

’ Rockwell
In i

TERM

CONF | GURAT I ON SYNTHESIS DISK PACK
Vilyy P [ 23R 22012 i
* | T e | T ),,;Q(Hvrm ),3]/3 00
{RCO1) {APPENDIX A}
by o k. vy
a, 1% YVV  afT [( \AA2K12) >;,:3°( VYV VYY )J-oo]/3= TU0095
(RC03) (APPENDIX A)
b (:;gx;ggv -[(PROXIHITY)A.- = (PROXINITY), oo]/c TUOII‘O
(APPENDIX Al
FWD i '
I 1'1 . #le |
© VIVIVYY  aet (m m).,g [( mlm),, (444“44);]
(RCO6) (RC03;AZ = 1000) (RC59) (RC11)
FWO
A YY) [ elyy
‘ X1) AFT (tn 444 ).,; (H? 444 ),3
(RC21) (RC38) (RC62)
FWD
__ AR 1IIT
= AFT S wu) (‘v‘%ﬁ'i‘u)a
(RcO7) (RC!I}) (RCO1;AZ = 1000)
NOTE: Terms c, ¢, and e represent RCS effects only.

h.1.5-10
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Table 4,1.5.1,1=5
SIDESLIP DERIVATIVE OF RCS + PROXIMITY EFFECT
FOR SIDESLIP GREATER THAN ZERO DEGREES
TERM CONF IGURATION SYNTHES!S DISK PACK
ng FWD [( ¥4 19 ) yelve )
a - s TUuo095
VIVIVYY et verivey (nv "y 3_0,:‘/
(RCO1) (APPENDIX Al
FWD
i'% pl e AL ) o T
a, VIVVY st [(0v&[vv+> <‘6b bTT}hO;L// 0095
(RCO3) {APPENDIX A)
b (PROXIRITY [(PROXIHITY) - (PROXIMITY), é] s TUO110
w/o RCS) A=3e r=e A
(APPENDIX Aj
| T | ) () G,
VYVIVYY  aft Lo L\PSHI44 L \443[444/;
(RCO6) (RCO3;AZ = 1000) (RC59) (RC11)
4 S (HH)_(HH)
" ar | IR T TaaT)
(RC21) (Rc38) (RC62)
O I I ( velby ) | <4§ 19 )
- AFT RZ2X] *H"_g 1 222LX2) ”
(Rcoz) (RC113) (RCO1;AZ = 1000)
NOTE: \Terms ¢, d, and e represent RCS effects only,

b.1,5-1
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The total force and moment coefficients for the Orbiter and ET over
the appiicabie dynamic pressure range are ootained in the following
manner:

c C + (AC . _o .+ AC ;.

"TOTALI ‘VisoLateD t1§=8pst a 1ig effect ORs

AERO lors RCS OFF : et
5S5£Q<10gs¢

+
Ctv?%TAL Civsoareo (Ac(’a’8°5f+ Ac‘)ae'fecr)-r
AERO ,ET RCS OFF *Tlo=e
5S§s10ps
Ac”ﬁ=spsf = c("RCS PLuME-C“lSOLATED

+ RCS OFF  |=.g
- PROXIMITY q=Spst

8C iz efrect ® |Crtmes pLume” C

+
- PROXIMITY

where,

c"Rcs PLUMEa Aerodynamic force or moment coefficicent for
- the Grbiter 'in the presence of the ET (or the
PROXIMiTY ET in the presence of the Orbiter) including
the effect of RCS plumes (c.f, AC,, definition)

subscript (N) (not given)
() {not given)
(m) (not given)

C"ISOLATED = Freestream aerodynamic force or moment
RCS QFF coefficient with RCS=-QFF

subscript: (N) OrbiteE Vehicle (ORB) (voiume 3)
External Tank (ET) (Table 5.1.5.1.1.1=-12)

(&) Orbiter Vehicle (OR3) (Volume 3)
External Tank (ET) (Tabie 5.1.5.1.1,2-12)

(m) Orbiter Vehicle.(ORB) (Volume 3)
External Tank (ET) {(Table 5,1.,5.1,1,3-12)

NOTE: Orbiter pitching moment coefficients from Volume 3
of this report must be converted as follows:

Cw AX Al
M x01089.67 = My 1076.7 ( ) * ( )CN - ( )CA
[Yo o.o} {Yo - o.a} Le Le La

20 375.0 Zo 375«n
where: AX = 1089,6 - 1076.7 = 12,9 in,
AZ = 375-0 - 375.0 3 0.0 ino

T,= 74,72 in,
Lg= 1290.30 in,

bo1,5-12
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AC)4me = Effect of ET on Orbiter due to

ET"  proximity for all 8 at other

q effect than nominal dynamic pressure,

AC ey = Effect of Orbiter on ET due to

OR8 proximity for all f at other

q effect than nominal dynamic pressure,
q 0,/0a Subscript Table

psf

5.0 0.0303 N 5.1.5.1.1.1-13

7.5 0.0202 N 5.1.5.1,1,1=14

1¢.0 0.0151 N 5.1.5.1.1.1=15

.0 0.0303 A 5.1.5.1.1.2-13

7.5 €.0202 A S5.1.5.1.1,2=1h

10.0 0.,0151 A 5.1.5.,1.1,2-15

5.0 0.0303 m 5.1.5.1.1.3~13

7.5 0.0202 m 5.1.5.1,.1,3=14

10,0 0.0151 m 5.1,5,1,1,3-15
[ ZEE N JEE JEE BNE JNE JEE NN JNE JNE BEE JNE L JEE JNE JEE - JNE BEC JEE JEE SN N R JEE BEE JEE JEE JEE BN T BN SN BN SN N
* CAUT 1 ON
*
* STRUCTURAL RELEASE TO MM802 - Fully couclec
* RCS + Proximity effect {Disk Pack TV
* AC"oaa' =
* - ;T BEYOND MM602 - Plume-off proximity effect
* q = 8pst {Disk Pack TUOO95) combined with isolated
* Orbiter (no proximity) RCS effect.
*
' 22 R 2N B B K -2 B BN RSN IR JEE IR BN SR JEE IR JEE BEE JEE JEC JEE SEC JEE SR JEE-JEE JEE JEE-JNE -]

b,1,5-13
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®
®
®
b 4
*
*
®
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=
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Effect of ET on Orbiter due to
- proximity at nominal dynamic
G=8psf  pressure for applicable RCS

AC, ,ORBlET =

command,
subscript: (N) G =8psf (Tabie 4,1,5,1.1-2)
(A) (Table &,1,5,1,1=2)
(m) (Table 4,1,5,1,1-2)
AC ), = RCS + Proximity effect for Orbiter (See Tapble 4.1.5.1,1-3
£ =0deg ° . .
oRe|er at § = 0° and nominal dynamic and -6).
Ge8ps¢ Pressure,
aCy, . = Sides!ip derivative of Orbiter B < 0: (Table 4,1.5,1,1-4
Foraler e ¢ Proximity effect at and -6) '

3%8psf nominal dynamic pressure.
B > 0: (Tables 4,1,5.1,1-5
and -6)

bo1,5-14
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Table b.1,5.1.1-6
COEFFICIENT DATA LOCATION

o\

Rockwell.
International

RCS SUBSCRIPT Tanle
CONFIGURATION g <0’ g8 =0 g >0
*% *t (FuD) M 5.1.8.1.1.1=17 S$.1.8.1.1,.13=-17
v ely b g arm A 5.1.8.1.1,2-17 5.1.8.9.1.2-17
(RCO1; AaZ = 1000) 5.1.8.1.1.3-17} 5.1.5.1.1.3-17
‘ & N 5.1.5.1.1.1-17 $.1.8.1.1.1-17
****** A $.1.%5.1.1.2-17F $.1.3.1.1.2-17
(RCO3: AaZ = 1000) m $.1.8.1.1,3-17 S 5.1.5.1.1.3-17
N 2 5.1.5.1.1.1-18
+ + + v * ‘ A $.1.5.1.1.2-18
(RCO8) L) 5.1.5.1.1.3-186
N 5.1.8.1.1.1-18
:: A £.1.5.1.1.2-168
(RCO7) @ : 18.1.8.1.1.3-18
N S8t S.1.5.1.1.1-17
RN X a $.1.8.1.1.2-17§ 18.1.8.1.1.2-17
(RC11) n $.1.8.9.1.3-17 18.1.8.1.1.3-17
N & '
Y .
(Re21) il AR )
EEER) N $.1.8.1.1.1=-17f 5.1.8.1.1.1-17
' EEXIXX] a $.1.8.1.1.2-17} 8.1.8.1.1.2-17
vy '(nc::s) ) $.1.8.1.1.3-17}. - $.1.5.1.1.3-17
* * N $.1.8.1.1.1=17{." $.1.8.1.1.1-17
I ILE N A $.1.5.1.1,2-17{ $.1.8 1.1.2-17
(RCS9) n $.1.8.1.1.3-17¢ $.1.5.1.1.3-17
' RARE N 5.1.5.1.1.1-17:‘ ' 5.1.85.1.1.1-17
[ XXX A $.1.8.1.1,2-17} $.1.8.1.1.2-17
(RC82) n 5.1.5.1.1.3-17 $.1.5.1.1.3-17
vyl ey N S.1.8.1.1.1-17| $.1.5.1.1.1-17
' ERBIIR) ﬁ-_: A $.1.8.1.1.2-17{5 . . S.1.8.1.1.2-17
(Re11) ™™ m 5.1.85.1.1.3-17| - 5.1.5.1.1.3-17

b,1.5-15
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s Effect of Orbiter on ET due to
RCS + proximity at nominal
3=8pst dynamic pressure,

Ac"sﬂons

= [Ac”,’!-0° + AC‘,p X ‘]ETOF'B
9 “8pst

AC‘,p.oo = RCS + Proximity effect for ET
7 " EToag at § = 0° and nominal dynamic
g =8pst pressure,
Nominal Separation (RCO1)
Down-Mode Separation (RCO3)

subscript; (N) (Disk Pack TUOO95 ; Appendix A)
(a) (Disk Pack TUOO95 ; Appendix A)
(m) (Disk Pack TUOO95 ; Appendix A)
Ac('p; = Sideslip derivative of ET
®Tlors RCS + Proximity effect at
G28ps! nominal dynamic pressure,
1
) —3- [4€015.00 - A€ ’5=°°]ET|one
AC,,p’JQ = RCS + Proximity effect for ET
€Tlore at 8 = 3° and nominal dynamic
§=8psf Pressure, .
Neminal Separation (RCO1)
Down-Mode Separation {(RCO3)
subscript: (N) (Disk Pack TUOO95 ; Appendix A)
(a) (Disk Pack TUOO95 ; Appendix A)
(m) (Disk Pack TUOO95 ; Appendix A)

POST-SEPARAT!ION (ISOLATED ORBITER). The Orbiter free-air aercdyna-
mic force and moment coefficients during the post-separation recov-
ery phase are provided in Volume 3 of this report, Orbiter pitching
moment coefficients from Volume 3 must be converted as follows:

(Ew) <AX (AZ
Cm s Cm . — + Cu - [—]\C
‘7‘01089.5' "‘0'075-1’ ls Le ) N Le ) A

IY o 0.0 Yo 0.0
Z, 375.0) lzo 375.0

where:; AX = 1089.6 - 1076.7 = 12,9 in,
AZ = 375.0 - 375.0= 0,0 in,

Sy B74,72 in,

La= 1290.30 in.

h,1,5-16
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POST~SEPARATION (!SOLATED EXTERNAL TANK). Isolated External Tank
aerodynamics for the post-separation disposal trajectory studies (of
no significance to the RTLS separation maneuver) are defined in the
NASA/MSFC memoranda (References 4=3, 4-4 and 4-5),

These documents present both longitudinal and lateral-directional
data in the missile axis system; however, eguations are provided to
transform the coefficients to the body axis system,

Isolated data applicable to the RTLS separation maneuver (compatibtie
with the references) are presented in Voiume 2, as indicated under
CirisoLareo 3bove.
RCS OFF

Referances L-3 ang bL-4 contain the ET static aerodynamic coeffi-
cients for Mach numbers between 2zero-and ten, All data are provided
with associated accuracy enveicpes which account for experimental
tolerances or accuracies on the limited experimental data base, Iaoi-
erances on analytical predictions, and an additional envelcpe to
account for large Reynolds number effects at subsonic and hypersonic
Mach numbers, The data presented_in these references provide a fuil
matrix of information over a Mach range from 0,6 to 8.0 anc angies
of attack between zero and 180 degrees with roll angles bezween 2ero
and 360 degrees,

Reference 4=-5 provides the static stablity aerodynamics for Mach
numbers between 10 and 30, Static, inviscid, aerodynamic coeffi-
cients are presented in both tabulated and graphical form in the
missile axis system with appropriate eguations for transformation :o
the body axis system, Tolerances are provided for the inviscid
coefficients, Incremental coefficients for viscous and free molecu-
lar flow effects are also given, These increments are to be
combined with the inviscid flow coefficients to obtain total coeffi-
cients for any given Mach number and altitude, This reference [4-5]
also includes tabulations of the primary moment damping derivatiaons
for Mach 20 at an altitude of 215,000 feet,

b,1,5-17
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Systems Division International
LATERAL-DIRECTIONAL AERQDYNAMICS

PRE-SEPARAT!I'ON (TURN-AROUND MANEUVER). The tota: aerodynamic
force and moment coefficients are defined as:

*Clopgra, = Gy = C()E=oo
aERO CS OFF
where, C”f = Second-stage, forebody force
or moment coefficient

subscript: (Y) {Tabte 5,1,5,1,2,
(n) (Table 5,1.5,1,2,
(2) (Table 5,1 1.2

i
!
1

W N
Nt St

PRE-SEPARAT!ION (MATED COAST). The available RCS roll/pitch com-
mands for the mated coast phase of the RTLS maneuver are presented
in Table 4,1,5,1,1~1 with a3 description of the associated jets
being fired. Jet control commands (denoted by circles on the
table) are used in conjunction with one of the following three
conditions of yaw command (uzcmo):

uzZcmo CONDI(TION

+ 2 forward left side-firing plus
| aft right side-firing jets.

0] No side~-firing jets.

-1 2 forward right side=firing plus
1 aft left side=firing jets.

Orbiter-plus-External Tank mated coast aerodynamic force and
moment coefficients are defined as:

“Urorac = C! )l
AERQ acs ON
where,

g > o0°

g

C = Ciyjp=00 *+ 4Cy, + Al 1 B+ = (Cy, 5 Clrnogolacs o
Meson [ 3=00 Bla>o0 N lp=rae "HlIzm00es ors

g < o0°

B

g = Cugmoe T ACy g0 *8CLG ot B T (G Cogaosdacs one

Ciy
Wﬁcso~ ACS oFf

*NOTE: (1) Rotary derivatives have been assumed negligible.
(2) Control surface deflections have not been considered,

b,1.5-18
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C, 4=
F'CS QFF

subscri

AC( .'lﬂ=°° =

Space Transportation ’ Rockwell
Systems Division International

a RCS-o0ff, full, scale, rigid body H C‘N
second stage force or moment
coefficient with SSME power-off
YOF 5 _l‘o oe + l..°

pt: (Y) (Table 5.1,5.1.2.1-1)
(n) (Table 5,1,5,1,2,2~1)
(£) (Table 5,1,5.1.2,3~1)
[c( )!p=°o - C( )l,’]:ﬂﬂ ]
ACS CN RCS OFF

ACI) [(C() = o~ C(, e )- AC“ ]
ﬁ'p >00 b }ncs on ,gcs:;; 1p=0°

]
aCq, "'—Kcn —ao Cu-=-o\)' AC()=°]
3 B#<oe L 'gcs4o~ Iﬁcsdor-ﬂ =0
q ¢,/¢! Subscript B <0° g =o0° g > 0°

psf Table No, for RCS-ON

5.0 | 0.0303 Y 5.1.5.1.2.1-2] 5.1.5.1.2.1=3] 5.1.5.1.2.1-4

7.5 0.0202 Y 5.1.5.1.2.,1-5{ 5,1,5,1,2,1-6| 5,1.5.1,2.1-7

10.0 0.0151 Y 5.1.5.1.2.1-8] 5.1.5.1,2.1-9 5.1.5.1,2.1=10
5.0 0,0303 n 8.1.5.1,2,2=2| 5.1.5,1.2.2=3] 5.1.5.1,2.2=4

7.5 0.0202 n §.1.5.1.2.2-5 5.1.5.1,2,2-6 5.1.5.1.2,2-7

10,0 0.0151 n 5.1.5.1,2.2-8| 5.1.5.1.2.2=9{ 5.1.5.1.2.2-10
5.0 0.0303 £ 5.1.5.1.2.3=2 5.1.5.1.2.3-3 5.1.5.1.2.3-4

7.5 0.0202 2 5.1.5.1.2.3-% 5.1.5.1.2.3-6 5.1.5.1.2.3=7

10.0 0.0151 1z 5.1.5.1,2.3-8f §.1,5,1.2.3-9! 5§,1,5,1,2.3-10

SEPARATION (PROXIMITY), The RTLS separation aerodynamics (including
RCS jet plume effects) are defined for Mach 6,0, The nominal (no

failure)
to Major

separation sequence, from structural release to transition
Mode 602 (Figure 4.1,5-1), consists of a ~Z translation (&

forward and 6 aft down~firing RCS jets) without attitude controi for
approximately l-second duration after structural release, followed
by RCS attitude control maneuvers where pitch rate is not to exceed
+2.25 degrees per second, DJown-moding occurs in the case of a jet
failure resyiting in a 2 forward and L aft down-firing translation
Jjet configuration, Once initiated, down-moding continues throughout
the attitude control phase of separation, The ~Z translation burn is
denoted by UXCMD = UYCMD = UZCMD = 0 in Table L_,1.5,1,2-1 (heavy

outline).

All other values of UXCMD, UYCMO, and UZCMD shown in the

b,1,5-19
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table. apply to the attitude control phase of separation, The terms
a, a,, b, ¢, d, and e appearing in the table are further defined in
Tables 4,1,5,7.1-3, -4, and -5, Synthesis of RCS configurations is
required in the evaluation of aerodynamic coefficient sidesiip
derivatives because of the unavailability of wind tunnel test
results for the basic RCS configurations RCO6 (term c¢), RC2! (term
d), and RCO7 (term e) used in Table 4,1.5,1.2-1,

b,1,5-20
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- Table &4,1,5,1,2-1
RTLS SEPARATION TRANSLATION AND ATTITUDE CONTROL MANEUVERS

NO FAILURE OOwWN MODED
@ (L/6 DOWN=FIRING) (2/b4 DOWN=FIRING)

a-c-e —1—1+!-éE a,-c-e -=-=1=71=E§
a-c¢ —'—LF—L a,- ¢ A AL
.LJ.}.Y_L

“%

a+d-e —'-—P'E a-c+ida-e v: =
a+d-re -%%+31- a,- ¢+ %d re ; y
a-e - a~tc-e —_l
=3 VYV lyveE: ! 3 VY VYSE|
-2 see ISPl a-icre | —HL
a-d+e .—11+%¥E§ a,- c-%d - e -=L{=%i§§
a-d -!!+%%;- a,- ¢ - %d -—-1%=%7=
a-d+e 'V"" a,-c-§d+e§—=—7—=—%;=

Qa
-
4 .

e bra-e| qopb—g|oriece P =
2o i1 o+ad 'Wv_l_'_ b +3d =
’4C——¢ b+d e | g b+dd+e gav_v_n}__.
+3 +4 BT el Jyvive b ric-e VY| v
__@yo Zen>—| b - SALIRIA; 5 +dc AL
3 -4 b+c+e g—"-'ﬁ-“b*-%-c*e FTv
b=-d-e¢e --+7;§§ b-%d - e e
_ b=-d — b -2 |
%
3

a
+
[
‘]

)
13

NOTE: |, Terms 3, a, , b, ¢, d, and e are defined in
Tables L. 1,5,1.1-3, ~L, and -5,

2. =2 Translation burn ~ Structural release to
MMe02 (cf, Figure 4, 1,5-1),

L,1,5-21
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The total force and moment coefficients for the Qrbiter and ET over
the applicabie dynamic pressure range are obtained in the following

manner
Corrorac = COgg ure0” (%C(’5=3°n MEIREPTeS
AEFQ - ACS QOFF cnekr'

5235100s:|gag

€ brotaL = Cy 'lSOLATED+ (AC‘ )g=8ost + aC ‘6.0!0::)

AERQ RCS QFF T lome
$S§=100st|¢y
AC( ’a:apsf = C( :RCS DLUME. C‘ 'tsOLArEo)
+ RCS OFF =
PAOX IMITY q=38ps!
aC, Ig ettect = C Jacs PLUME Cy hsoLaren) ac 15 =2qst
- RCS oFF L |
where PRCXIMITY g #8ost
7
acs peome > Aerodynamic force or moment
e coefficient for the Orbiter in

PROXIMITY  the presence of the ET (or the ET

in the presence of the Orbiter)
including the effect of RCS plumes
(c.f. AC,, definition)

subscript: (Y) (not given)
(n) . (not given)
(2) {not given)
C'Lso ireq = Freestream aerodynamic force or
ac;;wio moment coefficient with RCS-OFF
subscript: (Y) Orbiter Vehicle (QRB) (Volume 3)
External Tank (ET) {(Table 5,1.5,1.2.1=-11)
(n) Orbiter Vehicle (ORB) (Volume 3)
External Tank (ET) (Table 5.1.5.1,2,2=11)
(2) Orbiter Vehicle (ORB) {Volume 3)
External Tank (ET) (Table 5.1.5,1.2.3=11)

NOTE: (1) Orbiter yawing moment coefficients from Volume 3
of this report must be converted as follows:

By Ay AX
Cn X51039,6 CA(xo1076.7 (_) - (_>CA + ( )CY
Yo _ 00 Yo 00 La La La

2, 37520 25,3750

- where;  AY 0.0 in,
AX 1089.6 - 1076,7 = 12.9 in,
bw = 936,68 in,
Lg = 1290,30 in,

h,1,5-22
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NOTE: (2) Orbiter rolling moment coefficients from Volume 3
of this report must be converted as follows:

( bw ) AY AZ
) Cy * <m>cN i (—)CY
X, 1089.5 x,, 1676,
Yo 0.0 \ La La . La
25 375.0

Yy 2.0

20 3750

where; AY = 0.0 in,
AL = 0.0 in,

bw 3. 936.68 iﬂ.

La = 1290.30 in,

= Effect of ET on Qrbiter due to
- fff proximity for all 8 at other
qet’€ct  than nominal dynamic pressure,

AC( ) eg

2 Effect of Qrbiter on ET due to
_ proximity for all 8 at other
geffect  than nominal dynamic pressure,

Ac”ETlone

q 0,/0, Subscript Table

psf

5.0 0.0303 Y 5.1.5.1.2.1~12
7.5 0.0202 Y 5.1.5.1,2,1-12
10.0 0.0151 Y 5.1.5.1.2.1-12
5.0 0.0303 n 5.1.5.1.2.2-12
7.5 0.0202 n §5.1.5.1.2,2-12
10,0 0.0161 ' n S5.1.5.1.2.2-12
5.0 0.0303 1 5.1.5.1.,2.3-12
7.5 0.0202 ] 5.1.5.1.2.3-12
10,0 0.0151 2 §5.1.5.1,2,3=1

T JEIEIE SR SR BE BE BE IR BE BE K BE K BN SR BE R 2R JE K X BE I 2R 2K 2R B 2R BE B B BN
CAUTION

STRUCTURAL RELEASE TO MM602 ~- Fully coupled
RCS + Proximity effect (Disk Pack TUQ095),
AC|) =
inskT BEYOND MME02 - Plume-off proximity effect
q = 8est (Disk Pack TUOO95) combined with isolated
: Orbiter (no proximity) RCS effect,

[ B B NN NN BN B B BN AN

®
*
L 4
£
®
*
*
®
*
(-2 B N BN B BE B R BE BE B 2L Bk SR 2R Nk SR BN NE NE NE N B R NE BE BE R K K R KN
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G=8osf
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a-Effect of ET on Orbiter due to

subscript:

AC( ’ﬁ=0°
q=8ost

Ac(’po“akr

63395'

O“Efsr

proximity at nominal dynamic
pressure for applicable RCS

command,

[f€0g20: * 80 % "]o“%
(v) . T=30s
(n)

(£)

‘ Rockwell
International

(Table 4,1,5.1,2=1
(Table 4,1,5,1,2-1
(Table b4,1.5.1.2=1

N N

RCS + Proximity effect for Orbiter {Tables 4,1,5,1.1-3
at 8 = 0° and nominal dynamic and L,1,5,1,2-2)
pressure,

Sideslip derivative of Orbiter B < 0:(Tables 4, 1.5,1,.1=b

RCS + Proximity effect at
nominal dynamic pressure,

and 4,1,5,1,2-2)

B > 0:(Tables 4,1,5,1,1-5

L,1,5-24

and 4.1,5,1,2,-2)
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Table 4,1.5,1,2-2
COEFFICIENT DATA LOCATION.
RCS SUBSCRIPY Tanle
GONFIGURATION g <o 8=0" 8 >0
’ ) . (PHWO) Y 8.1.5.2.1-14 S.1.5.2.1-:4
"—%‘% ¥y (AFT) ] §.1.5.2.2~-14¢ 5.1.5.2.2-14
(REO1: AZ = 1000) 1 5.1.5.2.3-18f S.1.5.2.3-14
\ $.1.5.2.1-14f S.1.5.2.1-14
‘;';':“;TT n 5.1.5.2.2-14f 5.1.5.2.2-14
(RCO3; AZ = 1000) ? 5.1.5.2.3-14 9.1.5.2.3-14
‘ Y 5.1.5.2.1-13
Yvrvivev n 5.1.5.2.2-13
(RCO8) £ 5.1.5.2.3-13
Y 5.1.5.2.1-13
= | n {s.1.8.2.2-13
-
(REO7) 5.1.5.2.3-13 _
Y §.1.5.2.1-14 5.1.8.2.1-14
IR X) n .1.5.2.2-14 1s.1.5.2.2-14
(RE11). ] 8.1.5.2.3-14fF 5.1.5.2.3-14
Y Y 5.1.5.2.1-13
m— R 2 5.1.8.2.2-13
(RE21) 2 £ 5.1.5.2.3-13§
Voley Y 5.1.5.2.1-14 5.1.5.2.1-14
: : $ R A $.1.5.2.2-14 $.1.5.2.2-14
(RE38) ¢ 5.1.5.2.3-18 5.1.5.2.3-14
vy Y 5.1.5.2. 8.1.5.2.1-14
TE IR SE 3 S n 5.1.5.2. 5.1.5.2.2-14
(RCS9) { 5.1.5.2. 5.1.5.2.3-14
yolv v Y s.1.5.2. 5.1.5.2.1-14
I I IE I N n 5.1.8.2. 5.1.8.2.2-14
(RCS2) 1 5.1.5.2. 5.1.8.2.3-14
& i ¥ * Y 5.1.5.2. 5.1.8.2.1-1a
Yy elve = n 5.1.5.2. 5.1.5.2.2-18
(Re113) ™ 2 s.1.8.2. $.1.5.2.3-14
b.1,5-25
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AC(, = Effect of Qrbiter on ET due to
f”oaa RCS + proximity at nominal
g = 8ot dynamic pressure,

(€000 * 20010 2 B]E_"’Iona

AC();_,o = RCS + Proximity effect for ET
ET|oeg at B = 0° and nominal dynamic
qs8pst pressure,

Nominal Separation (RCO})
Sown-Mode Separation (RCO3)

subscript: (Y) (Disk Pack TUOO95 ; Appendix A)
(n) (Disk Pack TUOO95 ; Appendix A)
(£) (Disk Pack TUOO95 ; Appendix A)
ACl,ﬁ = Sideslip derivative of ET
ETlors RCS + Proximity effect at
q=8pst nominal dynamic pressure,
1
3 == | AC,, ., * ACy, =.o]
3 [ pe3e f=o ETong
g =80t
AC(,3=3° = RCS + Proximity effect for ET
ETors at § = 3° and nominal dynamic
d=8pst pressure,
: Nominal Separation (RCO1)
Down-Mode Separation (RCO3)
subscript: (Y) (Disk Pack TUOO95 ; Appendix A)
(n) (Disk Pack TUOO95 ; Appendix A)
(£) (Disk Pack TUOO95 ; Appendix A)

POST-SEPARATION (ISOLATED ORBITER)., The Orbiter free-air aerodynamic
force and moment coefficients during the post-separation recovery phase
are provided in Volume 3 of this report,

NOTE: (1) OQrbiter yawing moment coefficients from Volume 3
of this report must be converted as follows:

by AY ax
Cn X51089,6 €Ay r076.7 ( ) - L )CA * L Cy
Yo 0.0 Le 8 8

Yo 0.0
2, 375.0 24 375.0

where: AY = 6.0 in,
AX = 1089.6 - 1076.,7 = 12,9 in,

b,1,5-26
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NOTE: (2) Orbiter rolling moment coefficients from Volume 3
of this report must be converted as folliows:

by, AY 1.V 4 \
o () (- e
X91089.6 151076.7 LB Lg La
Yo 2.0 .
z, 37%.0

Yo 0.0 '
Zy 375.0

where; AY = 0.0 in,

AZ = 0.0 in,

Cq

POST-SEPARAT!ON (ISOLATED EXTERNAL TANK), Isolated External Tank aero-
dynamics for the post-separation disposal trajectory studies (of no sig-
nificance to the RTLS separation maneuver) are defined in the NASA/MSFC
memoranda (References 4=3, L=L and L4L-5),

These documents present both longitudinal and laterai-directional data

in the missile axis system; however, equations are provided to transform
the coefficients to the body axis system,

Isolated data applicable to the RTLS separation maneuver {compatible
with the references) are presented in Volume 2, as indicated under
Cy lisoLaTED above,
RCS OFF

References 4-3 and b~4 contain the ET static aerodynamic coefficients
for Mach numbers between 2ero and ten, All data are provided with asso-
ciated accuracy enveliopes which account for experimental tolerances or
accuracies on the limited experimental data base, tolerances on analyt-
ical predictions, and an additional envelope to account for large Rey-
rolds number effects at subsonic and hypersonic Mach numbers, The data
presented in these references provide a full matrix of information over’
a Mach range from 0.6 to 8,0 and angles of attack between zero and 180
degrees with roll angles between zero and 360 degrees,

Reference 4=-5 provides the static stablity aerodynamics for Mach numbers
between 10 and 30, Static, inviscid, aerodynamic coefficients are pre-
sented in both tabulated and graphical form in the missile axis system
with appropriate equations for transformation to the body axis system,
Tolerances are provided for the inviscid coefficients, Incremental
coefficients for viscous and free molecuiar flow effects are also given,
These increments are to be combined with the inviscid flow coefficients
to obtain total coefficients for any given Mach number and altitude,
This reference [4-5] also includes tabulations of the primary moment
damping derivations for Mach 20 at an altitude of 215,000 feet,

b,1,5-27
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TRANSATLANTIC ABORT LANDING (TAL), Aerodynamic forces and moments
pertainipg to Orbiter and External Tank separation during the
intact TAL abort mode (Mach = 25,0 and dynamic pressure less than
1.0 psf) are defined for two phases of the separation maneuver:

PRE-SEPARATION HATED COAST
SEPARATION PROXIMITY

Post-separation isolated Orbiter and External Tank aerodynamics
were defined in Section 4,1,5,1, RCS plume effects are !imited to
plume impingement (no jet/flowfield interaction) due to the extreme
altitude (dymamic pressure less than | psf) at which TAL abort
occurs, Plume impingement on the Orbiter is limited to the aft
down-firing RCS jets and confined to the upper wing and fuselage,
Forward down-firing jet impingement affects only the ET, The plume
impingement effects were numerically determined by means of a Meth-
od~Qf-Characteristics solution to the nozzle-plume flowfield
followed by impingement calculations based on Newtonian impact. the-
ory. Scarfed nozzle effects for the forward down-firing jets were
not acc:unted for in the impingement calculations,

impingement data for the forward down-firing jets are based on :two
left-hand jets. Right-hand jet data are obtained from the left-hand
data set by appiying appropriate sign changes to AY, A8, and the
lateral-directional force and moment <coefficients, Single
down-firing jet impingement values are obtained by halving the two
jet effect, :

Relative displacements and attitudes of the ET with respect to its
mated position (AX, AY, AZ, Ae, and AB) were defined in Section
L,1.5., Data are provided for the following combinations of parame-
ters:

AX = 0 inches

AY = +100, 0, -100, =200, ~300, -4OO inches
AZ = 0, 100, 300, 40O, 700, 1000 inches

da = 0, =-2.5 degrees

Af = -5, 0, +5 degrees

The longitudinal displacement (AX) of the ET during separation is
negligible; therefore, the data base for AX = O may be used for ail
values of AX experienced during separation,

LONGITUDINAL AERODYNAMICS

PRE-SEPARATION (MATED CDAST). The total aerodynamic forces and
moment are defined below where forces are in pounds and the moment
is in foot-pounds, Forces and moments are used in this section
rather than coefficients due to the manner of generating impinge-

ment effects,

h,1,5-28

STS85-0118-1



Space Transportation ’ Rockwell
Systems Division International

F s gSC + F + + F
N rortaL as "floer M aase ¥ Fuime N e
AERO - {FWD JETS} (AFT JETS)
+ +
FA TOTAL = qscAflc;rFA BASE FA 1MP FA imMe
AERO _ (FWD JETS) LAFT JETS)
N toraL = 35LgCmy|* Mpase * Mime * Mime
AERO O€T (FWD JETS) WAFT JETS)
where,

Ci ‘= Second -stage, forebody force or moment coefficient
tHoer(-180° < & s +180°),

subscript: (N) (Tabte 5.1,5,1.1,1=1)
(A) (Table 5.1,5.1,1,2=1)
(m) (Table 5.1,5,1,1,3=1)

NQTE: Pitching moment coefficient must be converted to the
Mated Coast Moment Reference Center (MRC) as follows:

AX aZ
Cmf :C,.,.,f +——-CNf- —-CAf
Xy 1734, Xt 976.0 Lg Lg

4.0 l
{YT 0.0 {YT O.U}
z: 634.3) 21 400.0
where, aX = 1734.0 - 976.0 = 758.0 in,
AZ = 634,33 - 400,0 = 243,3 in,
Lg = 1290.3 in,
N (Figure 5,1.4,1,1=2)
Power-on base force or BASE
moment (including effects Fa (Figure 5,1.4,1,2-2)
of SSME plumes), BaSE
Maase (Figure 5,1,4,1,3-2)

NOTE: Pitching moment must be converted to the
Mated Coast MRC as follows: )

AX AZ
M = M + F = | w—iF
BASE BASE N A
Xy 1734.0 Xt 976.u 12 8Sase 12 8ase
{YT 0.0 {v, QO}
ZT 634.3 ) 27 400.0

where, AX and AZ are as above,

FN e - (Table 5.1.5.2.1,1-1)

Plume impingement forces or (FWD JETS]

moment on ET due to forward Fa imp (Table 5.1.5.2.1,2-1)

downfiring RCS jets. IFWD JETS)

(NOTE: No impingement on M e (Table 5.1,5.2.1,3-1)
Orbiter) {FWO IETS)

b,1.5-29
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NOTE: Pitching moment must be converted to the
Mated Coast MRC as follows:

‘ AX AZ
M oime = Mime + (_)Fn MP - (_)FA MP
oo CrP S, 12 FWD JETS) 12 €50 LETY
{ (A1 0. {:T 0.0 }
21 5343‘ iy 416.4
where, AX = 1734,0 - 1328,7 = 405.3 in,
AZ = 634,3 - WL16.4 = 217.9 in,
Fu ~p {See Volume 3)
Plume impingement forces or VAFT JETS)
moment on Orbiter due to aft Fa mp {See Volume 3)
downfiring RCS jets, (AFT JETS)
(NOTE: No impingement on ET) M me (See Voiume 3)
{ag ™ €75}

NOTE: Pitching moment must be converted to the
Mated Coast MRC as follows:

ax aZ
Hime = Miwme +{=]|Fx - |—}fa
{AFT JETS) (AFT ETS) 12 :r:-r i 12 ufn;P. ..
AR SR RIET BEN | iy A .2
{ T Q.¢ {‘-- .Vt,'}
2y 534.3’ Z, 1%.2
where, AX = 1734,0 - (1076,7 + 741.0) = -83.7 in,
= =77.2 in,

AZ = 634.3 - ( 375.0 + 336.5)

SEPARATION {(PROXIMITY), The total aerodynamic forces and moment
for the O0Orbiter and ET during separation are defined below where
forces are in pounds and moments are in foot-pounds, Fforces and
moments are used in this section rather than coefficients due to
the manner of generating impingement effects,

Fr rora = GSCy ¥ F"uMP

AERO IORB ORB (AFT JETS"ORB
Fu TOTALI ® ESC?. * P e |

AERO | - (FWO JETS)| oy
Fa TOTAL = asC, * F“lmv

AERO ‘ona aA8 {AFT JETS),O o
Fa rorac = 3sCy * Fa e

AERO I €T e (FWO JETSIIET
) TOTALl = aSLchl * A e

AERO |oag org  |AFT JETS),O
M TOTALI = GSLgCm + N oe

AERO - (FWO JETSDIET
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where,
C( 1|gpg = !Solated Orbiter (no SSME plumes)
o force or moment coefficient,
subseript: (N) " (See Volume 3)
(a) (5ee Volume 3)
(m) (See Volume 3)

NOTE: Pitching moment coefficient must be converted
to Orbiter proximity MRC as follows:

Cw AX AZ
Cm + | | C - — C
L P =< L ) ] one L “lors (L ) Alore
Xn 108G. & -] .. 10767 :) 8
{ .. 'J.O} {‘J ’-‘0}
2, 375.9 Z. 3180

where, AX = 1089,6 - 1076,7 = 12.9 in,

AZ = 0.0
Lg = 1290.3 in,
Cp= U74.82.0n,
C ﬂET = lsolated ET force or moment coefficient,
subscript: (N) (Table 5.1.5.1.1.1-12)
(4) (Tabie 5.1,5.1,1.2-12)
(m) (Table 5.1.5.1,1.3-12)

NOTE: ET pitching moment data are at correct MRC,

Fr e o {See Volume 3)
{AFT JETS),

FAIMP (See Volume 3)
{AFT JETS)I

n mp (See Volume 3)

(af T JETS)'
OR8

NOTE: Pitching moment must be converted to Orbiter
separation MRC as foilows:

AX AZ )
Mime = A i vl \T—ff
MPlore IMP| Re ( 12 "'MPiona 12 A'Mplona
{ Xg 1,89 6} o 107600
¥ 0.0 Y 0.0
2o 375.0 {Z; 3710}

where, AX = 1689.6 - 1076.7 = 12,9 in,

AZ = 0.0
T L2.0.0-1)
F"IMP l (Table 5,1,5,2.1,1=1)
(FWO
. w JETSIET (Table 5.1.5.2.1.2°l)'
e
(FWO JETS)

B me €7 ' (Table 5,1,5,2,1,3-1)
(Fw0 J€TS) gy : .

NOTE: ET pitching moment data are at the correct MRC.
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POST-SEPARATION (1SOLATED ORBITER), The Orbiter free-air aerodyna-
mic force and moment coefficients during the post-separation recov-
ery phase .are provided in Volume 3 of this report as defined in
Section 4,1,5,1,1,°

POST-SEPARATION (!SOLATED EXTERNAL TANK). lIsolated External Tank
aerodynamics for the post-separation disposal trajectory studies
(of no significance to the RTLS separation maneuver) are defined in
Section 4,1,5.1.1,

L,1.5,2.2 LATERAL/DIRECTIONAL AERODYNAMICS,

PRE-SEPARATION (MATED CDAST). The total aerodynamic force and
moments are defined below where forces are in pounds and moments
are in foot-pounds., Forces and moments are uysed in this section
rather than coefficients due to the manner of generating impinge-
ment effects, There are no lateral/directional base force or
moment effects to be concerned with,

F = gsc |+ F
Yrotar 9 Yioer Y ime
AERO \FWO JETS

o TOTAL = aSLBcnlOEtr '..Vm", + .F MP

AERO (FWO JETS) (AFT JETS)

3

4 orar = ESLBC"O; 2 e * ?IMP

AERO {FWD JETS) {AFT JETS)
where,
Ci 4| = Second-stage force or moment coefficient
OET
Subscript: (Y) (Table 5.1.5.1,2.1-1)
(n) (Table 5.1.5.1,2.2-1)
(£) (Table 5.1.5.1.2.3-1)

NOTE: Yawing and rolling moment coefficients are at the correct
Mated Coast MRC,

Fyimp (Figure 5.1.5.2.2.1-1)
Plume impingement force or (FWD JETS)
moments on .ET due to forward /.5 .o (Figure 5,1,5,2.2.2-1)
downfiring RCS jets {FWD JETS)
(NOTE: No impingement on Z e (Figure 5,1,5,2.2.3-1)
Orbiter) (FWD JETS)
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NOTE: Yawing and rolling moments must be converted to the Mated
Coast MRC as follows:

. : AX AY
- Fipgp = - Fie * Frme Fa me
"FWO JETS! (FWOD JETS! 12 iFWO JETSIN\ 12 (FWD JETS)

Xt 1734.0 Xy 1328.7
{v, 0.0 } { Yy 0.0 }
2y 634.3 2y 416.4

AY> EAZ)

V4 = Vil + | —]F = Fy

T TR 1MP N MP

i FWD JETS! (FWD JETS) 12 R0 seTs\ 12 Yewo seTs

X1 1734.0 Xy 1328.7
{YT &0} {YT QO}

Zr 634.3 Zy 416.4
where, AX = 1734,0 - 1328,7 = 405.3 in,
AY = 0.0
AZ = 63L.3 - hib.k = 217.9 in.
FY 1me {See Volume 3)
{AFT JETS)
Plume impingement force or mcments .
on Orbiter due to aft downfiring RCS LTV (See Volume 3)
jets, (NOTE: No impingement on ET.) (AFT JETS)
L \mp (See Volume 3)

{AFT JETS)

NOTE: Yawing and rolling moments must be converted to the Mated
Coast MRC as foliows:

AX AY
Fiwe 2 =Fime =) FY ime i S LT YO
(AFT JETS) {AFT JETS) 12 (AFT JETS) 12 {AFT JETS)
( XT1734.0 XQl076.7 )
{ Yo o,o} { Yo 0.0 }
Zy 6343 2g 375.0

AY AZ
e = Lime + FN ime - Fy e
(AFT JETS) taFT sETSH  \ 12 (AFT JETS) 12 (AFT JETS)

{ Xy 1734.0 {Xo 1076.7 }

vy 00 Yo 0.0
Z; 634.3 2g 375.0

where, AX = 1734.,0 - (1076.,7 + 741) = -83.7

AY = 0,0
AZ = 634.3 - (375.0 + 336.5) = -717.2
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SEPARATION (PROXIMITY), The total
for the Orbiter and ET during
forces are. in pounds and moments
moments are used in this section

the manner of generating impingement effects,

are

F gsc + F
YrartaL 9 Yl Y ime l
AEROQ OR8 ORB (AFT JETS!H RSB
= gSC + F
Y1gTaL 9ty Yimp
AERO | g ET (FWD JETS) €T
“¥ rarac = aSLgCy “imp
ERO (ore lona (AFT JETS)|gRg
- - + ._:"'
o TOTAL = QSLacn IMPO i
i) lET er  (FWO JETSI
4 - + f
TOTAL = qSLﬁqﬁ Agump
AERO |oRs ors  'AFT ETS)|omg
o - p
4 TOTAL = qSLaCz * Liwe
AEROQ lET ET (FWOD JETS! ET
where,
,l = Isolated Orbiter (no SSME plumes) force
ORB

or moment coefficient,
subscript: (Y)
(n)
(2)

NOTE:

o\

aerodynamic force
separation are defined below where
in foot-pounds,
rather than coefficients

Rockwell
International

and moments

Forces and
due to

(See Volume 3)
{See Voiume 3)
{See Volume 3)

Yawing and rolling moment coefficients must be

converted to Orbiter proximity MRC as follows:

<Q> <u> Ay
Ch s|=—]Cn + —)Cy -
{ore Le lore Le lore Le

Xg1089.6 }*0’0767
{vo oo} o}
25 375.0 lzo 375.0

Cw AY

“Bors

X 1089.6 X 1076.7
{ Yo 0.0 } { Yo 0.0}
Zg 375.0 Zg 3750
where, AX = 1089.6 - 1076,7 = 12.9 in.
AY =2 0,0
AZ = 0,0
b, 1.5-34
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€ ep ® Isolated ET force or moment coefficient

subscript: (Y) (Table 5.1,5.1.2,1-11)
(n) (Table 5.1.5,1.2.2=11)
(L) (Table 5.1.5.1.2.3=11)

NOTE: ET yawing and rolling moment coefficient data
are at the correct MRC,

Fy \mp (See Volume 3)

(4T TS 1| grg

o ive (See Volume 3)
(AFT JeTS )| gRg

Z \me

iAFTJETSJORa {(See Volume 3)

NOTE: Yawing and rolling moments must be converted to Orbiter
separation MRC as follows:

AX AY
¥ . _
mP|ora™ < Fime|opg ¥ 12 FYime | one 12 FA MP | ong
Xo 1089.6 (XQ 1076.7
{YO 0.0 {YO o.o} .
ZO 375. O, Zo 375.0
Ay AZ
Z s 27 + [——]F - —
'MPlore 'MP{ora N imp Yime |
{ :oitose s} %0 10767 12 | one 12 ! ors
g 3750 'zg 3750}

where, AX = 1089.6 - 1076,7 = 12.9 in

AY = 0,0
AZ = 0,0
FY imp (Table 5.1,5,2.2.1-1)
(FWD JETSJET
¥wo sersi| o (Table 5.1.5.2.2.2-1)
7
“ngJETm'ET (Table 5,1.5,2.2,3-1)

NOTE: ET yawing and rolling moment data are at the correct MRC

POST-SEPARATION (I1SOLATED ORBITER). The Orbiter free~air aerodyna-
mic force and moment coefficients during the post-separation recov-
ery phase are provided in Volume 3 of this report.

POST-SEPARATION (!SOLATED EXTERNAL TANK), Isolated External Tank
aerodynamics for the post-separation disposal trajectory (of no
significance to TAL abort separation) are defined in Section
b,1.5.1,2

b,1.5-35
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HINGE MOMENTS., Inboard and outboard elevon hinge moment coefficients
are presented in both graphical and tabular form for the Mach range 0 to
4.5, Angle of sideslip range is -8° to +8° for angles of attack of -8°,
-4°, 0°, and +4°, All data are presented for the right-hand panel oniy
(to obtain left-hand panel data, use values tabulated for corresponding
negative sideslip angles).

The elevon control hinge moment coefficients are based on theoretical
reference dimensions, The reference area is 210 ft2 and the reference
length (mean aerodynamic chord) is 90,7 inches, These reference values
were used for each panel so that the total hinge moment is the sum of
the individual panel moments:

where, : HHeTOTAL= Hne"‘ao‘go + HHeOUTBOARD
HMe = Ch, (q Se ce)
- S
_- a Pasitive Directions
- As Showa
t .7 7
i -7 .;’/ NGOTE: Pagitive Detlection
g Vioids Negativa
< " riinge Moment
» : e
S —r.Z) _ ]
é\\\i_;jztf\\ s /
+ ~o~ -~
Refereonce: e [ =~ s *8o
Se=216.0f° < )
%= 90.7inches £g1387

Area Mament = 19,047 hi-inches

OR

=qSec -+
HMe rgraL = 9 Se Ce (chelNSOARD ChecursOAno

ELEVON DEFLECTION HINGE MOMENT
Elevon + §e “Che
Right + §egq ~Che,
Left + je, ~Che,
L,o1,6-1
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The hinge moment coefficients are then described by:

Cherorn. '=.che,Na°“° + A‘:hﬂ.evom, + Ache.ﬂ"

cherouto = cheoursoano+ AchEl-EVO"‘o". AcheOFlEX

where;

cheanAno s rigid-body, inboard elevon (Figure 5.1.6-1)
hinge moment coefficient

cheoun0Ano = rigid-body, outboard elevon (Figure 5,1,6-2)
hinge moment coefficient

ACh¢ gvon, = change in elevon hinge

(o) moment coefficient due to
deflection of inboard panel,
8¢, , or outboard panel, 3¢,

s Bx + Cx2 + Dy + Exy + Fy2

with x = (se'orr NOM 8e'Nom)

y = (anOFFNOM - seONoJ

and coefficients B, C, 0, E, & F
Inboard (Tables 5,1.6=1 through -4)
Qutboard (Tables 5.1.6-5 through -8)

AChg, s Change in inboard elevon hinge moment
FLEX coefficient due to aerceiastic deformation,

)

cheroru, - (chemsono + AChﬂ.svow.

nominal 8e, /Seq (Figure 5.1,.6-3)

of f-nominal 5e./5eo (See Section 5.1.8)

bh,1,6-2
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s Change in outboard elevon hinge moment
coefficient due to aeroelastic deformation,

)

chefOTAlo - (cheOUTBOARD’ AchELEvouo

Acheénsx

nominal §e, /8e, (Figure 5.1.6-4)
of f-nominal 8, /3e, (See Section 5.1.8)

An alternate method of determining the change in the longitudinal
coefficients due to aerocelastic deformation at or near the Zzero
sideslip condition (due to rotation of the elevon about its hinge
line) is proportional to the hinge moment on the elevon, The change
in the longitudinal coefficients may be obtained by determining the
rigid coefficient values from the appropriate tables (Sections
Sel.1,1,1-1, 5,1,1,1,1=2, or 5,1,1,1,1-3, and Section 5.1,8) at both
the rigid and flexible elevon deflection angles and subtracting the
Prigid®™ from the "flexible™ value, The flexibie elevon deflection
is obtained bys

B
ae' = 63‘ + AseFLEM
(0} (o) (o}
where,

Mderey, = Ki 9 SeCe Che rora.

oy (9@ FLEX )
(0)
Ky ' = |nboard elevon spring constant (1.5472107° deg/in,-1b)
Ko = Qutboard elevon spring constant (3.323z1078 deg/in,=1b)
cherouL = Total inboard flexible hinge

FLEX ) moment coefficient

- (Ch%"""";'\c‘he"“”‘"'o)(c.’e' 6-.K° Eseee)- (Cne m-on:-.\cheeuvo-y )( - ch"-’ 3 ‘oatece )

g
-

“heys, 2 35ele(Cheg, €1ASeTe) < (1 Che,, % ESee (1 ne,, $adSele)

chefOTAL = Total outboard flexible hinge moment

FLEX o moment coefficient

- ~{Cre '"'m';ic““"""'>(ch*°«'.-.K' aseee)-(cheounon;;\ch‘eumno )(‘-C“' 6..K' ase c._,)
Fhe.&foaseEe(Chg%.‘Knaseag) -(I -Cn,.a"x, §SeZe )(I-Ch%5 XodSele)

Che, =D + Ex + 2fy

Se,
che'5 =8 + 2Cx + Ey

e,
4,1,6-3
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‘Coefficients 8, C, D, E, & F (Tabies 5.1,6=1 through -4)
c = 0 + Ex + 2Fy
heoseo
c s B + 2Cx + Ey
heose'
Coefficients B, C, D0, E, & F (Tables 5.1,6=5 through -8)

bho1,6~4
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AERODYNAMIC DATA UNCERTAINTIES., This section defines the aerodynamic

data uncertainties and associated terms for the mated vehicle, its ele~
ments (Orbiter, External Tank, and Solid Rocket Boosters), and components
(wing, elevons, and vertical tail). Uncertainties for SRB and RTLS abort
separations are also defined,

Laboratory (wind tumnel), experimental, and flight test data are always
accompanied by measurement precision error, It, therefore, becomes impor-
tant to assign some parameter, such as a limit of error, to represent the
precision of data measurements, The error in a measurement is the
observed value minus the true value, where the true value  is unknown,
Errors can be classified as either accidental or systematic, Accidental
errors are those which, in a large number of measurements, will be nega-
tive as often as positive and will, therefore, affect 3 mean value only
slightly, Systematic errors, arising from the same cause, will affect the
mean value in the same sense (either positive OR negative) and, rather
than balance one another, will resuit in a definite bias to a mean, Exam—
ples of systematic errors would be mode!l support effects, wind tunnel wall
effects, blockage, engine gimbal biases, thrust biases, flight mass summa-
ries, and the like, When all systematic errors have been eliminated
(insofar as possible), the sample of individual repeated measurements of a
quantity can be considered with the objective of securing the best esti-
mate of the true value and assessing the degree of reproducibility which
has been obtained, The best estimate of the unknown true value has been
obtained from Space Shuttle test flights utilizing flight data measure-
ments coupled with extensive analysis of flight to predicted comparisons,
The best est:mate of the unknown true value is the mean value of all these
comparisons,

LAUNCH VEHICLE, ELEMENTS, AND COMPONENTS. The true values (wind tunnel
data adjusted to flight levels and trends) of the aerodynamic character-~
istics of the total launch vehicle, the elements, and the components are
given in the data section [5.1]. Uncertainties, described in this
section, represent deviations from those true values and describe the
scattering of observations about the mean, These deviations about the
mean should be treated as three~sigma errors normally distributed for sta-
tistical error analyses where uncertainties need to be combined, Sigma is
defined as the standard deviation, or limit in the probability sense, of
the square-root of the average value of the squared deviation of individ=-
vual values from the mean as the number of values is increased
indefinitely,

ko1.7-1
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The element; component, and total vehicle uncertainties may be
used for a variety of analyses and combined, therefore, in a.
variety of ways, Uncertainties are defined for:

Orbiter Vehicle

External Tank ELEMENTS
Left-Hand Solid Rocket Booster

Right-Hand Solid Rocket Booster

Wing )
{nboard/Outboard Elevons COMPONENTS
Vertical Tail ‘

First-Stage

Second-Stage } TOTAL VEHICLE

Guidelines intended for usage of the uncertainties are included, The
following items are applicable (unless otherwise specified):

(1) Transfer of all moment uncertainty terms and
moment coefficients may be performed separately,
prior to summation,

(2) For Mach numbers exceeding 6.0, the uncertainties
applicable at Mach 6.0 are to be retained,

bo1.7.1.1 TRAJECTORY ANALYSIS/GUIDANCE, NAVIGATION, AND CONTROL, The uncertain-
ties defined in this sub—section are intended for use in ascent trajec-
tory analyses, subsystem analyses, flight control analyses, day of
Jaunch commit-to~flight analyses, and manned simulation studies, These
definitions apply to the first and second stage configurations only,

Equations specifying the use of the uncertainties as related to the
total vehicle are included, Each of the six aerodynamic forebody coef-
ficients are to be treated separately and the base coefficients are to
be combined separately, A total incremental result is specified by
appropriate equations, The total forebody aerodynamic coefficient
uncertainties are obtained for four flight regimes as outlined below,

L0 20 R BN BE R BE BE BB BE BE BE B BE B BN BE BE BE BE BE R K B B BE B R AR BE AR

Note that all moments are about a Moment Reference Center
(MRC) of Xy976, Y0, Z 400 EXCEPT for the ground wind
phase where the MRC is at X;2468.

» % % % % % »
» N % N % »

L2 BN NE BN BE B N5 NE B NE BN BN BN B BN R R BN Bk R R R BE BE B BE R NE BE R BE |

It has been assumed that users will be comparing analyses performed
WITH uncertainties to analyses conducted WITHOUT uncertainties,

bo1.7-2
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GROUND WiNDS (M = 0).

Ac‘,TOTAL = l(‘ + k1,2 K'Oﬂz) c‘ ,w/o
AERO TOWER

where, ( ) = the symbol applicabie to coefficient
being analyzed:

Normal Force

Axial Force

Pitching Moment

Side Force

Yawing Moment

Rolling Moment

33 <B >»x

k,'z a post lift-off parameter
K, = LONGITUDINAL tower interference factor
Kq = LATERAL-DIRECTIONAL tower interference factor

TRANSITION (0 < M S 0,6)

la oF | - 12! |a or | - 12
Clrrora | AC0 1= ( * | Cu
AgRo- Stace 78 &'505 78
M=0.60

Longi tudinal 12* £ ¢ £ 90°
Lateral-Directional 12° < § < 90°

wher‘e, ( ) = (as above)

FIRST .
subscripts:fnmg%oa First-stage uncertainty at % = 0.6,

TRAN
@ 90°

LOW ATTITUDE (M 2 0.6).

= Transition coefficient at a = 90°

AC()roraL = ACq )¢
AERO

where, ( ) = (as abaove)

Table 4,1,7.1.1-1 presents a summary of the total vehicle uncertainties, the fig-
ures where they may be found, and the manner in which they are to be correlated
when analyzing the effect on a specific parameter due to the application of any
uncertainty, In order to perform an uncertainty analysis on any of the six aero~
dynamic coefficients or the base terms, the following procedure is to be followed:

ho1.7-3
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Deteémine uncertainty to be analyzed and locate
in Table under 'INCREMENTAL COEFFICIENT MULTIPLIER',

Look at column under uncertainty and note the
row(s) where a plus or minus one is located. In the column at
the left of the table under 'AC' find the terms which corre-
spond to the row(s) noted above,

Above terms are to be correlated using the multipliers

(+1) in the table, Careful attention must be given to the
order of the signs on the multipliers (i,e., £1 as opposed to
1), ‘

Example: ACs; to be anaiyzed

ACs¢ correlated with ACY, as follows:

iACA
+ACy, ¢+ ACY, IACA
'ACAf - AC'm IACA

(note signs on terms)
When more than one column appears under the uncertainty
to be analyzed, each column with every combination shown

should be analyzed separately with respect to the other col-
umns,” as in step 3.

bo1.7-4
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HYPERSONIC VISCOUS,
NOTE: Provided for longitudinal aerodynamics only,

Ac”sscouo Fa

o4 =
UvyoraL SECON

AEROQ

Fi * Ic('rms

where, ( ) = (as above)

subscripts: 3eior” = Second-stage uncertainty

FMF = Free-molecylar coefficient

’ Rockwell
International

1 , Kn £ 0,01
10
Fy, =4 sin 90 - ( ) *90 , 0.01 £ Kn £ 10,0
Kn
( 0 , kKn > 10,0
0 . Kn £ 0,01
10
F =4 sin (—-—-) 290 , 0.01 £ Kn £ 10,0
Kn
1 . Kn > 10,0

Kn = Knudsen number,

601.7-5
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Table 4.10.7.¢.1-1
TOTAL VEHICLE UNCERTAINTIES SUMMARY

L-8110-9851S

9-L*1°9

TABLE NUMBER INCREMENTAL COEFFICIENT MULVIPLIER
ac CODE FIRST-STAGE SECOND-STAGE (REQUIRED TD FORM CORRELATED UNCERTAINTY ASSESSMENTS DUE T0)
UNCERTAINTY UNCERTAINTY ACp, ACy, 4Cp ACy, ACqy ACy, ABASE
ACA' DCA 65.0.7.0.4-1 6§.1.7.1.1-2 3 | o o o [¢] o o o o o o
acn, DCN ﬂ o 11 ] 2 i
ACpy, OPM o o t1
ACy, ocy [¢] 1 11 Ea 11
ACq ; DYM o o o o E 3 '
AC‘. ORM ' o H
A(:..‘n‘“:A OCNTA 11 ' ' 0
AC,’.,'ACN DCMTN 1] e | g |
/
af AC,‘,,)ACN DDCMTN +H ¥ ' ' ' '
AC; ocvMy o o Fa | ! 1 g |
fMacy + + + +
a(ac;, 'ACy DDCYMT 1t g | 11" ¥
acp. DCLY E3 ) 11 11 11
lacy
A(AC“ 'ACV oncLyY ' ' 11 1 F1 1
AF“BASE OFAB 8 |.7‘l.l—3 5.|.7A.l.|-3 o o o 1t
AFNBASE DFNB 11
AM,, A?i(.AFA DMAB 11
|
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STRUCTURES, The uncertainties defined in this sub-section pertain

to the first-stage mated elements, wing, elevon, and vertical tail
only, It has been assumed that users will be performing Monte
Carlo/day-of-launch margin assessment analyses only, The following
instructions are, therefore, directed toward this end,

MATED ELEMENTS, Equations defining the use of the uncertainties

as related to the mated elements (Orbiter, External Tank, Left- and
Right-Hand Solid Rocket Boosters) are provided and the uncertainty
values to be used are given in Section 5.1.7.1.2.1,

The forebody force and moment uncertainty levels are obtained in the
following manner:

4
AC()Lvaz:[(AC4); /3.0)(K( ;)]
=1
where, { ) = applicable symbol denoting particular
coefficient being analyzed:
= Normal Force
Axial Force
Pitching Moment
Side Force
Yawing Moment
Rolling Moment

33 X8 »X

i = applicable number denoting particular
element being analysed:
1 = Orbiter Vehicle
2 = External Tank
3 a Left-hand SRB
L = Right-hand SR8

K(,ia Sigma level randomly selected by Monte
Carlo scheme (TO BE PROVIDED BY THE USER).

The forebody first-order transfer terms are obtained in the
following manner:

AC]

e, [o.zsoa(A;M/s.o)(K,,)]

AC,',,,ACN a 2:1[;:..i (ACy; /3.0) (Ky, )]

AC:, lACv

4
2 [xy; (ACy; /3.0) (Ky; )]

AC)
2 IACV

[Z,h (ACY1 /3-0) (KV1 )]

AC = 0,0

.
n IACA

AC;

0.0
Lae

N

bo1.7-7
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The forebody second-order transfer terms are obtained
in the following manner:

4
A(ACH)sc,, = 2 {(aXe; /3.0) (Kp; ) [Cy, +(aCy; /3.0) (Ky; ) 1}
i=1

4
A(ACH)ae, = 20 {(AXy;/3.0)(Kn;) [Cy; *+(ACy;/3.0) (Ky;) 1}

aaCi)ye, =  {(aZay/3.0)(Kz,) [Cy, *+(ACy, /3.0)(Ky, )]}

The base terms are obtained in the following manner:

4q
AF a §““Aba/3‘°_”"_“ba )]

Agase
Bugase = L(8Fn, /3.0) (Kyy )]

AHBASE'A:A [(AF“b1/3.0) (K"b1 )(X,pb)]

AﬂaasglA: “AF"b1/3'°) (K,,b1 NZs,)]

b,1,7-8
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Reference *able S5.1.7.1.2.1-1
FOREBODY NORMAL FORCE COEFFICIENT

C"f, {CNO, CNE, CNS)
subscript: 0 - Orbiter

ET - External Tank
LSR8 - Left-hand SRB
RSRB - Right-hand SRB
UNCERTAINTY
ACy, (DCNO, DCNE, DCNS)
subscript: 0 - Orbiter
ET - External Tank

LSRB - Left-hand SRB
RSRB - Right=hand SRB

FOREBODY AXIAL FORCE COEFFICIENT UNCERTAINTY

ACaf, (DCcAO, DCAE, DCAS)
subscript: 0 - QOrbiter
ET - External Tank
LSRB - Left~hand SRB
RSRB - Right-hand SRB

FOREBODY PITCHING MOMENT COEFFICIENT UNCERTAINTY
Acm,, (DCMO, DCME, DCMS)
subscript: 0 - QOrbiter
ET - External Tank

LSRB - Left-hand SRB
RSRB - Right-hand SRB

h. I 07—9
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Reference Table_5.1.7.l.2.l-2

FOREBODY SIDE FORCE COEFFICIENT

Cy,, (CYO, CYE, CYS)

subscript: 0 - Orbiter
ET - External Tank
LSRB - Left-hand SRB
RSRB - Right~-hand SR8

UNCERTAINTY
ACy, , (DCYa, DCYE, peYs)

subscript: 0 - Orbiter

ET - External Tank

LSR8 - Left-hand SRB
RSRB - Right-hand SRS

FOREBODY YAWING MOMENT COEFFICIENT UNCERTAINTY

ACny, {DCYMO, DCYME, DCYMS)
subscript: O - Orbiter
ET - External Tank
LSRB - Left-hand SRB
RSRB - Right-hand SRB

FOREBODY ROLLING MOMENT COEFF!CIENT UNCERTAINTY

ACgf, (ocLo, DCLE, DCLS)
subscript: 0 - Qrbiter

ET - External Tank

LSRB - Left-hand SRB

RSRB - Right-hand SRB
h,1,7-10

Rockwell
International
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Reference Table 5.,1,7.1.2.1-3
LONGITUD I NAL AERODYNAMIC CENTER-PITCH

Xp, (XPO, XPE, XPS)

subscript: 0 - - Orbiter
ET - ExternalTank
LSRB - Left-hand SRB
RSRB - Right-hand SRB

UNCERTAINTY
AXp, (DXPO, DXPE, DXPS)

subscript: O - Orbiter

ET - ExternalTank

LSRB - Left-hand SRB
RSRB - Right-hand SRS

LATERAL-DIRECTIONAL AERODYNAMIC CENTER

YAW ‘
Xy, (XYO, XYE, XYS)
subscript: 0 - Orbiter
ET - ExternalTank
LSRB - Left-hand SRB
RSRB - Right—-hand SRS
UNCERTAINTY
AXy, (DXYO, DXYE, BXYS)
subscript: 0 - Orbiter
ET - ExternalTank

LSRB - Left-hand SRB
RSRB - Right-hand SRS

ROLL
ZR, (ZRO)
subscript:s- 0 - Orbiter
ET - External Tank
LSR8 - Left-hand SRB
RSRB - Right-hand SRS
UNCERTAINTY

AZs, (DZRO)
subscript: 0 - Orbiter

ET - External Tank

LSRB - Left-hand SRB

RSRB - Right~-hand SR8
ho1,7-1
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Reference Table 5.1.7.1.1-3

POWER-ON BASE
NORMAL FORCE COEFFICIENT UNCERTAINTY

ACy, = AFy, /S

AFy, , (DFNB)
subscript: O - Orbiter

ET - External Tank
LSRB - Left-hand SRB
RSRB - Right-hand SRB

AXIAL FORCE COEFFICIENT UNCERTAINTY
aC,, = 4F, /3S

AF, , (DFABO, DFABE, DFABS)
subscript: O - Orbiter
ET -~ External Tank
LSRB -~ Left-hand SRB
RSRB - Right-hand SRB

a = freestream dynamic pressure

S = reference area 2690.0 ft2

Xp, = 1296.3 inches

Zpb a 336.5 inches
bo1.7-12
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b,1.7.1.2.2 WING UNCERTAINTIES, The basic wing shear, bending, and torsion

uncertaidtigs are presented herein, The data are to be used primari-
ly for structural margin assessment analyses.

The wing panel load coefficient uncertainties are based on a refer-
ence area of 2690 ft2 and a reference length of 936,68 inches in
bending and 474.8 inches in torsion, The moment reference center is
located at (X51308, Y,105, Z,288), The following information is pre-
sented in Table 5.1.7.1.2.2-1,

SHEAR COEFFICIENT UNCERTAINTY
Acswmc' (oCswW)

BENDING COEFFICIENT UNCERTAINTY

ACgyngs (DCBW)

TORSION COEFFICIENT UNCERTAINTY

AcTwunG' (0cTW)

LATERAL-DIRECTIONAL AERODYNAMIC CENTER-BENDING
a.c.g, (ACB)
UNCERTAINTY

da.c.g, (DACB)

LONGITUDINAL AERODYNAMIC CENTER- TORSION
a.c.y, [(ACT)

UNCERTAINTY

Aa.c.y, (DACT)

NOTE: For Mach numbers greater than 6.0 use the uncertainties given
at 6.0. :

bo1,7-13
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b,1.7.1.2.3 ELEVON UNCERTAINTIES. The basic elevon hinge moment uncertainties

are given for the inboard and outboard elevons, The data are to be
used for trajectory shaping studies and structural margin assessment
analyses,

The elevon control hinge moment coefficient uncertainties are based
on theoretical referencea dimensions, The reference area is 210 ft2
and the reference length (mean aerodynamic chord) is 90,7 inches, The
following information is presented in Table 5,1,7.1.2.2~1,

ACy, , (DCHE1)

' = Rigid-body, inboard elevon
hinge moment coefficient
uncertainty about the eleven
hinge line

Ache, {DCHEO)

o = Rigid—-body, outboard elevon
hinge moment coefficient
uncertainty about the elevon
hinge line

NOTE: For Mach numbers greater than 6.0 use the uncertainties
given at 6.0,

L1.7-14
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b,1.7.1.2.6 VERTICAL UNCERTAINTIES. The basic vertical six component force
and moment uncertainties are presented herein, The data are to be
used primarily for structural margin assessment analyses,
The vertical tail panel load uncertainties are presented in coeffi-
cient form for normal force, axial force, pitching moment, root
shear, bending, and torsion. The data are based on a reference area
of 413,25 ft2 and a reference length of 199.80 inches. The Moment
Reference Center is located at (Xg 141k.3, Yo 0, Z, 503). The fol-
lowing information is presented in Tablie 5,1.7.1.2.4~1,
AX1AL FORCE COEFFICIENT UNCERTAINTY
ACveRt yia ¢ (Bcav)
SHEAR COEFFICIENT
CVERTSHEAno (csv)
SHEAR COEFFICIENT UNCERTAINTY
ACVERTSHEAR ' (DCSV)
NORMAL FORCE COEFFICIENT UNCERTAINTY
ACveRT yoamaL ¢ (Dcav)
BENDING COEFFIC!ENT UNCERTAINTY
ACVeRT genoing ¢+ (DCBV)
PITCHING COEFFICIENT UNCERTAINTY
ACVERTFITGHQNG ,» (Dcav)
TORSION COEFFICIENT UNCERTAINTY

(ocTv)

ACVERT TORSION '

LATERAL-DIRECTIONAL AERODYNAMIC CENTER
BENDING

a.c.g, (Acav)

UNCERTAINTY

Aa.c.g, (DACBV)

bo1.7-15
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LONGITUDI NAL AERODYNAMIC CENTER
TORSION

a.c.r, (ACTV)

UNCERTAIN.TY .

Aa.c.p, (DACTV)

NOTE: For Mach numbers greater than 6.0 use the uncertainties
given at 6.0,

b,1,7-16
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SEPARATION, Statistical principles have also been applied in defining
separation tolerances about a mean. However, variations (as a result
of the complexity of the model(s) used for separation testing) are
not statistically distributed about a mean but either exist or do not
exist when applied to the uncertainty avaluation,

For separation, tolerances represent the uncertainty associated with
the ability of the test apparatus to achieve the exact programmed
conditions {model position - attitude, jet plume pressure, etc.) as
well as the inability to achieve an exact steady state measurement of
the forces and moments on the test model, Variations, on the other
hand, represent the uncertainty associated with differences between
model and flight configurations and flow field simulation parameters.
The assessment of separation uncertainties is considerably more com—
plex than that for the launch configuration, The total uncertainty
(i.e., combined tolerance and variation) is to be used in conducting
flight simulation studies,

¥ind tunnel data were used to define separation uncertainties because
of the inaccuracies associated with flight measurements at the low
flight dynamic pressure and the presence of booster separation motor
(8SM) and SRB plume effects experienced during separation, Flight
measurements data are not available for the external tank during RTLS
abort separation,

!

Separation uncertainties are defined for:
4,1,7.2.1 SOL!D ROCKET BQOSTERS (SRB)
L,1,7.2.2 RETURN=-TO-LAUNCH=SITE (RTLS) INTACT ABORT

L,1.7.2.3 TRANS-ATLANTIC ABORT LANDING (TAL) iINTACT ABORT

h.]‘7.2.- ]
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Space Transportation ’ Rockwell
Systems Division Internationali

SOLID ROCKET BOOSTER (SRB). Uncertainties to be used with the SR8
separation aerodynamic data base presented in Section 4,1.2 are
defined herein, These uncertainties are based on: (1) a data
interpolation error; (2) an SRB configuration asymmetry error; and
(3) a BSK plume simulation error, The values furnished represent
total uncertainties (i.e., combined tolerance-variation effect) and
are applicable to the SRB separation total aerodynamic coeffi-
cients, Uncertainties are provided for both the SRB's and the
Orpiter-plus-External Tank (0ET) configurations for two conditions
: 1) Booster Separation Motor (BSR) plume-on; and 2) BSM plume-off,
The same plume -on uncertainties are to be used for all plume
momentum ratios, The proposed uncertainties for each aerodynamic
coefficients are applicable to any combination of separation atti-
tude and vehicle-to-vehicle relative attitude and position (i.e,,
e, B, Aa, A8, Ax, Ay, and A2). The uncertainty for a particular
force or moment during SRB separation is calculated from the coef-
ficient uncertainty, AC() , as follows:

TOTAL
AERQ

al ) = gsac
TQOTAL ( ) TOTAL
AGRQ AERO

(N) = Normal Force
(Y) = Side Force

a() 3 ESLBAC()
g e

)
7))
@

Pitching Moment
Yawing Moment
Rolling Moment

Axial force is not utilized in SRB separation dynamic studies,
Uncertainties are presented for the pre-separation phase
(first-stage vehicles) and the separation phase (OET and SRB's in
proximity),

b,1,7.2,1 =1
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PRE-SEPARATION

First stage (SSME power-on) uncertainties, defined in section
Lo1,7.1, Will be used for the SSME power-off SRB pre-separation
maneuver with the exception of base force and moment terms which
will be neglected, The pre-separation flight conditions are identi~-
cal with those at the end of first stage boost., These uncertainties
are presented as a function of Mach number and angle-of-attack
{longitudinal) or sideslip angle (lateral-directional), The last
uncertainty value shown should be used for angle-of-attack or
sideslip values exceeding * 8 degrees,

SEPARATION (PROXIMITY)

Uncertainties for the proximity phase of SRB separation are defined
for the total aerodynamic coefficients as follows:

AC . s Total uncertainty on force or moment
ToTAaL " coefficient for OET in the presence of
both SRB's for BSM plume-on and - off
OET operation,

Subscript: (N)
o )
() - (Table 5.1,7.2.1=1)
0 ‘ :
1K)
AC = Total uncertainty on force or moment
()TOTAt coefficient for left or right SRB in
AEROQ presence of OET and other SRB for BSM

SR8 plume~on and plume-off,

Subscript: (N)
77y
{Y) ' (Table 5,1.7.2.1-2)
73]

bor.7.2.1 -2
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Axial force is not defined for either vehicle during the SRB sepa-
ration maneuver; and rolling moment for the SRB is zero as a result
of configuration symmetry,

POST-SEPARATION (1SOLATED VEHICLE)

The uncertainties for the Orbiter-plus-Ténk (OET) and SRB's in free
air following completion of SRB separation are defined in Section
“0107.1' :

J0911:7021:1 - 3
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Space Transportation ’ Rockwell
Systems Division International

RETURN=-TO-LAUNCH=~SITE (RTLS) INTACT ABORT. Uncertainties to be used
with the RTLS abort separation aerodynamics presented in Section
4,1,5.1 are provided herein for use in conducting RTLS abort sepa-
ration trajectory studies, The uncertainties are comprised of tol-
erances and variations which are combined in RSS fashion to give a
total aerodynamic uncertainty for application to the data base,
Tolerances consist of wind tunne! and plume scaling measurement
errors; whereas, variations deal with experimental-to-flight scal-
ing errors, These uncertainties. were derived for normal separation
at Mach 6.0 and a dynamic pressure of = 8,0 psf, They are, howev-
er, equally applicable to off-nominal separation conditions over
the range of 5 to 10 psf, The uncertainties are applicablie to any
combination of separation attitude and position (i.e., ¢, 8, Aa,
A8, Ax, AY, AZ), The uncertainty for a particular force or moment
during RTLS separation is calculated from the coefficient uncer-

tainty, AC , as follows:
TSTalL
AERQ
a( ) a ESA»c( :
2 S

{N) = Normal Forcs
~ (A) = Axial Force
(Y) = Side Force

a( ) = gSL_aAC
TQTAL 8 ()
AERO TQTAL

AERQ

= Pitching Moment
Yawing Moment
s Rolling Moment

§5%

L01197924.2 -]

STS85-0118-2



Space Transportation ‘ Rockwell
Systems Division International

PRE-SEPARATION (TURN-AROUND MANEUVER)

Uncertainties for the pre~-separation turn—around maneuver prior to
RTLS abort separation are the same as second stage launch vehicle
uncertainties defined in Section 4,1,7.1., These uncertainties are
presented as 3 function of Mach number and angle-of-attack (longi-
tudinal) or sideslip angle (lateral-directional) The last uncerta-
intiy value shown should be used for ang)e-of-attack or sideslip
values exceeding * 8 degrees,

PRE-SEPARATION (MATED COAST)

Uncertainties for the mated coast maneuver prior to RTLS abort sep-
aration are defined for the total aerodynamic coefficient as fol-
lows:

AC = Total uncertainty force or moment
rorac coefficient for the Orbiter—=plus-tank

AERO oer (OET) for RCS-on and off operation

Subscript: (N)
(A)
(#)
(v) (Table 5.1,7.2.2~1)
(v)
7]

The values provided in Table 5.1,.7.2.2-1 are to be used for all
combinations of angle-of-attack and sideslip and dynamic pressure
between 5 and 10 psf,

SEPARATION (PROXIMITY)

Uncertainties for the proximity phase of RTLS abort separation are
defined for the total aerodynamic coefficient as follows:

b.1.7.2.2 -~ 2
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AC s Total uncertainty on force or moment
()TOTAL coefficient for the QOrbiter

AERo during separation,
ORS

Subscript: (N)

(a)

0 :

(v) (Table 5,1,7.2.2-2)
22

@

AC s Total uncertainty on force or moment
Ororac coefficient for the ET during
aero separation, ’
€T

Subseript: (N)
(A)
(#79] :
(y) (Tabte 5.1.7.2.2-3)
73]
(A

POST~SEPARATION (ISOLATED VEHICLE)

Uncertainties for the Post-separation isolated Orbiter are pre-
sented in Volume 3, Post-separation isolated ET uncertainties are
found in Section 4,1.7,1,

k0]-7.2.2 nd 3
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Space Transportation ’ Rockwell
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TRANSATLANTIC ABORT LANDING (TAL) INTACT ABORT., \Uncertainties to
be used with the TAL abort separation aerodynamics data base pre-
sented in Section 4,1,5,2, are defined herein, These uncertainties
are based on: (1) tolerances consisting of wind tunnel measurement
errors; and (2) empirical error factors related to plume modeling
accuracy which are presented as percentages of the piume inpinge-
ment force or moment, These uncertainties were derived for nominal
separation at Mach 25 and dynamic pressure less than 1,0 psf, The
uncertainties are applicable to any combination of separation atti-=
tude and position (i.e., e, B, Aa, A8, Ax, Ay, Az).

PRE-SEPARAT!ION (MATED COAST)

Uncertainties for the mated vehicle maneuver prior to TAL abort
separation are defined for the total aerodynamic force or moment as
follows:

—J
——r
(Y]
SNS—”
Np-

2
AF = ({A q ‘
NroTaL ([ cNoqus } * {KN [FN - Fu

AERQ IMP

OET (FWO JETS) {AFT JETS)
1
' 2 2,2
Af = {Ac q .
Aroral Acer S g+ Ka [FA|Mp + FAlMP 1
agro | . [FWO JETS)  (afT ;z7s)
2 ' 1
gy (Pl e Y
ToT mp T M
.\csgBL Moer 8 m[ (Fwo Jevs) MP(AFT ;E’s)]
CeT
1
- 2 2\2
AF = {Ac as }+{K : }
peies Yoer V[vaw T R ]
CET (FWD JETS) (aFfT ETS)
1
’ 2\2
M = ({Ac ds }2, (6.0 . -
ToTaL n Ve T, ]
agmRo oET OFT LB n (Fwo JETS)IMP(AF"' JETS)

1

Ve - - 2 ’ 2\2
M-ron.. = ({AC QSLG} + {KE [-T mp T -TMP(A;T szs)]} >

[
(FWO JeTS)

ho‘o70203 - I
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where:

AC

( )OET

Subscript:

K
)

Subscript:

(N)

(A)
774}
(Y)
(£
7]

(N)
(a)
(40
(v)
W)

MY

Space Transportation

Systems Division

o\

Rockwell
International

= QET force or moment coefficient tolerance
based on RSS of isolated Orbiter and ET

tolerances

(Table 5.1.7.2.3=1)

= !mpingement uncertainty based on fraction
of impingement force or moment,

Plume impingement force

or moment on ET due to
forward downfiring RCS
jets (Note: No impingement

on Orbiter,)

b,1,7.2.3 -2

(Table 5,1,7.2.3-2)

Fu (Table 5,1.5,2,1.1=1)

MP
(FWO JETS)

£ (Table 5,1.5.2.1,2-1)

Amp
(FWD JETS)

W \me
{(Fwo JeTs)

(Table 5,1.5,2.1.3-1)

3 (Table 5,1.5,2.2.1=1)

Yime
(FWQ JETS)

g e

(FWo JETS)

:funp

(FWO JeTs)

(Table 5,1,5,2.2.2~1)

(Table 5,1.5.2.2.3-1)
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Plume impingement force
or moment on QOrbiter due
to aft downfiring RCS jets
(Note: No impingement ’

on ET).

bo1.7.2,3 -3

F

Mime
(aFT JET)

(3
Arme
(aFT JET)

M g

(AFT JET)

Fv
!

A8 nr e

Vg

IMP
(AFT JET)

o\

MP(AFT JET) -

Rockwell .

International

(See

{See

(See

(See

(See

(See

Voliume

Volume

Vo iume

Voiume

Volume

Volume

3)

3)

3)

3)

3)

3)
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SEPARATION (PROXIMITY)

Rockwell
International

o\

Uncertainties for the proximity phase of TAL abort separation are
defined for the total! aerodynamic force or moment as follows:

1
_ 12 2\ 7
AFn,opad ({:cu qs] + [KNFNM’ ]
A‘é:cL ona (AFT JETS)
oR8
1
2 2\ 2
AF""rom s {AC" qs} + [KNFN,M, } >
48R0 1+ et (FWD JETS)
1
2 12\ 7
AFa orac = ([AC‘ Qs } *+ [KAF‘HMP j )
€22 |ore oRs AFT JETS)
1
- 2 2\ 2
AFarora] = [ACA as } + [KAFAIM' ]
AEAC er [FWD JETS)
1
- 2 2\2
Akl .. :([gcm qng} + [Kmyﬂmp }
A2 lors oR8 (AFT JETS®
2 1
- N ~ 2 2
sl =<{Acm astef -+ {Kmu7m’ | )
83 fer e (FWO JETS-
1
- 2 2\ 7
AFviorag ° {Ac' °S] + [KVFV,M, } )
AERO | ons oRs (AFT JETS)

= ( {acy

- 2
QS} +

ET

AFvrorar
agRo

bo1,7.2.3 - 4

1
2\ 2

[ Ky Fy ime }
(FWO JETS? 4
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A ITC?AL
AERD

where,

- AC
oRre

Subscripts

AC
ET

Subscript:

RC

T=({.\,c2

(N)
(A)
W)
(v)
(A
@

(N)
(A)

(v)
(4

= (fs

Space Transportation
Systems Division

- 2
qSLg} R {K,,./r

‘ Rockwell
international

w T

eT (FWO JETS:
1
- 2 - 2\ 2
QSLg} + {Kl jIMP }
oRB {AFT JETS)
1
- 2 2 2
qSI.g} + {KZ Z e }
er FWD JETS.

= Orbiter force of moment coefficient
tolerance base on RSS of isolated Orbiter

tolerances,

!
J

(Table 5.1.7.2,3~3)

ET force or moment coefficient tolerance
based on RSS of isolated ET tolerances,

b,1,7.2.3 -5

(Table §.1.7.2.3~b)
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= |Impingement uncertainties based on fraction
) of impingement force or moment,

Subscript: (N)
(a)

(v)
(A
)

Plume impingement force
or moment on Qrbiter due
to aft downfiring RCS jets
(Note: No impingement on

ET),

(Table 5.1.7.2.3-2)

£

’(AFT JET)

[
A
'M'(AFT JET)

M,

P
(arT JET)

Fv
’“’(AFT JET)

A IMP 2kr LeT)

jnmv
(AFT JET)

L,1,7.2.3 - 6

(See

(See

(See

(See

(See

(See

Volume

Volume

Vo lume

Volume

Volume

Voiume

3)

3)

3)

3)

3)

3)
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Plume impingement force or Fu (Table 5.1,5,2,1,1=1)
moment on ET due to forward W0 GETS)

downfiring RCS jets (Note: No

impi ngement on Orbiter,)

F (Table 5.1.5.2.1,2=1)
11 4
[FWO JETS)

# ap (Table 5.1,5.2.1.3~1)

(ewo ,evTs)

F, (Table 5.1.5.2.2.1-1)
P
{FWO JETS)

¥ e (Table 5.1.,5.2.2.2-1)

(FWO JETS)

2 \mp (Table 5,1.5,2,2.3=1)

(EWO JeTS)

POST-SEPARATION (ISOLATED VEHICLE)

Uncertainties for the post-separation isolated Orbiter are presented in Volume
3 Post~Separation isolated ET uncertainties are found in Section L,1.7.1,

b,1,7.2.3 -7
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STRUCTURAL ANALYSIS DATA, Equations for use with the structural

analysis data are given for the various elements and components, These
equations relate directly to the aerodynamic data presented in Voiume 2;
e.d., equations for the longitudinal aerodynamics (Volume 1,Section
L,1.8.1) make use of the data given under longitudinal aerodynamics (Vol-

ume 2, Section 5.1.8.1), etc.

These equations apply to the first-stage only and are intended to provide

Structural Engineering with element and component aerodyna- mic force and

moment coefficients for the launch configuration. Attach structure incre-
ments are distributed to the elements in the following manner:

Orbiter/ET A1) on ET, except forward
bipod X-load; one~half on
the Orbiter; one-half on the ET.

RH SRB/ET One-half on
One=half on

LH SRB/ET One=half on
One=half on

the RHSRB;
the ET,

the LHSRB;
the ET.

See Section 3,0 for element and attach structure geometry,

b,o1.8-1

§7TS85-0118-1
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L,1.8,1 LONGITUDINAL AERODYNAMICS, The first-stage mated vehicle aerodynamic
forces and moment for the longitudinal degrees-of-freedom are pre-
sented for various Mach numbers from 0,60 to 2,50, inboard/outboard
elevon deflections, and various angles of  attack and sideslip for
the total vehicle and its elements, The element data (Orbiter,
External Tank, Solid Rocket Boosters) are "in the presence of" one
another. Data are based on the Launch Vehicle baseline configuration
{cf. Figure 3.1,1-6), Aerodynamic forces and moment are given in the
body-axis system about a Moment Reference Center located as shown in
the sketch for the TOTAL LAUNCH VEHICLE and for the ELEMENTS (Orbi-
ter, RHSRB, LHSRB, and ET).

ﬁ

r

\—

ﬂ

CONFIGURATION
FIRST=STAGE

| I W | S
é—.r S o %a  udiiteo statds
Hun e
] 1 1 | HIRRIAN g
i 1 i 1 ] TSR IR
o | -/
MOMENT X1976
REFERENCE Y ©
CENTER Z2; 400

REFERENCE DIMENSIONS:
WING AREA,Syw 2690 ft2

-

BODY LENGTH,Ly 1290.3.in JJ

Bata are provided for.nine elevon settings and are presented in
order of increasing Mach number,

MACH RANGE Degrees | 3e,/Seq

Ne. a B Degrees

Q.89 -8 to +8 |{-8 to +8 +8/+5 |+8/+9 |+8/+11 |+10/+5 |+10/+9 |+10/+11 [+12/+8 [+12/+9 }|+12/+11
0.80 -3 to +68 |-6 to +8 +8/+5 |+8/+9 |+8/+11 |+10/+5 |+10/+9 |+10/+11 |+12/+8 |+12/+9 !+12/+11
9.%0 -8 t0 +4 | -8 to +6 +8/+5 |+8/+9 [+8/+11 |+10/+5 |+10/+9 |+10/+11 |+12/+8 [+12/+5 |+12/+ 11
1.08 -8 to +4 |-G to +8 +8/+5 |+8/+9 |+8/+1%1 [+10/+5 |+10/+9 }|+10/+11 |+12/+8 | +32/+9 |+9:2/+11
1.10 -8 to +4 {-68 to +8 +8/+5 |+6/+9 |+8/+11 |+10/+5 [|+10/+9 |+10/+11 [+12/+8 (+12/+8 }-12/+11
1.18 -8 to +4 | -8 to +8 +8/~2 |+8/+3 {+8&/+ 9 |+10/-2 [ +10/+5 [+10/+ 9 |+12/~2 |+12/+8 j+12/+ 2
1.28 -8 to +4 | -8 to +8 +8/~2 |+8/+5 |+8/+ 9 |+10/-2 |+10/+5 |+10/+ 9 |+12/~2 |+12/+5 |+12/+ §
1.40 -8 to +4 | -8 to +6 +8/-7 |+8/~-2 |+8/+ 8 |+10/~7 |+10/-2 |+10/+ S |+12/~7 |+12/-2 |+12/+ 5§
1.88 -8 to +4 |-8 to +8 +8/-7 1+8/-2 |+8/+ 8 [+10/-7 {+10/-2 |+10/+ S {+12/~7 [+12/-2 |+12/+ §
1.80 -8 to +68 |-68 to +6 +4/-7 |+4/-5 [+4/~ 2 [+10/~7 (+10/-5 [+1Q/~ 2 [+12/~T |[+12/-5 {+12/- 2
2.20 -8 to +8 | -6 to +6 /-7 /=5 | Q0/- 2 |+ 4/=-7 |+ 4/~5 |+ &4/= 2 |+10/~7 [+12/-5 [+10/~ 2
2.50 -8 to. +6 | -6 to +86 /-7 /-2 Q/+ 2 |+ 4/=7 |+ 4/-2 |+ 4/+ 2 [+10/~7 [+10/-2 |+10/+ 2

4.1,8,1=)

§T883-011l8-t
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The first-stage basic aerodynamic coefficient data are described._in the foi-
lowing manner:

where;

c
)eoresooY

subseript: (N)

subscript:

subscript:

*

Ctironeaooy = “lromesooy T ¢! leiume * A€ larrach T 3¢ ex
= Full~scale, rigid bedy, proximity forebody force
or moment coefficient (including plume effects and
attach structure effects) for each element at the
noted elevon settings (9 per Mach number).
MACH TABLE
0.60 "~ 5.1.8.1.1- 1 through 9
0.80 5.1.8.1.1= 10 through - 18
0.90 5.1.8.1.,1=- 19 through - 27
1.05 5.1.8,1.1- 28 through - 36
1.10 5.1.8,1.1- 37 through -~ L5
1.15 5.1.8.1.1- 46 through - 54
1.25 5.1.8.1.1- 55 through - 63
1,40 5.1.8.1.1- 64 through - 72
1.55 5.1.8.1.1=- 73 through - 81
1,80 5.1.8.1.1- 82 through - 90
2,20 5.1.8.1.1- 91 through~ 99
2.50 5.1.8.1.1-100 through -108
MACH TABLE
(A) 0.60 5.1.8.1.2= 1 through 9
0.80 5.1.8.1,2- 10 through - 18
0.90 5.1.8.1.2- 19 through - 27
1.05 5.1.8.1.2- 28 through - 36
1.10 5.1.8.1.2= 37 through - 45
1.15 5.1.8.1.2- 46 through - 54
1.25 5.1.8.1.2= 55 through - 63
1.40 5.1.8.1.2= 64 through - 72
1.55 5.1.8,1.2= 73 through - 81
1.80 5.1.8.1.2- 82 through - 90
2.20 5.1.8.1.2= 91 through~ 99
2.50 5.1.8.1.2-100 through -108
MACH TABLE
(m) 0.60 5.1.8.1.3= 1 through 9
0.80 5.1.8.1.3~ 10 through 18
0.90 5.1.8.1.3= 19 through - 27
1005 50]48.‘.3' 28 through 36
1,10 5.1.8.1,3~ 37 through - 45
1.15 5.1.8,1.3= 46 through - 54
1,25 5.1.8.1.3- 55 through - 63
1.40 5.1.8.1.3- 64 through - 72
1,55 5.1.8.1.3- 73 through - 81
1.80 5.1.8.1.3- 82 through - 90
2,20 5.1.8.1.3- 91 through- 939
2,50 5.1.8,1,3-100 through -108

* Not included in tabulated totals,

L,o1.8,1-2

5TS83-0118-1
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= Full-scale, rigid body, proximity forebody force

Rockwell
International

or moment coefficient exclusive of plume and attach

structure increments,

subscript: (N)
(a)
(m)

HloLume

(
(
(

MACH

NOT GIVEN

NOT GIVEN

NOT GIVEN

due to the effect of jet plumes,

subscript: (N)
(a)
(m)

tarracH

(
(
(

MACH

NOT GIVEN

NOT GIVEN

NOT GIVEN

TABLE

TABLE

due to the effect of ET and SRB attach

structure,

. subscript: (N)

subscript: (A)

MACH
0.60
0.80
0.90
1,05
1.10
1.15
1.25
1.40
1.55
1.80
2.20
2.50

MACH
0.60
0.80
0.90
1.05
1.10
1.15
1.25
1,40
1.55
1.80
2,20
2,50

ho]-sol-S

LRV RV RV RGEURU RV, RV, RV R RY, |

(URGRURL RV R R RV, R RV RV, RV, )

TABLE
.1.8.1.1=-109
.1.8.1.1=110
Jd.8.1.1=-111
Jd.8.1,1-112
o1.8.1,1-113
0181, 1=11k
J1.8.1.1=-115
.1.8.1.1-116
J1.8.1.1=-117
J1.8.1,1-118
Jd.8.1.1-119
L1.8.1,.1=-120

TABLE
01.8.]-2-109
.1.8.1.2-110
d.8.1.2-111
.1.8.1.2=112
.1.8.1.,2-113
‘1.80].2-1]10
.1.8.1.2=115
L1.8,1,2-116
J1.8.1,.2-117
01.80102-] ‘8
.1.8.1.2-119
.1.8.1.2-120

)
)
)

= Incremental forebody force or moment coefficient

= Incremental forebody force or moment coefficient

§TS83-0118-1



subscript:

8C (e ex

supscript:

NOTE:
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MACH TABLE
(m) 0.60 5.,1.8.1.3-109
0.80 5.1.8.1.3-110
0.90 5.1.8.1.3-111
1,05 5.1.8.1,3=112
1.10 5.1.8.1.3-113
1,15 5.1,8.1.3-114
1025 ° 5r1'8.]o3-]]5
1,40 5,1.8.1.3=-116
1.55 5.1,8.1,3-117
1.80 5,1.8,1,3-118
2.20 5.1.8.1.3-119
2.50 5.1.8.1.3-120

a Change in force or moment coefficient due to
aeroeiastic deformation,

(N) (Figure 5.1,8,1,1=1)

(a) (Figure 5,1,8,1,2=1)

(m) (Figure 5.1.8,1.3-1)

Not available for ET or SR8,

The total aerodynamic force or moment coefficient for the first-stage is:

c"TOTAL

where;

c“FOREEODv

c
tlgase

subscript:
subscript:

subscripts

c 4 AC
‘‘eoresooy - Usase

= Defined above,

= Power-on base force or moment
coefficient (including effects
of SSME and SRM plumes).

(See Section &,1,1.1)
(N) TO BE APPLIED TQ ORBITER ELEMENT ONLY.
(a)
(m)

TO BE APPLIED TO ORBITER, ET AND SRB ELEMENTS,

TO BE APPLIED TO ORBITER ELEMENT ONLY,

h,1.8.1=4
§TS8S-0118-1
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b,1,8.2 LATERAL-DIRECTIONAL AERODYNAMICS. The first-stage mated vehicle
aerodynamic forces and moment for the longitudinal degrees-of-freedom are
presented for various Mach numbers from 0.60 to 2.50, inboard/outboard

eievon deflections, and various angles of attack and sidesiip for the

total vehicle and its elements, The element data (Orbiter, External Tank,

Solid Rocket Boosters) are "in the presence of" one another, Data are

based on the Launch Vehicle baseline configuration (cf. Figure 3.1.1-6).
Aerodynamic forces and moment are given in the body~-axis system about a
Moment Reference Center located as shown in the sketch for the TOTAL
LAUNCH VEHICLE and for the ELEMENTS (Orbiter, RHSRB, LHSRB, and ET).

(

.

=)

CONFIGURATION
FIRST=STAGE

TN OO N D A | -

= “a = _urlies Stales TR

T m;%
{130 L

REFERENCE DIMENSIONS:

MOMENT X976
REFERENCE Y O
CENTER Z, 400

WING AREA,Sy 2690 ft2
BODY LENGTH,Lg 1290.3 in )

=

_/

ﬁata are provided for nine

elevon

settings and are presented in order of
increasing Mach number,

MACH '! RANGZ Degress f{ Se./seo

No. r7 a B | Cegreas
i <
- -8 to +8 [|+8/+5 |+8/+5 [+8/+11 |+10/+5 | +1Q/+3 [+10/+11 [+12/+8 |+12/+9 g~12/~3‘.
g:g -: E.: :g -6 to +8 +8/+5 |+8/+9 |+&€/+11 [+10/+5 [+1Q/+9 [+10/+11 [+12/+5 [+12/+9 [+12/+14"
0.90 ||-8 to +¢ |-8 to +8 ||+6/+5 |+8/+9 |+87+11 [+10/+8 |+10/+8 |+10/+11 [+12/+5 |+12/4¢ «12/% 18
1.08 ||-8 to +& |-6 to +8 |[+8/+5 |+8/+8 |+8/+11 |+10/+8 |+10/+8 |+10/+11 |+12/+8 |+12/+9 l+12/+11
1'10 -8 to +4 |-§ to +6 +8/+8 [+8/+8 [+8/+11 |+10/+8 |+10/+8 (+10/+11 |+12/+48 |+32/+9 !+12/+11
1'15 -8 to +4 [-5 to +6 +8/-2 |+8/+8 |+8/+ 8 +10/-2 |+10/+5 +10/+ 9 |+12/-2 |[+12/+E {+12/+ ¢
1‘25 -8 to +4 |-G to +6 +8/-2 |+8/+5 |+8/+ § [+10/-2 [+1Q/+58 |+10/+ 3 [+12/-2 | +12/+8 (+12/+ 2
1.40 -8 to +4 |-G %o +G +8/-7 {+8/-2 |+8/+ 8 |+10/-7 [+10/-2 |+10/+ 5§ |+12/=T 1+12/~2 '+12/+ s
1.85 ||-8 to +4 |-6 to +6 ||+8/-7 [+8/-2 |+8/+ 5 [+10/-7 |+10/-2 |+10/+ § |+12/-7 +12/-2 127+ 3
1.80 [[-6 to +6 |-6 to +6 ||+4/-7 |+4/-8 |+a/- 2 [+10/-7 |e10/-5 |+19/- 2 [+12/-7 |+12/-8 |12/~ 2
2.20 -8 to +6 |-8 to +8 /-7 o/-58 /- 2 |+ &/=7 |+ &/-5 |+ &/- 2 |+10/-7 |+10/-8 |+10/- 2
2.50 [|-6 to +& |-6 to +6 || 9/-7 | 0/-2 | O/+ 2 [+ &/-7 {+ 4/-2 |+ 4/+ 2 |+10/-7 [+107-2 |+10/+ 2

L,1,8,.2-1

§TS83-0118-1
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The first-stage basic aerodynamic coefficient data are described in the foil-

lowing manner:

Ciy

where;

FOREBdDV

+ AC‘
FOREBODY

+ AC
YoLume o

+ ACY,

ATTACH

Cy = Full-scale, rigid body, proximity forebody force

FOREBQDY

subscript: (

subscript:

subscript:

or moment coefficient (including plume effects and

attach structure effects) for each element at the
noted elevon settings (9 per Mach number),

Y)

(n)

(£)

MACH
0.60
0.80
0.90
1.05
1.10
1.15
1.25
1.40
1.55
1.80
2,20
2.50

MACH
0.60
0.80
0.90
1,05
1.10
1,15
1.25
1.40
1.55
1.80
2.20
2.50

MACH
0.60
0.80
0.90
1.05
1.10
1,15
1.25
1.40
1.55
1.80
2,20
2.50

* Not included in tabulated totals,

Lh,1,8,2-2

FLEX

- TABLE
5.1.8,2.1= 1 through - 9
5.1.8.2,1- 10 through - 18
5.1.8.2.1- 19 through - 27
5.1.8.2,1- 28 through - 36
5.1,8,2.1- 37 through - 45
5.1,8.2.1- 46 through - Sk
5.1.8.2,1- 55 through - 63
5.1.8.2.1- 64 through - 72
5.1.8.,2.1- 73 through - 81
5.1.8.2.1- 82 through - 90
5.1.8.2.1- 91 through- 99
5.1.8.2.1-100 through -108

TABLE
5.1.8.2.2- 1 through - 9
5.1.8.2,2- 10 through - 18
5.1.8.2.2- 13 through - 27
5.1.8.2.2- 28 through - 36
5.1.8,2.2- 37 through - 45
5.1.8.2.2- 46 through - 54
5.1.8.2.2- 55 through - 63
5.1.8.2,2- 64 through - 72
5.1.8.2.2- 73 through - 81
5.1.8.2.2- 82 through - 90
5.1.8.2,.2- 91 through- 99
5.1.8.2.2-100 through -108

TABLE
5,1.8.2.3- 1 through - 9
5.,1.8.2.3- 10 through - 18
5.1.8.2.3= 19 through - 27
5.1.8.2.3~ 28 through - 36
5.1.8.2.3- 37 through - 45
5.1.8.2.3- 46 through - 5i
5.1.8.2,3- 55 through - 63
5.1.,8.2.3- 64 through - 72
5.1.8.2.3~ 73 through - 81
5.1.8,2,3- 82 through - 90
5.1.8.2.3= 91 through- 99
5.1.8.2,3-100 through -108

STS85-0118-1
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Ciy = Fyll-scale, rigid body, proximity forebody force
FOREBOOY

structure increments.

or moment coefficient exciusive of plume and attach

. MACH TABLE
subscript: (Y) { NOT GIVEN )
(n) ( NOT GIVEN )
(£ ( NOT GIVEN )
AC, = Incremental forebody force or mcment coefficient
PLUME due to the effect of jet plumes,
MACH TABLE
subscript: (Y) ( NOT G!VEN )
(n) ( NOT GIVEN )y
(£) ( NOT GIVEN )
AC(, = |ncremental forebody force or moment coefficient
ATTACH due to the effect of ET and SRB attach
structure, '
MRACH TABLE
subscript: (Y) 0.60 5.1.8.2.1-109
0.80 5,1.8,2.1=-110
Q,90 5.1.8.2.1-111
1,05 5.1.8.2.1=112
1.10 5.1.8.2,1=113
1.15 5.1.8.2.1-114
1,25 5.1.8.2.1=115
1.40 5.1.8.2.,1=116
1,85 5.1.8.2.1-117
1.80 5,1.8,2.1-118
2.20 5.1.8.2.1=-119
2.50 5.1.8.2.1-120
MACH TABLE
subscript: (n) 0.60 5.1.8,2.2-109
0.80 5.1.8.2.2-110
0.90 5.1.8.2.2=111
1,05 5.1.8.2,2-112
1,10 5.1.8.2.2-113
1.15 5.1.8.2.2=-114
1.26 5.1.8.2,2-115
1.40 5.1.8.2.2-116
1.55 5.1.8.2.2-117
1.80 5.1,8.,2.2-118
2.20 5.1.8.2.2-119
2.50 5.1.8.2,2-120
L,1.8.2-3

Rockwell
International

STS85-0118-1



AC

subscript: (£)

0 = Change in force or moment coefficient due to
aeroelastic deformation,

FLEX

MACH
0.60
0.80
0.90
1.05
1.10
1.15
1.25
1.b0
1.55
1.80
2,20
" 2.50

AC
L (g

subscript: (Y)
(n)
(£)

NOTE:

q

Space Transportation
Systems Division

[RGBV ARV R RV RV RV RV RV RY
.

(Figure 5.1.8.2.1-1)
(Figure 5,1.8,2,2~1)
(Figure 5,1,8,2,3-1)

Not available for ET or SRB.

4L,1.8,2-b

A

Rockwell
International

STS85-0118-1
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L,1.8.3 ELEVON AND Hle PANEL LOADS, The elevon and wing panel licads are

presented in coefficient for the inboard and outboard eleven hinge moments
and wing root shear, bending and torsion, Data are presented for the
right-hand wing panel and inciude the glove, To obtain left-hand panel
data, use values tabulated for corresponding negative sides!ip angles.

ELEVON CONTROL HINGE MOMENT. The elevon control hinge moment ccefficients
are base on theoretical reference dimensions, The reference area is 210.0
ft and the reference length (mean aerodynamic chord) is 90.7 inches,
These reference values were used for each panel so that the total hinge
moment is the sum of the individual panel moments:

HRerorae = HMeingoano * HMeourscaro

where;

HMe = Chéa Se e )

o N

- Pasitive Directions
-~ As Shown
’, 7
l PR NQTE! Pasitive Deflection

Yieids Negative
Hinge Mament

Reference: - ~ ~ +8e

E l
. LEVONS )

or,

HAe oraL = @ Se Ce (Chemsouo * Cheouraono)

and the hinge moment coefficients are described by:

+ + ACH
Cheronn = Chemaono Achenune, A heHEx|

= + - + hd
cheronlo cheounono At:he"'-“*“s'o Achenexo

*Not included in tabulated totals.

Lo1.8,3-1
§7S85-0118-1
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where;
ChewTAl s Rigid~body, inboard elevon (Table 5.1.8.3-1
! hinge moment coefficient, through -108)
Che = Rigid~-body, outboard elevon (Table 5.1,8,3~1
ToTAto hinge moment coefficient, through -108)
AchePLUME = Change in elevon hinge moment {(Not Given)
' coefficient due to piume
effect on inboard elevon,
Achevtuue 2 Change in elevon hinge moment (Not Given)
° coefficient due to plume
effect on outboard elevon,
AChe, oy = Change in inboard elevon (Table 5,1.8,3-109
! hinge moment coefficient due through -112)
to aeroelastic deformation.
8Chey ey = Change in outboard elevon (Table 5.1,8.3~113
° hinge moment coefficient due through -116)

to aeroelastic deformation,

WING PANEL LOADS, The wing panel loads consist of wing root shear, bend-
ing, and torsion coefficients based on a reference area of 2690 ft and a
reference length of 936.68 inches in bending and 474.80 inches in torsion,
The Moment Reference Center is located at (Xo1307, Y105, Z,288),

Cwing 3 Cwine + ACq + AC?
SHEAR SHEAR PLUME SFLEX
TOTAL PLUME-OFF .
WING 2 Cwing + ACq + AC
BENDING BENDING PLUME BrLEx
TOTAL PLUME-OFF

[ = C + AC + AC*

LwiNG WING r 7
TORS ION TORSION PLUME FLEX
oTAL PLUME-OFF

*™Not included in tabulated totals.

4.1,8.3-2
$T585-0118-1



wheres

Cwing
SHEAR
TOTAL

Ac5ptuue
ACspex

Cwing
8ENDING
TOTAL

Acﬁrtuue
8Ces ex

CWI NG
TORSION
TOTAL

8Cro yme

aCreiex

Space Transportation ‘ Rockweil
Systemns Division International

Wing root shear coefficient,

o

Change in Shear coefficient -
due to plume effects.

Change in shear coefficient
due to aeroelastic deformation,

Wing root bending coefficient,
Change in bending coefficient
due to plume effects,

Change in bending coefficient
due to aeroelastic deformation,

Wing root torsion coefficient,
Change in torsion coefficient
due to plume effects,

Change in torsion coefficient
due to aerocelastic deformation,

L.1.8,.3-3

(Tables 5.1.8,3-1
through -108)

{(Not Given)
(Tables 5.1,8.3-117
through -12)

(Tables 5,1.8,.3-1
through -108)

(Not Given)
(Tabies 5.1.8.3-117
through =120)

(Tables 5.,1.8,3-1
through -108)

(Not Given)

(Tables 5.1.8.3-117
through -120)

§T588-0118-1
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4L,1,8.4 VERTICAL TAIL LOADS. The vertical tail panel loads are presented
in coefficient form for normal force, axia! force, pitching moment,
root shear, bending, and torsion, The data are based on az referenca
area of 413,25 ft and a reference length of 199,80 inches., The
Moment Reference Center is located at (Xglhihk,3, YoC.0, Z5503.0),

c = C + AC*®

:331:. Anat Arex

TOTAL
Cvear = Cygar + ACX + ACg
SHEAR SHEAR SerLex PLUME
TOTAL .
c = C + AC2

\PJJ%“RYMAL ' :EJRTMAL Neyex

ToTAL
c = C € + AC* + ACB
:E:me. :E:JTNNG Berex PLUME
ToTAL
c = C + ACX

PLTCHING ViremiNG Peiex

TOTAL
c = C + AC% +-AC
¥g‘:2|ou TORSION Tecex Tetume
TOTAL

where;

Cverr = Vertical axial force coefficient, (Tables 5,1.8,4=1
L -
Toral , through -12)
ACAFLEX = Change in axial force coefficient (Not Defined)

due to aeroelastic deformation,

Cyear = Vertical root shear coefficient. (Tables 5.1.8.4=1
SHEAR -

TOTAL through -12)
ACs, ¢, = Change in shear coefficient (Figure 5.1.8.4-1)
due to aeroelastic deformation,
aCSp, e = Change in shear coefficient (Not Given)
due to plume effects.

Cuerr ' = Vertical normal force coefficient, (Tables 5.1.8.4-1
NORMAL - through -12)
TOTAL .

ACN, ¢y = Change in normal force coefficient (Not Jefined)

due to aercelastic deformation,

*Not included in tabulated totals,

L,1.8.4=1

STS85-0118-1



CVERT
BENOING -
TOTAL

ACBFI.EJ(
ACBe yme

Cvert
PITCHING
TOTAL

ACPFLEX

Cuerr
TORSION
ToTal

ACT, oy

PLumE

Space Transportation
Systems Division

Vertical root bending coefficient,

in bending coefficient
aeroelastic deformation,

Change
due to

in bending coefficient
plume effects,

Change
due to

Vertical pitching moment
coefficient,

Change in pitching moment
coefficient due to
aeroelastic deformation,

Vertical root torsion coefficient,

Change in torsion coefficient
due to aeroelastic deformation,

Change in torsion coefficient
due to plume effects,

L,1,8.4=-2

Rockwell
International

”

{Tabtes 5.1,8,4=:
through =-12)

(Figure 5.1.8.4-2)
(Not Given)
(Tables 5,1.8,.4-1

through -12)

{Not Defined)

(Tables 5.1.8,4-1
through =12)
(Figure 5,1,8.4=3)

(Net Given)

STS85-0118-1
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L2

ORBITER VEH!CLE AERODYNAMIC EQUATIONS,

Space Transportation ’ Rockwell
Systems Division International

Equations for use in entry

trajectory analyses, subsystems analyses, flight control analyses,
and manned simuiation .studies are defined in this section, These
eguations relate directly to the aerodynamic data presaented in
Volume 3; i.e.,, egquations for the Orbiter Vehicle longitudinal
aerodynamics (Volume 1, Section 4.,2,1,1) make use of the data given
under longitudinal aerodynamics {Volume 3, Section 5.2.1.1), etc.

DATA BOOK

OPERATIONAL AERODYNAMIC

VOLUME 1

AEROOYNAMIC CESCRIPTION
ANRD DATA USAGE

SECTIONS 1.0 THROUGH 4.0

VOLUME 2
AERQODYNAMIC DATA
LAUNCH VEHICLE

VOLUME 3
AERODYNAMIC DATA
ORBITER VEHICLE

AIRLOADS DATA
LAUNCH VEHICLE
SECTION 6.0
SECTION 6.1

SECTION S.0 SECTION 5.0
SECTION 5.1 SECTION 5.2
VOLUME 4 VOLUME 5

AIRLOADS DATA
ORBITER VEHICLE
SECTION 6.0
SECTION 6.2

h,2-1
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Space Transportation ’ Rockwell
Systems Division International

The forces and moments presented herein are defined for three
phases or categories:

1.)

2.)

3.)

ON-ORBIT (PAYLOAD BAY DOORS OPEN)

The payload bay doors open data are intended for use in
simulators for on—-orbit (600,000 feet or higher) station
keeping, These data are presented as a function of angle
of attack (0 to 360 degrees) and sideslip {0 to 180 degrees)
only, The aerodynamic controi surfaces (elevon, aileron,
body flap, speedbrake, and rudder) are considered to be
ineffective, Attitude control is obtained through the use
of RCS, The RCS effects are to be used in this flight
regime with the appropriate P_ for impingement effects
and ¢,/¢, for jet interaction,

ON-ORBIT (PAYLOAD BAY DOORS CLOSED)

The payload bay doors closed data are intended for use in
simulators for om—orbit and abort missions for altitudes in
excess of 300,000 feet and large variations in attitude,
These data are presented as functions of angle of attack

(0 to 360 degrees), sideslip (0 to 180 degrees), and altitude,
The aercdynamic control surfaces (elevon, aileron, body flap,
speedbrake, and rudder) are considered to be ineffective due
to the low dynamic pressure (q < 2 psf). Attitude control

is obtained through the use of RCS. The RCS effects are to
be applied in this flight regime with the appropriate P_ for
impingement effects and $,/9, for jet interaction,

ENTRY

The aerodynamic data presented are for use in entry simula-
tions from 600,000 feet through landing. The angle of attack
and sideslip data are restricted to cover only those conditions
expected during a normal End=-0f-Mission type entry. Aerodynamic
control surface effectiveness (elevon, aileron, body flap,
speedbrake, and rudder) is provided for use when the dynamic
pressure becomes significant (q > 2 psf) and the RCS functions
are terminated, The RCS data can be used from 600,000 feet to

q = 10 psf (= 260,000 feet) for roll, q = 4O psf (= 240,000 feet)
for pitch, and Mach 1.0 (50,000 feet) for yaw,

b,2-2
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h,o2,1

Space Transportation ‘ Rockwell
Systems Division International

ORBITAL AND ENTRY AEROOYNAMICS. Certain calculations and definitions
are required prior to obtaining data from the Digital File and/or
Data Tables of Volume 3. These definitions and calculations are
given in this section [4.2] and will be referred to as "Pre-Lookup”
definitions and calculations,

PRE-LOOKUP DEFINITIONS AND CALCULATIONS

g = Speedbrake deflection (defined in
freestream direction -~ See Section 3.5.2.2).

Sa¢ = Body Flap deflection,
NOTE: RIGID values indicated by lack of
superscript,
FLEXIBLE vailues indicated by
superscript "f",

Ser = dar *+ Abgs

- - f
Adgr = KgeQ Sgr Cgr Chyg

Kge = 1.8172107% degrees/inch-pound

C;BFa Flexible Body Flap hinge moment
coefficient,
(See Section 4,2,2.2.)

Se() 4 (; = elevon deflection

first subscript indicates left-hand

or right=hand panel,

second subscript indicates inboard

or outboard panel,

NOTE: RIGID values indicated by lack of
superscript.
FLEX!BLE values indicated by the
superscript,"f”,

} 1
= -=—(8e,+ Seg) = -—-(Se_ + §eg)
2 2
}
dej= —=(Se_, + feg,)

1
deg= ---(BeLo + seno)

Lo2.1=1

§73S85-0118~-1



Space Transportation ‘ Rockwell
Systems Division International

1

e = ---(3e, + Se_ ) = de + da
1
Seq= ——(8er, + Sery) = e - §a
2
8a() or () = aileron deflection

da

first subscript indicates left~hand

or right-hand panel,

second subscript indicates inboard

or outboard panel,

NOTE: RIGID values indicated by lack of
superscript,
FLEXIBLE values indicated by the
superscript,"f",

1 1
3 ~=—(8e - Seg) = ——=(8a, + Sag)
2 2

1
53,= ..-(seL| = 8eR|)
2

1
Sao-‘- ..-(seLo - seﬁo)
2

Modify initial rigid elevon deflection with flexible increment

f .
Se, = Ser, + Ade,

f
deLg = SeLg + Aderg

f
der, = der, + Aden,

f
aeﬂo 3 seﬂo + A&eﬂo

- - _f - -
where, Ade., = K,q SececheL|, Ader, = K,q S.c,c;,eq
i
- ) f - -
Adery = Koq SeCeChQLO, Adeng = Koq SeceCLeRO

K, = 1,547x107° degrees/inch-pound

Ko = 3.323x107° degrees/inch-pound

b.2.1-2
§TS8S-0118-1



Space Transportation ’ Rockwell
Systems Division International
{See Section 4,2.2.1)

f : P f
oeroraL = T[“L.* Se  +8eg, + deg,]

The basic equations are followed by written explanations of the meanings

of the various elements contained in the eguations, These are, in turn,
followed with term by term definitions of each element and where these
elements are located; either on the digital tape and/or in Voiume 3 of this
Data Book,

MOMENT TRANSFER EQUATIONS

The aerodynamic data contained in Volume 3 of this report are given
for a MOMENT REFERENCE CENTER located at X,1076.7, Y,0.0, 2,375.0. To
obtain moments about any other References Center:

AX Az
Cmmae = Cmogsiy —Cn ~=Ca

Cw Cw

AX AY
Comre = Crggsid - Cy - Ca

bw bw

AY AZ
Cmpc = “la.ssc Cv - Cv

bw . bw

or

Murc = Mg.es1,* 4X(N) - AZ(A)
“Hare =?‘Vo,¢5.,e+ ax(y) - av(a)

Zunc = Lo a5, AYIN) - Az(Y)

L,2,1-3
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where,

AX

AY

AZ

Space Transportation
Systems Division

Xmac = 1076.7 inches
Ymrc = O inch

Zumre = 375 inches

Rockwell

A\

Additional moment transfer equations (including dynamuc derlvat|ves) may
be obtained from Reference L-|

REACTION CONTROL SYSTEM (See also Section 3.5.1,.4)
For RCS, Thrust value, T,

NOTE:

DEFINITION:

ALy = number of
= L4D + L2D
NLng = number of
s LAL + L2L
AW, = number of
= LU + L2V
NRKHy = number of
= R4D + R2D
Nang = number of
= R4R + R2R
NAMy, 3 number of
a RLU + R2U

MOMENTUM RATIO:

= 870 lb-force.

operating left-hand down-firing jets

+ L3D

operating left-hand side firing jetsA

+ L3L + LIL

operating left-hand up-firing jets

+ LU

operating right-hand down=firing jets

+ R30

operating right-hand side firing jets

+ R3R + RIR

operating right-hand up-firing jets

+ RV

‘J l;J VJ AREF n
———— ( )( )l'l = 0. ]5‘03 ——
9 Gg Arer/ \ 2Seer

’J nLHg ‘J
L A
‘. LHp a. ‘.
9, Py $
‘. My 9e ¢.
9, Pug ¢,
—| = o.lsha(—;—) —
Pa LHg 9e ¢.

bo2,1-4

n

PRPRALL
RHp q-
a 't

a 0.15&3(1:——)
RHy q.
Nay

= 0 15h3(:r-)
RH§ e

§7883-0118~1
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Space Transportation ‘ Rockwell
Systems Oivision international

LONGITUDINAL AZRODYNAMICS, The basic aerodynmamic characteristics for

the longitudinal degrees-of-freedom are presented as full-scale, rigid
and elastic, forces and moment in both the stability and body axis sys-
tems (cf.Section 3.1.5). These forces and moments are defined for three
phases or categories: '

1.) ON=QRB!IT (PAYLOAD BAY DOORS OPEN)
2.) ON=ORBIT (PAYLOAD BAY DOORS CLOSED)

3.) ENTRY

The total longitudinal forces and moment for the QOrbiter
Vehicle are defined as:

LIFT FORCE, Lrotat = G SwCl,ora, * bees {(1b)

NORMAL FORCE,  Nyor = q SuCNrorar *+ Necs (ip)

ORAG FORCE, Drotat = q $4Cp,op,  * Dares (1b)
AXTAL FORCE, Arotar = q SWCArorar  * Arcs (1b)
PITCHING MOMENT, Mrotar = G S,CuCmrora, * Mrcs (ft-1b)
where, q = dynamic pressure (lb/ftz)

Sw = Wing Reference Area (2690.00 ft?)

cw = Wing Mean Aerodynamic Chord (39.56 feet)
(see Figure 3,1,5-2b)

RCS flow field interactions are defined as conmtributions to the total

forces or moment rather than coefficients since the terms due to jet thrust
and impingement are independent of dynamic pressure and cannot, therefore,

be normalized in the conventional manner,

L,2,1.1-1
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Systems Division International

The total! non—-dimensional force and moment coefficients are defined as:

ON-ORBIT (PAYLOAD BAY DOORS OPEN)

Corrorac™ Ctips oms
OPEN

ON-ORBIT (PAYLOAD BAY DOORS CLOSED)

+
COrorac ® Coinasoox e * KrmanlCon oo 1o € ha 300k 12

ENTRY

Cy = C + AC + AC + AC + AC + AC
Ororar™ ©gasic ¥ 4C0nigH Orear * 40y scous (1ge * A ! YeLEVaTOR/
ALT GAS INTERACTION AILERON

* Ac"PLUNGtuc * Ac"P|Tcu * AC"LG * Ac"GE * AC“su.'rs+ ac

()
VEH
ATE p0D ICLE

where, the subscript ( ) denotes lift force (L), normal force (N),
' drag force (D), axial force (A),or pitching moment (M) and;

C‘,PLB oRs = Basic, full-scale, fr?e§tream, rigid‘body
OPEN force or moment coefficient when vehicle
is in orbit with payload bay doors open
(altitude = 600,000 feet),

= Basic, full=-scale, freestream, rigid body
force or moment coefficient when vehicle
is in orbit with payload bay doors closed
(altitude = 600,000 feet),

€12 600k ft

= Bagsic, full-scale, rigid body force or moment
coefficient when vehicle, with payload bay doors
closed, is at an altitude of 300,000 feet.

C(’haaooxft

Ktran = Transition factor for use between 600,000 feet
and 300,000 feet of altitude,

C(,BA = Basic, full-scale, freestream, rigid body
sie force or moment coefficient,
Ac‘h«cu = Change in force or moment coefficient
ALT due to high altitude effects (h > 285,000 ft),.
AC"REA = Change in force or moment coefficient
GASL due to real gas effects,

AC{)yiscoys = Change in force or moment coefficient
INTERACTION due to viscous interaction, V., effects,

AC g = Change in force or moment coefficient
due to body flap deflection, §gg.

bo2.1.1-2
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Ac’”sl.evnon/=
AILERON

Ac"rLuuGuNG

Ac(’vlfcu
RATE

AC( )LG

ACoge =

h/b =

Ac"snurs
POD

Ac(‘VEHICLE

Space Transportation ‘ Rockwell
Systems Division International

Change in force or moment coefficient
due to elevator deflection (8e) and aileron
deflection (8a). :

= Change in force or moment coefficient

due to rate of change of angle of
attack, e, (per radian),

= Change in force or moment coefficient

due to pitch rate, q, (per radian).

Change in force or moment coefficient

due to fully extended landing gear.

NOTE: 0y = angle between main gear fully
retracted and fully extended
positions,

0.0°, Fully Retracted
bug = {

98.0°, Fully Extended

Change in force or moment coefficient
due ta proximity of ground.

ratio of height above ground to wing span
Xo1506. 8L
at reference point
Zo 282.71
(See also Section 3.6)

= Change in force or moment coefficient

due to adddition of SILTS POD,

= Change in force or moment coefficient

due to geometry differences between
vehicles (e.g., 0V099, 0V102, 0V103,
or QVIOL),

b.2,1,1-3
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Cqy =
PL8 DRS
OPEN

subscript:

€ nagook 1t

subscript:

c"h-300x17

subscript:

Krran =

Cirgasic = Ct1gfldg s a, M)

subscript:

Ac(’mcn
ALT

subscript:

cﬂ’PLsno

(L)
(N)
(D)
(a)
(m)

Cq 'pLBDC

(L)
(N)
(D)
(a)
(m)

c"PLanc

(L)
(N)
(0)
(a)
{m)

Krranf(h)

(L)
(N)
(D)
(A)
(m)

= Ac“HA f(d, h)

(L)
(N)
(0)
(A)
(m)

b,o2,1,1-h

Space Transportation
Systems Division

f(a, B, h = 600K ft,)

f(a, B, h = 300K ft,)

‘ Rockwell
International

DIGITAL TABLE
FILE (or FIGURE)
No, No.

Al 5.2.1.1,.1- 1
A 2 5.2.1.1,1- 18
A3 5.2.1.1.2= 1
A L 5.2.1.1,2- 18
A 5 5.2,1.1,3- 1
A 6 5.2.1,1,1- 2
A 7 5.2.1.1.1- 19
A 8 5.2.1.1,2~ 2
A 9 5.2.1.1,2- 19
A i0 5.2.1.1,3- 2
A 6 - 5,2,1,1,1- 2
A7 5,2,1,1,1- 19
A 8 5.2.1,1,2- 2
A9 5.2.1.1.,2- 19
Al0 5.2.1.1.3- 2
Al30 5.2.1,1.1- 17
AN 5.2.,1.1,1- 3
A 12 5.2.1.1,1- 20
A3 5.2.1,1,2- 3
A ibL 5.2.1.1,2- 20
A 15 5.2.1.1.3- 3
A 16 5.,2.1,1;1- &
A 17 5.2.1.1.1= 21
A 18 5.2,1,1,2-

A9 5.2.1,1.2- 21
A 20 5.2,1,1,3-

STS85~0118-1
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Space Transportation ‘ Rockwell
Systems Division International

0I1GITAL TABLZ
FILE {er ZiGURE
Nc, Nc,*
ACi:gear = 8Crigg fla, W)
GAS
suBscript: (L) A 21 S.2,1,1.1=
(N) A 22 £.2.1,1, 1=
(0) A2 £.2.1.1,2-
(&) A 24 5.2.1.1,2=
(m) A 25 5.2.1.1,3=
7’
a8 1yiscous = 4, fla, VO)
INTERACTION
subscript: (L) A 26 5.2.1.1,1=
(N) A 27 502.].,.‘°
(0) A2 5.2.1.1.2=
(&) £ 2 5.2.1,i,2-
(m) A 3¢ 5.2,1,1,3-
f
Ac(,BF = Ac()BF f(agp , &, P‘)
subscript: (L) A 3t §5.2.1.1.1=
{N) A 32 £.2.1.1,.1=-
(0) A 33 5.2.1.1,2=
(A) A 3 5.2.1.1,2-
(m) A 35 5.2.1.1,3=
L,2.1.1-5
§7585-0118-1
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Space Transportation ’ Rockwell
Systems Division Internationai

i

acy, c—[KHAC(; + {1 - Ky daly g + Kiys8liy + {1 = Ko )acy,
5?5;353“’ "2 aeL e, Sey. €5 Sen ' @Ry Ben €Ro

K(,6 = Elevon partiai span factor to be used for
®LorR elevon—-body flap interconnect flight system
where §e is limited to *+5° and inboard
and outboard angles are not equal,
NOTE: subscript L = left-hand panels

R = right~hand panels

Change in force or moment coefficient
e :0 due to individual eievon deflection,
1. Ro

83‘_' ’ SeLo ,5en' , or 6eg° o

a1,

DIGITAL TABLE
FILE ~ {or FIGURE)
No. No,
f
Ky 15, K )séi"s'\i:(:el , M)
subscript: (L) A 386 5.2.1,1,1- 8
“(N) A 37 5.2.1.1,1- 25
(D) A 38 (C.50}
(A) A 39 (0.50)
" {m) A bO 5.2,1,1,3- 8
- ' f
AC, )eL| = AC, le f(ae,_' , 8, M)
subscript: (L) A L] 5.2,1.1,1- g
(N) A L2 5.2.1.1,1- 26
(0) A L3 5.2.1.1.2- 9
(A) A bb 5.2,1.1,2- 26
{m) A L5 5.2.1.1.3- 3
’ f
Ac()e'.o = Ac()e f(5el.ol e, H)
subseript: (L) A bl 5.2.1.1,1- 9
(N) A L2 5.2.1,1,1- 26
(0) A b3 5.2.1.1,2- 9
(A) A bb 5,2.1,1,2- 26
{m) A L5 5.2.1,1,3- §
f
“gg, ™ Mgy (8ens ™
subscripts :L; A 36 5.2.1.1.,1- 8
N A 37 S5.2.1,1,1- 25
(D) A 38 (0.50)
(A) A 39 (0.50)
(m) A Lo 5.2.1.1.3- 8
L,2.1,1-6

STS85-0118~-1
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CIGITAL TABLE
FlLS {ar FIGURE)
Nc. No,
f
AC()e.' 2 AC()q f(Se.' , 8, R)
subscript: (L) A bi 5.2.1.1.1= 9
(N) A b2 5.2.1,1.1= 206
(D) A L3 §.2.i.1,2= &
{a)- A bb 5,2,'.1,2- 2¢
{m) A iE S.2.1.1,3= 8
f
Ac(,elo = AC( le f(se‘go, a, H)
subscript; (L) A b 5.2.1.1,1- §
(N) A W2 5.2.1.1.i= 26
(D) A L3 5.2.1.,1.2- ¢
{A) A L& 5.2.1.1.2= 26
(m) A 45 5.2.1.1.,3=- 8§
&e NQTE: This coefficient has been included
Cy 3 Cpyo === to preserve completeness of the
PLUNGING @ ,y overall equation.
Cire s Change in force or moment coefficient
« due to rate of change of angie of
attack, &, (per radian).
DIGITAL TABLE
FILE (or FIGURE)
No. No,
Cog = Cyyg fla, M)
subscript: (L) none 2ero valued
(N) none 2ero valued
(D) : none 2ero valued
(a) . none zero valued
{m) none zero valued
L ' §ss = 25 ( ) g - qc
AC() = ﬂ() C(, + KSB (—)+ 1 = Ksa (—) AC(, =D
RATE A 175 s 113,75 I8) v
Mg = Piten rate flexibie-to-rigid ratio
C(,q = Change in force or moment coefficient

due to pitch rate, g, (per radian).

b.2.1.1-7
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Ksg = constant,
8F
AC(,q. = Incremental effect of speedbrake/body
Y- flap on pitch damping.
DIGITAL TABLE
FILE (or FIGURE)
No, No.
Tiiq = y)q fla, M)
subscripts (L) F 16 (1.0)
(N) F 17 (1.0)
(D) F 18 (1.0)
(A) F 19 (1.0)
(m) F 20 5,2.1,1.3- 18
Ciiq = Cyq fla, M)
subscript: (L) A 46 §.2,1.1,1- 10
(N) A b7 5.2.1.1.1- 27
(D) A L8 2ero valued
(A) A Lg 5.2.1.1.2- 27
(m) A 50 5,2.1.1,3- 10
Ksa = 0,50 none
8F
AC”qSB = AC“qSB f(d, M)
8F 8F
subscript: (L) A 51 zero valued
(N) A 52 2ero valuyed
(D) A 53 2ero valued
(A) A 54 zero valued
(m) A 55 5.2.1,1,3- 11

AC()LG = ACHLGf(ar GMG)

subscript: (L) A 56 5.2,1.1,1= 12
(N) A 57 5.2.1.1,1- 28
(D) A 58 5.2.1.1,2= 12
() A 59 5.2.1.1,2- 28
{m) A 60 5.2.1.1.3- 12
th.]."a
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Rockwell
International

{ )Gsenﬁtc * AC( )GEBF“
AC|,65 = Change in basic force or moment coefficient
84SIC  gye to ground effects (§gg = =11.7°).
AC)ee = |ncremental change in body flap force or
oF moment coefficient due to ground effects,
DIGITAL TABLE
FILE {or FIGURE)
No. No,
c = AC,, f(h/b, a, &e
4 11GEg 1g,c A LiGEy qic (h/b, o, 8¢)
subscript: (L) A 61 5.2.1,1,1- 13
(N) A 62 5.2.1,1,1- 29
(o) A 63 5.2.1,1,2= 13
(&) A 64 5,2,1.1,2- 29
(m) A 65 5.2.1.1,3= 13
AC()ge,, = ACiigg, f(N/b, @, 3g¢)
subscript: (L) A 66 5.2.1.1,1= 14
(N) A 67 5,2.1.1.1- 30
(D) A 68 5.2.1.1,2=- 14
(A) A 69 5.2.1.1.2- 30
(m) A 70 5.2.1.1,3~ 14
Ac()SILTS = AC()spf(H, SP FLAG)
POD 0 off
1 on
subscript: (L) ATI 5.2,1.1.1- 15
(N) A 72 5.2.1,1,1= 31
(D) A 73 5.2.1,1,2- 15
(A) AT 5.2.1.1.2- 31
(m) A 75 5.2.1.1.3- 15
Ac"vznmLE= AC(,VSHf(H, VER ) CLE)
subscript: (L) A 76 5.2.1.1,1- 16
(N) A 77 5.2.1.1,1- 32
(0) A 78 5.2.1.1,2- 16
(A) A 79 5.2.1.1.2- 32
(m) A 80 5.2.1.1,3- 16
(NOTE: The term VEHICLE is given as Vehicle Number; i.e., 99,

102, 103, 104)

h,2.1,1-9
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RCS flow field interactions have been subdivided into three components:
1. RCS JET THRUST (subseript JT)
2. RCS JET PLUME IMPINGEMENT (subscript IMP)
3. RCS JET PLUME INTERACTION WITH FLOW FIELD (subscript Ji)

The effect of the RCS may be described as a dimensional force (pounds) or
moment (foot-pounds) in terms of the significant contributing elements by:

(aes = ( Dyrt U0 dgupe* 80 Je + Al dgp e+ @ SWlAC, | + AC( , + 4C( , ]

8F

where, () indicates Normal Force (N) or Axial Force (A) and;

(Macs = (M7 + [(Msype + A(Me + A(M)ge Lt T SwCwlACim) * AC(miq * ACimig, ],

‘'where, (M) indicates Pitching Moment,

( )y a Thrust force or Moment resulting from number
(n) of jets being fired (Reference Data only).

= Kafkmy L0 ry + (dirg + ( hry Lo

* Kyl dyry # Clarg + ( hiry ln}

Kmg, = 1.018423 = 0.009623(nyu,+ ALugt Ning)
Kmig = 1.018423 = 0.009623(Nrn,* NRug* Mawg)
(Nr, = = (LU + L2 + LIYT

(N)yrg, 0.0257(L4L + L2L + L3L + LIU)T

(N)jro = 0.9215(LLD + L20 + L30)T
(Nr,, = - (RbU + R2U + RIU)T

(N)yrs, = 0.0257(RLR + R2R + R3R + RIR)T
(N)yrg, = 0.9215(RLD + R2D + R3D)T
(A, = (Ahrg = (Ahyr =(R)yrg =0
(g = - 0.1953(Lk0 + L20 + L30)T
(A)jr,, = - 0.1953(R4O + R20 + R3D)T

(M), = [36.6083(Lbu) + 37.6917(L2u) + 38.7750(L1V)]T

L,2,1.1-10

§7985-0118-1



(H) JTSL
(M) y7g,

(M) yryq
(“)n’sﬂ

(H) JTDR

K‘“L orR

{ Jsunre
imp

A()eimp

A()BFumv

ACq)

AC(,e"

A 1ge,

Space Transportation ‘ Rockwell
Systems Division International

-{0.9408(Li4L) + 0.9687(L2L) + 0.9965(L3L) + 1.0244(Lil)]T
-{34.7532(L4D) + 35.7940(L2D) + 36.8347(L30)1T
+[36.6083(RLU) + 37.6917(R2U) + 38.7750(RIV)]T
-{0.9L08(RLR) + 0.9687(R2R) + 0.9965(R3R) + 1.024L4(RIR)]T
-[34.7532(R4D) + 35,794L0(R2D) + 36,3347(R3D)]T

Altitude-Thrust correction factor,

= Myltiple jet firing'thrust correction

factor for left (right) hand jets
Force or Moment resulting from jet

impingement on QOrbiter Vehicle
surface(s),

Osure (au* naudg * Oguae (PLn * anlg
IMP g IMP o

Change in impingement fForce or Moment due to
eievon deflection,

a( )epro"‘LHD* Al )e'M’RD"F'HD

= Change in impingement Force or Moment due to

body flap deflection,

Al )BFIMPD( At nFIH)D

Change in Force or Moment coefficient
due to jet interaction,

AC(’“LU + AC()“RU *+ ActxﬂLs + AC‘U»RS + AC()“LD + AC‘U'RD

Change in jet interaction force or Moment
coefficient due to elevon deflection,

AC()Q.“L; AC('e“Hs‘F AC()QJ'LD+ AC(,e“RD

Change in jet interaction Force or Moment
coefficient due to body flap deflection,

ac ‘er), " 4 '8ry,
Lo Rp

4,2.1.1-1

§7583-0118-1



Space Transportation

Kq = f(h)
( Jsure = ( h”’s £(P,)
iMP g
component: (N)
(&)
(m)
( dsypr = ( )lMPD f(Pg)
NP
component: (N)
(A)
(m)
a( )e'MPLDS al )elMﬁ;(P.l 5;L)
component: (N)
(A)
(m)
80 Jewng = 0 dews (Po, dea)

component: (N)
" (A)
(m)

Systems Division

DIGITAL

FILE
No,

J 31

“ o
—

o [
o &

[
w0 oo~

«—
w0 oo~

A Jorypy = AL daryp F(Pas Gge)

component: (N)
(A)
(m)}

AC = 5C L
0, By - <

subscript: (N)
(A)
(m)

AC( ,“RU = AC( '“U f<-—

subscript: (N)
(A)
(m)

Lo2,1,1-12

¢,

e

%,

Ve

J 10
J 11

' ;>.
' d>
RH

o

13
T

o

[ 5

"

N

Rockwell
International

TABLE

{or FiGURE)

No,

5.2.1,.1,1= L&

1= 35
35

3= 18

36
36
20

37
37
21

37
37
21

38
38
22

39
39
23

- 33
39
- 23

5Ts83-01.18-1



Space Transportation ’ Rockwell
Systems Division International
DIGITAL TABLE
FILE (or FIGUREZ)
No, No,
ACnJ,Ls =aChy, f T P e
ol le
subscript: (N) J 1€ 5.2.1.1,i= 40
(A) 417 S.2.1,1.,2= L0
(m) J. 18 5.2.1.1.3- Zis
¢,
Acn,,,s 8y, f T ) e
hd [17]
subscript: (N) J 16 5.2.1.',i= &0
(&) J 17 5.2,1.1,2= 4G
(m) J 18 5.2,1,1,3= 2&
¢,
8y, =80, f “‘;" . @
@jlHp
subscript: (N) J 19 5.2.0,1,1= i}
(a) J 20 5,2,i.1.2- &}
(m) J 21 S§.2.1.1.3- 25
¢,
AC‘,“RD a AC(,“D f -;- , 8
’ ® {RHp
subscript: (N) J 19 5.2.1,1,1- L1
(R) J 20 5.2.1,1,2= &)
(m) J 21 5.2.1,1,.3- 25
¢, f
aCy, e 8y, f T . e, de
S -« LHg
subscript: (N) J 22 (zero valued)
(A) J 23 (zerc vaiued)
(m) J 24 (zero valued)
c = A Y
A l)e“.s = Ac‘)e“s ¢ K e, 58!
- RHS
subscript: (N) J 22 (zero valued)
(A) J 23 {zerc valued)
(m) J 24 (zero valued)
b,2,1,1-13

§75835-0118-1



NQTE:

AC, ,e“lo = AC”euo f<T

subscript:

AC(,e“R

subscript:

subscript:

aC L Ctrge,,, f<_'

subscript:

= AC()
0 eJID

i
-

.

(N)
(4)
(m)

(N)
(A)
(m)

9,

(N)
(A)
(m)

9,

(N)
(&)
(m)

Space Transportation

3. 1]

..

a,

e,

e,

a,

Systems Division

f
seg>

f
)

[ 5

[ 5

o\

LSRN N1
~i Oh\un

-
-

26
27

28
29
30

J 28

<.

29
3C

Rockweil
international

2 Tol= b2
2.1,1.2= 42
2.1.1.3- 20

&2
42
26

JJ1=- 43
valued)
1.3~ 27

L= 43
valued)

5.2.1,
(zero
5.2,1.1,3~ 27

The effects of the RCS on LIFT and DRAG may be computed from;

(L)ags = (N)gegcosa -

(D)aes = (N)gegsina + (A)geg cosa

4,21

=1k

(A)Rcssinc

§TS83-0118-1



Space Transportation ’ Rockwell
Systems Division L international

b,2,.1.2 LATERAL-DIRECTIONAL AERODYNAMICS. The basic aerodynamic character-
istics for the lateral-directional degrees-of-freedom are presented as
full-scale, rigid and elastic, force and moments in the body-axis
system (cf. Section 3.1.5). The lateral-directional characteristics
are defined under the same three categories listed in Section hezcl,lz

The total laterai-directional force and moments for the Orbiter
Vehicle are defined as:

SIDE FORCE, Yrorae * 9 Swlyrgra, * YRes (10)
YAWING MOMENT, o Fgrai = @ SubuCnrgra. * Facs (ft-1ib)
ROLLING MOMENT, 2. . = § S,buCirgraL* Zrcs (ft-1b)
where, g = dynamic pressure (16/Ft2)

Sw = Wing Reference Area (2690.00 ft2?)
bw = Wing Span (78.057 ft)
(see Figure 3,1,5-2b)

RCS flow field interactions are defined as contributions to the total
force or moments rather than coefficients since the terms due to jet
thrust and impingement are independent of dynamic pressure and cannot,
therefore, be normalized in the conventional manner,

bho2.1.2-1

§7S85-0118-1



Space Transportation ‘ Rockwell
Systems Division International

The total non-dimensional force and moment coefficients are defined as:

ON-ORBIT (PAYLOAD BAY DOORS OPEN)

Cirrorac™ Ctipea oms
OPEN

ON-ORBIT (PAYLOAD BAY DQOORS CLOSED)
c('TOTALz c”hs:ooxft+ Krran [c"h-sooxft - c"hnzooxft]
ENTRY

c + AC + AC + AC + AC
Cirrarac® Ctigpesur’ 20 aienon” 4% layooer* 4CingLe ¥ 8Ctiyay
RATE RATE

* Ac"su.fs * 8Cyvemices
POD

where, the subscript ( ) denotes side force (Y), yawing moment (n),
or rolling moment () and;

C(,pLB ors = Basic, full=-scale, freestream, rigid body
OPEN force or moment coefficient when vehicle
is in orbit with payload bay doors open
{altitude = 600,000 feet),

= Basic, full-scale, freestream, rigid body
force or moment coefficient when vehicle
is in orbit with payload bay doors closed
{(altitude = 600,000 feet).

c"h=sooxft

Basic, full-scale, rigid body force or moment
coefficient when vehicle, with payload bay doors
closed, is at an altitude of 300,000 feet,

C(inaook ft =

Krran = Transition factor for use between 600,000 feet
and 300,000 feet of altitude,

C‘,s|oes o > Basic, fuil-scale, freestream, force or
L moment coefficient due to sideslip angle, §.
Ac"AlLEnon = Change in force or moment coefficient
due to aileron deflection, §a,
= Change in force or moment coefficient

RUDODER due to rudder deflection, §,.

5,2.1.2-2

§7885-0118-1



8Cipo =
RATE
AC"VAW =
RATE
AC“sn:rs =
£00
AC"veuncns
c"pLa ORS

OPEN

Change

Space Transportation
Systems Division

due to roll rate, p, (per radian).

Change in force or moment coefficient

dye to yaw.rate, r,

Change

(per radian).

in force or moment coefficient

due to addition of SILTS POO.

= Change in force or moment coefficient

due to geometry differences between
vehicles (e.g., OV0O99, 0OVi0O2, 0OV103

subscript: (Y)

C‘Jh-sooxff

subscript: (Y)

Coy =
h=300K ft

sub#cript: {Y)

KTRan

or QVIOL),
DIGITAL
FILE
No.
Ciipsoa fla, 8)
A 81
(n) A 82
c()p._goc f(a, B, h = 600K ft)
A 84
(n) A 85
CHPLBDC f(d., g, h = 300K ft)
A 8h
(n) A 85
(2) A 86
Krran f(H) A130
Lo2,1,2-3

o\

in force or moment coefficient

Rockwell
International

TABLE
{or FIGURE)
No.

57583-0118-!

(]

[ SN N ]



Space Transportation ’ Rockwell
Systems Division International

= - r - - 1
Cogipesuie = 1 Toyr 10 'seg28° [V = 7oy, dacy ’pwg *Toer '5205q

+ Ac(,ﬂHIGHﬁ + Ac')peﬁ + AC()BLGB + ACI,ﬁGEﬁ

- ALT
1, = Vertical tail flexible=to-rigid ratio .,
vT .
C;,s a250 = Basic force or moment coefficient
S8 with speedbrake set at 25 °,

AC, = Change in casic forzce or moment coefficient
Bur of vertical tail due to sideslip,

Ciie o = Basic force or moment coerficient
85888  witn speedbrake deflection, {gg .

Al = Change in force or moment coefficient
B:'Lﬁ,"‘ due to high aititude effects (h > 285,000 ft),
AC(,ﬂ = Change in force or moment coefficient
e due to elevon deflection, §e,

AC(,p = Change in force or moment coefficient
LG due to fully extended landing gear,

NOTE: 6ys = angle between main gear fuliy
retracted and fully exiended
positions

0.0%, Fully Retracted
8uc = {
98.0°, Fully Extended
Ac‘)ﬁce = Change in force or moment coefficient

due to ground effect,

b.2.1.2-b

§TS8S-0118-1



Togr = Tiiye
subscript: (Y)
(n)
(2)
c'!asszzsﬁ Cirg.
supscript: (Y)
(n)
(2)

AC(,HVT =2 AC"BV

subscript: (Y)
(n}
(2

fla, A}

Space Trangportation
Systems Division

o\

DIGITAL
FILE
Nc.

-
[ RN ) B o

£018l, a, M, g = 25°) SIGN(f)

fla, M)
T

c';ﬁgéss; Causf(Iﬁi, a, R, &g, ) SIGN(8)

subscripts (1)
in)

{(2)

c = C
A By 4 "BH
ALt

supscript: (Y)
{n)
(¢)

. fla, h)

f
AC”BQ = AC“Bef(ée , Q, H)

subseript: (Y)
(n)
(2)

AC(,BLG = ACHBLG f(ar dMG)

subscript: (Y)
(n)
(2)

ACig, = 8Cug,

subscript: (Y)
(n)
(2)

f(h/b)
13

b.2.1,2-5

87
88
89

I» P >

-
[ 3]

=

87
88

>

>

91

>

93
gk

r»

>

97

A 39
Al00
Al0i

Rockwell

International

TABLE
{or F!GURE)

No.
§.2.1.2.1= 18
5.2.1,2,2=- 18
502.]-2.3° '9
§.2.1.2.1=- 3
Suznl.Z.Z" 3
5.2.1,2.3= 3
5.2.1,2.1- 18
5.2,1,2,2- 18
5.2.1.2.3~ 18

*
(SIS N N}
e 9
w N — w N — w N —
] ) '
(U RVIRY ) ) 5 & & (VIR VAR N ]

Ut U Uy
L]
LS S ]
L]
P
N NN
[ ]
W —
[}
g~ O™ O

(zero valued)
(2ero valuedq)
5.2-'.2.3-’ 7

§T5835-0118~-1



: Rockwell
S Transportati
pacszstr:mms Divisi:: ‘l international

I = I f _ f - f
A0y, LeroN = LK(-ido §ay + (1 K”JQ) bag ]‘-()60 + Ac”"ﬂcs 6a

5a = Aileron defleztion (See Section 4,2.1),
K"J = Elevon partial span factor to be used for
a elevon-body flap interconnect flight system
where 5e is limited to #5° and- inboard
and outboard angies are not equal,
: C(,d = Change in force or moment coefficient
a

with change in aileron defliection, §a,
when inboard and outboard angles are equal,

AC(,J = Change in force or moment coefficient

9GE with change in aileron deflection, ja,
when inboard and outboard angles are equal

and vehicle is in proximity of ground,

DIGITAL TABLE
FILE {or FIGURE)
No. No.
f
K(’ = K() f(&e, H)
da TLEVoN
subscript: (V) A102 {0.60)
(n) A103 5.2.1.2.2- 8
(2) AlOL 5.2.1,2,3~ 8
f
C(,éu = C|)6°f(5e, a, H)
subscripts: (Y) : A105 §.2.1,2.1- 9
(n) A106 5.2.1.2.2~ §
(2) -A107 5.2.1.2.3- 9
AC;)JOGE =2 Ac‘)éaGEf(h/b' é)
subscripts (Y) A108 {zero valued)
{n) A109 (zero valued)
(1) Al10 5.2,1,2,3- 10

b,2,1,2-6

87

8

(]

-118-1

w



b.2,1.2-7

Space Transportation ‘
. Systems Division
€ 0ay00er ﬂ"’é;" 5, 5%
ﬂ(,6 = Rudder flexible~tc-rigic ratio,
]
C(,a = Change in force or moment coefficient
R with change in rudder defiection,
Sp s Rudder deflection,
DIGITAL TABLE
FILE (or FIGURE)
No. No.
1 . f(q, M
gy = Mgl
subscript: (Y) F 7 §.2.1.2.1=- 20
(n) F 8 5.2.1.2.2- 20
(2) F 9 5.2,1.2.3- 20
C()dn = c()s.f(sssv e, M)
subscript: (Y) A1l 5.2,1,2,.1=- 11
{n) Al12 5.2,1,2.2= 11
(2) A113 5.2,1.,2,3- 11
. ' pb
AC(1a0 =Ty Cnp(““’)
;A%E P 2V
LI = Roll rate flexible-to=rigid ratio,
C(,p = Change in force or moment coefficient
due to roll rate, p.
DIGITAL TABLE
FILE (or FiGURE)
No. No.
LIPS = N),f(g, M)
subscripts (Y) ~F 10 (1.0)
(n) F 1 5.2.1.2.2- 21
(2) F 12 5.2.1.,2,3- 21
c( 'p = c‘ lpf(GI H)
subscripts (Y) Allh (zero valued)
(n) All5 5.2,1,2,2= 12
(2) A116 5.2.1.2.3- 12

§TS8S-0113-1
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Space Transportation ‘ Rockwell
Systems Division International

- (rb )
’ iy C ~m—
‘,;ﬁ¢E e v
ﬂ(,r = Yaw rate flexible~to-rigid ratio
Core = Change in force or moment coefficient

due to yaw rate, r,

DIGITAL TABLE
FILE (or FIGURE)
No. No.
Tie = T).fla, M)
subscript: (Y) F 13 (1.0)
(n) F b 5.2.1.2.2- 22
(2) F 15 5.2.1,2.3- 22
Coor = Ciyfla, M)
subscript: (Y) All17 (zero valued)
{n) A118 5.2.1.2.,2- 13
(2) Al19 5.2.1.2.3- 13
Ac()SlLTS B AC()BSPB + Ac”a“spsk
POD .

AC,,B = Change in force or moment coefficient with
PSP sides!ip angle due to addition of SILTS pod,

a Change in force or moment coefficient with

AC,
Sesp rudder deflection due to addition of SILTS pod.

bo2,1,2-8

§TS8S-0118~1



Space Transportation
Systems Division

DIGITAL
FILE
No,
Ac"B,, aCig,, f(m, SP F:Afuf;)
1 on
subscript: (Y) Al120
(n) Al121
(2) 4122
AC = AC f(M, SP FLA
e,y ey { : tfg)
I on
subscript: (Y) A123
{n) Al24
{2) Al125

Ac”vemcLE= Acl)VEH fin, VEHICLE)

subscript: (Y) Al126
(n) A127
(2) A128

’ Rockwell
International

TABLE
{or FIGURE)
No,

5.2.,1,2.1- 14
59201.2.2- 'L
5.2.1.2.3- ik
5.2.1,2.1- 15
5.2.1,2,2- 15
£.2.1.2.3- 15
5.2.1,2,1- 16
502‘.]‘,202- 16
5.2.1.2.3- 16

NOTE: The term VEHICLE is given as Vehicie number; i,e.,

99, 102, 103, 104)

b,2.1.2-9
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: Rockwell
S T portation ;
pacse”:::‘ss Division ‘l International

RCS flow field interactions have been subdivided into three components:

1. RCS JET THRUST (subscript JT)

2. RCS JET PLUME I|MPINGEMENT (subscript 1MP)

3. RCS JET PLUME INTERACTION WITH FLOW FIELD (éubscript Ji)

The effect of the RCS may be described as a dimensional force (pounds) or
moment (foot-pounds) in terms of the significant contributing elements by:

(Yhaes = (V) r + [(Y)gupe + A(Y)e + A(Y)ge Jipp * @ SwlaCiy, + aCivig* Ciyige lun

where, (Y) indicates Side force and;

( Jaes = ( )yr # [( dsure * 4( )g + 'AV( Jae last 9 SwowlaC( | +aCy le * 8C( 1ge lui

where, ( ) indicates Yawing Moment (n ), or Rolling Moment (£,

Oyr

Kuay
MR

(yry,
() yrg,
() yrg,
(yrs,
(V) 7o,
(n),-,-uL
(n)yrg,
(2) 410,
(n)yrg,

(n)JTDR

=2 Thrust Force or Moment resyiting from number

{n) of jets being fired (Reference Data only),

K“{K"JL[( )JTU + ( )JTS + ( )JTD ]L

Kagl( Vyry * () yzg *+ () ey 1a}

1.018423 - 0,009423(n, * ALmgt*

nLHD)

1.018423 = 0.009423(ngy * MaHg* Maug)

(Y)JTUR= 0

1,0006(L4L + L2L + L3L + LIU)T
0,335L(LLD + L2D + L3D)T
-1,0006(R4R + R2R + R3R + RIR)T
-0.3354(R4D + R2D + R3D)T
(“LTUR’ 0

~[36.6303(LbL)

+

37.7143(L2L) +
~[10.4508(LbD) + 10,8927(L20)

+

(36.6303(RLR)

+
+

37.7143(R2R)
(10,4508(R40) + 10,8927(R20D)

+

h.o2,1.2-10

38.7983(L3L) + 39.8822(L1L)]T
11.2084(L3D)]T
33.7983(R3R) + 39.8822(RIR)]T
11.2084(R30)]T

§7S95-0118~1



(0)yr,,
(2) 4z,
() yrq,
(2) yr,,
(2) e,

(Q)JTDR

K
"JLOI'R

( )SUHF
imMP

Al)eme

Al )”ww

AC(U|

AC‘,e“

AC(1ge,

Space Transportation ‘I'
Systems Division

=11{L&U + L2U + LIUY)T

7.3252(L4L + L2L + L3L + LIL)T

[10,3409(LLD) + 10,.3406(L2D) + 10,3411(L3D)]T

11(RLU + R2U + RIU)T

- 7.3252(RLR +R2R + R3R + RIR)T

-[10.3409(RLD) + 10.3406(R20) + 10,3411(R3D)]T

Altitude-Thrust correction factor

Myultiple jet firing thrust correction
factor for left (right) hand jets

= Force or Moment resulting from jet

impingement on Qrbiter Vehicle
surface(s).

Rockweil
International

()SURF (nLH- ‘nRH)U"' ()SURF (nLH - |"'F(H)_c.-,"' ()SURF (nLH

IMP U IMP o :

Change in impingement Force or Moment due to
elevon deflection,

Al )e|MPL°n|_HD' Al )e'MPRSRHD

= Change in impingement force or Moment due to

body flap deflection,

A()BFIMP (A= nRH)D

= Change in Force or Moment coefficient

due to jet interaction,

ACy) = ACy, ~+ AaC, = aCy),,  *+ iC(, -
ey Jimy, Jig JRg g

Change in jet interaction force or Moment
coefficient due to elevon deflection,

AC“e“L; AC(,e“RS + AC(,e“LD' AC”e“RD

= Change in jet interaction force or Moment

coefficient due to body flap deflection,

AC( )BFJILD - AC( ,BFJARD

k,2.1.2-1

AC,

IMP -

!JIRD

§75838-0118-1
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Ka

( sure
IMP

f(n)

= ( LMPU

component: (Y)

)

SURF
IMPg .

(n)
(2)

= ()

|MPS

component: (Y)

()

SURF
IMPp

(n)
(2)

= ()

IMPg

component: (Y)

(n)
(£)

f(P,)

F(P)

f(P,)

Space Transportation
Systems Division

f
A( )e'MPLD = A( )elMPD f(P.,seL)

component: (Y)

Al )eumpRD= Al )°1M

component: (Y)

Al )

BFimp g

component: (Y)

AC('“LU = AC()“U f<_'

subscript: (Y)

(n)
(2)
o F(Par 58:)
(n)
(2)
= 40 dae,ypo F(Pay B3
(n)
(2)
$,| . )
:r @
¢. LHy
(n)
(2)
h,2,1,2-12

DIGITAL

FILE
No,

J 31

hi
L2

[ S S

J b5
J b6

J 47
J L8
J 49

J 50
J 51
J 52

J 50
J 51
J 52

J 53

J 5k

56
57

o«

o

Rockwell
International

TABLE
{(or FIGURE)

Nc,

2.1.2.1-

\n

Uy
P
SN Ny N
.
NN N
.
\N'}J—‘

U \Un
NN
.
_-._.
NN
.
W'\.-l-—

(zero
50201'2.2'
5'2 ].203-

32

23
23
23

2l
24
24

-

25
25

26
26
26

26
26
26

valued)

27
27

28
28

STS85-0118~1



DIGITAL
FILE
No,
6,
c = AC féﬂ- , )
. ity g’ $a IRy )
subscript: (Y) J 56 5
(n) "J 57 5
(2) J 53 5
¢,
AC()J'LS = Ac()Jls f(_d" ’ C) .
L LHS
subscripts: (Y) J 59 5
(n) J 60 5
(2) J 61 5
8,
AC() = AC()“ f("" ' G)
J'Rs S 9. RHS
subscript: (Y) J 59 5
{n) J 60 5
(2) J 61 5
8,
8O, =4, f(“"" ' a-)
b Lo
subscript: (Y)~ J 62 5
(n) J 63 5
(2) J 64 5
¢,
AC”JI = AC()“ f("—' ’ G)
RD ° ¢. RHD
subscript: (Y) J 62
(n) J 63
(2) J 64
AC AC WAL 8¢ |
ileJ = ”e“ (— ¢ @, eL)
I s S b Lt
subscripts (Y) J 65
(n) J 66
(2) J 67
L,2,1,2-13

Space Transportation

Systems Division

o\

TABLE
{or FIGURE)

Rockwell
International

No,

§7583-

28
28

.29
29
29

29
29
29

30
30
30

30
30

{zero valued)
{zero valued)
{zero valued)

0118-1



Space Transportation
Systems Divigion

Rockwell

o\

international |

LiG!TAL TABLE
FILE {or FIGURE)
No, No.

Ac"euns ; AC‘,e“s

subscript: (Y)
(n)
(2)

[ SN Sy &9
o
-~ O\

9,
AC(,eJ'LD = Ac()ejlo f T
. L J

=
X
(o]
Qa
[-1]
[ Bl
. [
~—

subscript: (Y) J 68
(n) J 69
(2) J 70
Ay = ACy, f ‘21 ., 5£a
“ao o Pa |AHg
subscript: (Y) J 68
(n) J 69
(2) J 70
Aé(’ = ACy) f —2 e @ G;F
BFJILD BFJ|D ¢. LHD
subscripts: (Y) J N
(n) J 72
(2) J 73
AC‘) AC() f -‘: a 5;;
8F), 8Fip re
® IR
subscript: (Y) J N
(n) J 72
(2) J 73
L,2.1,.2-14

{zero valued)
{zero valued)
(zero valued)

(zero valued)
{zero valued)
5.2.1,2,.3= 31

(zero vaiued)
(zero valued)
5.2.1,2.3- 31

(zero valued)
{zero valued)
{zero valued)

(zero valued)
(zero valued)
(zero valued)

S$7S83-0118-1
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Space Transportation ’ Rockwell
Systems Division Internationai

b,2.2 HINGE MOMENTS, The Orbiter Vehicle control surface hinge moment
coefficients are defined for both rigid and elastic (flexible)
values for the elevon, body flap, and rudder/speedbrake.

L,2.2,1 ELEVON CONTROL, The elevon control hinge moment coefficients
are based on theoretical (NOT TRUE) reference dimensions, These
reference values were used for each panel so that the total hinge
moment is the sum of the individual panel hinge moments:

HMerorar = HMe\ygoaro* HMeouyrsoaro
where, HMe = Ch,(a Sece)

Reference Area, Se 210.0 ft?

Mean Aerodynamic Chord, Ce = 90.7 inches

Area Moment, SecCe 19,047,0 ft2-inches

Elevon hinge moments are defined positive in the same sense as for
positive deflection; i.e., trailing edge down, However, a positive
deflection results in a negative hinge moment,

ch"‘ToTAL = che(h + chq,o (Applicable to either flex or rigid,)

cf che( h
he(), = | - 5.
he( )'6 19 SeCe
c che( 10
=
Pt - ¢ KoF Se<
he() 09 SeCe
. ]
| .
o e 10 -C
he( )|6. : 28‘8[ he( "eos he( )lNEG]

|

Ch g2 ——|Ch - Ch
ey )08. Zs‘e[ e )OPOS ey )ONEG

Che‘) = Rigid or Flexible {superscript "f")
! elevon hinge moment coefficient for
inboard panel,
subscript:(L) = left-hand panel ,
{(R) = right-hand panel

s Rigid or Flexible (superscript "f")
elevon hinge moment coefficient for
outboard panel,
subscripts(L) = left-hand panel

{R) = right-hand panel

che( 1o

b,2.2-1

§7585-0118-1



Space Transportation ’ Rockwell
Systems Division International

= Change in elevon hinge moment coefficient
' with change in eievon deflection for
% inboard panel,
subscript:(L) = left-hand panel
{(R) = right-hand panel

C
he( )

che = Inboard elevon hinge moment coefficient
lpgg fOr @ positive (negative) elevon deflection
(NEG)  from nominal,

che = Change in elevon hinge moment coefficient
()03. with change in elevon deflection for
outboard panel,
subscript:(L) = left-hand panel
(R) = right~hand panel
Che s Qutboard elevon hinge moment coefficient
()opos for a positive (negative) elevon deflection
(NEG)} from nominal,
Se!’ s | degree (recommended).
| K, s 1.514_7x10'6 degrees/inch-pound
i
| Ko s 3,3232107% degrees/inch-pound
DIGITAL TABLE
FILE (or FIGURE)
No. No.
Che()| = che| flée, , a, M) A131 5.2.2.1-1
Che“uos = Che, fA(S.e(,|+ 5e, a, M) . A131 5.2.2.1-1
Che = Che, flbe(),~ Se, a, M) A131 5.2.2.1-1
()|NEG !
che( o a Cheof(Se( It G M) A132 5.2.2,1=2
Che,y - = Chg flders+ e, a, M) A132 5.2,2.1-2
()ovos o
Che()oNEG = Che,flsen) e, a, M) A132 5.2.2.1-2
bh,2,2-2

§7885-0118-1
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4,2,2.2 BODY FLAP CONTROL, The body flap control hinge moment coefficients
are based on theoretical {NOT TRUE) reference dimensions,

HMag= Chge (Q Sgrcar)

where, Reference Area, Sge = 135.0 ft?
L]
Mean Aerodynamic Chord, Cgr = 81.0 inches
Area Moment, SE;EBF = 10,935.0 ft2-inches

Body Flap hinge moments are defined positive in the same sense as for
positive deflection; i.e,, trailing edge down, However, a positive
deflection resulits in a negative hinge moment,

f Chee
Cher =

1 - Chs‘BEF KSF& SEFEBF

c = C + AC
hgr hBF55325° hasss;ssa

c 3 e [C - C ]
hBFSBF 268'F hBF’OS hBFNEG

C"B‘a 2259 B?sic body flap hinge moment coefficient
s8 with speedbrake set at 25°,

Acheﬁa 25> Change in body flap hinge moment coefficient
S37S8  due to speedbrake deflection, §gg.

Cher = Change in body flap hinge moment coefficient
Sar with change in body flap deflection.

chBFpo = Body flap hinge moment coefficient for a
meé, positive (negative) body flap deflection
from nominal,

dg s | degree (recommended).
Kgs = 1,817210"¢ degrees/inch~pound
10.2.2'3

.§T885-0118-1
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BIGITAL - TABLE
FILE (or FIGURE)
No. No,
Chers oo Chergagic f(dae+ a0 M) A133 5.2.2.2-1
S8
chBFaos s chBFBASlC f{8ge + SE',F, e, R) Al133 5.2,2,2-1
chBFNEG 4 ChBFaASIC f(agp - BéF, c, H) A133 Sedol 21
A(:hm._6 = AChg, .5 f(dgg, a, M) A134 5.2.2.2-2
se” Osa sa Usg
4,2,2-4

§7S83-0118-!
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4,2.2.3 RUDDER/SPEEDBRAKE CONTROL, The rudder/speedbrake control hinge mc
coefficients are based on theoretical (NOT TRUE) reference dimensi

RUDDER: HHR = Hnﬂchf - HHLEFT
SPEEDBRAKE: HMgg = HRpigur + HMLgrT

where, Hﬂga = Cha (q Sgazéa)
) sa

Reference Area, Sa 100,16 fe2
s8

Mean Aerodymamic Chord, cg 73.20 inches

s8
7331.00 ft2-inc

Area Moment, Sa cg
S8 s8

Rudder hinge moments are defined positive in the same sense as for
positive deflections i.e., trailing edge left, Speedbrake panel hing
moments are positive in a direction which tends to collapse the pane

HRaiaHT = (Chp pe * Chgipesue * Chauopen) (4 Sgacga)

HHLEFT = (chPANEL - chSIDESLIP - chRUDDER ) (q sga cga)

ChPANEL = Right or Left panel hinge moment
coefficient for § = §g = 0°,
Right pane! hinge moment coefficient

Ch =
SIDESLIP . .
: due to sideslip angle, f.

Chauopen™ Right panel hinge moment coefficient
due to rudder deflection, §g.
Chpaner = Ch§A~E3° + AchngEg
aF" B2 08F

C“PaNEL = Basic panel hinge moment coefficient with
8ge=0° body flap deflection set at zero degrees,

ACh,ANEL = Change in panel hinge moment coefficient
5gs=8ge due 1o body flap deflection, fgg.

b.2,2-5
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DIGITAL TABLE
FILE {or FIGURE)
No, Ne,
Choaner = Chss flass, a, M) Al35 5.2.2.3-1
8gr 0 BASIC
AChp,ngr = &Chgy,, f(Sar, a, M) A136 5.2.2.3-2
Sar Ogs
Chsioesiie = n""Mﬁ Chg 8

Tumg = Rudder /Speedbrake hinge moment sideslip
Flexible=to-Rigid ratio,

Chg a Change in right panel hinge moment coefficient
with change in sideslip angle,

DIGITAL TABLE
FILE {or FIGURE)

No, No.
Tumg™ Mumg £(q, M) F 21 5.2.2.3~ 5
Chg a Chp Flogg » a, M) A137 5.2.2.3- 3

Cheyooen = nHM)‘chansﬂ
LTV Rudder/Speedbrake hinge moment rudder
R . . e o
Flexible-to-Rigid ratio,

ChS a Change in right panel hinge moment coefficient
with change in rudder deflection

DIGITAL TABLE
FILE (or FIGURE)

No, No.
L T, (3, M) F 22 5.2.2.3- 6
Chg, = Cng, fldsa, @) M) A138 5.2,2.3- b

4,2.2-6

§TSB8S-0t18~1
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Space Transgortation ’ ROCkWQ"
Systems Division International
b,2.,3 AERODYNAMIC UNCERTAINTIES

This section presents the aerodynamic data uncertainties associated with
the operational aerodynamic data of the foregoing sections, Certain cal-
culations and definitions are required prior to obtaining data from the
Digital File and/or Data Tabies of Volume 3. These definitions and cai-
culations are given in this section and will be referred to as "Pre-Lookup"
definitions and calculations,

PRE-LOOKUP DEFIN!TiONS AND CALCULATIONS:

Ag = |ncremental change in angle of attack
(from reference angle of attack),

S @nom T 4Ree

Ade = Incremental change in elevon deflection
(from reference elevon deflection).

= Seyon ~ Segep

Adge = Incremental change in body flap deflection
{from reference body flap deflection).

SBFNOM - SEFREF

Assa a |Incremental change in speedbrake deflection
(from reference speedbrake deflection),

= 8SBNOM - 855ne;

where, ayou = Nominal angle of attack.
aner A Reference angle 6% attack.
deyou = Nominal elevon deflection
deqge = Reference elevon deflection
SgFyon © Nominal body flap deflection

83;“’: . Reference body flap deflection
8sByom = Nominal speedbrake deflection

853REF = Reference speedbrake deflection

b.2.3-1
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DIGITAL TABLE
FILE {or FIGURE)
No, No,
GREF = GREF f(H) 1] 1 5.2.3"]
SeREF = SeREFf(H) U 2 5.2.3-2
SBFREF 3 GBFRE;f(H) U 3 5.2.3=3
SSBREF 3 GSBREFf(H) U 4 5-2.3-"
;5 ' Differential Momentum Ratioc between left-
- =
- ey and right-hand up firing jets.
9, 9,
= ABS (---- === )
Pe |LtHy %= |aHy
9, Differential Momentum Ratio between left-
- =
o DIFFg and right-hand side firing jets,
‘ 4, ¢,
- nes (—| - -—- )
¢. EHS ¢- AHg
9, Differential Momentum Ratio between left-

- 3 DIFF, and right-hand down firing jets,

¢J ¢J
= ABS (---— - =l )
ba LHp % |RHp

b.2,3-2

§TS85-0118-1
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Space Transportation ‘ Rockwe_ﬂ
Systems Division International

LONG! TUDINAL AERODYNAMIC DATA UNCERTAINTIES, The total lorgitudinal aero-
dynamic data with uncertainties should be computed in the following manner:

LrotaL = ES(CL roral ¥ 4G um:)+ bres * Alresyne
NrotaL = @5 CupgraL * Ac"uuc)+ Nres & AMres e
DroraL = aS(CDTQTAL t 4G uuc)+ Orcs * A0resyne
AroraL = ES(C, voras ¥ 4Ca uNC)+ Ares * A“nqs,u~c
HTOT;L = ESE(CMTOTAL: AcMuuc)+ Pres * AMpes yue

The non-dimensional force and moment coefficient uncertainties
are defined as:

12
AC = | AC( 2 + AC )2
Pune [ 0 0 ]

FREE Uge
AIR

where, the subscript { ) denotes lift force (L), normal force (N},
drag force (D), axial force {A),or pitching moment (M) and;

AC(, = Free-air force or moment coefficient uncertainty,
Tt
= AC + a(acy))
Mgasic Wivar
AC = Basic, force or moment coefficient uncertainty,
Ygasic
A(ACy,) = Change in force or moment coefficient uncertainty
YaLr due to high altitude,
AC,,U = Change in force or moment coefficient uncertainty
GE due to proximity of the ground,
b,2.3.11
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DIGITAL
FILE
No,
AC = AC f(M, ade, Ac)
(,UaAmc Uy
subscript: (L) u 6
(N) U 7
(D) u 8
(A) u g9
(m) u 10
A(Ac”)lJA Lt A(AC(,)UHA f(h)
‘AL
subscript: (L) u n
(N) U2
(D) U 13
(R) U 4
(m) U 15
AC s AC f(h/b, Ae
Uy, Oy g (h/ )
subscript: (L) U 16
(N) u 17
(0) u 18
(A) U 19
(m) u 20
h,2,3.1-2

Space Transportation

Systems Division

o\

Rockwell

international

TABLE
{(or FIGURE)
No.

$TS85-0118-1
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The following uncertainties are for use in linearized stapility analyses
and other sensitivity studies, :

®AC = AC Aa + AC Aé
ACH e Ug, o ”Bew .

UN c

*aAC Ve aCq,

1/2

.AC( )a = [AC( )32 + AC( )32.
. tunc *Ugasic Uge

Basic angle of attack derivative uncertainty,

Nhere, AC' )a

AC'”ab = Basic elevon deflection derivative uncertainty.
Yaasic . . . .
ACy, s Change in elevon aeflection derivative
B%he uncertainty due to proximity of the ground,
DIGITAL TABLE
FILE {or FIGURE)
No. Ne,
AC()aU = AC()“U f(H)
subscript: (L) u 21 5.2.3.1,1- &
(N) u_ 22 5.2.3.1.1-10
(D) U 23 5.2.3.1.2= &
(A) U 24 5.2.3.1.2=10
(m) u 25 8.2.3.1.3- &
AC()B‘ = Ac') f(H' AC)
Ugasic Ygasic
subscript: (L) U 26 5.2.3.1.1- §
(N) u 27 5.2.3.1.1=11
(c) u 28 5.2.3,1,2- 5
(A) u 29 5.2.3.1.2-11
(m) U 30 5.2.,3.1.3- 5
N AC(, = Ac‘, f(h/b)
*Uge Beuge
subscript: (L) u 3 5.2.3.1.1- 6
(N) U 32 5.2.3.,1.1=12
(0) U 33 5.2.3.1.2- 6
(&) U 3k 5.2.3.1.2-12
(m) U 35 5.2.3.1.3- 6

NOTE: Terms marked by asteriik {(*) are to be used in linearized
analyses only and are NOT to be combined with total values,

b,2,3.1-3
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The RCS forces and moment uncertainties are defined as:
: 2

AC Dpes, e ® ;[A( )‘“’uuc] * [Ac(b'uuc ES]Z{

where; ( ) indicates Normai Force (N) or Axia! Force (A} and,

A(L)RCSUNC= A(N)RCSUNC

A(D) res e = (A resyne

2 2}1/2

%[A(H)'“’UNCJ ! [Ac‘m“uuc W E] |

where; (L) indicates Lift Force, (D) indicates Drag Force,
and (M) indicates Pitching Moment,

A(M)"":suwc

= Force or Moment Uncertainty resulting from
jet impingement on QOrbiter Vehicle surface(s),

) :[A( )'"P”"cu]z+[A( )lwu“cs]2+ [A( )mp"'"cn]zf

here; +
where; A )'“'uucu = A( )IMPUU(nLHU "RHU)

Al )'”'uuc

172

a( )'“’uncs = Al )'"'ps(nL"s+ nRHs)

Al ) up

= A n +n
uNcg ( )IMPUD( LHy RHD)

iy s Force or Moment Coefficient Uncertainty
UNC due to jet interaction,

where;

) 2 2
AC( ," = ‘ AC( )" + AC( )Jl
UNCD ‘ ULD UHD

wheres (N) indicates Normal Force, (A) indicates Axial Force,
and (M) indicates Pitching Moment,

L,2.3.1-b

STS85-0118-1



a( humu
component: {(N)
(&)
(m)

a( )'“’us
component: {(N)
(a)
(m)

3 iury,
component: {N)
(R)
(m)
AC = AC
”“ULU ‘"
subscript: {N)
(A)
(m)
AC
”“Unu

subscript: (N)

(&)
(m)
AC ’
(M'ULS
subscript: (N)
(a)
(m)
AC .
”“URS
subscript: (N)
(a)
(m)

= A( )'“’U

= A( )IMPUS

= Al )IHPUD

= AC( ).“U

= Ac‘blu

= AC(,“U

Space Transportation
Systems Division

DIGITAL
FILE
No,
f(P,)
uilol
U102
ulo3
f(P.)
uiok
ulos
U106
f{P.)
uloy
ui108
uilo9
4,
(o )
)
® 'y,
ulio
ulr
Uiz
¢,
fl— ,Aa)
w RH,,
utlio
Ul
Uiz
$,
(=] )
e LHg
ulis
Ulilk
ulis
'y
fl-——- ,Aa
Ve RHg
(RE]
Ulik
utis

k,2.3.1-5

’ Rockwell
International
TABLE
(or FIGURE)
No.v

(zero valued)
(zero valued)
(zerc valued)
(zero valued)
(zero valued)
{zero valued)
5.2.3,1.1-15
5.2.3.1.2-15
5.2,3.1.3-15
5.2.3.1.1-16
5.2.3.1,2=-16
5.2.3.1.,3-16
5.2.3.1,1-16
5.2.3.1.,2-16
5.2.3.1,3-16
5.2.3.1.1-17
5.2.3.1.2-17
5.2.3.1.3=17
5. 2 . 3 ] . ]" ] 7
5.2.3.1,2-17
5.2.3.1.,3=17

STS85-0118-1
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DIGITAL TABLE
| - FILE (or FIGURE)
' No, No,
4,
| AC by, = 4ty Niyg f -;-- 14a
; ® LHp
subscripts ::; 3::? g.g.g.:;-:g
(m) U118 5.2.3.1.3-18
AC AC f 4 Aa
(""Un = (,J'U '
D D %o | an
o
subscripts tN; ' U::? g.g.g.:.;-:g
A U L ] - L] . -
(m) ‘ U8 5.2.3.1.3-18
L,2,3.1-6

STS85-0118-1



Co TOTAL LIFT COEFFICIENT

LIFT-TO-0RAG RATIO

+A(L/0lyne = [A(L/O)ﬁFﬁEE
|

wher

e, A(L/D)u

FREE
AIR

A{L/D)y =
-BASIC

Space Transportation ‘ Rockwell
Systems Division International

y&

2
+ A(L/D;UGE]

Total! free-air lift=to~-drag urcertainty,

A(L/D)UBASIC + A(L/D)UALT

Basic lift—-to-drag uncertainty,

A(L/0), = Change in lift-to-drag uncertainty
ALT due to high altitude,
A(L/D)y = Change in lift-to-drag uncertainty
ae due to proximity of the ground,
DIGITAL TABLE
FILE (or FIGURE)
Nao. Ne.
A(L/D)y = A(L/D)y  f(M, Aa) u 36 5.2.3.1.4=1
. BASIC
A(L/D)y = AlL/D),  f(h) - y 37 £.2.3.1.4=2
ALT HA
(L/0 L/D f(h/b U3 2.3, b-
alL/ )“ca = AlL/ )Uce (h/b) 3 5.2.3 3

Correlation of C; and Cg Uncertainties With L/D Uncertainties, The basic
lift and drag uncertainties presented above are to be used to form the worst
case uncertainty box shown in the figure below,

S
(W4} 2 —
U/ 0+4L/ Oyne, NOM. ( L Non.

NOM. ///A

////// L/ 0-aL/Dne,

Co

CL
:::; :> NOM,
NOM.

CORRELATED
8CLgne. * 8C0unc,

ACLUNC CORRELATED

Cp. TOTAL DRAG

COEFFICIENT

STS85-0118-1
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Since the l1ift and drag uncertainties are highly correiated, certain areas
of the box are outside the three-sigma probability limit, To determine

the three-sigma limits on lift and drag, it is necessary to develop the
nominal L/D line and apply the *A(L/D) uncertainty to it as folilows:

c, L
L/Omax = <""‘> * A<"‘>
MIN Co /nom - 0 /unc

The intersection of the L/D +UNCERTAINTY line with the worst case box yields'
the correlated AC;, and ACp uncertainty points, These cases can be computed
using the following equations,

To find Co at max or min C, and L/D use:

Cumax ® CLyom % 4C1L 6

MIN
C L
LNOM
g - 22 ()
MIN  Co 0 /unc
CLMAx
o 8 —=————o-
@cLMAX (L/D)MAX
(L/D) MAX
o
c — L
@CL min (L/0)min
/0 \in
To find C, at max or min Cp and L/D use:
Comax = Congm t Aloyne
MIN ,
c a (L/0) Co
L MIN MAX
@Copmax
/o) vy
C = (L/D) Co
!
*Comn MAX MIN
L0 )max

b.2.3,1-8
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4,2.3.,2 LATERAL-OIRECT{ONAL AERODYNAMIC DATA UNCERTAINTIES, The total laterai-
directional aerodynamic data with uncertainties should be computed in
the following manner:

YroTaL = G5 (CYTOTAL t Ac"uuc) * Yaes * A¥ges 0
“rotaL = “5":’((:"1'011“t Ac"uuc)+ “tres £ Avtpes UNC
7 = 'Sb(c + AC )+ Zres £ AZ

ToTaL * PO\ 4 rora® M unc Res RS une

The non-dimensiond! force and moment coefficient uncertainties are
defined as:

AC =} (AC B)? + (AC §a)? + (ac s )’] +C
HUNC [ H,BUNC ()3‘ ”a'um: v ()o

UNC UNC

where, the subscript ( ) dendtes side force (Y), yawing moment (n),
or rolling moment (£) and:

AC, = Total sideslip derivative uncertainty
Bunc due to sideslip angle,

2 2 12
= [Acnp + AC,,p ]
. PUegee Yae

AR

ACy) = Free-air sideslip derivative
p”snes uncertainty due to sideslip angle.
AIR

= AC(, + A(AC( )p )UALT

pUsAmc ’

AC(, = Basic sideslip derivative
pUBASIC uncertainty due to sideslip angle,

A(AC‘,p)UAa Change in sideslip derivative

LT yncertainty due to high aititude.

AC(, = Change in sideslip derivative uncertainty
BUGE due to proximity of ground,

‘.QZ.}.Z-I
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AC”a = Total aileron derivative uncertainty
%unc due to aileron deflection,
' 2 2 112
=[ACH3 *+ ACy) ]
*U rree *Uge
AIR
AC(, = Free-air aileron derivative uncertainty
%Ugpgg due to aileron deflection.
AtR
AC(,B = Change in Bileron derivative uncertainty
‘wugg due to proximity of the ground.
AC, = Basic rudder derivative uncertainty
3'um: due to rudder deflection,
AC(, = Bent airframe uncertainty.
Qunc
LR B BE B NE B AR 2 2 2 B Bh b BN B BRI Nk I NE N B N EE N NS N R N N B B B B
* CAUTION *
* *
*  APPLICATION OF RUODER OERIVATIVES MUST BE SUCH THAT CHANGES TO THE *
*  SIGN OF THE BASIC DERIVATIVE ARE AVOIDED; i,e., t
* %
* cv 'ACV 20 *
* 3 3'um: *
* Cay + ACn <0 *
* % 3'uuc *
* c - AC 20 *
® lar ’“'uuc ®
LR B B B B BN BN BN B N 2L B IR BN BN BN N 2R BN R JNE BN BNE BN BN DR SR BN B BN BNk BN N B BN BE BN

L,2,3,2-2
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DIGITAL TABLE
FILE {or FIGURE)
- " No. No,
AC = AC f(H, As)
”pUBASIC “ﬁU
subscripts (Y) U &l 5.2.3.,2.1=1
{a) TS 5.2.3.2.2-1
(A) u h3 5.2.3.2.3‘]
A(Ac"p)UALT = A(Ac()p)UHA f(h)
subscript: (Y) U bk 5.2.3.2.1=2
(n) Y] 1‘5 5.2-:3.2.2"2
(£) U bé 5.2.3.2.3=2

AC()pUGE 3 AC()pU f(h/b)
GE

subscript: (Y) u 47 5.2.3.2.1-3
(n) U 48 5.2.3.2.2-3
(L) U b9 5.2.3.2.3-3
Ac” = AC() ’ f(M, A&e, AG)
YUcnee am 2V
subscript: (Y) u 50 5.2.3.2.1=4
(n) U 5 5.2.3.2.2-h
(‘) U 52 5.2030203-‘0
AC(’ 3 AC() f(h/b)
By, 3y .
subscript: (Y) U 53 5.2.3.2.1-5
“(n) U 54 5.2.3.2.2-5
(£) U 55 5.2.3.2.3-5
AC( )3r”Nc = AC( 'B,U. f(H, AC)
subscript: (Y) U 56 5.2.3.2,1=6
(n) u 57 5.2.3.2.2-6
(£) U 58 5.2.3.2.3-6
Clioyee = Ctioy f(n, &)
subscript: iY; u gg 2.5.3.2.;-;
° n U . 030 e &™
(£) u el 5.2.3.2.3~7

1.0 Combined normally with other uncertainties.
NOTE: (1) A = Asymmetry type =
2.0 Combined with nominal C,o and C

AC and AC' are set equal o zero,
n
pUNC UNC

(2) Values of c"°uucand qaouucare ALWAYS of OPPOSITE sign.
r L,2,3.2-3
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The RCS force and moment uncertaintﬁes are defined as:

)
4V aesype {(A(Y)'“’uuc]2 * [AC‘V'"uNc 55]2} 2

wheres; (Y) indicates Side Force and,

2 ST
A( )RCSUNC= {[A( )|upum.] + {AC( ,"'Um qS b] }

where: ( ) indicates Yawing Moment (n), or Rolling Moment (X).

A )“"u o = force or Moment Uncertainty resuiting from
N jet impingement on Orbiter Vehicle surface(s),

: 1
.= {{A( )|"PUNCU ]2 + [A( )lu’UNcs]z + [A( )|“',UNCD]2}/2
a( )'"Puucu = A( )'“’uu (“LHU‘ nRHU)
Al )'“"uucs = Al )mPUs("LHs' Arng)

Al )IHPUNco = Al )'“’uo(n‘-"o- nRHo)

aACy, = Force or Moment Coefficient Uncertainty
UNC due to jet interaction,
. _ "
2 2 2
= {fac +[AC +[ac }
{[ { )J'UNCUJ [ { )'"UNCJ' [ { “'UNCD]
4,2,3.2-4
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D1GITAL TABLE
FILE (or FIGURE)
No, No.
Al )“"uU = A )..,qu(P,)
e N s
(£) ur21 5.2.3.2.3-8
B ) upyg = A1)y, F(PL)
component: (Y) U122 (zero valued)
(n) utz23 (zero valued)
(£) ui2b (zero valued)
A0 ) tupy, = A '),..,Unm.)
omRene: TR
(£) U127 5.2.3.2.3-10
4 8,
AC(!“UNCU " A )J'u,u f<.¢. mFFu'M>
e ) - B3 Bayan
(£) U130 5.2.3.2.3-11
8,
AC, )"chs a AC ""Us f(—;:—{m“s,u>
subscript: (Y) Uil 5¢2.3.2.1-12
@ TR R
Ac AC e[-2: A >
I)J.UNCO = n,.uo <¢.'L'FFD, a
M ) ER
(£) U136 5.2.3.2.3-13
4,2.3.2-5
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AERODYNAMIC HINGE MOMENT UNCERTAINTIES. The total aerodynamic hinge
moments with uncertainties are defined for the elevon, body flap, and rud-
der/ speedbrake,

ELEVON CONTROL. The total aerodynamic elevon hinge moments with uncert-
ainties shguld be computed in the following manner:

HMg, = 35,S.(Cy, % AC,, ) ' ‘
TOTAL ! 'unc

HM 2 gS.c, (C + AC
ovoraL | °C (Creg h°°u~c)

The non—-dimensional elevon hinge moment coefficient uncertainties are
defined as:

AC = AC
Miunc "y
Ach = ACN.
Oync
where, AC...| = Inboard elevon hinge moment
UNC coefficient uncertainty,
ACh, = Qutboard elevon hinge moment
Ounc coefficient uncertainty,
DIGITAL TABLE
FILE {or FIGURE)
No. No,
AC.,.‘U = AC,,  #(R, Ade, Aa) U 5.2.3.3.1-1
u
ACh' = ACy, f(M, Ade, Aa) U 72 5.2.3.3.1-2
Oy Oy

NOTE: To obtain total elevon hinge moment coefficiant
uncertainties, RSS inboard and outboard values,

ac [AC s ]"z
h = h n
*uNc *lune *Ounc

l.ozo3. 3-]
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BODY FLAP CONTROL. The total aerodynamic body flap hinge moment
with uncertainties should be computed in the following manner:

HMg, = ESBFEBF(ChB

+ AC )
TOTAL "ar

F UNC
The non-dimensional body fiap hinge moment coefficient uncertainty is
defined as:
AC,, = ACy
8F unc 8y

where, AchBF = Body flap hinge moment coefficient uncertainty,
u

NC
DIGITAL TABLE
FILE {(or FIGURE)
No. No.
Ac“asu = AChBFUf(H, Aa) U3 5.2.3.3.2~1

b,2.3.3-2
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L,2.3.3.3 RUDDER/SPEEDBRAKE CONTROL. The total rudder/speedbrake hinge moments
with uncertainties should be computed in the following manner:

TOTAL RUDDER/SPEEDBRAKE (RIGHT OR LEFT HAND) PANEL:

= q ° +
Hhr/seg,, qSR’SB“R/SB(cP pane * Chsicesuie Crauopent Achn/saunc)

HHRISBLH= qsnlsaéR’sa(C“PANEL - C"snoesup = Chauooen? AC"RISBUNC)

TOTAL SPEEDBRAKE:

HMsg = QSp/sarssal2Cnpapne, * Acnsawc)

TOTAL RUDDER:

Hhg = asR/SEER/SB(ZCHSlQEsUP + ZC"RUDDER tAC"nUNc )

4,2,3.3-3
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The non-dimensional rudder/speedbrake (left- or right~hand panel) hinge

moment coefficlent uncertainties are defined as: "a

2 2 2
AC, = [ACh + (AC, B) + (AC, 5.)]
RISBync S8, B, 3,
where, AC, = Left or right hand speedbrake panel
S8y hinge moment coefficient uncertainty,
AC,, = Rudder panel hinge moment coefficient
U uncertainty due to sideslip,
AC, = Rudder panel hinge moment coefficient
&b uncertainty due to rudder deflection,
DIGITAL TABLE
FILE (or FIGURE)
No, No.

AC = AC f(M, Aa U 74 e2.3.3.3-1
"sa, "sau , Aa) . 5.2.3.3.3
ACy, = AC, (M) uis 5.2.3.3.3-2

By Bu :
AC, = AC, f(M) u 76 5.2.3.3.3-3
'u b'u

NOTE:; To obtain total speedbrake hinge moment uncertainty:
12

2
1 +
Ac"sa = [2( Pc, c, )Achn/sa ]
UNC Riss_,, R/SBiy UNC
and to obtain total rudder hinge moment uncertainty:
2 12
aCy, = {2(‘ = Pc c )ac,, ]
Runc "RisBg,, “R/saLH R/SBync
where, pe c, s Correlation coefficient relating
"R/sBq,, AISB,, right and left hand rudder/speedbrake

hinge moment coefficient,

DIGITAL . TABLE
FILE {(or FIGURE)
No. No,
Pc, c, 2 pe f(M) U 91 5.2.3.4-8
RISBg,, RSBy, "R/saRH.u_' '
b.z. 3. 3‘“
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AERODYNAMIC DATA UNCERTAINTY CORRELATION COEFFICIENTS.

Aerodynamic data uncertainty correlation coefficients are presented in this

section, Correlation coefficients describe the degree of linear relationship

between two aerodynamic coefficients, For statistical error

- W analysis where uncertainties
need to be combined, the un-

gertainties can be treated

as three-sigma (30g)

errors normally distributed

about the mean,

Uncertainty envelopes c¢an
be statistically defined,
A two-dimensional Gaussian
probability density distri-
bution is represented by a
beil l-shaped surface in the
X, Yy, 2 space shown in the
sketen (Reference 4=13), The
curve formed by the inter-
section of the distribution
surface and a vertical plane
— parallel to one of the coord-
) @SS‘AN DISTRIBUTION | J inate planes is a curve of the
same shape as the normal distribution curve; i.e., a sigma "cut" where the
height {or 2z) represents the proportionate number of errors of the value x
{or y) and the greater the value of 2z, the more closely the errors are clus-
tered about the maximum ordinate (x or y = 0)., Therefore, 2 can be con- sid-
ered as a precision index or a measure of the concentration of measure-
ments about their mean and may be seen from the sketch to be inversely
related to sigma. Sigma (o) is defined as the standard deviation, or limit
in the probability sense, of the square root of the average value of the
squared deviation of individual values from the mean as the number of values
is inc= reased indefinitely,

|

{f a plane normal to the vertical axis, Z, is drawn at 2,, then the inter-
section of this plane with the surface will describe a curve formed by the
locus of points with probability density 2z, The curve will be a circle, pro-
vided that the standard deviations are egqual for both x and y values, When
this condition is not satisfied or x and y are linearly correlated (-] < Pry
< +1), the circle deforms into a contour ellipse of the form:
-\ - - -2
1 X = X\ X =X Y-y y -y
1 2 - ZDXY + . = X-‘;.z (P)
- va cx Ox Oy Oy

where X and y are the normal or mean values, oy and gy are the standard
deviations, p . is the correiation coefficient between x and y, and x2 ,(P)
represents the value of the x2 distribution for two degrees of freedom cor-
responding to a given probability level (P), In order that all ellipses

h,2.3.4-1
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generated wil! be tangent to a three-sigma rectangle (xz,,2 = 9,00) which
corresponds to-a probability level of P = 0,98889 and tne squation of the
contour probability ellipse becomes:

o \g<x-;>2 . (x-;> <y'7>+<7'7>2
l - p:v ' Ox ~\ Ox Sy Oy "

1 ‘(x -
1= p%y l 30

9.90

or

1.00

w [}
[~]
< ~
\_/kl
]

An n-dimensional Gaussian probability density distribution is represented by
a "surface”" in n-dimensional (X,,X,,~=====X») space. The locus of points
with a given probability density will form a contour "surface" given by the
following matrix expressions

. -1 -
(xﬂ = XH)HH (xﬂ - xn) = lean

where x, is a random vector, X» iS a mean vector, and M, is the covariance
matrix,

If the n-parameters consist of m—pairs of variables and each pair is assumed
uncorrelated and independent of all other pairs, then the resulting equation
for the contour "surface" is:

S0 ) O e

s m m
2Fo= X = Xeim
i=) tml
Where F; is the contour ellipse equation for each individual pair of vari-
ables and x? is that portion of the X%-zm value associated with the F
ellipse, The total X%-zm value can be apportioned among the

L,2,3.4-2
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individual pairs in any manner consistent with the restriction 0 < x? s 9.0,

Use of the above equations is contingent on the following assumptions:
Aerodynamic coefficients are normally distributed, and
Aerodynamic uncertainties are three-sigma levels,

LIS
2.

These correlation coefficients are to be used in the above equations of in
the equation forms given in Table 4,2,.3.4~1 which describe the statistical
determination for combining uncertainties of functions of the aerodynamic

coefficients,

COMBINING UNCERTAINTIES OF FURCTIONS OF AERQDYMAMIC COEFFICIENTS

TASLE 4.2.34-1

Ne FUNCTION MEAN VALUE UNCERTAINTY REMARKS
R n - — K, = constant
1= 2 ki Xy y =£le' Ay = JZ x; [Ali]' 23K K; p;; 8X%; A%; p. = correlation
=} Y imt <) ! coefflcient
y Exact axpression
- 2
== up’)[ax AX ]’ +(ax )' P Y.'(Ax,) for a blvariace
= XX = ( 1942 ] ?
2|y 1%2 y =X X+ ﬂnixﬂixr A J 12 ’_‘——.—ﬂ normal distribution
+ 2%},1, AX,4X,
v J(l 2 P+ (ax )’7;’ % )’l, For s muttivar o
Aly= X X2 X, X sTX X . = +2)[ax,ax, [+ (AX,) X7 ¢ X, (8Xg for a multivarista
y= hXa 2 XX, y =X Xt p AXAX, 1Ay ; 12 | normal discribution
<X X0 p Ax,ax, - 2q;,x,ax,nx,.n’%iuangx.f.(Ax,i.f
»«i,;x.)’»zp“i,i,ax,ax.:2[(43.ﬂ,.\)(,)-
‘(%.Ax,AX.)+(gzix,AX,%‘q‘AX,Ax.)
:(puan AXy)X,Xa + (B, 8% AX) X, X,
e ~ 1)
"‘(gaug u))x,x‘ + (P;‘AXQMG)R,X,
a4 n " - .
'x=):l'<;xl LK X Az, £ &4z, from function | above Ki.Mj = constant
- =
[a) n n n
- ] s 2T T - = correlation
2,27 M;Y; 3,7 LMY Bty (ZZ K; M; Py AXEAYJ) az,42, %% coefficient
J=i jmt 142 .1 got (RS] .
- - » 3 h
- - i 96 36 196 1p. ax, Linear!
S y-G(X,,X,, ,X,.){ y G(x]»XZv oxn) AY:J-Z'([—JX.]AXi) + 2:2[313][.)1’]", AX,AX’ Kh:;:; zed
(L] o(_y
8l,: 2 geat @h) HexF _ 20(ax,)(8%)Rs derived from
L X, YT X, Ay = = =T - ) Equation No. §
? It ] 2 J
b.2.3.b-3
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LONGITUDINAL CORRELATION COEFFICIENTS. The correiation coefficients to be
used with the {ongitudinal aerodynamic uncertainties are:

pCLCo = Correlation coefficient relating 1ift and drag.

= Correlation coefficient relating lift and pitching moment,

Pc . Cm
pcocm a Correlation coefficient relating drag and pitching moment,
DIGITAL TABLE
FILE {or FIGURE)
No, No.
Pc cg ® ﬂc,_cof(“) U N 5.2.3. b1
Pc cp = Pe cm (M) .U 82 5.2.3.4-2
PCoCm = Pegem (M) U 83 5.2.3.4-3

b,2,3.4-4
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5.0.

above ‘equations is contingent on the following assumptions:
Aerodynamic coefficients are normally distributed, and
Aerodynamic uncertainties are three-sigma levels,

These correlation coefficients are to be used in the above equations or in
the equation forms given in Table 4.2.3.4-1 which describe the statistical
determination for combining uncertainties of functions of the aerodynamic

coefficients.

COMBINING UNCERTAINTIES OF FUNCTIONS OF AERODYNAMIC COEFFICIENTS

TABLE 4.2.34-1

No FUNCTION MEAN VALUE UNCERTAINTY REMARKS
" n " 3 X, = constant
Tr= .Z‘ix‘ ;=_ZK;X; ay= JZ ‘iz[AX;]' *2ZZK;K,p;ij;AX,- p. = correlation
et it =i i< ) 1 coeffleient
) Exact expression
2 2 =2 2 2
- S . {1+0%)[ax,ax,] +(ax,) X, + HEY ) for a bivariate
2]y= XX y x,x,’,:z.\x,ax, Ay=s J l7[ ! '] frmm——— normal distribution
+2p)] 1 X5 4%,4X,
‘ 5 Exact expression
- = 2 2, (ax,) %2+ %1 (axy) i
al,= x,x,2x,x 52X X,» J(“p Jax,ax; ]+ (AX,)7 X7 + X, (8Xyg) for a multivariata
y= hi22 XX, 1 Xo* pp AXAX, | Ay A 12 . | normal distritucion
’x,x.oq‘ax,Ax‘ " zefl’rdxnﬁxa°“‘giNAX:AX-V*<4X;iJi
o«i,.sx.)’~zp“i,i,ax,.*.x.:z[(q].xx,.xx,)-
(p_‘ax,.*.x.) ’(p_].\X,-.\X,)-‘p“dX,AX.)
\ < . 1
+(p ax, AX XX + (R, A% AKX, X,
LN
- 9!
b(g;\X, QXX X, - (g".‘-X,AX-)i,x,
a n n -
!|=Z X; X; ,I‘=ZK.X. Az, 6 Az, from function | above Ki.Mj = constant
yml =
n A n N
. I _ = correlaction
2,23 MY 1,2 L M, o -( K; My p AX-AY)AzAz v,
TR i 7,2, E}:‘: 7 XY ] T ’ coefficlent
= . sz G(X,.¥ 3 2 ([ 96 ! 36 {96 1. ax; I ]
S y=G(Xy,%q, ", X 0] 73 G(Xy,X3, Xa} AY = Z ([W]Ali) + ZZZ 6—X|- Ix plj ax;ax, tn:::: zed
T * 1<) )
6{,= % ;=g . (ax,)’ . X;(ax,)’ - 20(A%,)(a%4)X, :"“?d from
X X, Ay = i‘; - ] quation Na. §
bh.2.3.4-3

§TS85-0118-1



Space Transportation ’ Rockweil
Systems Division International

CONTROL SURFACE HINGE MOMENT CORRELATION COEFFICIENTS, Correlation coeffi-
cients to be used with the rudder/speedbrake panel hinge moment uncertain-
ties are: '

ch c = Correlation coefficient reiating right-
R/sBgy "RISBy and left-hand rudder/speedbrake hinge moment
coefficient,

pc, Cn = Correlation coefficient relating yawing
3 moment and hinge moment due to rudder
deflection.

ch a Correlation coefficient relating rolling
la' 3 moment and hinge moment due to rudder
deflection, -

DIGITAL TABLE
FILE (or FIGURE)
No, No.,
a f(m) U 91 5.2.3.4- 8
Chrarsag, PRISB Ly pc"nmathH . .
PCay  Cny = PCny Cny f(n) u 92 5.2.3.4- 9
] f(M U «2.3.4=10
I’c‘,'br Cay, pcla,c"B, (M) 93 5.2.3
b,2,3.4-6
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LAUNCH VEHICLE AIRLOADS EQUATIONS

This section presents the airloads data base equations and methodol-
ogy for obtaining the external pressure distribution and aerodynamic
loads distribution for the Space Shuttle Vehicle . during the first
stage of launch and consists of the following subsections:

4,3.1 External Pressure Distribution and Airloads Analysis

L,3.,2 Plume Effects

4,3,3 Skin Friction

L,3.4 Engine Nozzle Airloads

4,.3.5 Attach Structure Airloads

4,3,6 ET and SRB Protuberance Airloads

L,3.,7 Distributed Airloads
The ignition overpressure airloads experienced at the time of the SR8
and SSME ignition are not included in this document but are provided
in References U4-7 and 4-8, The referenced documents describe the

procedures used to determine the pressure enviromment induced by the

SRB and SSME ignition overpressure for the Eastern and Western test
ranges respectively,

L,.3-1
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b,3,.1 EXTERNAL PRESSURE DISTR!IBUTION AND AIRLOADS ANALYSIS, This section
presents the. external surface pressure distribution data base and
methodology for obtaining the loading distributions for the geometric
elements of the first stage of the Space Shuttle Vehicle (SSV), The
pressure data for the SSV are grouped for two regions; the forebody
and the base of the vehicle, The pressure distribution for the base
of the SSV is included in Section 4,3,2 (Plume-Effects).

Detailed forebody pressure ‘distributions are available for each
exposed surface of the Launch Vehicle; i.e,, the upper wing, lower
wing, fuselage, vertical fin, External Tank, and Solid Rocket
Booster, The pressure distibution is provided as a function of the
principal bi-variant coordinates of the surface and is in tabular
form for the non-dimensional pressure coefficient; i.e,,

p - p
Cp =

e
where: Cp = Local pressure coefficient

P = Local surface pressure

O
[}

- Free stream static pressure
q, = free stream dynamic pressure

The pressure data tables are grouped by configuration, by Mach
number, and by control surface setting. Each configuration consists
of a set of geometric surfaces and each surface contains a set of
pressure tables for vehicle attitude; i.e.,, angle of attack and
sideslip, .

Due to the large volume of pressure points used to define the data
base (approximately 50 miilion), the data are stored on mass storage
devices. An identifier system has been devised for the total data
base to access the required data quickly, This identifier system

consists of a unique six character data-set-identifier, DSI0, and two
indices,

b,3.1-1
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The six characters in a typical dataset identifier, such as J4BL8A,
have the following meaning:

DATA=-SET-10ENTIFIER DESCRIPTION

OATA~SET-IDENTIFIER

JuaL84 ==> J 4 B

-
joo
—"_

Historical = Test |D -T-

Left/Right side pressure tabl

Component identifier

Historical = collation number from test

The first two (J4) and last two (84) characters are historical and
define the test and collation sequence of the test data for the ori-
ginal data base. These were maintained to provide uniqueness to the
0S!0. The third and forth characters of the 0SID define the charac-
teristics of the data table, The third character is used to define
the left or right side of the vehicle tabie with the letter, "R",
being used for the right side and any other character for the left,
The fourth character defines the geometric surface of the vehicle,
These are defined in the table below, The DSID's and index defi-
nition of the data are defined in Tables 6,1,3-2 and 6,1,3-3,

COMPONENT IDENTIFIERS USED

COMPONENT COMPONENT 01MENS | ON
IDENTIFIER 'NAME VARIABLES
B ORBITER FUSELAGE . X/LB PHI
L LOWER WING X/CwW 2Y/8wW
u UPPER WING X/CwW 2Y/8W
v LEFT VERTICAL x/cv z/8v
s SRM BOOSTER X/LS PHI
T - EXTERNAL TANK ‘ X/LT PHI
1 ORBITER ATTACH REG!ONS X/LB 2Y/8W

The pressures were originally generated for a symmetrical loading
distribution about the lateral plane and were defined for the left
side of the vehicle only, The right side was defined as the left
side pressure for the opposite sideslip angle, For the asymmetric
loading conditions, the same procedure was used, The pressures for
the right side of the vehicle are the appropriately defined tables
but with opposite sideslip angles,

The.use of tabulated pressure data in numerical integration tech-
niques usually requires that the tables be a filled matrix for each

L,3.1-2
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coordinate provided, The forces generated by the pressures are
obtainable by integration over the exposed areas, The incrementai
vector force [dF;,] on any exposed incremental area [dS;,] with a
reference pressure [P.] on the reverse side is:

dF‘) L4 [P - P-] dS()
or in coefficient form:

dCy) =

Cp dS(,
SREF

where; dC(, = the incremental force coefficient
dS(, = the vector areas of integration

() . = the vector directions of the forces
and areas

Cp s the local pressure coefficient
Spes = the reference area

A bi-variant coordinate system is used to define the pressure disti-
bution for each surface. The wing and vertical fin coordinates are a
rectangular system of the local non-dimensional chord and span
locations, The rectanguiar coordinate axis system of the wing and
vertical fin is defined as zero at the leading edge of the panel and
unity at the trailing edge in the streamwise (longitudinal)
direction, The cross=flow direction is defined as unity at the wing
and vertical fin tip, zero at the Orbiter centerline on the wing, and
2ero for the vertical fin at Orbiter Water Plane 500,

Representative displays of the pressure coefficient table for the
upper wing, lower wing, and vertical fin are given in Tables 6,1,1=1,
6.1.1-2, and 6,1,1-3 and corresponding Figures 6,1,1-1, 6.1,1-2, and
6.1.1-3, respectively, The integration scheme employes superimposi-
tion of the pressure data on a finite element gecmetric model! of the
external structure, The models used for the upper wing, lower wing,
and vertical fin are shown on Figures 6,1,1-4, 6,1,1-5, and 6,1,1-6,
respectively,

The Orbiter fuselage, External Tank, and Solid Rocket Boosters refer-
ence axes are cylindrical coordinates, The streamwise {longitudinai)
axis of the cylindrical coordinate system of the fuselage, External
Tank, and Solid Rocket Booster is defined as zero at the nose of each
element and unity at the base with the scaling length of each element
being used as the reference length of the element. The radial coor-
dinate is defined as positive around the left side of the element,
starting with 2ero at the lower centerline, The only exception to
this definition is the right hand Solid Rocket Booster where the pos-
itive direction is on the right side of the element,

". 3- ]-3
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Representative displays of the pressure coefficient table for the
fuselage, External Tank, and Solid Rocket Booster are given in Tables
6.1.1=4, 6.1,1-5 and 6.1.1-6 and corresponding Figures 6.1.1-7,
6.1.1-8 and 6,1,1-9, respectively, The radial coordinates of these
data are unwrapped on a flat surface for clarity, The finite element
models used for the fuselage, External Tank, and Solid Rocket Booster
are shown on Figures 6,1,1-10, 6,1,1=11, and 6.1,1-12,

Pressure data are provided for the first stage mated.vehicle for var-
ious Mach numbers, inboard/outboard elevon deflections, and angles of

attack and sideslip., The eiement pressure tables are provided for
the following conditions:

MACH ELEVON DEFLECTIONS
NG, OEGREES

0.60{| 8/ 5 {8/ 9 | 8/11{ 10/ 5] 10/ 9| 10/11| 12/ 5{ 12/ 9| 12/
o.80(| 8/ 5 |8/ 9 | 8/11| 10/ 5| 10/ 9| 10/11] 12/ 5} 12/ 9f 12/11
0.90(| 8/ 5 |8/ 9 | 8/11] 10/ 5| 10/ 9| 10/01]| 12/ 5| 12/ 9| 12/11
1.05|| 8/ 5 |8/ 9 | 8/11| 10/ 5] 10/ 9{ 10/11] 12/ 5| 12/ 9| 12/11
1.10|| 8/ 5 |8/ 9 | 8/11| 10/ 5{ 10/ 9f 10/11| 12/ 5| 12/ 9f 12/
1.25{! 8/-2 |8/ 5 | 8/ 9| 10/-2} 10/ 5| 10/ 9| 12/-2]| 12/ 5| 12/ 9
1.40{{ 8/-7 |8/-2 | 8/ 5| 10/-7| 10/-2| 10/ 5| 12/-7} 12/-2| 12/ 5
1.55{| 8/-7 |8/-2 | 8/ 5| 10/-7| 10/=2{ 10/ 5| 12/-7| 12/-2]| 12/ 5
1.80|| — /=5 | 4/=2| == | 10/=-5] 10/-2| 12/-7] 12/-5| 12/-2
2.20|| — |o/-5 | o/-2} — | w/-5| u/-2| 10/-5{ 10/-2| --
2.50{| 0/-7 {o/=2 | o/ 2| u/-7| u/-2| -

Data are presented for the elevon settings listed and the following
angle of attack and sideslip ranges:

MACH RANGE ~ DEGREES
NC. e g
0.60 -8 to+8 | -8 to +8
0,80 -8 to +6 | -6 to +6
0.90 -8 to +4 | -6 to +6

0.95 -8 to +i4 | -6 .to +6
1,08 -8 to +4 | -6 to +6

1.10 -8 to +4 | -6 to +6
1.25 -8 to +8 | -8 to +8
1.40 -8 to +6 | -6 to +6

1.55 -8 to +4 | -6 to +6
1.80 -8 to +4 | -6 to +6
2.20 -8 to +4 | -6 to.+6
2,50 -8 to +4 | -6 to +6

b,3.1-4
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h.3.2 PLUME EFFECTS. This section presents the effects of the plume inter-
action with the surrounding flow., The principal effect of the gase-
ous mixing of .the plume with the local flow is to create a recircu-
lated flow region which repressurizes the base regions of the SSV and
changes the local forebody pressures in the aft regions of the vari-
ous SSV components, The use of the data for these phenomena is
described in the following subsections and the data are presented in
Volume 4 of this report,

BASE PRESSURE. This sub-section presents the base pressure distrib-
ution on the Orbiter, External Tank, and Solid Rocket Boosters during.
the launch phase, The power-on load distributions on the base region
of the 5SSV are based on high~q boost conditions., The base regions
considered are the bases of the fuselage, wings, and vertical fin of
the Orbiter and the bases of the External Tank and the Solid Rocket
Boosters,

The pressure distributions on the fuselage, ET, and SRB base regions
vary due to gecmetric contours and protuberances which alter the
recirculated flow directions and magnitudes, Based on flight and
wind tunnel test resuits, the pressure is defined as approximately
constant over each 2one of the bases, These zones (10 for the Orbi-
ter, 4 for the External Tank, and b for each of the Solid Rocket
Boosters) and the areas encompassed are illustrated below and pre-
sented in Figures 6.1.2~1 through 6,1,2=4, :

STS85-0118-1
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The base pressure on the upper surface of the body flap is a function
of the plume. mixing with the surrounding stream and is presented as
part of the Orbiter base with the pressure distribution for the lower
surface of the body flap being provided as part of the Orbiter fore-
body fuselage pressure tables in Section 4,3.1,

The base pressures are presented for baseline conditions of zero
angles of attack (a) and sideslip (8) and pressures for flight values
other than (g, f) = (0, 0) are obtained by use of the following
equation,

tpla, B) = Cp(0, 0) * [ 1 + Ky + Kp82 ]

where; Cp (a,f) = Base pressure coefficient
(function of angie of attack
.and sideslip) '

Cp (0,0) = Base pressure coefficient
when angle of attack and
sideslip are zero degrees

a = Angle of attack, degrees

g = Angle of sideslip, degrees

K,, K, = Constants given in the following

table
MACH RANGE OF APPLICATION CONSTANTS

NO. a B K, K,
0.60f -8 -+ +8 -8 + +8 | -0.00047 | 0,00083
0.830| -8 -+ +6 -6 + +6 [ -0,00146 | 0.00191
0.90f{ =8 -+ +b -6 -+ +6 | -0.00247 | 0,00308
1,05 =8 + +b4 -6 + +6 0.00731 0.00238
1,100 -8 -+ +b -6 + +6 0.00772 | 0.00392
1,25] =8 + +b4 -6 + +6 0,00284 | 0,00199
1,60f -8 -+ +b -6 + +6 0.00196 | 0.00297
1,55 =8 + +b4 -6 + +6 0.00305 | 0,00313
1.80] -6 -+ +6 -6 -+ +6 0.00271 0.00271
2,20f -6 -+ +6 -6 -+ +6 0.00208 | 0,00208
2,501 -6 -+ +6 -6 + +6 0,00158 | 0,00158

The pressures acting on the base regions of the wing, and vertical
fin were obtained by using two-dimensional wake pressures (Reference
L=10), Tables listing the base pressure coefficients for the various
Mach numbers are included on Figures 6,1,2=-5 through 6,1,2-9,

4,.3.2-2
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FOREBODY EFFECTS, The interaction of the SSME and SRB plumes with
‘the surrounding local air flow affects the pressure on the forebody
of the SSV, The magnitude of pressure changes and regions of influ-
ence of these changes were measured during wind tunne! test, These
are illustrated on the figures listed below,

FOREBODY PLUME EFFECTS

ELEMENT MACH NUMBER

0.60 | 0.90 1,05 1 1.10 1.25 1,L0

Figure 6,1,2-()

WING 10 iy 12 13 14 15

FUSELAGE/VERTICAL FIN 16 16 17 17 18 18

EXTERNAL TANK 19 | .20 21 22 23 24

SOLID ROCKET BOOSTERS | 25 26 27 28 29 30
b.3,2-3
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4,3.3 SKIN FRICTION AND SURFACE ROUGHNESS, This section presents the skin
friction on the SSV and surface roughness drag of the TPS tiles and
protuberances of the Orbiter, . '

SKIN FRICTION, The full scale skin friction was computed for design
flight conditions using the fully turbulent flat plate skin friction
for a wall-to-freestream temperature ratio (Tw/T_) of 1.0 and an
equivalent sand roughness height (k) of 0,002 inches for all surfaces
(Reference 4=11), The resultant local skin friction coefficients,
presented as functions of the distance from the leading edge or nose,
are given in Figures 6,1.3-1 and 6.1.3-6 for Mach numbers through the
high dynamic pressure flight regime.

A modification constant has been applied to account for disturbances
caused by shock/boundary layer interaction, proturbances, and pres-
sure gradients, To obtain the skin friction in the vicinity of these
disturbances, a multiplying factor (MF) is provided on Figures
6.1.3=7 through 6,1.,3-17, The resultant local shear stress due to
skin friction in the axial direction is

T = C * (MF) * q_

and the net axial force due to skin friction (iﬁdependent of the
angle of attack and the angle of sideslip) is:

1
cr = —— [ Celx, y) (#F) ] s

SRee
where; 7 = Local shear stress (skin friction)

Ce = Local skin friction coefficient
MF = Multipling factor to the skin friction

- from shock/boundary layer interaction,
E. = free stream dynamic pressure
Cr = Skin friction force coefficient due

to shear stress

ds = Wetted surface unit area .
Sper = Reference area

Integration of the local skin friction over the wetted areas provides
the global skin friction force coefficient of each segment, This
resultant force vector for each eiement is in the direction of the
aerodynamic stream, The vehicle axial, side, and normal components
of the skin friction are obtained by the usual rotation equations;
i.e.,

hc}o}‘-]

STS85-0118-1
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L34 ENGINE NOZZLE LOADS. This section presents the incremental loads on
the Orbiter due to asymmetric !loading on the SSME and OMS nozzles at
vehicle angles of sideslip. The values presented in Figure 6,1, 4=
were determined by use of cross=flow theory and exposed nozzle areas,
The incremental Orbiter side load is determined by:

ACV = Cﬁ
where; ACy = Side force coefficient increment
{function of angle of sidesiip)

g s Angle of sideslip, degrees

c s Proportionality constant

The proportionality constant, ¢, is defined as foliows:
The upper SSME and OMS nozzles Figure 6,1, 4=1
The lower SSME nozzles ‘ Figure 6,1,4=2
The yawing and rolling moment increments for the OQrbiter are deter-

mined by use of the above force increments and the appropriate moment
arms from the load point of application indicated on the figures,

b3, 4=1
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4,3.,5 . ATTACH STRUCTURE LOADS. This section presents the loads on the attach
structure which connect the Orbiter with the ET and the ET with the
SRB's (cf. Section 3,1.4). The presence of the attach structure has
two effects; it alters the vehicle pressure distributions in the
vicinity of the attach structure and produces aerodynamic loads on
itself, The interference influences on the Orbiter and ET pressure
distributions are included as part of the integrated pressure loads
" of Section 4, 3.1,

THRUST STRUT VERTICAL STRUT
(RIGHT HAND) (RlGHT-HANDj/;7

ET/ORB I TER _ P L FEEDLINE~LO:
FWD ATTACH ' e

FEEDL INE

ET/ORBITER
AFT ATTACH

ET/SRB
FWD ATTACH

§ SRB //Af£%“

. \
L—/ LH SHOWN
RH OPPOSITE
ET/SRB
AFT ATTACH
L,3,5-1
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The total loads on the attach structure, determined from an evalu-
ation of force data, have been apportioned among the various elements
of the attach structure based on their respective projected areas,
The loads on the attach structure are presented as a build-up of the
various elements, The data were curve-fit as functions of angles of
attack [a] and sideslip [8]; i.e.,

C() = a+bag +cf

where; Cy, a Aerodynamic force coefficient
() s A, Y, N components of force
a 2 Angle of attack, degrees
8 = Angle of sideslip, degrees
a
b = Proportionality constants
S

These proportionality constants for each of the element loads are
piotted and tabulated in Section 6,1,3 for Mach numbers through the
high dynamic pressure range of the launch trajactory. The constants
and the load point are provided in the figures listed below:

ATTACH STRUCTURE FORCES

ELEMENT A Y N
Figure 6,1,5=()
Forward ET/Orbiter bipod ] 2 3
Right Thrust Strut i 5 6
Left Thrust Strut 7 8 g
Right Vertical Strut 10 11 12
Left Vertical Strut 13 14 15
LH2 Vertical Feedline 16 17 18
Lo2 Vertical Feedline 19 20 21
Cross Beam 22 a0 =0
BT diagional Strut 23 =0 2L
ET/SRB Forward Attach Structure 25 =20 26
ET/SRB Aft Attach Structure 27 =0 28
4,3,5-2
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L,3,6 ET and SRB PROTUBERANCE LOADS. This section presents the loads on
the External Tank and Solid Rocket Booster protuberances defined in
Sections 3.1.2, 3.1.3, and 3,1.4, The locations of these protuber-
ances are shown in Figures 3,1.3-2 (a through e) and 3.1.2-2 (a
through d). The aerodynamic loads of the protuberances are presented
as 2airloads on the protuberances and the resultant forces and moments
on the SSV,

L,3.6,1 GLOBAL PROTUBERANCE AERODYNAMIC LOADS. The protuberance aerodynamic
forces and moments on the SSV were determined by grouping protuber-
ances in an assembly and calculating an equivalent force and point of
application, The groupings established were the feedline assemblies
on the ogive and cylinder sections of the External Tank and the
aft-attach ring and skirt flange and burst ring assemblies on the
Solid Rocket Booster, The coefficients of force for these four
assemblies are presented as a function of the angles of attack and
sideslip as:

Fiy = €y * a8, * S()ner
where; () = represents the protuberance x-, y-, or 2-axis
direction
Ciy = force coefficient
dq = free stream dynamic pressure

S{)res = reference area ( = 2690 sq. ft.)

The coefficients of force are praseﬁted as a function of the angle of
attack and the angle of sideslip as:

€y =a+be + cf + da? + eff2 + faf

where; Q Angle of attack, degrees

R -y
1]

Angle of sidesl!ip, degrees

PropcrtionalityAconstants

[} []

- -

-~au
- -

N
[

b.3.6-1
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The proportionality constanfs for the global protuberance loads are
plotted and tabulated in Section 6.1.6,1, These constants and the
load points are provided in the curves listed below:

PROTUBERANCE AERODYNAMIC LOADS

ELEMENT A Y N

Figures 6.1.6,1-()

External Tank:
Ogive Feedline Assembly 1 5 7
Cylinder Feedline Assembly

Solid Rocket Booster:

~ Aft=Attach Structural Ring 3 - -
Skirt Flange and Burst Rings L

~
o
Qo

b,3.6-2
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4,3.6.2 PROTUBERANCE AIRLOADS, Detailed aerodynamic loads for each protuber-
ence are presented to provide information on the magnitude of the
load imposed on each protuberance during the launch, Unless other-
wise specified, the protuberance airloads provided are external envi-
ronment loads only and do not .consider internal pressures or
back-face pressures, For example, the upper surfaces of the attach
fittings are exposed to a general pressure environment which does not
act on the bottom surface because they are mounted on the main struc-
ture, However, a pressure differential resuits in an actual load on
the fitting and must be considered in determining the total load on
the fitting, Other exampies of local environment loads are on the
SRB systems tunnel and range safety cable tray; the internal pres=-
sures are also required for the total load assessment, This type of
additional loading information is obtained from the source creating
the load, That is, internal pressures are obtained from venting
analysis, For the most part, the incremental loads provided are due
to the local pressure environment, '

PROTUBERANCE LOAD AXIS SYSTEM, The loads presented in Section

- 6,1.6,2 are in a protuberance axis coordinate system and thus provide
local loads on the protuberance, The axis system for each protuber-
ance is described with the appropriate protuberance in Section
6.1.6.,2. In general, the protuberance body-axis is aligned with the
axial direction, generally parallel to the local flow field, and the
radial direction normal to the local surface and directed outward,
The circumferencial direction is perpendicular to the the axial and
radial directions and tangent to the surface of the ET or SRB, The
loads are assumed to act at the protuberance area centroid,uniess
otherwise specified, ’

DATA FORMAT AND USAGE, The protuberance loads are obtained by using
the tables and plots of force coefficients presented in Section
6.1.6.2., The loads are obtained by use of the following equation:

Fry = Cy * a3, * (Qe/3a) * S(yper

where; () s represents the protuberance x-, y-, or 2-axis
direction
Ch 2 force coefficient
d. s free stream dynamic pressure
EE 2 equivalent dynamic préssure

S”REF s reference area of the protuberance

h.3.6-3
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The coefficients of force are presented as a function of the anglie of

attack and the angle of sidesiip as:

C” a3 +ba +cf +da2 + eff2 + faf

where:? a s Angle of attack, degrees
8 s Angle of sideslip, degrees
a, b,
c, d, } = Proportionality constants
e, f

The equivalent dynamic pressure in the above equation is
local changes in the local flow field and flow directions,
is used to realign the magnitude and direction of forces

due to the
This term
due to the

change of SSV angies of attack and sidesiip, The eguivalent dynamic
pressyre term is used synonymously as the cross-flow dynamic
pressure, local dynamic pressure and an effective dynamic pressure
depending on the protuberance and force direction, E£ach protuberance
and force calculation is defined independently and caution must be

exercised in the use of the egquations given in Section 6,1,

6.2.

Due to the large number of egquations required to define the aerodyna-
mic load acting on each protuberance, the equations and required data

are presented together in Section 6,1,6,2,

L.3.6-b
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4,.3,7 DISTRIBUTED AIRLOADS, This section presents the wing span loading
distribution of shear, bending and torsion., These loads are obtaina-
ble from the tabulated pressure tables of Appendix B of this report,
Using the net wunit load across the wing as the pressure difference,
AP = P, = P or AP = a“ ACp, the distribution of loads are obtaina-
ble by integration in the chord and span directions,

. The shear of any segment of the wing from the tip to an inboard sta-
tion is defined as:

N = q, Sper Cn

b ¢

cn = = z ACp dx dy

Sree

The bending of any segment of the wing from the tip to an inboard
station is defined as:

B = q, Spge b Cg
b ¢
Cg = - T (Y - Ygp) ACp dx dy
2 Sper

The torsion of any segment of the wing from the tip to an inboard
station is defined as: .

T = 3, Sper b Cr
b ¢ c

Cr = =~ z (Xg = X) ACp dx dy
Srer

(2]}

The reference parameters used are:

Sprer = 2690.0 sq. ft, -- Wing reference area

b

468,34 in, -- Wing semi-span

<

L74.80 in -- Mean aerodynamic chord

Distributions of wing span loading of shear, bending and torsion are
presented in Section 6,1,7.

b.3.7-1
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L. L ORBITER VEHICLE AIRLOADS EQUATIONS

This section is to be provided at a later date,

L 4=
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