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COMPUTER PROGRAM POR POST-FLIGHT ANALYSIS OF RIGID
BODY MOMENTS ACTING ON A LAUNCH VEHICLE FIRST STAGE

SUMMARY

This report describes a PORTRAN coded computer program and method for
evaluation ¢f the rigid body disturbing moments for a launch vehicle first
stage based on post-flight measurements. The techmique is a straightforward
deterministic approasch. Residual moments are computed to satisfy the
equations of motion. Residuals are expressed a8lso in terms of altered vehicle
characteristics; i.e., aerodynamic coefficients, thrust misaligmment, and
control effectiveness. This method has been used on the Scout Launch Vehicle
for more than fifteen years and has uncovered several significant differences
between flight data and wind tunnel data.

The computer program is written .n FORTRAN IV for a CDC CYBER 173 computer
system. It has been used on IBM 7090, IBM 360/370 and CIC 6600 computer
systems witk minor modifications. A typical problem requires less than 20
seconds of running time on a CDC CYBER 173 computer system. The program and
associated subroutines contain 1745 cards and requires (38K) words of memory.
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1.0 INTRODUCTION

Post-flight analyses of a launch vehicle first stage should include an
evaluation of the short period motion and the disturbances encountered. One
technique, described in this report, is a deterministic evaluation of each of
the terms in the rotational equations of motion. Although this is a very
straightforwvard approach (very simple) for evaluating vehicle characteristics,
it is sometimes overlooked in post-flight analysisa.

The method haa been used for over fifteen years for evaluation of the
Scout first stage behavior. BResidual disturbing moments from many flighta
have been used to uncover significent differences between wind tumnel data and
flight data for the atatic stability derivatives and control surface
effectiveness coefficients (References 1 through 3).

A fair amount of input data is required. It includes predicted vehicle
characteristics, some of the post-flight computed trajectory parameters,
booster thrust and angle of attack as well as telemetry data covering vehicle
pitch, yaw and roll rates, and control surface deflections. In most
circumstances the bulk of the input data is derived from computer output from
several sources. In such cases the data is usually passed through simple
preprocessing routines which are defined by the user to assemble a single
consistent input data stream.



2.0 MBETHODOLOGY

Computation of the disturbing moments for a non-spinning launch vehicle
first stage include computation of aerodynamic and rocket motor disturbances,
control moments and the inertia terms in the equations of motion. The method
presented herein is a straightforward computation of these moments and
residuals necessary to balance the equations of motion. "Bffective” vr-
several characteristics such as aerodynamic stability derivatives, th v
misaligmment and wind profile deviations are computed to elimiuate th.
residual moments. The assumptions and equations used by the method are
presented in the following paragraphs.

2.1 Assumptions
Major assumptions included in the method are:
. non-spinning nearly axisymmetric vehicle,
« croas products of inertia are zero,

+ predicted aerodynamic normal force and aerodynamic center variation
with angle of attack is independent of aerodynamic roll angle,

. aerodynamic surfaces (moveable fins, fin tips, elevons, flaps, etc.)
and rocket controls (jet vanes, tabs, gimbaled nozzles, etc.) move in
concert,

+» flexibility effects on thrust misalignment and aerodynamic

coefficients can be described as a functon of dynamic pressure and
control forces,

» telemetry data has been preprocessed to eliminate non-rigid body
respcnse i,

2.2 Equations

2.2.1 Equations of Motion and Moments

The equations of motion for angular motion (Figure 1 presents the sign
convention for vehicle motion) about the instantaneous center of mass are:

(2-1) 1y9'=2M =M + Mg+ M_+AM

aero



ORIGINAL PAGE (3
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(2-2) Iy.}} =IN=N__  +Ng+ N+ AN
(2-3) de, =3L = Laero + Lg + AL

Aerodynamic moments include the basic pitching and yawing restoring
moments due to angle of attack, a static trim moment at zero amgle of attack,
fin misaligment effects and a damping term (see Figure 2 for Trajectory
geometry).

(2-4) M, = CySQUx,, - x )eos )\ + Cp GSA + ¢ QSe ) + Cp 984° ¢

finp(xcg_xﬁ.n

15 q2v
= - 2 7
(2-5) N_, ., = CySQxcg - xcp)sin.\+ CnOQSd * 0L asﬁny(xcg Xein) * Cmq QZ%d_ ¥

12

= 2 .
(2-6) Lyero CtoQSd + Cg QSd eﬁnR + clP9§23 ¢

[

Notice that with tBe exception of the gzero angle of attack terms Cpj
and Cno the aerodynamic coefficients in pitch and yaw are assumed to be he
same. Aerodynamic coefficients Cm‘}, Cpnpr CLes Cre s Cpo » amd Cpp
are gssumed to be only functions o llagﬁ Number. Aerodynamic loads on the
vehicle due to angle of attack induce a bending which distributes the
aerodynamic loads different from a rigid body. On a vehicle such as Scout
this effect is significant. TIhese quasi-steady aerodynamic effects are
included by defining the aerodynamic terms Cy, Cmq. and x,, as a
function of Mach Number and dynamic pressure ?Q). At angles of attack hi, ...
than 2 degrees the aerodynamic norwal force coefficient (Cy) and aesrodynami..
center (xc ) become non-linear. This is included as an incremental change
with total angle of attack (7)), where,

(2=7) 7 =ta.n"l\/ta.n2a +tan'2[3

Aerodynamic normal force coufficient is

(2-8) G = Cy M *+AG

The aercdynamic center body station is

(2-9) x =x +ax,

P cp, P

Aerodynamic damping derivativea are defined about the instantaneous
center of mass. Since the center of mass moves during boost a simple
interpolation is used by the program between two sets of iput data
corresponding to two center of mass locations.



Rocket motor induced disturbing moments include thrust misalignment,
center-of-mass offget and jet damping moments. Pitch and yaw moments are,

2-10) = )

( My =T, (%=, )erp /51.3 + (T DAz +K, 0
12 12

(2'11) Nf = Tact (xr-xc )G.ry /57-3 + (Tact.D) Aycl + KJD¢
12 12

Jet damping coefficient (Kjp) for a rocket motor having a cylindrical
bore is,

(2-12) .
K0 ® = Tyae [lf (2k - 3If) * l?] + 2112: "I@'
(32.2)(57.3) I, Wy - 4y
where,

£, = (x, - xcg)/l2
y
4

e

ORIGINAL ¢~
g = (xp - "cg)/ 12 OF POOR QU/A.7™

(%o - xcg)/12

Trust misalignment includes a rigid body value and a flexible vehicle
value iaduced by aerodynamic and control loads.

(2-13) €r = er + ET’
rig flex

where,
(2- -
= 57-3 KaQa + n F 8
qflex 5 8%

a derivation of the coefficients, Kjp, Ko, and K5 , are presented in
A -~endix B of Reference 4.

Control moments include those derived from aerodynamic surfaces and those
derived from the rocket booster. The controls are assumed to produce forces
proportional to the deflection (iinear) such as aerodynamic fins and jet vanes.

(2-15) P = (CNSSQ + ¥_ )38

TS
where,

CN5 is the slope of the aerodynamic control force normal force
cvefficient versus deflection angle

FQS is the jet vane force slope per degree of deflection angle

-4 -



The program assumes that coefficients are for a single surface. The
deflection '$§' is per surface. The moment equations assume two surfaces for
each axis.

The jet vane effectiveness is proportional to the booster vacuum thrust
and a polynomial function of another independent variable ‘u' which is a
function of time, i.e.,
(2-16) Frs = TV&O (aO + aju + 82112 + 8303 +oue ) ORIG'N:} P
LU = T Q'—.\‘L.’I.T’

where,
ay ‘s are the polymomial coefficients

u is & function of time

This form provides a fair amount of flexibility in application. As an
exaxple, for a bocstur with a single gimballed nozzle control the only term
necessary wouid »» 'a,’ which would have a value of 0.008725. The Scout jet
vanes are dependent upon nozzle flow parametera which car be accounted for
using a first order polynomial iz 'u’' which has a fairly simple time history
(two straight lines). The 'u’ parameier may be an altitude function, nozzle
erosion function or some other parameter.

The pitch, yaw, and roll moments produced by the controls are,

(2-17) Mg = 2(°m5 SQ + Ffa)lasp
(2-18) g = ;2(cMs SQ + Frg)£s
(2-19) 15 = 2(CNSSQRtip + Frg R) g

where,
Rgjp is the roll moment arm of the aerodynamic surface, such as
a moveabdble fin tip

Ry 18 the roll moment amm of the jet vane or multiple giiuidallel nozzle

2.2.2 Residual Moments and Effective Characteristics

Tne equations of motion described by equations (1) through (3) include
residual moments AM, AN, and AL. Each cf the other terms can “e computed
based on preflight knowledge and post-flight measurements. A . .odynamic
coefficients are predicted based on analytical calculations and wind tunnel
tests. Mass properties can be computed fairly accurately. Fin misalignments
and certain components of thrust missligmment can be measured during
assembly. Angular displacements, rates and control surface deflections are
usually telemetered during the flight. Rocket motor data can be estimated
fairly accurately or can be determined by post-flight analyses. Angles of
attack and sideslip, Mach number, dynamic pressure, velocity, and flight path



angles are gemsrally calculated based on the combination ol telemetered
attitude information, radar tracking data, and sesasured vind profiles. A
method of computing this data for the Scout lsunch vehicle is presented in
Reference 5. Asscciated with each prediction and measurement is a potemtial
error. In addition, certain parameters may not have been measured or
predicted (i.e., thrust misaligment).

Therefore, in addition to computing the aesrodynamic, control and booster
induced moments, the most intersesting parameter is the residual moments.
These are calculated from equations 2-1 through 2-3, i.e.,

2-20) =14 - -M -
( AM=18 ~M -M -M

) " ORIGINAL PAGE I3
(2-21) AR = LY -8 - 87 -0 OF POOR QUALITY

(2-22) AL=1,¢ -L_  -1Lg

The computation of the inertia terms (sometimes referred to as the
"reversed effective torque”) generally requires the differentiation of body
rates measured by rate gyros. Since the above equations are for rigid
body motion the measured rates must be filtered to obtain rigid body motion.
Low pass filters can be used. If the rate data contains a predominant
structural bending mode frequency, this frequency can be mulled by two sample
averaging with samples taken at twice the structural frequemcy. It is
important to adjust all data to a common time base which requires shifting
due to measurement, playback, and filtering time lags.

Usually the residual moments are analyzed in terms of an effective set of
characteristics such as thrust misaligmment, wind deviations, control surface
effectiveness, or aerodynamic stability derivatives. In the computer program
the residuals are computed in terms of these effective parameters and compared
to the predicted vaiues. There is no weighting performed. In each case the
total residual is attributed to the parameter. For a single flight no
meaningful trend is usually eatablished. However, combining results from
several flights will reveal any significant deviations in predicted
characteristics. A method of least squares for revealing bias errors in
characteristics using a larger number of flights is preserted in Reference 3.

The effective set of characteristics are presented in ths equations that
follow.

The effective aerodynamic pitching moment is,

(2-23) cu'1 = cmp + AM/Qsd
r

where,

2-24 v < A - -4 =2
( ) Cmpr = ( Crg? * ACN ) cos \ (rcg xcpn (cp)"‘d + Cmc



The effective aerodynamic center in the pitch plane is,

{2-25) ' ~ A
xcp = x°ppr - 123/ [(C‘Na?) + Aa,:;, 2S ccs
ORIGINAL PAGC i3
where, OF POOR QUALITY
(2-26) X = X +3x
CPpr CPo cp

The effective thrust misalignment in the pitch plane is,

(2-27) e = ¢ + 12(57.3)AM/ [Tm( x, “cg)l

P P
The rigid body equivalent thrust misaligmment in pitch is,

(2-28) e’ = € - €

An effective jet vanme force versus deflection slope in pitch is,

2'29 ! = -
(2-29) F,ap S GAM/[GP (xgq - x5)

In the yaw plane the equivalent parameters become,

(2-30) ¢ cC + AN/
= QSd
n npr

where,

/
{2-31) - - ied +
Cnpr = cna'q +Acn) sin\ ( X a xcpo Axcp )/ 12 Cy

Yaw plane ef{ective aerodynamic center is,

(2-32) 'oa - [ ; ]
xcp xcppr 12AN / | ( Cnan + ACH ) @S sin \

The effective thrust misalignment in the yaw plane is,

(2-33) ' .
. “ * 12(57.3) A8 / [T, (xp = x|
and,
(2-34) A
Yrig ¥ Yelex



The yav plane jet vane effectiveness is, ORIGINAL PAGE >4
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2-35) ' a -
(2-3 P'& F_s + 6AN /[8y ( g~ %5 )]
Y

The effective rolling moment coefficient is,

(2-36) -
ct clp,- + AL/ @4

vhere,

(-371) ¢, = c, + C €
Loy L, l‘tin ring

An artificial wind profile is computed in order %5 account for the
residual moments. Small angle of attack and linear aerodynamic assumptions
are made in the following equations. First an incremental angle of attack and

aideslip is obtained from,

(2-38) Aq = 12AM/ Cp8(x ~x )+KT (x,-x_)]Q
Nox cg “cp act” T cg

(2-39) AB = .12 AN / ICNaS( xcg- xcp) + KaTact( Xy = Xcg) l Q

From these expressions an incremental pitch and yaw component of wind is
computed,

(2-40) AV"r 2 VAa / [Aa cosY - 57.3 sin}’l
p

(2-41) aAv_= VAB/ ST.3
vy

The predicted pitch and yaw components of wind from measured values are,

(2-42) pr =V, cos({ - Cw)

(2-43) v, =V, sin({ - L)
J

Adding the incremental effective wind velocity components and resolving
the vector yields an effective wind velocity of,

(2-44) v {(v +.\V' )2 + (v +Av;,y)2
y

with a direction,

(2-45) ¢ = [+ tanl l (V) + 395 )/ (g 2W)

-8 -



Small angle assumptions used in these equations should result in
significant. errors if the incremental angle of attack or sideslip (equations
2-38 apd 2-39) are over five (5) degrees. The incremental angles of attack
ana sideslip are printed out so that areas of dubicus accuracy can be spotted.

Certain other equations are used in this computer program to compute data
which may be of use in post-flight evaluationas. These include evaluation of
residual moments using only linear stability derivatives and not accounting
for known jet demping, fin misaligmments, and center of mass offset. They
can be used in a post-flight trajectory simulation program which does not
include these effects. The equations for the modified reaidual moments are:

(2-46) ho_ _ - d-C 24
an' = 1.6 cnaSQ( X xcpo)a cmoqs n ggi,_o

12

- Ta.ct (xf - xcg) cfflefz - 2 (CNSSQ + F.ra )lsap

12(57.3)
(2-47) Ve X A >
AW = I¥ * O SAL xpgm Xop ) B - Cp 384 - “ag 2 v
12
o SN L xcg) ‘fnexp - 2 (cuasq + F,S)tasy
12(57.3)

(2-48)  szp'= 1 & -C,Q8a -cC 2¢ - 2(c, S + Fp_R;)
x L, lp%i%* N5 R1p TSRT aa

OR'G'NAL P".‘. Pl vy



3.0 PROGRAM DESCRIPTION
ORIGINAL PAGE 1S
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3.1 General

This computer prograam is coded in FORTRAN IV for a CDC CYIBER 175 systeam.
The code is compatible with ANSI standards with the exception of the DATA
statements. It is arranged to operate with standard card input and line
printe. output. Optional plotting is based on standard CALCOMP plotters. An
optional punched card output of residual moments and effective rocket motor
thrust misaligmment is imbedded.

A main routine (STAGEl) and twelve subroutines require approximately 38K
words of computer memory. All output is stored in array variables to
facilitate a well formatted output paging system, punched card option, and
CALCOMP plotting format.

Program flow and user instructions are presented in the following
paragraphs. Input and output of a sample problem is illustrated along with
the detailed descriptions.

3.2 Program Flow

Program flow is straightforward in five basic parts,

« 1input data

« compute time histories of pitch, yaw, and roll axes moments and
effective characteristics

. output data on line printer

« optional punched card output

. optional CALCOMP plotted output

A flow chart of the main routine (STAGEl) is presented in Figure 3.
Interaction of the main routine and the twelve subroutines is presented in
Figure 4. Blank and labeled common locations in the subprograms are also
presented in Figure 4. A complete listing of the FORTRAN program including
all subroutines other than CALCOMP library subroutines is presented in
Appendix A.

Descriptions of the subroutines are presented in the tollowing paragraphs.

3.3 Subroutine Description

Twelve subroutines are used to support the STAGEl main program; ACC,
CURVE, DASH, DTBLN, MAXA, PAGEHD, PLS, PUNAID, SIMEQ, SMDF, TBLN, and TBLU. A
brief description of each is presented bdelow.

- 10 -



ORIGINAL PAGE 13
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This subroutine computes angular acceleration from a alope of a graphic
display of angular rate data such as an oscillograph record. Slope is assumed
to be measured in degrees from the constant zero acceleration level as shown
in the following sketch.

MY
N

Angular acceleration is,

(3-1) g = XKT * XKR * tan Ag

where,
XKT is the paper speed (length units per second)

XKR is the scale factor (degrees per second per unit length)
A g is the slope of the rate trace in degrees

The call statement is,

CALL ACC (ANSWER, XKR, XKT, MKT)

ANSWER - input slope in degrees C\o), it is also the output angular
acceleration in degrees per second squared

XKR - is rate scale factor

XKT - is paper speed or inverse of time scale factor

MKT - error indicator '

= 0 nomal
= 1 slope of 90 degrees or more encountered
(ANSWER is set to 0)

CURVE

This subroutine sets up the CALCOMP plots including framing, titling, and
curve data preparation. It is set up for specific acale factors on a series
of 8 1/2 by 11 inch pages having a 10 x 10 to the centimeter graph paper. The
ranges and labeling which are set are shown in the sample problem output.

Data to be plotted is obtained from the main routine through common
blocks 'PLUT' and P2. The curve plotting includes combinations of simple
lines, dashed, and dashed-dot, and lines with symbols which is accomplished
with the DASH subroutine.

- 11 -



The call statement is, ORIGINAL PAGE 1S
OF POOR QUALITY
CALL CURVE (NOP?, NLP)

where,

NOPT - plot options as follows
NOPT = 1 pitch moments
= 2 yaw moments
= 3 roll moment
= 4 pitch and yaw moments and thrust misalignment
= 5 pitch, yaw, and roll moments, effective thmst
misalignment, wind, and these input tables: Q, M, pitech,
yaw, and roll control deflections, pitch, yaw, and roll
rates, and accelerations, and angles of attack and
sideslip
NLP - number of time points for each curve of output time histories

If scales or plot sizes other than those shown are desired this
subroutine would be either replaced or modified.

DASH

This subroutine plots a curve on a CALCOMP plotter for a set or ordinates
and abscissas. The style and type of line drawn is selected by the user.
Note that the CALCOMP plot is specified in inches; plotting on metric paper
requires appropriate scaling change before entering this subroutine.

The call statement is,

CALL DASH (X, Y, NP, 21, Z2, SPACE, XSCALE, YSCALE, LSYMB, XLIM, YLIM)

where,
X - input array of abscissa values
Y - input array of ordinate values
NP - number of points in X and Y to be plotted
Z1 - for dashed-dot lines this is length of long line measured
in inches (see sketch below)
Z2 - for dashed-dot lines this is length of short line measured

in inches (see sketch)
SPACE - for dashed style lines this is the length of the space between
lines measured in inches.
SPACE = 0 gives a solid line plot
SPACE = negative gives special CALCOMP symbols at each point
XSCALE - abscissa plot scale factor (units per inch)
YSCALE - ordinate plot scale factor (units per inch)
LSYMB - special CALCOMP symbol code number used if SPACE is negative
(see code below)
- (+) LSYMB gives straight solid lines between symbol points
- (=) LSYMB gives only symbols at each point without lines
XLIM - plot limiting of the abacissa (inches) points out of range,
rapnge will appear at this limit
YLIM - plot range of ordinate (inches)

- 12 -
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For ease in use, the following styles are typically poassible,

LINE TYPE 21 22 SPACE LSYMB
Solid - - 0. 0.
— e Dashed 0.25 0.25 0.10 0.
-------- Dashed 0.07 0.07 0.07 0.
e Dashed 0.5  0.03 0.07 0.
Dot
A—L—-8—-4- Symbols  -- - -0.1 +2
QA & &L A Symbols  -- - 0.1 -2
(no line)

Some common symbols available on CALCOMP are:

LSYMB =

X+pOo0

o}
1
2
3
4

For other special symbols see your CALCOMP plotting package manual.
DTBLN

This subroutine performs a double table lookup for two abscissas from a
table arranged with abscissas in monotonically increasing order. The first
abscissa is currently limited to five values and the second is limited to
fifty values. It uses subroutine TBLN to perform the table lookup at tk
second level.

The call to this subroutine is,

CALL DTBLN (ORD, ABSC1l, ABSC2, N1, TABl, N2, TAB2, TORD, M1, M2)

where,

ORD - returned ordinate to be found

ABSCl - requested abscissa of first independent variable

ABSC2 - requested abscissa of second independent variable

N1l - number of values in first independent variable array (current
dimension limits to 5)

TABl - array of abscissas for first independent variable

N2 - number of values in second independent variable array (current
dimension limits to 50)

TAB2 - array of abacissas for second independent variable

TORD - two dimensioned array of ordinate values, TORD (N1, N2)

M1 - index for firat search of variable one (1 to Nl1).
index of located lookup is returned also for further use on next
lookup

M2 - index for first aearch of variable two (1 to N2) also modified
and returned for further use

-13 -



NAXA

This integer function subprogram finds the maximum absolute value in an
array of numbers and sets it to an integer value.

The use is,
Y = MAXA (K,A)
where,

N = number of values in 'A' array
A = input array of numbers

PAGEHD

This short subroutine ejects a page and prints the run number and page
number on top of each page of printed output.

The call statement is,

CALL PAGEHD

The run number and page number are tranaferred through labeled common
block 'P2°'.

ot]

This subroutine determines a least squares polynomial fit of data
points. It uses the SIMEQ subroutine to solve the vector-matrix equation
necessary to obtain the polynomial coefficient vector. It is currently
dimensioned for twenty data points and up to a tenth order polynomial.

The call statement is,
CALL PIs (M, X, Y, N, C, NER)
where,

- number of points given

- is the given abscissa array

is the given ordinate array

- the order of the polynomial to be fitted

- is the returned polynomial coefficients in ascending order, i.e.,

Q2 4 >R
[}

2 N
Y = C(1) + C(2) X+ C(3)X2 + ... + C(N+1)X
NER - is an error indicator
NER = O matrix is singular and cannot be inverted
NER = 1 normal

PUNAID

This subroutine prepares the punched card output decks on tape unit
seven. The punched output format is for use by other routines using a
specific "NASA" type inmput format. It can be easily modified by reprogramming
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to another suitable format. A description of the output card images is
presented in paragraph 3.5.7. Data is transferred from the majn routine via
labeled common block "PUNSH".

The call statement is,
CALL PUBAID (J, N)

where,

J - number code of the variable to be punched from the array PUNCH(J, N)
N - number of points to be punched

The alphanumeric identifications to be punched on the cards are entered
in arrays NTITL, NNTITL, and NAME through labteled common 'PUNSH'. Current
dimensions limit the output to one of six having up to two hundred points.

SIMEQ

This subroutine solves a set of linear equations by matrix inversion
techniques. It is currently limited to a tenth order problem (ten linear
equations) of the form

(3-2)  A*X = XDOT
where,
A - i3 an KC by KC matrix of coefficients
X - is a vector of unknowns to be solved
XDOT - is a vector of values given
The solution is,
(3-3) X = A~lxpor
The call statement is,

CALL SIMEQ (A, XDOT, KC, X, IERR)

where,
A - is the matrix of given coefficients
XDOT - is the vector of known constanta
KC - is the order of A or number of equations to be solved
X - is the solution vector
IERR - error code

IERR = 1 normal
IERR = O matrix is singular

SMDF

This subroutine performs a differentiation of a curve defined by a set of
points. It first selects the appropriate number of points from a table of
values. It then fits a least squares polynomial to these points. The
derivative of this polynomial is then computed. This subroutine uses the PLS
and SIMEQ subroutines to compute the least squares polynomial curve fit.
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The fitted polynomial is of the form,

(3-4) T = A(1) + A(2)X + A(3)X2 + ... +A(NOR+1) XNOR

The first derivative 'Y' with respect to 'X' at X = ™
is,
(3-5) 1D =JYDX = A(2) + 2%A(3)*M + 3%A(4) 0%, .,

«o o+ NOR®A(NOR+1)#1yNOR-1

The call statement is,

CALL SMOF (NPT, T, ™, NP, NOR, TD)
where,

BT - is the number of values in the 'T' array

T - is the array of input of alternating X, Y values arranged in
ascending order of X

™ - is the abscissa value at which the derivative is to be computed

NP - the number of local points equally spread about the abscissa to
be used in the curve fit

NOR- is the order of the polynomial to be used in the least squares
fit of 'Y’ versus 'X'

TD - is the derivative computed at the abscissa 'TM' by the above
procedure

TBLN

This is a single table lookup subroutine using linear interpolation
between points. This subroutine requires separate arrays of abscissas and
ordinates. The abscissas must be in ascending order.

The call to this subroutine is:

CALL TBLN (Y, X, T, A, NT, M)

Y - is the ordinate to be found

X - 4is the given abscissa.

T - 41is the abscissa table.

A - 1is the corresponding ordinate table.

NT - 4is the number of values in each table.

M is a current locator for the search of the table. 'M' must

be greater than gero and less than or equal to 'NT'. M

returns the current location found for the abscissa and should

be used for the next lookup of the same table to reduce the search
time.
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TBLU
This is also a single table lookup. It is based on linear interpolation
between points for a single array having alternating values of abscissas and
ordinates. The abscissas must be in ascending order.
The call to this subroutine is:

CAL", TBLU (NT, Y, X, T, M)

8T - number of values in table 'T' including abscissas and ordinates.
Y - 1is the ordinate to be found.

X - is the given abscissa.

T -« is the table of alternating abscissas and - - sates.

M - is the table locator described under 'TBLK ve.

3.4 Input Data Description

Input data descriptions are presented in the following subparagraphs. A
sample problem input data listing is presented in Figure 5 for reference.
Input data can be separated into eleven (11) basic groups:

(1) tables of predicted aerodynamic coefficients,

(2) run option and arbitrary output title cards,

(3) tables of rocket booster parameters,

(4) tables of mass properties,

(5) trajectory variables,

(6) wind profile,

(7) drag, angles of attack and sideslip,

(8) telemetered vehicle data - pi.ch yaw and roll accelerations, rates
and control surface deflections,

(9) single constants.

(10) output time increments,

(11) optional CALCOMP plot input data

3+4.1 Aerodynanic Coefficients

Aerodynamic coefficient tables are read in fields of tem (10), eight (8)
values to a card. Unless specified otherwise, a format of (I10/(8E10.3)) is
used. Each table is lead by a card containing an integer number identifying
the number of numbers to be read. It is located in the first ten columns an”
is right justified. Double tables are read in three phases: (1) the single
tatle of the first independent variable, (2) a single table of the second
independent variable, and (3) the dependent variable. Refer to Figure 5 for a
sample input. The following order of input is used.
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ORIGINAL PAGE IS
OF POOR QUALITY

RORTRAN NO. OF

NAME VALUES SYMBOL UNITS DESCRIPTION

NXQT - - -- number of values of dynamic
pressure for double tables
CNAST, CMQLT, CMQ2T, and
XCPT

XQT (NXQT) -- (1v8/2t2) dAynamic pressures abscissa
;able (5 max)

NXM1T -- - -- nunber of values in Mach
number abscissa table for
CNAST

mT (FXM1LT) -- - table of Mach numbers for
CNAST table (50 max)

CNAST(1,-) NXM1T Cy,S (£t2/deg) normal force coefficient
slope times reforence area
for f.rst dynamic pressurs
and all Ma.a numbers

CNAST(2,-) NXM1T CHgS (£t2/deg) normal force coefficient
alope at second dynamic
pressure

CNAST(NXQT,-) NXM1T Cy, S (££2/deg) normal force coefficient

slope at last value of
dynamic pressure

The next table is a doubl: table for the pitch damping derivative about a
specified reference (CGl). The first abscissa (dynamic pressures) must be as
input above. The lead card for this table includes the integer number of Mach
numbe§s and the floating point value of (CGl). It is read with format (IO,
E10.3).

PORTRAN NO. OF

NAME YaLl'ss SYMBOL UNITS DESCRIPTION

NXM2T, CG1 2 -- (-, inches) number of Mach number-
for CMQ1T table, and
reference station for CMQLT

M2T NXM2T - -- Mach uumbers for CMQ1T
table (50 max)

CMQ1T(1,-) NXM2T Cagq (1/deg) serodynamic demping
derivative about CGl at
first value of dynamic
pressure

CMQIT(NXQT, =) NXM2T Crq (1/deg) aerodynamic damping
dertivative about CGl at
last value of dynamic
pressure

NXM3T, CG2 2 - (~, inches) number of Mach numbers and
reference station for CMQ2T
table
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FORTRAN NO. OF
EAME VALUBS
3T NXM3T
cMQ27(1,-) KXM3T

CMQ2T(NXQT,-) NXM3T

NXM4T 1
XM4T NXM4T
XCPT(1,-) NXM4T

XCPT(NXM4T,-) NXM4T

ORIGINAL pp,
OF PooR Quff,,?

URITS

DESCRIPTION

- Mach numbers for CMQ2T
table (50 max)

(1/deg)

aerodynamic damping

derivative about CG2 at
firast value of dynamic

pressure

(1/deg)

aerodynamic damping

derivative about CG2 at
laat value of dynamic

pressure

- number of Mach numbers for
XCPT tabdle

- Mach numbers for XCPT table

(50 max)

(inches)

aerodynamic center tab“le at

first value of dynamic

pressure

(inches)

aerodynamic center table at

last value of dynamic

pressure

The remaining aerodynamic tables are single tables having alternating

valuss ot abascissas and ordinates.
integer number of values in the table.
The format is (I10/(8E10.3)).

as two values.

FORTRAN  NO. OF
NAME VALUES ORDINATE  UNITS ABSCISSA  UNITS
NT1 1 - -- -
CNDST NT1 CpgS (£t2/deg) Mach -
CLEST NT2 CL,eS (ft2/deg)  Mach --

-1 =

Each table is preceded by a card having an
Each ordinate-abscissa pair is counted

DESCRIPTION

number of values
in CNDST (50 max)

aerodynamic
control surface
normal force
coefficient per
degree deflection
(one surface)
number of values
in CLEST (50 max)

incremental fin
1ift coefficient
per degree of
misalignment
times reference
area



ORIGINAL PAGE 13
OF POOR QUALITY

FORTRAK  NO. OF

NANB VALUBS ORDINATE  UNITS ABSCISSA  UNITS
3 1 -- - - -
XCFFNT T3 Xepotn (inches) Mach -
N4 1 - - - --
ETPLXT N4 Ko (£t2/deg-  Mach -

1bs)

S 1 -- -- -- -
DCNST §TS Acygs (£42) n (deg)
NT6 1 - - - -
DXCP? NT6 AXep (inches) n (deg)
CMOT NT7 Ca,, - Mach -
NT8 1 - - -- --
DZCGT NT8 Ach (inches) W .ons --

DESCRIPTION

number of values
in XCPFNT (50 max)

fixed fin center
of pressure body
station

number of values
in BTPFLXT (50 max)

thrust mis-
alignment
flexibility
coefficient due

to aerodynamic

loads

number of values
in DCEST (50 max)

non-linear
incremental
normal force
coefficient
versus

aerodynamic angle

nunber of values
in DXCPT (50 max)

incremental
change in
aerodynamic
center due to
aerodynamic angle

number of values
in CMOT (50 max)

pitching moment
coefficient at
gzero angle of
attack

number of values
in DZCGT (20 max)

center of mass
offset in pitch
plane versus
percent
propellant
consumed



FORTRAN
NAME

NO. OF
VALUES

ORIGINAL PAST i3
OF POOR QUALITY

ORDINATE UNITS ABSCISSA

UNITS

XT9

CHOT

NT10

DYCG?

NT1i

CLOT

NT12

CLERST

NT13

The second group of input data includes four cards.

| b

NT10

NT11

NT12

NT13

3.4.2

c -- Mach

- - -

Aycg (inches) eons

Cy Sd (ft3/deg)  Mach

C,,542  (ft4/deg)  Mach

DESCRIPTIOR

number of values
in CNOT (50 max)

yawving moment
coefficient at
gero angle of
sideslip

number of values
in DYCGT {20 max)

center of mass
offest in yaw
plane versus
percent
propellant
consumed

mumber of values
in CLOT (100 max)

rolling moment
coefficient

nunber of values
in CLERST (50 max)

rolling moment
coefficient per
degree fin
misalignment
times reference
area and length

number of values
in CLPT (50 max)

roll damping
moment derivative
times reference
area and square
of reference
length

Run Option and Arbitrary ldentification

The first of these

contains five integers which define the rn options and run numbers. These
are read in five fields of ten and must be right justified.

-2] -

These are:



ORIGINAL Fraac o
OF POOR QUALITY

FORTRAN COLUMN
NANE NO. DESCRIPTION

NRUN 10 an arbitrary run number which
is pri :ted at the top of aach
page of output.

NACC 20 option for angular accele-
ration input,

BACC = O, angular accelera.ica
input in degrevs per
3econd squared
versus time.

KACC = 1, rate trace slope in
degrees and paper
acale factors are
used to compute
angular accele-
rations (see svo-
routine ACC in 3.3)

NAACP 30 option for differentiation
of rate by least squares
polynomial
NAACP = 0, accelerations or

rate trace slopes
must be input
NAACP - 1, rate data is
differentiated
using SMDF sub-~
routine. Number of
poirts and poly-
nomial order must
be read instead of
acceleration table

NPUNCH 40 control integer for optional

puiched card output

NPUNCH = O, no punched cards

NPUNCH = 1, punched cards in
"NASA Imput”
format are output
(see sample
problem output)

NPLOT 50 control integer for optional

CALCOMP plot output

NPLOT = O, no plot

NPLOT = 1, gives specific
CALCOMP plotted
output. If used
group 11 input data
must be used



ORIGINAL PASGE (3
OF POOR QUALITY

The next three cards contai~ arbitrary title data in columns 1 through
72. This information is printea on the top of each page of line printer
output. There must be three cards even if blank.

3.4.3 Tabdles of Rocket Booster Parameters

This group of input data includes the rocket booster thrust and propellant
veight remaining time hiatories, the predicted pitch anmd yaw component of
thrust misaligoment and the rocket control forca parameters (such as jet . .n.
1ift effectiveness parameters). Each table is input with an (I10/(8E10.3))
format. Jee Figurc 5 for sample imput. Moat tables have alternatiag v-lues
of abacissas and ordinates.

FORTRAN ¥O. OF

NAME VALUES ORDINATE UNITS ABSCISSA URITS DESCRIPTION
HT14 l -- - - -~ number of values

in TVACT (100 max)

TVACT NT14 Tvac (1bs) time (sec) vacuum thrust
versus time

NT20 1 —— - - -~ number of values
in TACT (100 max)

TACT NT20 Tact (1vs) time (sec) actual thrust
versus time

NT19 1l - -~ -- -- number of values
in PPCT (100 max)

PPCT NT19 Weons (1vs) time (sec) booster
propellant weight
remaining versus
time

NT28 1l - - - - number of values
in ETPT (20 max)

ETPT NT28 e, (deg) time (sec) predicted pitch
e component of
thrust
misalignment

NT33 1l -~ - -— ~= number of values
in ETYT (20 max)

(deg) time (sec) predicted yaw
component of
thrust
misalignment

ETYT NT33

NT15 1l - - - -~ number of values
in ALTT (20 max)



FORTRAN
NAME

ALTT

RAT

NO. OF
VALUES

NT15

NAT

ORIGINAL PAGE I3
OF POOR QUAUTY

ORDIEATE UNITS ABSCISSA UNITS
u - time (sec)
aj - - -

3+.4.4 Tables of Mass Properties

DESCRIPTION

booster control
independent
variable of
polynomial form
(see Bquation
2-16)

number of values
in A (5 max)

boost cortrol
(e.g., jet vanes)
polynomial
coefficients from
gero order to
highest order
(see Equation
2-16)

This group includes the center of mass and moments of inertia versus

percent of propellant consumed.

shown in the sample problem (Figure 5).

FORTRAN  NO. OF
NAME VALUES ORDINATE  UNITS ABSCISSA  UNITS
NT23 1 -- -- -- --
XCGT NT23 Xeg (inches) % Yeons --
NT22 1 -- -- -- --
XIYYT NT22 I, (slug/ft2) % Woops --
NT37 1 - -- -- --
XIXXT NT37 Iy (slug/f2) % W.one --

- 24 -

These are input with format (I10/(8E10.3)) as

DESCRIPTION

number of values
in XCGT (20 max)

center of mass
station versus
percent of
propellant
consumed

number of values
in XIYYT (20 max)

pitch or yaw
moment of inertia
versus percent
propellant
consumed

number of values
in XIXXT (20 max)

roll woment of
inertia versus
percent
propellant
consumed



ORIGINAL PAST i3
OF POOR QUALITY

3.4.5 Trajectory Variables

This group includes six trajectoy parameters. They are entered with
format (110/8B10.3}).

FORTRAR NO. OF

NAME VALUES QORDINATE UNITS ABSCISSA URITS DESCRIPTIOR

NT16 l - -- - ~-- number of values
in QT (600 max)

QT NT16 Q (1bs/£t2) time (sec) dynamic pressure
time history

NT17 1l .- - - ~- number of values
in VT (600 max)

VT NT17 \' (£t/sec) time (sec) relative air
velocity versus
time

NT18 1l - - -- -~ number of values

in XMNT (600 max)

XMNT NT18 Mach No. - time (sec) Mach number
versus time

NT42 1l - - - -- number of values
in GAMM (600 max)

GAMM NT42 y (deg) time (sec) flight path angle
versus time

NT39 1l - - - -= npumber of values
in ZRT (600 max)

ZRT NT39 4 (deg) time (sec) relative azimuth
versus tinme

NT38 1l - - - -= number of values
in ALT1 (600 max)

ALT1 NT38 h (kilofeet) time (sec) altitude versus
time

3.4.6 Wind Profile

The wind speed and direction are entered versus altitude with formatl
(I10/(8E10.3)). The altitude units must be consistent vith the input altitude
time history above.
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PORTRAN  NO. OF
NAME VALUES ORDIFATE  UNITS ABSCISSA  UNITS
NT40 1 - - -~ -
VWH NT40 vy (£t/sec) h (kilo-
feet)
NT41 1 - -- -- -
ZWH NT41 - (deg) n (dlo-
feet)

3.4.7 Drag, Angles of Attack and Sideslip

These tables are input with a format (I10/(8E10.3)).

FORTRAN RO. OF

NAME VALUES ORDINATE UNITS ABSCISSA UNITS
NT21 1 - - - -

DRAGT NT21 Drag (1bs) time (sec)
NT27 1 - e - - -a

ALPHAT NT27 a (deg) time (sec)
BETAT NT32 B (deg) time (sec)

-26 -

DESCRIPTION

nunber of values
in VWH (600 max)

wind, speed

versus
gltitude

number of values
in ZWH (600 max)

wind azimuth
versus altitude

DESCRIPTION

number of values
in DRAGT (600)

vehicle drag
versus time

number of values
in ALPHAT (600
max)

angle of attack
versus time

number of values
in BETAT (600
max

angle of
sideslip versus
time
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3.4.8 Telemetered Vehicle Data

Time histories of angular accelerations, rates, and control surface
deflections are input. Pitch, yav and roll angular accelerations may be input
if the appropriate option was selected (see 3.4.2 above). Options include (1)
inpuc of angular accelerations, (2) imput of rate trace slopes and scale
factor or.n%g) input number of points and polynomial order for a least aquares
polynomial curve fit of rate data for differentiaticn.

(If NAACP = 0, NACC = 0, input format (I10,2E10.3/(8E10.3))

FORTRAN NO. OF
NAME VALUES ORDINATE UNITS ABSCISSA UNITS DESCRIPTION

NT24,-,- 1 number of values
in the THEDDT
(600 max)

THEDDT NT24 ) (deg/sec?) time (sec) pitch angular
acceleration
versus time

(If NAACP = O, NACC =1, rate trace scale factors and slopes)

RT24, PKTH, PK™ number of values
in THEDDT (600
max)

PKTH = pitch rate
trace scale
factor
(deg/sec/inch)
PKTM = pitch

rate trace paper
speed
(inches/sec)

THEDDT NT24 A9 (deg) time (sec) pitch rate trace
slopes versus
time (see ACC
subroutine,
Section 3.3)

(If NAACP = 1, angular acceleration not read, see SMDF subroutine Section 3.3)

NPCFP, NORP (Format 2I110) NPCFP = number
of points used
for polynomial
curve fit (20
max)

NORP = order of
polynomial to be
used for
differentiation
of pitch rate
trace (10th
order max)
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The next two tables are inpeg vi R%l options with format (I10/(8E10.3)).

FORTRAN NO. OF
_AAME VALUES ORDINATE UNITS ABSCISSA UNITS DESCRIPTION

NT25 1l - - - - number of values
in THEDT (600
max)

THEDT NT25 .. - é (deg/sec) time (sec) pitch rate
- versus time

NT26 1 - - - -— nunber of values
in PFINT (600
max)

PPINT §T26 3p (degrees)  time (sec) pitch component
of control
surface
deflection
versus time
(assumed average
of two surfaces)

The yaw angular acceleration, slopes or curve fit constants are read in
next in the same way as described for pitch above, i.e.,

(If NAACP = 0, NACC = 0)

FORTRAN NO. OF

NAME VALUES ORDINATE UNITS ABSCISSA UNITS DESCRIPTION

NT29 1l .- -- -- - number of values
in PSIDDT (600
max)

PSIDDT NT29 '/ (deg/sec?)  time (sec) yaw angular
acceleration

versus time
(If NAACP = O, FACC = 1, read rate trace scale factors and slopes)

NT29, YKTH, YKIM (format (I10, 2E10.3) number of values
in PSIDDT

YKTH = yaw rate
trace scale
factor
(deg/sec/inches)
YKTM = yaw rate
trace paper
speed (in/sec)

PSIDDT NT29 Ay (deg) time (se¢c) yaw rate trace
slopes versus
time
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(If BAACP = 1, read in number of points and order of polynomial for
differentiation of yaw rate data by SMDF subroutine)

NPCFY, NORY (Format 2I10) NPCFY = number
of points for
least aquare
curve fit
NORY =
polynomial order

The next two tables are read in regardless of option.

FPORTRAN NO. OF

NAME VALUES ORDINATE UNITS ABSCISSA URITS DESCRIPTION

NT30 1 - -- -- - number of values
in PSIDT (600
max)

PSIDT NT30 @ (deg/sec) time (sec) yaw rate versus
time

NT31 l -- - -- - number of values
in YFINT (600
max)

YFINT NT31 oy (degrees) time (sec) yaw component of
control surface
deflection

versus time
(average of two
surfaces is
assumed)

In similar fashion the roll angular accelerations, rates and deflections
are input.

(IF NAACP = 0, FACC = 0)

PORTRAN NO. OF

NAME VALUES ORDINATE UNITS ABSCISSA UNITS DESCRIPTION

NT34 1l - - -- - number of values
in PHIDDT (600
max)

PHIDDT NT34 ¢$ (deg/sec?) time (sec) roll angular
acceleration

versus time

-29 -



(If NAACP = O, NACC = 1, read in roll rate trace slopes and scale factor.

NT34, RKTH, RK™ (format I10, 2B20.3))

PHIDDT

NT34

A\

(deg) time (sec)

(If NAACP = 1, polynomial curve fit information for SMDF)

RPCFR, NORR (format 2I10)

number of values
in PHIDDT (600
max)

RKTH = roll rate
trace scale
factor
(deg/sec/inches)
RKTM = rate
trace paper
apeed
(inches/sec)

roll rate trace
slope versus
time

NPCFR = npumber
of ; »ints for
curve fit

NORR = order of
polynomial

The following two tables are input regardless of acceleration options.

FORTRAN NO. OF

NAME VALUES ORDINATE UNITS ABSCISSA UNITS DESCRIPT: °N

NT35 1 - - - - number of values
in PHIDT (600
max)

PHIDT NT35 $ (deg/sec) time (sec) roll rate versus
time

NT36 1 -—- -- -- - number of values
in RFINT (600
max)

RPINT NT36 5a (deg) time (se¢) roll control
surface
deflection

ORIGINAL PACE 13
OF POOR QUALITY

- 30 -

versus time
(average of two
surfaces is
assumed)
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3.4.9 Single Constants

Two cards of constants are read in this group using a Format (8E10.3),
i.e., eight values per card in fields of ten columns. The order, units, and

deacription sre,

FORTRAN
NAME

EFINP

EFINY
EFINR

XT

' XE
RTIP

RJV

XISP

S
D

T™MMODE

TIME

SYMBOL

efinp

€
fin,

URITS

(degrees)

\degreas)
(degrees)

(inches)

(inches)

(inches)

(inches)
(feet)

(feet)

(sec)

(£12)
(frt)
(1/1v)

(sec)

-~ 31 -

DESCRIPTION

sum of pitch component of
fixed fin misalignment (i.e.,
if there are two pitch fins
one misaligned + 0.1 degrees
and other -0.04 degrees the
value + 0.06 is entered)

sum of yaw component of fixed
fin misalignment

sum of roll component of fixed
fin misalignment

body station of rocket nozzle
throat (assumed point of
action of thrust misalignment)

body station of control force
action

body station of front of
rocket motor chamber (used in
jet damping)

body station of nozzle exit
plane (used in jet damping)

radial location of aerodynamic
control force from centerline

radial location of rocket
motor controls (jet vaues,
gimbaled nozzles, etc.)

rocket motor specific impulse
used in jet damping calculation

aerodynamic reference area
aerodynamic reference length
coefficient of flexible thrust
misalignment induced by

control force

initial time to start problem



ORIGINAL PAGE 1S
3.4.10 Output Time Increments OF POOR QUALTTY

More than one step sige can be used for output. PFor instance, if one or
more specific areas of flight require higher demsity output the end times and
increment of each ot these groups can be specified by the CTIME and DTIME
arrays. The number of groups and the CTIME and DTIME arrays are enterad with

a format (I110/(8B10.3)).

FORTRAN

NAME UNITS DESCRIPTION

* GPS - number of changes in output
increment (20 max)

crIME( ), DTIME ( ) (sec) alternating values,

CTIME = time of change or end
of time group

DTIME = time increment to be
used for output up to end of
time group CTIML

%2.4.11 CALCOMP Plot Information

When CALCOMP plots are desired (NPLOT = 1) certain minimal information is
input. The first imput is an 80 column card of alphanumeric identification
printed on the CALCOMP header preceding the first plot. This is read with a
format (8A10).

The last card reads two variables with format (.10, X, AS). These are,

NOPT - an integer option n .mber
NOPT = . - plots pitch moments only
NOPT = 2 - plots yaw moments only
NOPT = 3 - plots roll moments only
NOPT = 4 - plots pitch and yaw moments, effective thrust misaligmmesnt
and winds
NOPT = 5 - plots variabies for NOPT = 4 plus roll moments and input
data for deflections, «, B, rates, accelerations, Mach
number, and dynamic preasure.
IPLOT - five (5) column alphanumeric vehicie identification to which

is included in the heading of each CALCOMP plot. Notice in
the sample problem this is (S-19z).

3.5 Output Data Description

The output includes line printer output of pitch, yaw and roll deta us
well as optional punched card output of selected parameters (if NPUNCH = 1).

-3 -



ORIGINAL PA%L 'S
OF 'POOR QUAL

The following arrangement of lime printer output occurs which can be seen in
Figure 6 for the sample problem.

pitch pareameters - first page format
pitch parsmeter=s - (contimued)

yav parameters - first page format
yav parameters - (continued)

wind parameters
roll parameters

The top of each page of output contains the specified run number, page
number and the three cards of hollerith information vhich appeared in the

input.

Detailed descriptions of these outputs follow.

3.5.1 Pitch Parameters - First Page Format

The first page format includes the followirg variables,

TITLE
TIME

DELTA - M
M(AERO)
M(CONTROL)
M(I)

M(JD)

M(cG)

M(ETFLX)

M(PRIME)

SYMBOL

t

AM

AH'

- 33 -

DESCRIPTION

time

residual pitching moment
(Equation 2-20)

aerodynamic pitching moment
(Equation 2-4)

pitch control moment
(Equation 2-17)

pitch inertial term (reversed
effective torque)

pitch jet damping term
(Equation 2-10)

pitch moment due to center of
mass offset
(Equation 2-10)

vitching moment due to
flexibility induced thrust
misalignment

(Equaticns 2-10 & 2-14)

reaidual pitching moment not
including non-linear
aerodynamics, fin
misalignment, center-of-mass
offset or jet damping
(Equation 2-46)



TITLE

ET(FLX)

ET{RIGID)

ET(PRINE)

(xc6 - XCP)

ORIGINAL PAGE IS

SYNBOL

€relex

eris

(xcs"xcp )/12

OF POOR QUALITY

DESCRIPTION

pitch component of thrust
misalignment induced by
structural flexibility
(Bquation 2-14)

pitch component of thrust
nisalignment excluding
flexibility

effective thrust misaligmaent
based on M(PRIME)

static margin

3.5.2 Pitch Parameters (Continued Page)

A second output formated page for pitch axis parameters includes the

following,

TITLE

TIME

M(ALPHA)

M(0)

M(SFIN)

M(DAMP)

CM(PRED)

CM(EFF)

XCP(PRED )P

XCP(EFF)P

STMBOL

t

Cp,, 54

CLGQS(xcg‘xfin)‘finp

mag8e” 6

-3k -

DESCRIPTION
time

aerodynamic pitching moment
due to angle of attack
(Bquation 2-4 first term)

aerodynamic pitching moment at
zero angle of attack
(Equation 2-4)

aerodynamic pitching rsment
due to fin misalignment
(Equation 2-4)

aerodynamic pitch damping
moment
(Equation 2-4 last term)

predicted aerodynamic pitching
moment coefficient
(Equation 2-24)

effective aerodynamic pitching

moment coefficient
(Equation 2-23)

predicted aerodynamic center
(Equation 2-26)

effective aerodynamic center
in the pitch plane based on
residual moments

(Equation 2-25)



£ITLE
ET(EFF)P

LD{EFP)P

LD(PRED)

DESCRIPTION

offective pitch component of
thrust misalignment
(Equation 2-27)

effective value of rocket
motor control (jet vanes)
‘effectiveness in pitch
(Bquation 2-29)

predicted effectiveness of
rocket motor controls (jet
vanes)

(Bquation 2-16)

3.5.3 Yaw Parameters - First Page Format

The yaw moments and other yaw characteristics are output on two page

formats.

TITLE

TIME

DELTA-N

N(AERO)

8 (CONTROL)

(1)

N(JD)

N(CG)

N(ETFLX)

N(PRIME)

SYMBOL

t
AN

Haero

L
Iy’&
KJDJJ

(Tao4-D) AYgp/12

AN

- 35 =

The first page has the following parameters,

DESCRIPTION
time

residual yawing moment
(Bquation 2-21)

aerodynamic yawing moment
(Equation 2-5)

yaw control moment
(Equation 2-18)

yaw inertia term or ‘reversed
effective torque'

yaw Jjet damping moment
(Equation 2-11)

yawing moment due to center of
mass offset AY.,
{Equation 2-11

yawing moment due to thrust
misalignment induced by
vehicle flexibility
(Equations 2-11 & 2-14)

residual yawing moment plus
center of mass offset, jet
damping, and fin misalignment
(Equation 2-47)



TITLE SYMBOL
BT(FLX) €7 flex
ET(PRIME)

ETEFF(T) €

DESCRIPTION

yaw coaponent of thrust
mnisalignment induced by
structural flexibility
(Bquation 2-14)

yav component of thrust
nisalignment exclusive of
flexibility

(Bquation 2-13)

yaw component of thrust
misalignment based on X'

effective total thrust
misaligmment (vector sum of
pitch and yaw components)

3.5.4 Yaw Parameters (Continued)

A second page format of yaw parameters includes the following,

TITLE SYMBOL
TIME t
N(ALPHA) --
§(0) Cp 954
N(DAMP) CpqQ8d2
v
CN (PRED) Ca,,
CN(EFF) Cp
XCP(PRED)Y X Dor
ET(EFF)Y €'y

- 36 -

DESCRIPTIQ!
time

serodynamic yawing moment
change due to angle of
sideslip (first term in
Equation 2-5)

gerodynamic yawing moment at
zero sideslip
(2nd term Equation 2-5)

yaw aerodynamic damping
moment
(4th term Bquation 2-5)

predicted aerodynpamic yawing
moment coefficient
(Equation 2-31)

effective aerodynamic yawing
moment coefficiant
(Equation 2-30)

predicted aerodynamic center
(Equation 2-26)

effective yaw component of
thrust misalignment
(Equation 2-33)



TITLE

LD(EFF)Y

LD(PRED)

SYMBOL

Ffa

)

ORIGINAL PAGE IS
OF POOR QUALITY

DESCRIPTION

effective value of rocket
motor control (jet vanes) in
yaw

(Equation 2-35)

predicted value of rocket
motor control effectiveness
(jet vanes)

(EBquation 2-16)

3.5.5 Wind Parameters

A page format of wind related parameters includes,

TITLE

TIME
ALTITUDE
WIND VELOCITY

EFFECTIVE
¥IND VEL

DELTA WIND
VzL

WIND
DIRECTIOR

EFFECTIVE
WIND DIR

DELTA ALPHA

DELTA BETA

SYMBOL

t

a8,

- 37 -

DESCRIPTION
time
altitude in kilofeet.
wind velocity as input

effective wind velocity
(Equation 2-44)

incremental wind velccity
necessary to null residual
moments in pitch and yaw
(Equations 2-40 aad 2-41)

wind direction (azimuth) as
input

effective direction of V'
(BEquation 2-45)

incremental change in angle of
attack necessary to null
residual pitching moment
(Equation 2-38)

incremental change in angle of
sideslip necessary to null
residual yawing moment

(Equation 2-349)
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OR QUALITY
3.5.6 Roll Parameters OF PO Q

A page format of roll parameters includes,

TITLE SYMBOL DESCRIPTION
TIME t time
DELTA-L AL residual roll moment

(Bquation 2-22)

L(AERO) Laero aerodynamic rolling moment
(Equation 2-6)

L(CONTRL) Lg roll control moment
(Equation 2-19)

L(I) I;¢ roll inertia moment or
reversed-effective-torque

CL(EFP) Cy effective aerodynamic rolling
moment coefficient
(Equation 2-36)

L(AEROP) AL’ aerodynamic rollinz moment
excluding fin misalignment
(Bquation 2-22)

CL(EFFP) C,, +AL'/esd effective aerodynamic rolling
P moment based on residual
moments including fin
misalignment
DELTA-LP AL residual rolling moment plus

fin misalignment term
(Equation 2-48)

3.5.7 Punched Card Output

When the punched card output option is used residual moments and effective
thrust misalignment is punched in the 'NASA-INPUT' format shown in Figure 7.
This output is from the sample problem. The output tables include,

TITLE SYMBOL OUTPUT NAME DESCRIPTION
TIME t TAUM time {seconds)

PITCH AM DPITCH residual pitching moment
MOMENT (ft-1bs)

- 33 -



TITLE SYMBOL OUTPUT NAME DESCRIPTION

PITCH e}p DPITCH effective pitch component of

THRUST MIS. thrust misalignment (degrees)

YAW MOMENT Ax DY AW residual yawing moment
coefficient (ft-lbs)

YAW THRUST f'ry DYAW effective yaw component of

MIS thrust misalignment (degrees)

ROLL MOMENT AL DROLL residual rolling moment
(£t-1bs)

3.5.8 CALCOMP Plots

The optional CALCOMP plot output is presented in figures 8 through 18.
The parameters on the plots include,

PIGURE FRAME LABEL SYMBOL OR EQUATION
8 1 CONTROL MOMENT M5
8 1 REV. EFF. TORQUE 1,0
8 1 AERODYNAMIC Maoro
8 1 RESIDUAL MOMENT AM
9 2 EFFECTIVE THRUST MISALIGNMENT
9 2 Pitch €p
9 2 " Yaw ‘f'y
Total W
10 3 WIND VELOCITY MEASURED v,
10 3 Effective Vg,
11 4 WIND DIRECTION MEASURED .
11 4 Effective 4‘,’
12 5 CONTROL MOMENT L
12 5 REV. EFF. TORQUE Iy{/}
12 5 AERODYN AMIC Naero
12 5 RESIDUAL AN

- 39 -



FIGURE FRAME LABEL SYMBOL OR EQUATION

13 6 ROLL MOMENT AL
14 7 DYNAMIC PRESSURE Q
14 7 MACH KO.

15 8 PITCH FIN 8p
15 8 YAV FIN Sy
15 8 ROLL FIN Sn
16 9 PITCH RATE 6
16 9 YAV RATE ¥
16 9 ROLL RATE é
- 10 PITCH ACCELERATION (if input) &
- 10 YAV ACCELERATION (if input) v
- 10 ROLL ACCELERATION (if inmput) &
17 11 ANGLE OF SIDESLIP B
18 12 ANGLE OF ATTACK a

ORIGINAL PAGE |
OF POOR QUALITY
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Figure 2 OF POGR Q-
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Figure 3
Flow Chart of STAGE1 Program
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Figure 3 (continu:d)
Flow Chart of STAGE! Program
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Figure 3 (continued)
Flow Chart of STAGE1 Program o
ORIGINAL PAGE i3

OF POOR QUALITY
B
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Figure 3 (conciuded)
Flow Chart of STAGE ‘Program
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Figure 8

CALCOMP Plot - Pitch Moments
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Figure 9

CALCOMP Plot - Thrust Misalignment
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Figure 10

CALCOMP Plot - Wind Velocity
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Figure 12
<P COMP Plot - Yaw Moments
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Figure 13
CALCOMP PYot - Roll Moment
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Figure 14

CALCOMP Plot - Dynamic Pressure and Mach Number
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Figure 15
Control Surface Deflection
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Figure 16

CALCOMP Plot - Rates
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Figure 17

CALCOMP Plot - Angle of Sideslip
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WAPPENDIX A
FORTRAN PROGRAM LISTING

A complete FORTRAN source program listing is presented in the following
pagea. It starts with the main routine (STAGEl) and is followed by the twelve
(12) subroutines arranged in alphabetical order. There are a total of 755
cards in STAGEY. The total program including subroutines contains 1745 cards.
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