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SUMMARY

This report presents a description of a computer program written to cal-
culate the proximity aerodynamic force and moment coefficients of the Orbiter/
Shuttle Carrier Aircraft (SCA) vehicles based on flight instrumentation.

The Ground Reduced Aerodynamic Coefficients and Instrumentation Errors
(GRACIE) program was developed as a tool to aid in flight test verification of
the Orbiter/SCA separation aerodynamic data base. The program calculates the
force and moment coefficients of each vehicle in proximity to the other, using
the Toad measurement system (LMS) data, the flight instrumentation data {c, B.
body rates, accelerations, etc.), and the vehicie mass properties. The uncer-
tainty in each ccefficient is determined, based on the quoted instrumentation
accuracies. A subroutine, provided by McDonnell Douglas - Houston, manipu-
lates the "Orbiter/747 Carrier Separation Aerodynamic Data Book" (reference 1)
to calculate a comparable set of predicted coefficients for comparison to the
calculated fl1ight test data.

INTRODUCTICN

In the Approach and Landing Test (ALT) phase of the shuttle program, one
of the major problems to be considered is the separation of the Orbiter from
the SCA. During mated flight, and for the first 3 sec after separation, the
aerodynamics of each vehicle are influenced by the presence of the other
vehicle. From past programs, it has been shown that such proximity effects
are predicted with very 1ittle confidence from wind tunnel testing. There-
fore, good flight test data are required to verify the adequacy of predicted
separation windows and vehicle trajectories. The SCA is equipped with typical
f1ight test instrumentation to record its absolute motion during flight. Load
cells to measure the relative forces between the Orbiter and SCA are Tocated
on each of the three attach struts holding the Orbiter to the SCA during mated
fiight (fig. 1). Once the absolute motion of the SCA center of gravity

FORWARD AFT
ATTACH, . ATTACH
POINTS (2) —

Figure 1. - Orbiter attach struts



(measured body attitudes, rates, and accelerations) and the externally applied
forces (attach forces and SCA engine thrust) are known, the aeradynamic forces
and moments of each vehicle can be determined by the relationships described
in the following sections.

SYMBOLS

EA] Transformation matrix to change from SCA body axis to orbiter

body axis coordinate system, [cos io 0 -sin 10

0 1 0
sin 10 0 cos io

C Vehicle aerodynamic cod¥ficients
F Vehicle forces
raj Transformation matrix to change from body axis to stability

axis, [-cos 0y 0 -sin Oty

0 1 0
sin % 0 cos o
L1] Vehicle inertia matrix, Ixx 0 "Ixz . s]ug-—ft2
0 Iyy 0
I, 0 Izz

10 Orbiter incidence angle, deg
L Attach strut forces as measured by the load measurement

system, 1b i
L Yehicle reference length used for calculating vehicle moment

coefficients, ft
IV\ Yehicle moments
m Vehicle mass, slugs
Nx’ Ny, Nz Linear acceleration at vehicle center of gravity, ¢
p Vehicle roll rate, deg/sec

p Vehicle roll acceleration, deg/sec2



2 = < g TS o 0oF 0

~ ™

Vehicie pitch rate, deg/sec

Dynamic pressure, '[l:u/ﬁ:2

Yehicle pitch acceleration, deg/sec2
Vehicle position vector

Yehicle yaw rate, deg/sec

Vehicle yaw acceleration, deg/sec2
Vehicle reference area, ft2
SCA thrust, 1b

Velocity, ft/sec

Vehiclte weight, 1b

Vehicle angle of attack, deg
Vehicle angie of sideslip, deg
Vehicle flight path angle, deg

SCA aileron (inboard/outboard) position, deg
SCA control wheel position, deg

SCA elevator {inboard/outboard) position, deg
SCA rudder (upper/lower) position, deg

SCA stabilizer position, deg
SCA spoiler panel (outhoard/middle/inboard) position, deg

Orbiter aileron position, deg

Orbiter elevon (left/right) position, deg

Orbiter rudder position, deg



ANX, ANy, ANZ Relative load factors, g

8 Vehiclie pitch angle, deg

Orbiter instantaneous pitch acceleration, deg/sec2

@3

A Tilt angle of forward strut

0 C.G. relative position vector (Ax, Ay, Az), ft

p C.G. to attach strut moment arm

g VYehicie roll angle, deg

W Vehicle yaw angle, deg

W Vehicle angular velocity vector - p,q,r

Iy Vehicle angufar acceleration vector - p,§,r
SUBSCRIPTS

c SCA vehicle

F Forward

L Left

M Mated vehicle

0 Orbiter vehicle

R Right

PROGRAM DESCRIPTION AND ASSUMPTIONS

GRACIE is a program that uses flight test data to determine aerodynamic
coefficients and their corresponding uncertainties for comparison with wind
tunnel predicted values. The program manipulates LMS forces, SCA body motions,
vehicle configurations, and vehicle mass properties to output tabulated and
plotted time histories of Orbiter proximity, SCA proximity, and mated vehicie
aerodynamic force and moment coefficients., as well as, relative normal Joad
factor (AN ) and Orbiter instantaneous p1tch acceleration (8 o) - The LUS data,

the SCA body motion data, and the vehicle configuration are obta1ned from a
ground recorded telemetry data tape to which all instrumentation calibrations
have been applied. The vehicle mass properties and the SCA thrust data time



histories are input through subroutines, since they require post fl1ight
calculations and are not recorded on the data tape.

The program performs three basic operations utilizing the flight test
data. The equations of motion and the aerodynamic uncertainty calculations
are made using data retrieved from flight test instrumentation, while the
predicted values of the coefficients are determined using the algorithms and
data presented in reference 1. The foliowing sections describe these.opera-
tions.

Equations of Motion

As a basis for this evaluation, the mated vehicle is assumed to be a
rigid body in motion with respect to a fixed coordinate system XYZ (fig. 2).

°
X ; E
-
z R
RC o
*

1

Figure 2. - Vehicle coordinate system

Affixing a second set of axes to the carrier aircraft, with the origin (C)
located at the carrier c.g. and observing its motion, allows evaluation of the
motion of any other point in the mated configuration, namely the Orbiter c.g.,
as well as the mated c.g. For example, the acceleration of the Orbiter c.g.
{0) can be determined by knowing the relative position (o), the linear
acceleration (R), angular rates (w), and angular accelerations (@) of the
carrier c.g. {C),

Ro =Rc +Cdc X 0 -Ha.)c x{w_ x0) + 0

c 0/ Xyz * 2°% 4

0/xyz’



but since the mated vehicle is assumed to be a rigid body

c:‘lo/:-c_yz - Vo/xyz =0

Therefore,
Ro B R.c +°)c P +wc x(wc o).

The total resultant or applied forces on either vehicle are then:

mcRc

CTOTAL
APPLIED

;
AJ:

OroTAL
APPLIED

)]
=

and
MroTAL mm
APPLIED

Similar use of kinematics provides the equations for calculating the resul-
tant moments (M) on each vehicle, i.e.

CTOTAL - [I]ch * wc X l:I]c(‘")c’
APPLIED

=[1]1 .+, x [I] W .,
DTOTAL 0 Q 0 0 0
APPLIED

and MmTOTAL = [I]m(,om + b)m X [Ijmwm.
APPLIED

where, W, = [Alw,. W, = [A] W



and W = CJC,(O = W

From figure 3, the load cell outputs, expressed in the carrier body axis
coordinate system, are as follows:

FF = Forward side force
Y

FF = Forward vertical force (paraliel to strut axis)
A

FF s FF = Drag and vertical components of forward
X7 Z7 vertical strut force (carrier body axis

coordinate system)

FL = Left aft drag force
X
FL = Left aFt vertical force
Z
FR = Right aft drag force
X
FR = Right aft side force
Y
FR = Right aft vertical force
Z
where, F =F. sin A, F = F. cos A
Fy. Fz Fp. B2
7 7
1 029.098 sin(io + 2.734°)
= 79 _ ad
and A= 88.277 - sIn |\ qy3yyE 5 < 1723333.7 cos(i, ¥ 2.734°)
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Figure 3. ~ Orbiter attach point geometry



Also shown 1in figure 3 are the moment arms from the orbiter c.g. to each load
cg]l attagh po1qt based on the carrier body axis coordinate system. Using
figure 3 in conjunction with figure 4, the moment arms are determined from

ORBITER
C.G. 7
FORWARD , cg
ATTACH
POINT

X

L2 %R

Figure 4. - Orbiier attach point moment arms

the following relations, making note of the fact that the attach point loca-
tions are in the orbiter body coordinate system:

Z -7
o= TAN) %% T
F X - X
L %% F
PA -Z
g = TAN_1 __C_u
A Xa _ X
g 9
Z - Z
- cg, R
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Z -7
cg R
Ly = e

A|STng,

1, = LA s1'n(¢A + io)/12
1, = L, cos(dy +3.)/12
13 = LF Sin(ﬁF - 10)/12
I, = Lg cos(ﬁF - io)/12

1z = ~(YL + cho)/12

Tg (YR - cho)/]Z

From figure 5, and using the Orbiter moment arms previously-calculated, the

ORBITER
AFT

ATTACH

POINT

1,
- - @ —17,

CARRIER i

C.G. . i
, ) ,

9747 |
Xn

Figure 5. -~ Relative c.g. locations



position vector is:

LD = (cho - ch747)/12

Z - 2 -
( . )12 - 14

o L

11

Note that in figure 5, the attach point locations are in the carrier body axis

coordinate system.

The following free body diagrams and corresponding equations of motion
are used in calculating the aerodynamic force and moment coefficients of the
mated vehicle, the SCA in proximity of the orbiter, and the orbiter in proxi-

mity of the SCA.

Mated vehicle aerodynamic coefficients. - Force coefficients
(drag, side.force, 1ift)

[
FTOTAL = FAERO + F THRUST
APPLIED
i.-thTAL =r'nmRm =r“rnI:Rc: t QX Ry ¥ wcx (chnm)]

APPLIED
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E&ERO =mmRm - FTHRUST
C . FAERO
BODY ~ TS,
AXIS
(:STABILITY = [G]cg:BODY
AXIS AXIS

[GJC = Transformation from Carrier BODY AXIS TO
Carrier STABILITY AXIS.

Mated vehicle aerodynamic coefficients. - Moment coefficients
{(ro11ling moment, pitching
moment, yawing moment)

M -M__ M

TOTAL AERO T 'THRUST
APPLIED

MTOTAL - [I]m‘bc t @, [I]m(oc |
APPLTED

M__-M -M

AERC TOTAL THRUST
APPLIED

M

C . __AERQ

————————e

MOMENT g SCQC



13

Carrier aerodynamic coefficients (proximity). - Force coefficients .
{drag, side force, Tift)

FTOTAL = FAERO * NFLOAD + F THRUST
APPLIED CELL .

FromaL -m_R_

APPLIED
F LOAD ~ Lc - wad ¥ L]eft * Lri ght

CELL

EAERO - mcRc T FLOAD } FTHRUST

' CELL
) FAERO

BODY = §S

AXIS ¢
CSTABILITY } [G]c CBODY

AXIS AXIS
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Carrier aerodynamic coefficients (proximity). - Moment coefficients
(ro11ing moment, pitching moment,
yawing moment)

M MMM

TOTAL AERO LOAD THRUST
APPLIED CELL

MTOTAL = [I]cc;’c * ), X Mcwc

APPLIED
3

LOAD z :(p x L )

CELL o

AN -M TOTAL Y "LOAD 'MTHRUST
APPLIED  CELL
MAERO

MOMENT = 7S _2_

Orbiter aerodynamic coefficients {proximity). - Force coefficients
- . F (drag, side force, 1ift)

TOTAL AERO
APPLIED
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F;UTAL = F;ERO * FiOAD
APPLIED CELL

I.:TOT:'-\L =M, Re ) mo|:Rc ¥ C;)CX;O ¥ wcx (C"')CXJo )]

APPLIED
FLDAD = Lo - wad ¥ Lleft * Lr{ght
CELL
FAERU - [A][moRo - Lo:'
) F;ERO
BODY ~ §'S,
AXIS
(:STABILITY = [G]o (:éonv
AXIS AXIS

[A:I = Transformation from CARRIER to ORBITER coordinate
system at INCIDENCE angle 'io. )

Orbiter aerodynamic coefficients {proximity). - Moment coefficients
(rolling moment, pitching moment,
yawing moment)

M MM

TOTAL AERO  -'LOAD
APPLIED CELL

MTOTAL = [I]omo + @)X [1]06.)0
APPLIED

}V\ (43 x L, )

LOAD 5=] S
CELL ° °



16

M _-M ‘M

AERO = TOTAL LOAD
APPLIED CELL

C MAERo

MOMENT g S &,
ORBITER PITCH ACCELERATION

MaEro

. Y
org = T

¥,

RELATIVE LOAD FACTORS
W+ W
ABE=L(%W_%
0 ocC

Aerodynamic Uncertainties

An integral part of the separation analysis is knowing the uncertainty
associated with each coefficient and how that uncertainty affects the size of
the separation window, as well as the vehicle trajectory. Each aerodynamic
coefficient s a function of 1 independent measurements, Ny and the
uncertainty of each measurement is Ani. —

C = f(nf,nz,n3,....n1

) (1)

The uncertainty in each calculated coefficient is obtained using the following
equation:

1 = Lge2en)® + (GoyZen)® + e G P AVE (@)

The uncertainties in the aerodynamic coefficients are based on the quoted
accuracies of the load measurement system and the flight test instrumentation.
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The uncertainty in the Orbiter force and moment coefficients are
calculated as follows. The Orbiter aercdynamic forces are first calculated
with respect to the SCA body coordinate system from the following equations:

Mo[Nx + GAZ ~ Ay + qpAy - qZAx + rpAz - rzAx] - Fy
C, = =
X q 3,

MO[Ny - f)AZ + PAX - pZAy + pgAx + rghz - r‘sz] - Z Fy
C, 6= =
Y a3,

. . 2 2

Mo[Nz + pAy ~ gAX - pTAz + prAx - qTAz + gqray] - ZFZ
C, = = -
z q s :

0

From equation (2), the uncertainty in CX is:

X ESD %
- 2 ’
M, (qay + mz):' ap?
p'= = Ap
L qso
- ~2
M {pdy - 2q4x) s 2
q'= = q
LTS, ]
o [Meleaz - 2aax) P
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. . 2
- -MO(NX + qAz - rdy - qpAy - qZAx + rpaz - rZAx) + LXT >
q- = —7 [Aq]
q-3,
L-S ——1°[AF¢ 12
1 +2 2
= {—=—] LAF
g 1°10F ]
T w2 2
Fa = [z1PTarg
Ry 8% © Ry
— ] 1 i 1 S 1 ° "t -—y t 1 1 1/2,
= [Nx +plqt At Fpt HG At + G P 4 FL FR 1
X X

Similarly, the uncertainty in CZ is calculated. The coefficients are then
trans formed into the Orbiter body axis coordinate system.

)
1]

Cy cos(io) - Cy sin(io),

>
it

Cy sin(io) *Cy cos(io)”
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The uncertainties in these two coefficients are:

a6, = [leos i)2(ac,)2 + (sin i )%(ac)%1'/2,

o Z)

Aty = [(sin iO)Z(ACX) + (cos i ) (ACZ) ]]/2

0

Finally, these coefficients are transformed into the Orbiter stability axis
coordinate system,

CD = CAO cos(oac + io) + CNO sin(ac + 10),

o
n

L, -CAo s1n(o¢C + 10) + CNO cos(ac + 10),

and the uncertainties in the Orbiter coefficients of 1ift and drag ave:

i

80, = Heoslag + io))z(AcAO)Z + (sin(a_ + 10))2(ACN0)2

+ (CA sin(ac + 10) - CN

cos(ac + io))Z(AaC)ZJ]/Z
0 0

acy = [(sinfa, + 1.))7(ac, )% + (cos(ay, + i ))2(ac, )

0 Q 0

. . . 2
+ (CAo cos(a, + ig) + CNO sin(o, + 10))2(Aac) 1172,

The uncertainty in the Orbiter side force coefficient, AC , 15 found in
the same way. Yo

The Orbiter moment coefficients are based on the following equations:
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Polyx * qoré(Izz0 B Iyyo) * Ixzo(ro ¥ poqo)
C = -
mX qSDbO
o ZTrrPey * PevPez - FizPiy - FrePey * TryPes
T
00
1  +pr(l.. -I_)+1I_(r2-p?
0 yyo 00 XXO ZZO XZO o] pO
C = Coro—
my qsocD
o FE2Prx ” PrxPrz * Fuzfix - Fuxiz * FrePre = PrxPrz
qSOCO
olzz * poqo(Iyy “ Iyx )7 Igg (9670 - Py
e = 0 Sl T 0
mz qSObO
o+ TFvPrx * PexPey * FiyPiy - FryPRy * FryPry
‘ qSObO

Again using equation (2), the uncertainty in the Orbiter pitching moment is:

, Wol .
q' = 3§;g [Aq]
(I, -1 )+2pl._ ]2
0\ " XX 2z 0°XzZ
p' = e o [apl®
ﬁsoc
rbo(lxx - Izz ) -2 rolxz 1
pto= o 0 ) [Arjz
45,¢
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: 2 _ 2
g, *pr(l -1 _)+1I_(r°-p°)
- 0 yyo o0 XXO XZO XZO 0 0
q = 2o =
q S,
Feobey = FeoPry + Fyopiy = Fiypro + Foopoo = Epvpr 12
# FLFX T EKPFZ T U7X T P17 T OTRZORY T RKPRE| a2
P = 9
q Scc

PRE

i}

2
Fz = |55.5] [AFF7]

-2
2
P~ (g5.2| [

-
I

-2
P 2
17 = |55=| [4F 7]

=T
I}

72

-
]

2
x ~ |gse) [oFLxd

- 12
P
. |Prx 2
Frz = (55,2 [AFps]
- 42
{Prz 2
Fax = |55.2| [4Frxd

- [ 3 ‘ rad t I-I/Z
Acmy =[§"+p'+r +q" + FFi + FF% + FLi + FL* + FRZ + FRX]

Similarly, the uncertainties in the rolling moment and yawing moment are
calculated.
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Analysis of the uncertainties in the SCA proximity and mated vehicle
coefficients is performed in a Tike manner.

Predictions

One of the subroutines in the program uses the Algorithms presented in
reference 1 and reference 2 to build-up force and moment coefficients for
each vehiclie using contributing elements, such as control surface deflections
and proximity effects, etc. The data is a digitized version of the data
presented in references 1 and 2 and stored in Took-up tables in the program.
Input to this subroutine comes from configuration and attitude parameters
recorded on the flight data tape and orbiter elevon position time histories.

PROGRAM DECK SET-UP

_ Data needed to run GRACIE, other than that on the flight data tape, are
input using subroutines and data cards. Two subroutines require changes for
reducing data from each flight.

The first subroutine is called ORBDEF and is used to provide orbiter
control surface deflection time histories.

SUBROUTINE ORBOEF

SUBROUTINE ORBDEF(TIME,LELV&RELV1DFU01131DEtZiTCqDELaF)

SUBROUTINE TO PROVIDE CRBITER CONTROL SURFACE DEFLECTIONS

OO0

5 REAL LELV,1IQ
TL = TIME - 30765,
IF{TI. LT+11.86) LELV = 0.

TF(TI.GE.11.64AND« Tl TalibaB) LELY = 1.7
IF{TI.GE.16.6. AND. TI.LT.17.06) LELV =C.
i0 IF(TI.GE.17.E.AND. TI.LT.27.51 LELV =-1,3
IF(TI.GE.27.5.ANC.TI.LT.3..5) LELV =C.
IF({TI.GE-30.5AND. TILTa&4.4) ~.LELV =1.

IF(TI.GE.LL . b) LELV = 0.
IF(TI.LT.11i.9) RELV = 0.
i5% IF(TIe6Ea11.9.ANDWTI L Ta15.8) RELV =1.7
IF(TY+ GE+L B+ 8. AND. TI.LT21/.8) RELY =0.
IF(TI GE+17. B8 ANDTI.LTa27.7} RELV ==-1.3
IF{TI.GE22 77 AND.TI.LTL3..7) RELV =t.
: IF(TI¢GE«30.7-8ND.TI.LT.4u.63 ‘'RELV =-1,
Fa] IE{TI«GEs &) RELVY = €.
ORUD = 0.0
I0 = 6a

25 DELBF = =


http:LELVRELV,ORUD.13
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Where:
_ TI = reference time for deflection time histories (REAL)
TIME = time from data tape (REAL)
LELY = Teft elevon position in degrees {REAL}
RELY = right elevon position in degrees (REAL)
ORUD = rudder position in degrees (REAL)
I0 = orbiter incidence angle in degrees (REAL)

DELZ = relative normal displacement between the orbiter and
carrier in feet, 0 feet is defined as mated (REAL)

TC = tailcone designation 1. = tailcone on

0.

tailcone off

1l

DELBF = orbiter body flap position in degrees (REAL)

The subroutine returns control surface positions for use in the main program
for each time step on the flight data tape.

The second subroutine is called TRUST and provides a time history of the
carrier thrust Tor portions of the flight of interest.

SUBROUTINIZ TRUST 73774 OP =1

SUBROUTINE TRUST{TIME, THRUST,TZ)

C

c *¥¥%%¥ SUBRCUTINE TC PROVIDE CARRIER THRUST *%%¥¥

C ##%%¥  THRUST FOR CA-1 SEP DATA RUN

5 TZ = 0.
THRUST = =-110G.
RETURN
END
Where:
TZ = The normal component of thrust which is always 0.
THRUST = Axial component of thrust for all four carrier engines

in pounds. (REAL)
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Three data cards are also required to run GRACIE. They are used to
inpgt mated vehicle gross weight, data locations on the data tape, print-plot
options, and plot titles.

The first data-card contains the mated vehicle gross weight in thousand
pounds. The example card represents 523,000 1lb.

///SES.B

BrORD OBOBOOCOROOCODDRODABNOO00CDOCE0O000000D0DYNCEOGO0BACOC00000D0000G0G60D200300B4D
12345 ET 10NN SE NIRRT HERARND NN LAV RN HE ARG ST AN NIHRSEP SO IREHESTIBRIRTHR T aIs
R R R R AR R A AR R R R R A R R R R R R R R R AR R R R RS RS AR AR R R R R R AR R RN RN
72 222222222222222222222222222282222222223222202222222272222222222223222222%52222

33333333233333333233333333333333323333233333333333233333333333333333333333333

333
AGAR ARt i diadigiaddaddadaaa3444444244444428848484 8424440888888 482844432884484
5 55&555555555555555555555555555555555555555555555555555555555555555555555555555
ESBGEEEEEEE&BEBBEEBGSEﬁBEEEEEGBEBBE§EEEEEGEEGEGGEBEEEEEEEBEESEEEEEEEEEEEEEEEBSSS
SITINNITITT NI IITITIINTIINITI NI INIAITINNNITIITINITRRITNNTTAIIRIT 913191517
BEES GEBCEEiR8B8808E88 8RB0 888002585 0EBRaaa 803kt A523R35088BR8RERESR0R2888E8E3

985559¢
1234%673

2
%

syegsoe LEE:
£ ® <= n

§5959099905999950052845595805999998395999895°4685955538858855%
Lan

I NN RN INNIEN RN N LD TN 2R G NSNS B DN R N EHESENHENT

-

The second data card contains the first point location on the data tape,
the final point Tocation on the data tape, and the print plot option. For
the print plot option:
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1 = print tabulated listing and plot results
2 = print tabulated data only
3 = plot results only
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The example card asks for data from file 1 on the data tape to file 220,

and for both tabulated 1istings and plotted results. - Examples of the tabulated

1istings and plotted data are found in appendix A and appendix B, respectively.

The third and final data card is used for titling the plotted results.

The titles are plotted in blocks of 30 figures.

The example card below

prints the title as shown on the example plots in appendix B.
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APPENDIX A
TAB DATA



CAPTIVE/ACTIVE FLIGHT NO. 1

TIHE

8.332690 CoO

TIKE

8.332695

AGCO
ACLG
ACHC

i hnn

COEFs NCH,
= LT391
CLO = 3509
CHRO= L5356
cYo = 0017
CLLO= L0055
CLNO= .00G03
COG = LCu4Ls
GLC = 41976
CHRC= G000
CYS = ~.0028
CLLC= ~.0035
CLNC= 0001
CO4 = (606
GLH = «3696
CMRK= 0090
COEF. NCH,
Coag = J(&10
CLO = .3B15
CHRO= .[5%
CYo = .0025
CLLO= 0068
CLwo= L0009
GG = 0oy
CLC = 41995
GHRC= 0028
CYGC = 0020
cLLc= .0001

CLNGC= =.000D3

+0657
«2761
.£138

0386 / JCHTL
»3585 / 3702
+0523 / JQh2s

Il

=0273
~0204
<0070

0158
<0016
20045

0163
«0173
.0082

«0101

#0907

0aie

20068
«0204
»0010

0274
«0205
0070

0158
0016
O0us

0153
<0873
0082

+8101
0007
<0030

00869
+0205
#0010

AGYOD
ACLLC
ACLNO

OATE 6/28/77 i 10 220
0ATA RTELV = ~1,00 ORDAIL = 1.00
I-L  BCOK
LT.ELV 2 4.00 ORBRUD = 9.06
$0162 40473 DELNZ = 847 .00 4.052
+0055 43709
<0061 L0425 Q00TO = 5.161 1.880 1.307
20090 ~.3083
W00 L0032 INCIDENCE = 6.0 QBAR = 250.949
<8062 L0012
ALPHAC = 3.27 ALT = 17213,
-.0063 .0358
L0511 L1648 ALPHAD = 9.27  MAGH = 573
0067 L0279
BETA = .18  VKEAS = Z7 2.3
+0020 -.0024
0004 -.0006 GAMHA = -7,.51 VFPS = 6)9.7
<0007 -.0004
THETA = <4424 NLF = .982
CYH = =.0232 L0070 ROLL = .40  XCGC = 13 34,04
OLL¥= =-.0125 ,0002 YCGC = Q.04
CLNH= .0002 ,0302 YAH = B38.6 2C6C = 2006.09
0ATA RT.ELY = =1.06 ORBAIL = 1.89
I-L BCOK
LT.ELY = 4400 (ORBRUD = 0.00
«0161 L0470 DELNZ =  .BA%  .0480 1.057
0056 3711
0061 4025 0DOTO = 5.300 1,880 4,309
+0090 -.0383
+0014 0032 INCIDENGE = 6.0 QBAR = 250,99
20062 L0052
ALPHAG = 3,28 ALT = 17213,
-.0062 0359
0111 ° . 1653 ALPHAD = 9.28  HACH = .573
-0067 D274
BETA = .18  VUKEAS = 272.3
+0020 = 0024
<0004 —.3206 GAHMA = —~7.52  VYFPS = 600.7
0007 -.0008
THCTA = -8.24% NLF = 1,001
CYM = .0071 .0070 ROLL = .4k  XCGC = 1334.04
CLLH= L0037 .0002 YCGC = .00
CLNN= ~,0003 .0002 YAH = 98,6  ZCGC = 200.09
= 0022 /~+0086 AGDGC = 0451 7/ 0358 AGYG = 0929
= L0063 7 40031 AGCLC = 41976 / #1594 ACLLG =-.0000
= L0006 / 40042 ACHC = JUOB3 / 0307 ACLNG = 0000

MX = +3.897
NY = =.002
NZ =-31.99%
P o= -, 045
G = =-.023
R = kL)
PD = -1,383
00 = =.171
RO = +04 8
FFY = =~2666.
FFZ = 29%47,
FLX = 36807
FLZ = 45611,
FRX & =9794,
FRY = ~1119,
FRZ = 14531,
NX = =3.897
RY = 203
NZ =«32.202
P = =045
Q= -, 023
R = «084
PO = 210
a = 074
RD = =,100
FFY = =180k,
FFZ = 30611,
FLX = o2,
FLZ = 47BLY.
FRX = =10116.
FRY = 1759,
FRZ = 16674,

/-, 0021 AcCDNM

/=.001y
/-, 0008

ACLH
ACHH

HSTAD =
ELVI/C =
RUDU/L =

SPO/H/T =
QILIIC 2
CH

HTC
Ixxc
IYye
122¢
FX2C

uuu itu

W10
IXXo
IYYo
1220
1Xz0

B wn

THRUSY

HSTAB

ELVI/C =
RUDU/L =
SPC/MLTI =

AILIZC =

L]

CH

HTC
IXXC
Ivyc
IZ3C
IXze

¥y uHuwunranan

HTO
IXX0
IYYD

v IZ20
IX20

oM

THRUST

= +1669
= L3723
= J0i6y

L]

'-oﬂf 5.5

2/ +5
0./ 4 19,

377 =3

ta?

372960,

11427324
21967398 .
33026008 .
~1088387,

150040,
726000.
5251000,
5480000,
~123000.

= «L400. 0

“Lab
-7/ 1.5
3/ 5
Q7 4o/ 19.

3.0/ =.3

=17

372964,

11427324,
21967398,
33p24008.
~1068987 .

150040,
726000,
5251000,
5480000,
=-123000,

= 4400, 0
AGYH  =~, 3060

AGLLM ==,0035
ACLNY = . 0000

L2
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TIME
COEF.

NOM.,
I+

i-L

DATA BOOK

RT. ELV
LT. ELV
DELNZ
QpoTo

INCIDENCE
ALPHAC
ALPHAQ
BETA
GAMMA
THETA
ROLL

YAW
ORBAIL

Time of day (pacific time) - hours minutes seconds hundredths

Vehicle aerodynamic coefficients

0 - Orbiter

C - Carrier (SCA)

M - Mated

CMR - Vehicle pitching moment about the vehicle moment

reference center
Coefficients as calculated from GRACIE

Absolute value of the uncertainty due to instrumentation
inaccuracies plus the uncertainty due to LMS inaccuracies

Absolute value of the uncertainty due to instrumentation
inaccuracies minus the uncertainty due to LMS inaccuracies

Predicted coefficients based on the "Orbiter/747 Carrier
Separation Aerodynamic Data Book"

Right hand irboard Orbiter elevon position (deg)
Left hand inboard Orbiter elevon position (deg)
Relative normal acceleration = uncertainty, predicted (g)

Instantaneous Orbiter pitch acceleration * uncertainty,
predicted (deg/secz)

Orbiter incidence angle (deg)
SCA angle of attack (deg)
Orbiter angle of attack (deq)
SCA angle of sidesTip (deg)
SCA flight path angle (deg)
SCA pitch angle (deg)

SCA roll angle (deg)

SCA yaw angle (deg)

Orbiter aileron angle (deg)



ORBRUD Orbiter rudder position {deg)

QBAR Dynamic pressure (1b/ft2)

ALT Altitude (MSL ft)

VKEAS Velocity (knots equivalent airspeed)

VFPS True airspeed (ft per sec)

NLF Mated vehicle Toad factor {g)

XCGC

YCGC SCA cg location in body coordinate system (in.)
ZCGC

NX o

NY SCA cg Tinear acceleration {ft/sec”)

NZ

p

Q SCA body angular rates (deg/sec)

R

PD 2

QD SCA body anguiar accelerations (deg/sec”™)

RD

FFY

FFL

FLX

FLZ LMS attach forces (1b)

FRX

FRY

FRZ

HSTAB SCA horizontal stabilizer position (deg)
ELVI/O SCA elevator (inboard/outboard) position (deg)
RUDU/L SCA rudder {upper/lower) position (deg)
SPO/M/T SCA spoiler panel (outboard/middie/inboard) position (deg)
AILI/O _ SCA aileron (inboard/outboard) position (deg)

Cu SCA control wheel position (deg)

29
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WTC
IXXC 2
IYYC _SCA weight (1b) and inertias (slug-ft“)
I177C
IXZC

WTO
IXX0

1YY0 Orbiter weight (ib} and inertias (s]ug-ftz)
IZZ0
IX70

THRUST SCA total engine thrust. (ib)

Average coefficient values for previous twenty samples are tabulated
after twentieth time step in the following format:

AVERAGE AVERAGE
COEFFICIENT = CALCULATED / DATA BOOK
NAME VALUE VALUE



APPENDIX B
PLOTS
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PROGRAM PLOTTING CAPABILITY

GRACIE generates time history plots of the aerodynamic coefficients for
each vehicle, the angle of attack of each vehicle, the relative normal Joad
factor (ANZ), and the Tnstantaneous pitch acceleration of the Orbiter (6},

With minor modifications, the program has the capability to plot any input
or calculated parameter. As an example, GRACIE generated the following set

of plots.
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