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1.0 SUMMARY

This document describes the Level C requirements for the development of
the solid rocket booster (SRB) and external tank {ET) impact prediction
processors of the Flight Design System (FDS). The Level B requirements
for these processors were specified in Reference 1. Sections 3 and & of
this document specify the requirements for the two processors to compute
and plot the SRB impact footprint data. Sections 5 and 6 present the
requirements for the two processors which generate the ET impact footprint
data for RTLS profiles. Sections 7 and 8 present the requirements for
the two processors which generate the ET data for nominal, AOA, and ATO
profiles. The appendixes contain the requirements for several general
subprograms used by more than one of the SRB and ET processors described
in the body of the report.



.2.0 INTRODUCTION

2.1 PURPOSE

The Mission Planning and Analysis Division (MPAD) of Johnson Space Center
(dSC) is responsible for performing the flight design for operational flights
of the Space Transportation System (STS). In order to accomplish the

flight design process for the high flight rates of the STS, a computerized
Flight Design System (FDS) is being developed. The Level B requirements

for this system are documented in Reference 1. FDS processors will be

used to predict the impact areas of the .solid rocket boosters.(SRB) and
external tank (ET). The purpose of this document is to specify the Level

C requirements for the SRB and ET impact prediction FDS processors.

2.2 APPROACH

The prediction of the SRB and ET impact areas requires six separate processors.
The SRB Impact Prediction Processor computes the impact areas and related
trajectory data for each SR8 element. Output from this processor is stored

on a secure file accessible by the SRB Impact Plot Processor which generates
the required plots. Similarly the ET RTLS Impact Prediction Processor

and the ET RTLS Impact Plot Processor generates the ET impact footprints

for return-to-launch-site (RTLS) profiles. The ET Nominal/AQA/ATO Impact
Prediction Processor and the ET Nominal/AROA/ATO Impact Plot Processor

generates the ET impact footprints for non-RTLS profiles.

The SRB .and ET impact processors compute the size and shape of the ijmpact
footprints by tabular lookup in a stored footprint dispersion data base.
The location of each footprint is determined by simuiating a reference
trajectory and computing the reference impact point location.

To insure consistency among all FDS users, much input required by these
processors will be obtained from the FDS Master Data Base (MDB). Parameters
such as launch date, time, and site, atmospheric and wind properties,

and SRB and ET weights should be available in the MDB. User input at

the time of execution will be minimized by using flags to select MDB inputs,
and preconstructed data elements containing aerodynamic coefficients and
other trajectory related parameters.,



3.0 SRB IMPACT PREDICTION PROCESSOR

The purpose of the SRB Impact Prediction Processor is to compute the impact
areas and the related SRB trajectory data for the two SRB's and their
nozzle extensions. An overview of the processor executive is shown in
Figure 3.0-1.

The locations of the SRB impact footprints are determined by simulating
the nominal descent trajectories of each SRB and computing the Tatitude
and longitude of the impact points as indicated in task 4. The location
of the impact points of the nézzle extensions relative to the SRB's are
correlated and stored in the processor data base. Based on the particular
trajectory initial conditions, the nozzle extension impact points are
computed by tabular lookup in task 3.

The downrange and crossrange dispersions of the SRB and nozzle extension
impact points due to separation condition and wind uncertainties are stored
in the processor data base. Tabular lookup is used in task 1 to compute

the mission dependent impact dispersions which combine to forin the footprints
in task 2.

Jutput from the processor consists of a sequence of events during the

SRB descent, a table of nominal impact point Tocations for each element,
and a table listing the footprint size of each element. The data required
to plot the footprints and altitude time histories of each SRB are stored
on secure files which can be accassed by the SRB Impact Plot Processor.
The requirements for this processor are described in Section 4.0.

The following subsections describe the detailed requirements for each
task presented in the executive overview.
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3.1 SRB IMPACT DATA BASE

The stored data base of this processor consists of data required to deternine
the footprint size of the: SRB and nozzle extension, location of the nozzle
impact point relative to the SRB, and the time of nozzle impact relative

to the SRB. Table 3.1-F presents the data required to. determine the

SRB impact footprint size. The uprange, downrange, and crossrange dispersions
caused by separation condition uncertainties are expressed as_ sensitivities

or partial derivatives and are constant for all trajectories. The dispersions
due to winds are correlated as a function of Taunch azimuth, while those

due to trimmed 1ift are constant.

The data base for the nozzle extension is presented in Table 3.1-II.

The footprint dispersion parameters are the same as the 3RB. The nozzle
impact location and time relative to the SRB are correlated as a function
of SRB separation altitude, velocity, and flight path angle.



TABLE 3.1-I SRB DATA BASE PARAMETERS

GROUP : DEPENDENT VARIABLE INDEPENDENT VARIABLE

SRB Separation aDR 3DR 9DR aDR 9DR 30R NONE
aHD®  3DR™  3CR™ Ve By,  3¥e

UR AR 3R 3R AR R (CONSTANT)
H0”  WR®  AR° Wy dye ¥

R aCR 3CR aCR,  aCR  aCR

Q2

D7 WRT RT We Bye 9%
Lift Dispersions DR = constant NONE
(CONSTANT)
UR = constant
CR = constant
Wind Dispersions DR {¥5) LAUNCH AZIMUTH
¥is i=1, ©
R ()
LCR (¥5)

RCR (¥;)



TABLE 3.1-IT - NOZZLE EXTENSION DATA BASE PARAMETERS

LOCATION AND TIME OF IMPACT RELATIVE TO SRB:

DEPENDENT VARIABLES INDEPENDENT VARIABLES
AR AR . AR HD, Ve, Yo
aHD Vq e -
A{ At) B(AT) 3 At) HD, Ve, v
3 aue aYe '
SIZE OF FOOTPRINT:
GROUP ' DEPENDENT VARIABLE INDEPENDENT VARIABLE
SRB Separation alR BDR, 30R BDR’ aDR 3DR NONE\(CONSTANT)
Condition 3HD"  3DR™  3CR™ Ve  Bye oY,
Dispersion
AR 3R BUR 8UR 3UR 3UR
oHD®  FR” JCR® W, Ty, I
8CR  alR 3R 3CR 3CR aCR
aiD” 3R ICR” W' Fye I,
Wind Dispersions DR {¥;) LAUNCH AZIMUTH
¥is 151,6°
UR (?i)
LCR (¥4)
RCR (¥;)

NOTE: HD, Ve, ye, DR, CR, and ¥, are values of the SRB separation
state vector.



3.2 IMPACT POINT DISPERSIONS - TASK 1

The impact point dispersions of the SRB's and the nozzle extensions are
computed by tabular Togkup and linear interpolation of the data base.

Figure 3.2-1 presents a flowchart for this task.



INPUT: ¢, U; (4HD, DR, CR, 3V,
s #,)
DETERMINE DISPERSIONS DUE 7O WINDS BY
LINEAR INTERPOLATION OF DATA BASE
DR, = (u,)
URyy = (1)
RER, = ()
LCRy, = )

¥

DETERMINE DISPERSIONS DUE TG SEPARA-
TION CONDITION UNCERTAINTIES, U.,
FROM DATA BASE SENSITIVITIES,

8

T
DR; = IORi U i=1,6
R
CR; = aCRi U.
o !
UR, = URi U.
1 —_.B‘Ui 3

DETERMINE DISPERSIONS DUE TO LIFT
FROM DATA BASE.

DRLIFT = CONST
URLIFT = CONST

CRLIFT = CONST

OUTPUT: DRy, URN’ RCRy; LCRw
DRi’ CRis URi

DRy 1rrs YRegrr, CRL1pT

END

FIGURE 3.2-1 SRB IMPACT POINT DISPERSIONS FLOWCHART (TASK 1)



3.3 FOOTPRINT DIMENSIONS - TASK 2
'The sizes of the footprints for the SRB and nozzle extensions are obtained

by root-sum-squaring the impact point dispersions computed in task 1.
Figure 3.3-1 presents a flowchart for this task.

10



INPUT: DR
DR

DR

LCR

UR wg

we URys RCR

.ia CR'E

W
UR

]

URLIFT,

.i

CR

LIFT, LIFT

l_

RSS DISPERSIONS TO DETERMINE FOOTPRINT SIZE

_ ¢ b 2 o2 2\ %
DR = (151 DRi + DRLIFT + DRy )
_¢ b 2 2 2 \b
UR = (1_21 UR.™ + UR pr + UR W)
_ ¢ b 2 2 2\%
LCR = (iEICRi + CRLIFT +LCRN)
6 2 2L
RCR = (.EICRiz + CRLIFT +RCRW)
1=
QUTPUT: DR, UR, LCR, RCR

OF SRB OR NOZILE

FIsURE 3.3-1

SRB FOOTPRINT DIMENSION FLOWCHART (TASK 2)

1



3.4 NOZZLE EXTENSION IMPACT TIME AND LOCATION - TASK 3

The time and Tocation of the nozzle impact relative to the SRB is determined
by linear interpolation of the nozzle data base. The independent variables
are the altitude, velocity, and flight path angle at SRB separation.

Figure 3.4-1 presents a flowchart of this task.
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l INPUT: HD, V., v

e- e

lv

DETERMINE NOZZLE IMPACT POINT RELATIVE TO
SRB IMPACT POINT FROM DATA BASE.

BURy = f(HD, V. Ye)
DETERMINE NOZZLE IMPACT TIME RELATIVE TO
SRB IMPACT TIME FROM DATA BASE

AtN = f(HD, Ve’ Ye)

QUTPUT:
AURN, AtN

FIGURE 3.4-1 NOZZLE IMPACT TIME AND LOCATION FLOWCHART (TASK 3)
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3.5 SRB DESCENT TRAJECTORY - TASK 4

The trajectory of both the left and right SRB's are simulated from SRB
separation to impact. The requirements for a general 3-DOF trajectory
simulation are presented in Appendix A. In order to minimize user workload
at the time of execution, an input system incorporating a series of base
case data elements containing data that will not change at each execution
is desired. At the time of execution the data peculiar to the particular
trajectory will be input. These data are the SRB separation position,
velocity, ground elapsed time, and the time of nozzle jettison. Figure
3.5-1 is a flowchart of this task illustrating the input and output
parameters.

14



INPUT:

SRB SEPARATION CONDITIONS-HD,A LY P AL sGET

NOZZLE JETTISON TIME

COMPUTE TRAJECTORY PARAMETERS FROM SEPARATION
TO IMPACT (APPENDIX A)

OUTPUT:
HD VS TIME
A VS TIME
¢ VS TIME
RANGE FROM PAD VS TIME
NOZZLE JETTISON TIME
TIME OF IMPACT
As¢ OF IMPACT

END

FIGURE 3.5-1  SRB DESCENT TRAJECTORY FLOWCHART (TASK 4)
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3.6 SRB DOWNRANGE DIRECTION - TASK 5

The downrange direction relative to North is computed for each SRB. These
angles are required to orient the impact footprints on a map and to compute
relative distances between element impact points., Figure 3.6-1 presents.

a flowchart for this computation.

16



INPUT: )\Rs ¢R: AL! ¢L: }\:‘;b

;

COMPUTE DOWNRANGE DIRECTION, AR’ FOR RIGHT
SRB.

CALL AZIMUTH®
INPUT:  (X,¢,2p, b
oUTPUT: (Ap)

&

COMPUTE DOWNRANGE DIRECTION, A FOR LEFT
SRB. ?

CALL  AZIMUTH
INPUT: (2, ,AL,¢L)
OUTPUT: (A

OUTPUT: A

R* "L

*APPENDIX C

FIGURE 3.6~1 SRB DOWNRANGE DIRECTION FLOWCHART (TASK 5)
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3.7 IMPACT POINT RELATIVE DISTANCE - TASK ©

The relative downrange and crossrange of the left SRB with respect to
the right SRB is‘computed as illustrated in Figure 3.7-1.

18



INPUT:  Aps dpa Aps & Ap

¥

COMPUTE DOWNRANGE, CROSSRANGE DISTANCE OF LEFT
SRB IP WRT RIGHT SRB IP.

CALL RNGERR*
INPUT: (g, dps A ¢ s Ap)
OUTPUT: (DR /ps CRL/R)

; .

QUTPUT: DRL/R, CRL/R

“APPENDIX D

FIGURE 3.7-1  SRB IMPACT POINT RELATIVE DISTANCE FLOWCHART (TASK 6)
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3.8 NOZZLE IMPACT POINT LOCATION- - TASK 7
The latitude and Tongitude of each nozzle is computed from the SRB impact

latitude and longitude and the relative position of the nozzle with respect
to the SRB as shown in Figure 3.8-1. -

20



N

INPUT: AR’¢R’AR’AL’¢L’AL,AUR

Y

COMPUTE (A,¢) OF RIGHT NOZZLE IP.

CALL LATLON *
INPUT: (AR,¢R, -AUR

oUTPUT: (A

ND 0! AR)

Y PR

|
¥

COMPUTE {A.¢) OF LEFT NOZZLE IP.

CALL LATLON ¥
INPUT: (3 ,¢; » ~&URy, 05 A )

OUTPUT: (3> 1)

|
y

QUTPUT: ARN’ ¢RN’ ALN, LN

END

¥APPENDIX E

FIGURE 3.8-1 NOZZLE IMPACT POINT LOCATION FLOWCHART (TASK 7)
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3.9 OUTPUT DISPLAYS - TASK 8

Tabular output from the SRB Impact Prediction Processor will consist of
terminal screen displays and hardcopy print of document quality. Tables
3.9-1 through 3.9-1I1 are examples of the data and format to be output.
Tables 3.9-I is a 1ist of the SRB separation conditions. Table 3.9-II
is a Tist of the sequence of events during the SRB descent trajectory.
Table 3.9-III is a Tist of the element impact point parameters and the
footprint dimensions of each element.

22
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TABLE 3.9-1 EXAMPLE SRB SEPARATION CONDITIONS TABLE

GET = 124.64 sec.
HD = 165063.85 ft.
A = -80.271208  deg.
by = 28.814192  deg.
Vg = 4026.8563 fos.
Yo = 38.818961 deg.
Y, = 55,335925  deg.
RT = 21074612, ft.
- = 28.653253  deg.
VI = 4999.4456 fps.
v = 30.325536  deg.
¥ = 65.574246  deg.


http:165063.85

_EXAMPLE SRB SEQUENCE OF EVENTS TABLE

TABLE 3.9-1I

»SRB SEPARATION (LIFTOFF + 124.64 sec)

NOZZLE JETTISON

NOSE CAP JETTISON
FRUSTUM JETTISON

SRB IMPACT

NOZZLE EXTENSION IMPACT

24

TIME  ALTITUDE
(SEC) (FT.)
0.9 155064.
82.4 269558.
238.1 17000.
261.1 7000.
309.9 0.
363.0 0.



Ge

TABLE 3.9-IIT EXAMPLE SRB IMPACT SUMMRY TABLE

IMPACT POINT:

*DR, CR are Downrange and Crossrange r2lative to respective SRB.
*%0R, CR are Downrange and Crossrange relative to the right SRB.

GEODETIC LATITUDE LONGITUDE RANGE FROM PAD DR CR GROUND ELAPSED TIME
ELEMENT {deq.) {deg.) {n.mi.) {n.mi) (n.rrn‘.‘) {sec.)
Right SRB 29.790 -78.615 - 126.2 — -— 434,5 ¢ .
Left SRB 29.783 ~78.810 126.2 . 0.0** 0.5%* 434.7 o
Right Nozzle 23.741 -78.703 120.8 ~5.4% ' 0.0* 187.6
Left Nozzle 29.734 -78.698 120.8 -5.4% 0.0 487.6
'FOOTPRINT DIMENSIONS:

- UPRANGE DOWNRANGE LEFT CROSSRANGE RIGHT CROSSRANGE

ELEMENT (n.mi.) {n.mi.) (n.mi.) (n.ni.}
SRB £.04 4.37 1.72 1.68
NOZZLE 2.62 5.32 1.17 0.95



3.10 STORED PLOT DATA - TASK 9

A1l data required by the SRB Impact Plot Processor is stored in secure
catalogued files. Based on an input flag, the required data will be stored
in a nominal data file or an RTLS data file. Table 3.10-I 1ists the
parameters which are stored in the files and used by the plot processor.

26



Lz

PARAMETER
DR, UR, LCR, RCR

;\s ¢D
ARs AL

Hy vs. TIME
A" vs. TIME

o4 vs TIME
RANGE vs. TINE

AR NOZZILE
OR_/R> CRL/R

TABLE 3,10-I SRB STORED PLOT DATA

DESCRIPTION
FOOTPRINT SIZE FOR EACH SRB AND NOZZLE.
IMPACT POINTS FOR EACH SRB AND NOZZLE.
DOWNRANGE DIRECTION OF EACH SRB.
TRAJECTOEY PARAMETERS FOR EACHrSRB.

RELATIVE DISTANCES OF IMPACT POINTS.



4.0 SRB IMPACT PLOT PROCESSOR

The purpose of the SRB Impact Plot Processor is to plot the SRB impact
data generated by the SRB Impact Prediction Processor. Footprints of

both SRB's and nozzle extensions and the altitude time histories of the
SRB's are plotted. The data required by the processor is stored on éither
a nominal or RTLS data file. The plot processor accesses the data and
constructs the desired plots. Figures 4.0-1 through 4.0-4 present examples
of the plots to be generated. An overview of the processor executive

is presented in Figure 4.0-5. The following subsections describe the
detailed requirements for each task presented in the executive flowchart.
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/ SUEAS
7 | APOGEE PN |
4 'S
N
[ “N
A JETTISON NOZZLE _\
EXTENSION \
260000,
\
/ \
h
™, \
T+ SEPARATION \
k | JETTISON NOSE CAP
% [DEPLOY PILOT CHUTE —
100000, DEPLOY DROGUE CHUTE ~1/
2
t /
§ ) 4
&
j/
/{1 sk L
JETTISON FRUSTUM A IMPACT
DEPLOY 3 MATN —L_l | | TN |
o PARACHUTES LT
[] 0. Ro. T
~ TIME (SEC)
FIGURE '4.0-1

" EXAMPLE SRB ALTITUDE TIME HISTORY PLOT
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START

PLOT
NOMINAL TIME
HISTORY?

PLOT:

LSRB ALTITUDE TIME HISfORY
RSRB ALTITUDE TIME HISTORY

| TASK 1

Le

PLOT-
RTLS TIME
HISTORY?

PLOT:

LSRB ALTITUDE TIME HISTORY |
RSRB ALTITUDE TIME HISTORY

TASK 1

PLOT
NOMINAL
FOOTPRINT?

NO

CALCULATE LEFT AND RIGHT SRB
ELEMENT FOOTPRINT QVERLAY

PLOT
RTLS
FOOTPRINT?

YES

: sk 7]

CALCULATE LEFT AND RIGHT SRB
ELEMENT FOOTPRINT OVERLAY

PLOT COMPOSITE SRB FOOTPRINT AND

Kz
|

OVERLAY ON MAP
l TASK 3

PLCT COMPOSITE SRB FOOTPRINT AND
OVERLAY ON MAP

| TASK 3

FIGURE 4.0-5

PLOT

NO
CORRIDOR
?

YES

PLOT CORRIDOR ON MAP

TASK 4

SR8 IMPACT PLOT PROCESSOR EXECUTIVE FLOWCHART




4.1 SRB ALTITUDE TIME HISTORY PLOT - TASK 1

Figure 4.1-1 presents a flowchart for plotting the SRB altitude time
histories. The format of the plot is presented in Figure 4.0-1. SRB
separation, nozzle- jettison, nose cap jettison, main chute deployment,
and impact are labeled -on the plot.
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START
INPUT:

(T, HD) ARRAY FOR LEFT SRB
{T, HD) ARRAY FOR RIGHT SRB

k-

PLOT LEFT SRB ALTITUDE
TIME HISTORY

Y
PLOT RIGHT SRB ALTITUDE
TIME HISTORY

]

WRITE
ANNOTATIONS

END

FIGURE 4.1-1  SRB ALTITUDE TIME AISTORY FLOWCHART (TASK 1)
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4.2 SRB, NOZZLE EXTENSION FOOTPRINT PLOT - TASK 2

The footprints of the left and right SRB's and nozzle extensions are plotted
on the same downrange, crossrange grid as illustrated in Figure 4.0-2.
A flowchart of this ta§k is presented in Figure 4.2-1.
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START
Input:

DR, bR, LCR, RCR, DRL/R’ CRL/R> AR,
AURn, DRy, URy, LCRy, RCRy, AL

¥

betermine downrange, crossrange
coordinates (D,C)g of RSRB

CALL FOOT *
INPUT: {0, 0, 90,

. DR, UR, LCR, RCR)
QUTPUT: (D,C)R ARRAY

Determine downrange, crossrange

coordinates {D,C). of LSRB.

CALL FOOT *

INPUT: (DRLGR, CR /r, {(90-Ap+AL),
DR, UR, LCR, RCR)

QUTPUT: {D,Ch ARRAY

y

Determine downrange, crossrange
coordinates (D,C)py of right nozzle.

CALL FOOT *
INPUT: (-AURN, o,)so, 08y, URy,

LCRy, RCR
OUTPUT: (D,C)py HRRAY

¥

Determine downrange, crossrange
coordinates (D,Cly of left nozzle.
CALL FOOT *

INPUT: ({DRy sp-al s CR s
'ggg&%\éﬁmf"r)m, bhi: Lory,

DUTPUT: (D,C)py ARRAY

FIGURE 4.2-1  SRB, NOZZLE FCOTPRINT PLOT FLOWCHART (TASK 2)
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4.3 SRB COMPOSITE FOOTPRINT PLOT - TASK 3

The composite footprint of all SRB elements is plotted on a map as illustrated
in Figure 4.0-3. The plot will contain the footprint, the right SRB groundtrack,
Tandmasses, and appropriate annotations. A flowchart of this task is_. . :
presented <in Figure 4.3-1. o '
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START

{
Input: DR, HR, 1.CR, RCR, DR]_/R,
CR /R, Ar, ARy, AR, 9R.
Al. ¢LArURN

Determine downrange, crossrange {D, C) of composite

footprint.
CALL FO?T * ( ) ( :
Input: (0R rp. %CR) sp, %(Ap+A ), DR, (AURy+URy),
(LCR+{§CR|_ /R) ,/?RCR»ZCR,_,R) y "

Output: (D, C) array

v

Convert (D, C} array to (A, §) array
A= %E?\RﬂL)

¢ =% ¢R+¢L}
K = L{Ppeh)

CALL LATLON **

INPUT: (X, ¢, D, C, A}
OUTPUT: (A1, ) array

ESTAELISH BOUNDARIES _FOR MAP AND_INSETS

Call BOUNDRY #¥+

Input: Test Range (ETR or WTR), Map, SRB
Output: Coordinates of upper left and lower right hand corner of
map; plotted map boundary.

Call BOUNDRY ***
Input: Test Range (ETR or WTR), Impact Coordinate Inset, SRB

Output: Coordinates of upper left and lower right hand corner
of Impact inset; plotted impact inset boundary

call BOUNDRY *=**
Input: Test Range {ETR or WiR), Footprint Inset, SRB

Output: Coordinates of upper left and Tower right hand corner of
footprint inset; plotted ingset boundary

PLOT MAP, TITLE, INSET INFORMATION

Input Title; print title at bottom of page

Within the confines of the Impact coordinate inset,
print: Nominal Right SRB Impact: Lat, Longitude, Range I
Nominal Left SREB Impact: Lat, Longitude, Range I

Within the confines of the Footprimt inset,
piot: Downrange, Crossrange axes, with tic marks and scale
Hominal SRB Impact poinis
Bownrange vs. Crossrange plots of RSRB, LSRB, Right and
Left Nozzles, as obtained from task 2.

Ptot Map within Specified Boundaries, with Latitude and Tongitude
Tines every degree, tic marks every 10 min. No plotting is to be
done within inset confines

Y

PLOT DATA ON MAP

Plot: Nominal SRB Staging point, RSRB, LSRB Nominal Impact Point;
Right SRB groundtrack from staging to impact, SRB composite foetprint,

{Ai> i)

END

*APPENDIX B

**APPENDIX E

%
FIGURE 4.3-1  SRB COMPOSITE FOOTPRINT PLOT FLOWCHART (TASK 3)
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4.4 SRB IMPACT CORRIDOR PLOT - TASK 4

The SRB impact corridor is a rectangle containing the nominal and RTLS

SRB footprints. Figure 4.4-1 presents the equations which define the
Tatitude, longitude coordinates of the four corners of the rectangle.
Figure 4.0-4 presents the desired plot format with the corridor, groundtracks,
landmasses, and annotations.
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Y

(%, ¢p) groundtrack for RSRB nominal
(A, ¢p) groundtrack for RSRB RTLS

INPUT: X, 4y, DR, LCR, AL, AR» ¢g. AR, RCR - nominal
ALs dp» AURy, URy,' LCR, AL, M, $p Ags RCR -~ RTLS

¥

COMPUTE COORDINATES OF 1ST CORNER OF CORRIDOR
CALL LATLON * .

INPUT:  {X_. ¢., DR, -LCR, AL} - for nominal
OUTPUT: (A, ¢) for Ist corner

COMPUTE COORDINATES OF 2ND CORNER OF CORRIDOR *
CALL LATLON *

INPUT: (AR, dp, DR, RCR, Ap) - for nominal
OUTPUT: (X, ¢) for 2nd- corner_

¥

COMPUTE QOORDINATES OF 3RD CORNER OF CORRIDOR

CALL LATLON *
INPUT: (A, ¢, {-AURy-URy), - LCR, Ay)-For RTLS
QUTPUT: (A, ¢) for 3rd corner

v

COMPUTE COORDINATES FOR 4TH CORNER OF CORRIDOR
CALL LATLON #

INPUT: - {Aps R
for RTLS
OQUTPUT:_ (A, ¢) for 4th corner

{-8URy -URy}, RCR, AR) -

¥

ESTABLISH BOUNDARIES

CALL BOUNDRY-#% ’

Input: Test Range (ETR or WIR), Map, SRB

Output: Coordinates of upper left and Jower
right hand corner of map; plotted map
boundary

PLOT MAP, TITLE

r— — —— —_—

input T1tle; print title at bottom of page

Plot Map within specified boundaries, with latitude
and longitude Tines every degree, tic marks every

10 min.
Y

PLOT DATA

Use cgordinates of corridor corners to plot corridor
on map,

Plot ground tracks from nominal SRB staging to impact
for nominal and RTLS

FIGURE 4.4-1  SRB IMPACT CORRIDOR PLOT FLOWCHART (TASK 4)
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5.0 ET RTLS IMPACT PREDICTION PROCESSOR

The purpose of the ET RTLS Impact Prediction Processor is to compute the
impact area of the ET for RTLS abort profiles. OQutput of the processor
consists of the size and shape of the ET impact footprint and the Tocation
of the four footprints which form the extremes of the impact corridor

for aé] RTLS trajectories. Figure 5.0-1 is an overview of the processor
executive.

The processor is constructed such that several sets of ET separation conditions,
representing the scope of RTLS trajectories, are input. The instantaneous
impact point (IIP) of each case is computed and the four cases which result

in the largest downrange, uprange, left, and right crossrange are identified
(task 1 & 2). The descent trajectories of these four cases are simulated

to determine the actual impact point Tocations as shown in task 3.

The downrange, crossrange impact point dispersions due to separation condition,
environmental, and aerodynamic uncertainties are stored in the processor

data base. Tabular Tookup is used in task 6 to determine the mission
dependent dispersions which are combined to form the footprint in task

7. The impact corridor is computed using the footprint size and the four
extreme impact point locations.

Output from the processor consists of tables of separation conditons and
impact points of the four extreme trajectories, and the size and shape

of the impact footprint and corridor. The data required to plot the fooiprint
and the impact corridor and groundtracks are stored on secure files.

The plots are generated by the ET RTLS Plot Processor described in Section
6.0.

The following subsections describe the requirements for each task presented
in the executive flowchart.
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START

INPUT:

ET SEPARATION CONDITIONS.FOR N CASES ~ HD,X,dp.VesYesWe GET

ET SEPARATION CONDITION UNGERTAINTIES

Y

COMPUTE T1P FOR

EACH N CASE
| TASK 1

Y

DETERM
DRMAX,

INE EXTREME IIP CASES,
DRMIN,LCRMAX, RCRMAX

- [wasc 2|

¥

Y

¥

Y

¥

DETERMINE ET IMPACT POINT
DISPERSIONS FROM STORED

SIMULATE TRAJECTORY
FOR DRMAX CASE

SIMULATE TRAJECTORY
FOR URMAX CASE

SIMULATE TRAJECTORY
FOR LCRMAX CASE

SIMULATE TRAJECTORY
FOR RCRMAX CASE

DATA BASE | TASK & | TASK 3 TASK 3 | TASK 3 TASK 3
Y Y
RSS DISPERSIONS TO DETERMINE DOLNRANGE
DETERMINE ET FOOT- DIRECTION, A, FOR
PRINT SIZE k7 EACH CASE TASK 3
DETERMINE RELATIVE DR,
CR DISTANCE BETWEEN
IHPACT POINTS
HPA [ TASK 5
y Y
COMPUTE CORRIDOR
DIMENSIONS |~ yask &
DISPLAY
RESULTSI TASK 9
STORE
RESULTS[—'——TASK 0




5.1 ET RTLS IMPACT DATA BASE

The stored data base of this processor consists of data from which the

impact point dispersions are computed. Table 5.1-I presents the parameters
comprising the data base. The uprange, downrange, and crossrange dispersions
caused by separation condition uncertainties are expressed as sensitivities
and are constant for all trajectories. The dispersions due to winds are
correlated as a function of launch azimuth. The dispersions caused by
atmospheric density and aerodynamic uncertainties are constant.
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G¥

GROUP

Separation
Condition
Dispersions

Atmospheric
Dispersions

Aerodynamic
Dispersions

Wind Dispersions

TABLE 5.1-I

ET RTLS DATA BASE PARAMETERS

DEPENDENT VARIABLE

INDEPENDENT VARIABLE

aDR  aDR. 3DR DR 3DR. 3DR
gHD™  3DR™  3CR™ V5  aye oY%
UR AR BUR  3UR aUR AR
R 3CR BCR 3CR  aCR  ACR
WD° MR’ AR W, ye 97,
DR = CONSTANT

UR = CONSTANT

CR = CONSTANT

DR = CONSTANT

UR = CONSTANT

CR = CONSTANT

OR (¥5)

UR (¥5)

LCR (¥5)

RCR (¥;)

NONE (CONSTANT)

NONE (CONSTANT)

NONE (CONSTANT)

LAUNCH AZIMUTH
"y.i, i= 1,6



5.2 TINSTANTANEOUS IMPACT POINT COMPUTATION - TASK 1

Figure 5.2-1 presents a flowchart for this task. The instantaneous
impact points (IIP) for each set of input ET separation conditions are
computed using logic similar to SVDS subroutine IMPACT (Reference 2).
The output from this task is the Tatitude, Tongitude coordinates of the
IIP for each case.
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START

INPUT: ET SEPARATION CONDITIONS
HD, }L} dJD, Veg Yes w

Y

COMPUTE IIP FOR EACH CASE
CALL IMPACT
INPUT:  (HD, A, ¢, Vs Yos ¥p)

oliTPuT: (x

OUTPUT: AIIP’ ¢IIP
FOR EACH CASE

e

r1p> ®r1p)

FIGRE 5.2-1  INSTANTANEOUS IMPACT POINT FLOWCHART (TASK 1)
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5.3 EXTREME INSTANTANEOUS IMPACT POINT CASES - TASK 2

A flowchart for this task is presented in Figure 5.3-1. The relative
distance between the IIP for each case is.computed. The four cases which
result in the largest uprange, downrange, left and right crossrange are
identified and output.
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START -

INPUT: SEPARATION POSITION OF EACH CASE, (lii ¢1)
IIP OF EACH CASE (AIIPi’ ¢IIP1)

¥

COMPUTE DOWNRANGE DIRECTION Ai of each case.
CALL AZIMUTH * )
INPUT: (Ai, @i, AIPPi’ ¢IIP1) OQUTPUT: Ai

COMPUTE REFERENCE DIRECTION AND IMPACT POINT
N N

A = (T AN $= (Z dypps)/N
i=1 j=y  1PPI

- - N

T o= (I ;\Hpi)/N
i=1

COMPUTE DOWNRANGE, CROSSRANGE DISTANCE FROM
REFERENCE POINT TO EACH IIP
GALL RNGERR ** _
INPUT: X,05 Apppgs Srppis A

QUTPUT: DRi’ CR_i

Y

DETERMINE WHICH CASES RESULT IN MAXIMUM AND
MINIMUM DOWNRANGE AND CROSSRANGE

y

QUTPUT: IDENTIFICATION OF DRMAX, DRMIN,
LCRMAX, RCRMAX CASES

*APPENDIX €
*¥APPENDIX D

FIGURE 5.3-1 EXTREME INSTANTANEOUS IMPACT POINT CASES FLOWCHART (TASK 2}
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5.4 ET RTLS DESCENT TRAJECTORY - TASK 3

The trajectories of each of the four extreme IIP cases are simulated from
ET separation to inmpact. The requirements for a general 3-D0F trajectory
simulation are presented in Appendix A. General data such as ET weight,
atmospheric model flag, and wind data wi-ll be obtained from the Master
Data Base. Aerodynamic coefficients will be input from a preconstructed
data file. At the time of exscution the only input data required are

the ET separation conditions. Figure 5.4-1 presents a flowchart for

this task illustrating the input and output parameters.
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START .

Input: SEPARATION CONDITIONS - HD, A, ¢p, Ve,

Ye: IPe > GET

Compute trajectory parameters from separation
to impact (APPENDIX A)

Y

QUTPUT:

AIP, ®IP of impact

time of impact

A vs, time

¢ vs. time

Range from pad vs. time

FI

g

URE 5.4-1
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ET RTLS DESCENT TRAJECTORY FLOWCHART (TASK 3)



5.5 ET RTLS DOWNRANGE DIRECTION - TASK 4

The downrange direction of each. of the four extreme IIP cases are computed
in order to compute the relative distances between impact points, and

to orient the footprints on a map. Figure 5.5-1 presents a flowchart

for this computation.
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CALL ‘AZIMUTH *
INPUT: Ai, ¢i’ leis ¢Ipi

OUTPUT: Ai

§
OUTPUT: Ai

*APPENDIX €

FIGURE 5.5-1 ET RTLS DOWNRANGE DIRECTION FLOWCHART (TASK 4)
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5.6 TIMPACT POINT RELATIVE DISTANCE ~ TASK 5
The reldtive downrange, crossrange distances between the impact points

of the four extreme IIP cases are required to compute the size of the
impact corridor. Figure 5.6-1 presents a flowchart for this task.

54



START

FOR RCMAX
OR DRMAX
OR URMAX

»A FOR LCRMAX

INPUT:

>

i

v

COMPUTE DR, CR FROM R CWAX T0 DRUAX
CALL RNGERR *

INPUT {dps dpce Apge 9pre Apc)
OUTPUT  (BRy o~ CRe o)

COMPUTE DR, CR FROM RCMAX TO URMAX
CALL RNGERR *

INPUT (Apes dpes Mype Pure Apc)
OUTPUT  (DRp 4y CRp )

Y

COMPUTE DR, CR FROM LCRMAX TO DRMAX
CALL RNGERR ¥

INPUT (&) s 9 s Appe Opre ALc)
OUTPUT (DR, 5 CRy p)

Y

CALL RNGERR *
INPUT (A ¢ 9cs Agpe Pupe Ac)

COMPUTE DR, CR FROM LCRMAX TO URMAX

QuTPUT (DR CR

L/u? L/U)
OUTPUT: DRR/D’ CRR/D’ DRR/U’ CRR/U

DRL/D’ CRL/D’ DRL/U’ CRL/U

-

*APPENDIX D

FIGQURE 5.6-1 ET IMPACT POINT RELATIVE DISTANCE FLOWCHART (TASK 5)
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5.7 IMPACT POINT DISPERSIONS - TASK 6
The impact point dispersions are computed by tabular Tookup and linear

interpolation of the data base. Figure 5.7-1 presents a flowchart.for
this task.
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( START )

y

INPUT: 4, Us {*HD, 2DR, =CR, Vs 2y 2V )

# e

DETERMINE DISPERSIONS DUE TO WINDS BY LINEAR INTER-
POLATION OF DATA BASE

BRynp = Tlve) LCRyznp = Tlve)
URyrp = Flye)
RCRypp = F(0e)

Y

DETERMINE DISPERSIONS BUE TO SEPARATION CONDITION
UNCERTAINTIES, Ui’ FROM DATA BASE SENSITIVITIES

or, = DRy i=1,6
5y, Ui
]
Ry = AR Ry = Ry
5, Vi 50,

DETERMINE DISPERSIONS DUE TO ATMOSPHERE AND AERO FROM
DATA BASE

DRATM = CONST CRpppg = CONST
URATM = CONST
CRATM = CONST
DRAERO = CONST
URAERO = CONST

¥

QUTPUT: DRy URH’ RCRN, LCRw

DRams WRarme “Ratme PRapno, URapro, “Ragro

END

FIGURE 5.7-1 ET IMPACT POINT DISPERSIONS FLOWCHART (TASK 6)
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5.8 FOOTPRINT DIMENSIONS - TASK 7

The dimensions of the ET impact footprint are computed by root-sum-squaring
the impact dispersions from task 6. Figure 5.8-1 presents a flowchart
for this task.
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START

INPUT:  DRys URN’ RCR,;» LCR,,

;| b 12
DRapro® URapro® CRacro,
DRxrm> URnryme CRa7m

v

RSS DISPERSIONS TO DETERMINE FOOTPRINT SIZE

6 2 2 2 2
DR = SleR * DRy * DRyppg * DRATM) 2
6 2 2 2 2
UR = §§1UR1 + URy + URpepn + URATM) 2
6 2 2 2 2 1
LCR = 1(51 R. + LCRw + Ryppo * CRATM)
& 2 2 2
RCR = E§1CR + RCRw + CRAERO + CRATM)2

Y

QUTPUT: DR, UR, LCR, RCR

FISURE 5.8-1 ET RTLS FOOTPRINT DIMENSIONS‘FLUNCHART (TASK 7)
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5.9 IMPACT CORRIDOR DIMENSIONS - TASK 8

The ET impact corridor is the area which contains ail the RTLS impact
footprints for the particular mission. The-size of the corridor is computed
from the relative distance between the extreme impact points and the footpr1nt

‘size as shown in Figure 5.9-1.
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START

INPUT: DRR/D’ CRR/D’ DRR/U’CRR/U’DRL/D’CRL/D’
DRL/U,CRL/U,DR,UR,LCR,RCR

Y

COMPUTE CORRIDOR LENGTH AND WIDTH

W= LCR + CRL/U - CRR/U + RCR

Y

QUTPUT: L, W

END

FIGURE 5.9-1 ET IMPACT CORRIDOR DIMENSIONS FLOWCHART (TASK 8)
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5.10 OUTPUT DISPLAYS - TASK 9

Tabular output from the ET RTLS Impact Prediction Processor consists of
terminal screen displays and hardcopy print of document quality. Tables
5.10-1 and 5.10-I1 are examples of the data and format to be output.
Table 5.10-1 is a list of ET separation conditions for the four extreme
IIP cases. Table 5.10-II is an impact summary table listing the impact
point locations and the size of the footprint and corridor.
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£9

GET (sec)
Altitude (ft)
Longitude (deg)

Geodetic Latitude (deg)
Relative Velocity (fps)
Relative Flightpath Anglz (deg)
Relative Azimuth (deg)

Radius Vector (ft)

Geocentric Latitude (deg)
Inertial Velocity (fps)
Inertial Flightpath Angle (deg)
Inertial Azimuth (deg)

TABLE 5.10-I EXAMPLE ET RTLS SEPARAfIDN CONDITEONS TABLE

MAX UPRANGE

IMPACT POINT

796.040
231518.8
-76.973
30.678
6633.057
-.221
-118.5
21139109
30,511
6633.057
-.267
-125.146

MAX DOWNRANGE
IMPACT POINT

MAX LEFT CROSSRANGE
IMPACT POINT

MAX RIGHT CROSSRANGE
IMPACT POTNT

800.322
228627.3
-77.136
30.358
6445.577
-1.407
-116.122
21136560

30.192
5282.541
-1.717
-122.500

799.865
231332.8
~77.007
30.836
6636:169
425
-120.901
21138754
30.669
5540.553
.509
-127.961

782.935
230542.3
-76.009
30.756
6526.115
.955
~117.895
21137760
30.536
5875.667
1.003
~124.895
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TABLE 5.10-IT EXAMPLE

ET RTLS IMPACT SUMMARY TABLE

GEODETIC
LATITUDE - LONGITUDE
CASE (DEG) (DEG)
MAX UPRANGE 29.807 ~78.615
MAX DOWNRANGE 29.670 -78.773
MAX LEFT CROSSRANGE 29.75 -78.635
MAX RIGHT CROSSRANGE  29.859 -78.650
UR DR
N.MI.) (N.MI.)
FOOTPRINT DIMENSION 11.36 14.36
LENGTH WIDTH
(N.MI.) (N.MIL.)
CORRIDOR DIMENSION 50.49 15.60

RANGE
FROM PAD

(Q.MI.)

128.503
114.650
124.785
126.504
LCR
N.MI.)
3.70

DCR*

(N.MIL)

32.053
10.534
15.243

RCR

(N.MI.)

2.50

*DR, CR are downrange and crossrange distances from the maximum uprange impact point.

CR

(N.MIL)

.925
2.36
1.09

GET
(SEC)

905.63
924.83

915.48
910.54



5.11 STORED PLOT DATA - TASK 10

A1l data required by the ET RTLS Plot Processor is stored in a secure
catalogued file. Table 5.11-1 1ists the parameters which are stored
in the file and used by the plot processor.

65



99

TABLE 5.11-I

ET RTLS STORED PLOT DATA

PARAMETER
DR, UR, LCR, RCR

(ALcrs OLCR)s (MRCR» 9RCR)

ALcr> ARCR

A vs, TIME
o vs. TIME
RANGE vs. TIME

DRr/ps CRR/p» DRRsus» QRpyu
DRy /p> CRL/ps PRLsus CRL/U

DESCRIPTION
ET IMPACT FOOTPRINT SIZE
IMPACT LOCATION OF EXTREME CROSSRANGE CASES
DOWNRANGE DIRECTION OF EXTREME CROSSRANGE CASES
TRAJECTORY PARAMETERS OF FOUR EXTREME CASES '

'RELATIVE DISTANCES BETWEEN EXTREME IMPACT POINTS



6.0 ET RTLS PLOT PROCESSOR

The purpose of the ET RTLS Plot Processor is to construct the ET impact
footprint and corridor plots for RTLS profiles. The data required by

tha processor is generated by the ET RTLS Impact Prediction Processor
described in Section 5.0, and stored on a file. The plot processor accesses
the data and constructs the desired plots as illustrated in the flowchart

of Figure 6.0-1. Figures 6.0-2 and 6.0-3 are examples of the plots to

be generated. The quality of the plots will be sufficient for inclusion

in documents. The following subsections describe the requirements for

the two tasks presented in the executive flowchart.
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START

PLOT
ET FOOTPRINT
L7

NO

PLOT FOOTPRINT ON DR,
CR GRID

TASK 1

PLOT

ET RTLS

CORRIDOR
?

YES

PLOT CORRIDOR ON MAP

TASK 2

END

FIGURE 6.0-1 ET RTLS PLOT PROCESSOR EXECUTIVE FLOWCHART
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-10

10
CROSSRANGE {n.mi.)

~15L

STS-1 ET RTLS IMPACT FOOTPRINT

FIGURE 6.0-2 EXAMPLE ET RTLS IMPACT FOQTPRINT PLOT
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6.1 ET RTLS FOOTPRINT PLOT - TASK 1
The impact footprint of the ET is plotted .on a downrange, crossrange grid

as illustrated in Figure 6.0-2. A flowchart of this task is prasented
in Figure 6.1-1. .
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Input: UR, DR, LCR, RCR

Y

Compute downrange, crossrange coordinates of ET footprint.
CALL.FOOT *

INPUT: {0, 0, 90, DR, UR, LCR, RCR)
OUTPUT: (D, C) ARRAY

Y

Plot footprint on DR, CR grid

END

*APPENDIX B

FIGURE 6.1-1 ET RTLS IMPACT FOOTPRINT PLOT FLOWCHART (TASK 1)
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6.2 ET RTLS IMPACT CORRIDOR -~ TASK 2

The ET impact corridor is the area containing all the ET impact footprints
for a particular mission. Figure 6.2-1 presents a fiowchart for computing
the Tatitude, longitude coordinates of the four corners of the corridor.
Figure 5.0-3 presents the desired plot format with the corridor, groundtracks,
landmasses, and annotations. : )
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START

Input: ALCR’ ¢LCR, ;\RCR, ARCR, UR, DR, LCR, RCR
DRg/p. DRR/u» DRi/p, DRLJU,
Apes Ac

Y

Compute coordinates of Ist corner of corridor:
CALL LATLON ¥

INPUT:  (ARcR. $RCR. {DR*DR/p). RCR, Apc)
JOUTPUT: (23, ¢7), coordinates of Ist corner

Y
Compute coordinates of 2nd corner of corridor:
CALL LATLON ¥
INPUT: (ARCR’ ¢RCR, (DRR/U—UR), RCR, ARC)
OUTPUT: (Ap, ¢2), coordinates of 2nd corner

7

Compute coordinates of 3rd corner of corridor:
CALL LATLON *

INPUT: (}‘LCR’ $LCR» (BR+DRL/D),—LCR, ALC)
QUTPUT: (X3, 93), coordinates of 3rd corner

Y

Compute coordinates of 4th corner of -corridor:
CALL LATLON *

INPUT: (ALCR’ $LCR> (DRL/'_I-UR),-LCR, )
OUTPUT: (g, ¢4), coordinates of 4th corner

Y

ESTABLISH BOUNDARIES FOR MAP

CALL BOURDRY USING SRB MAP DEFAULTS

¥

PLOT MAP, TITLE

Input Title; print title at bottom of page

Plot map within established boundary confines

| 7 pLOT CORRIDOR oN MAP B

PLOT GROUNDTRACKS (A, ¢} OF
LCRMAX AND RCRMAX

“ *APPENDIX E

FIGURE 6.2-1 ET RTL$ IMPACT CORRIDOR PLOT FLOWCHART (TASK 2)
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7.0 ET NOMINAL/AOA/ATO IMPACT PREDICTION PROCESSOR

The purpose of the ET Nominal/AOA/ATO Impact Prediction Processor is to
compute the ET impact footprints and related ET disposal trajectory data
for nominal, Abort-to-Orbit (ATO}, and Abort-Once-Around (ADA) profiles.
An overview of the processor executive is presented in Figure 7.0-1.

The downrange, crossrange dimensions of the impact foolprint are determined
in tasks 1 through 11. The impact point dispersions due to the rotational
Tifting effect (RLE), trajectory uncertainties, and debris scatter after

ET breakup, are obtained by tabular lookup in the processor data base
(tasks 2 < 5). These dispersions are then statistically combined in tasks
.6 through 11 to define the total footprint dimensions.

The location of the’ET footprint is obtained by simulating the ET descent

trajectory and computing the Tatitude and longitude of the impact point
as identified in task 14.

Output from the processor consists of tabular and stored data as shown

in tasks 15-16. The tabular data lists the impact dispersions and footprint
size and location. The stored data consists of the ET groundtrack and
footprint dimensions which are stored on a secure file accessible to the

ET Plot Processor. The ET Plot Processor uses this data to construct

the ET footprint plot on a map.

The following subsections describe the detailed requirements: for each
task presented in the axecutive overviaw.
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9L

1-0°L 3Yp91d

JATINIAXT HOSSTI0Ud NOILIIOIYS LOVAWI OLV/YOV/TWNINON 13

{ STAR1 )

-

Y

INPUT: MECO COMDITIONS- HD,X,d,Ve,ve,je, GET

UNCERTAIHTIES, U,
QUTPUT FILE MO, -F

) 4

DETERMINE ET RUPTURE AND
BREAKUP ALTITUDE FROM STORED
DATA BASE

[ TASK 1

y

Y

¥

Y

4

DETERMINE RLE COWNRANGE

DETERHINE TRAJECTORY UR,

DETERMINE DEBRIS UR, DR

DETERMINE CR DISPLRSIONS

STHULATE ET DESCENT

DISPERSION COMSTANTS FROM DR DISPERSIONS FROH STORLD DISPERSLONS FRON STORED FROM STORED DATA BASE TRAJECTORY
A
STORED DATA BASE —me 3 DATA BASE TASK 3 TASK 4 TASK 5 ["TAsk 12

COMPUTE TRAJECTORY
DISPERSION CONSTANTS

| TASK 6

CONSTANTS

COMPUTE DEBRIS DISPERSION

l TASK 7

RSS CR DISPERSIQNS 70
OBTAIN INTACT ET FOOTPRINT

WIDTH [—TASK 3

Y

COMPUTE RLE AND INTACT
ET 3c UR, DR DISPERSIONS

I TASK 9

i

COMPUTE TOTAL

UR, DR DISPERSIONS

DEBRIS 3o

| TASK 10°

}

Y

ADD UR, DR DISPERSIONS TO
OBTAIN TOTAL FOOTPRINT
DIHENSIOHNS

[Cask 1|

Y

COMPUTE INTACT ET IMPACT
PROBABILITY DISTRIBUTION

I TASK 12

Y

PROBABILITY

COMPUTE TOTAL DEBRIS IMPACT

DISTRIBUTION

I TASK 13

»

DISPLAY RESULTS

I TASK 1§

Y

STORE DATA IN
OUTPUT FILE F

] TASK 16

YES

MIOTIIER
CASE

H




7.1 ET NOMINAL/AOA/ATO IMPACT DATA BASE

The stored data base of-this processor consists of the data required to
determine the ET footprint size by tabular lookup. Table 7.1-1 presents
the parameters comprising the data base. The altitudes of 1liquid hydrogen
tank rupture, liquid oxygen tank rupture, and breakup are stored as a
function of ET weight and orbital inclination. The uprange, downrange,
and crossrange dispersions caused by MECO condition uncertainties are
expressed as sensitivities and stored as a function of MECO altitude,

ET weight, and launch site. The dispersions caused by the rotational
lifting effect are expressed as constants of a composite curve consisting
of three Gaussian distributions, and are stored as a function of MECO
altitude, ET weight, breakup altitude, and Taunch site. The uprange,
downrange, and crossrange dispersions of each piece of debris are stored
as a function of breakup altitude.
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TABLE 7.1-1

ET NOMINAL/AOA/ATO DATA BASE PARAMETERS

PARAMETER

ROTATIONAL LIFTING EFFECT
CONSTANTS

ROTATIONAL LIFTING EFFECT
CROSSRANGE DISPERSION

MECO CONDITION UNCERTAINTY

ET DRAG

ATMOSPHERE
TRAJECTORY CROSSRANGE
DEBRIS DISPERSIONS
LH> RUPTURE ALTITUDE
LO>» RUPTURE ALTITUDE
BREAKUP ALTITUDE

DEPENDENT VARIABLE

C15 L2, C3

Hl> H2s M3

gls U2s T3

CRRLE

jﬂﬂi, bR | 3DR’ 9DR
afid EVE dye oW
a0R 5DR a0R aDR

oHD” W e oW
AURpRGs ADRpRG

ADRATM» AURATHM

CRTRJ

URpes» DRpEB» CRpes

INDEPENDENT VARIABLE

ETR OR WTR

MECO ALTITUDE

ET WEIGHT
BREAKUP ALTITUDE

ETR OR WIR
MECO ALTITUDE
ET WEIGHT

BREAKUP ALTITUDE

ET WEIGHT
ORBIT INCLINATION



7.2 RUPTURE AND BREAKUP ALTITUDES - TASK 1
The liquid hydrogen tank rup%ure altitude, Tiquid oxygen tank rupfure

altitude, and the breakup altitude are determined by linear interpolation
of the data base. Figure 7.2-1 presents a flowchart for this task.
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START

INPUT: WT,i

!

DETERMINE LH» RUPTURE ALTITUDE
BY LINEAR INTERPOLATION OF
DATA BASE.

Hy = F(WT,1)
DETERMINE L0, RUPTURE ALTITUDE
BY LINEAR INTERPOLATION OF

DATA BASE.
Hy = T(WT,i)

Y

DETERMINE BREAKUP ALTITUDE
BY LINEAR INTERPOLATION OF
DATA BASE.

Hgy = f(WT,i)

Y

OUTPUT: Hyj.Hg.Hgy

END

FIGURE 7.2-1 RUPTURE AND BREAKUP ALTITUDE FLOWCHART (TASK 1}

80



7.3 ROTATIONAL LIFTING EFFECT DISPERSION CONSTANTS - TASK 2

The distribution of iinpact point dispersions due to the rotational lifting
effect (RLE) are represented by the sum of three Gaussian curves. The
coefficients defining these curves are correlated and stored in the data

base. Linear interpolation is used to compute the coefficients as shown
in the flowchart of Figure 7.3-1.
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' START ’

INPUT: ETR OR HIR,HD,H?,HBU

v

DETERMINE. RLE DOWNRANGE DISPERSION /

CONSTANTS, C;.us.04» BY LINEAR |
INTERPOLATION OF DATA BASE.

Ci = f(ETR OR WIR,HD,HT,Hg;)
u; = F{ETR OR WTR,HD,WT,Hgy).
oi = f(ETR OR WTR,HD,WT,Hgy)

i=1,3

!

OUTPUT: Cj,uj.0f 1 = 1,3

FIGURE 7.3~-1 RLE DISPERSION CONSTANTS FLOWCHART (TASK 2)
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" 7.4 TRAJECTORY DISPERSIONS - TASK 3

The uprange, downrange impact point dispersions due to MECD condition
uncertainties, drag uncertainties, and atmospheric uncertainties are obtained

by linear interpolation of the data base. Figure 7.4-1 presents a flowchart
for this task.
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INPUT: ETR OR WTR,HD,MT
Ui

[

DETERMINE MECO CONDITION
SENSITIVITIES BY LINEAR
INTERPOLATION OF DATA BASE

3DR _
i f(ETR QR WTR,HD,HT)

COMPUTE UR, DR DISPERSIONS DUE

TO MECO CONDITION UNCERTAINTIES, U;.
.= 90R . -
DRy = Y i i=1,4
- gUR ..
UR-E m— Ui
DETERMINE UR, DR DISPERSIONS DUE
TO DRAG AND ATMOSPHERE UNCERTAINTIES

BY LINEAR INTERPOLATION OF DATA BASE

DRprg = F(ETR OR WTR,HD,WT)
URppg = F(ETR OR WTR,HD,UT)
DRATH = f(ETR OR WTR,HD.HT)
URptm = F(ETR OR WTR,HD,HT)
Y
OUTPUT: DRi’URi’DRDRG’URDRG’DRATM’URATM
Y
END
FIGURE 7.4-1 TRAJECTORY DISPERSION FLOWCHART (TASK 3)
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7.5 DEBRIS IMPACT DISPERSIONS - TASK 4

The uprange, downrange impact point dispersions of each of the twenty-
one pieces of debris are obtained by linear interpolation of the data
base. Figure 7.5-1 presents a flowchart for this task.
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START

INPUT: WT,i

Y

DETERMINE UR, DR DISPERSIONS FOR

EACH PIECE OF DEBRIS.

URj = f(Hgy)
DRj = f(HBU)
j=1-21

¢ —

OUTPUT: URj,DRj 4§ = 1,21

END

FIGURE 7.5-1  DEBRIS IMPACT DISPERSION FLOWCHART (TASK 4)
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7.6 CROSSRANGE IMPACT POINT DISPERSIONS - TASK 5

The crossrange impact point dispersions due to the rotational 1ifting

effect, trajectory uncertainties, and debris scatter are obtained by linear

interpolation of the data base. Figure 7.6-1 presents a flowchart for
this task.
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INPUT: ETR OR WTR,HD,WT,Hgy

!

DETERMINE CR DISPERSIONS DUE

TO RLE, TRAJECTORY, DEBRIS SCATTER
BY LINEAR INTERPOLATION OF

DATA BASE.
CRRLg = F(ETR OR WTR,HD,WT,Hgy)
CRp = f(ETR OR WTR,HD,WT)
CRpgp = f(Hpy)

¢

QUTPUT : CRRLE’CRT=CRDEB

END

FIGURE 7.6-1 . CROSSRANGE IMPACT PRINT DISPERSIONS FLOWCHART (TASK 5)
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7.7 TRAJECTORY DISPERSION CONSTANTS - TASK 6

The uprange, downrange dispersions caused by each trajectory uncertainty
are root-sum-squared to obtain the +30 and -30 trajectory dispersions. The
constants of the Gaussian distribution reflecting these 30 dispersions

are obtained as illustrated in the flowchart of Figure 7.7-1.-
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INPUT: DRj,URj,DRpRrgsURDRG>PRATM>URATM

Y

COMPUTE 30 RSS TRAJECTORY UR AND DR
4

_ 2 2 2\
URT = (i§1 UR + URZ,, + URATM)
DR g DR® + DRZ. . + DRZ.. )%
T={.% DR brg T DRatm

'

COMPUTE GAUSSIAN DISTRIBUTION CONSTANTS.
Cr = 1.0

ur = (DR7-URT)/2.0

oT = (DRy+URT)/6.0

'

OUTPUT: URT,DRT.CT,uT,0T

FIGURE 7.7-1

TRAJECTORY DISPERSION CONSTANTS FLOWCHART (TASK 6)
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7.8 DEBRIS DISPERSION CONSTANTS - TASK 7

The impact points of each piece of debris are assumed to be normally distributed
between the uprange and downrange 30 impact points. The constants of

the Gaussian distributions for each of the twenty-one debris pieces are
computed as shown in the flowchart of Figure 7.8-1.
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. START

INPUT: URj5DRj,A75 J = 1,21

Y

COMPUTE GAUSSIAN DISTRIBUTION
CONSTANTS FOR EACH OF THE

21 DEBRIS PIECES.
<= A
= (DRj + URj)/Z.O

. = (DRj - URy)/6.0

N

j=1,21

#

OUTPUT: Cjansts J=1-21

FIGURE 7.8-1

DEBRIS DISPERSION CONSTANTS FLOWCHART (TASK 7)
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7.9 INTACT ET FOOTPRINT WIDTH - TASK 8

The width of the intact ET footprint is computed by root-sum-squaring
the 3¢ crossrange dispersions caused by the trajectory uncertainties and

rotational Tifting effect. .Figure 7.9-1 presents a flowchart of this
task. .
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START

INPUT: CRRyEg.CRT

¥

COMPUTE 3¢ CROSSRANGE FOR

INTACT ET.

2

2)%
RLE

CR + CRT

ey = (CR

¢

QUTPUT: CRET

FIGURE 7.9-1

END

INTACT ET FOOTPRINT WIDTH FLOWCHART (TASK 8)
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7.10 INTACT ET FOOTPRINT LENGTH - TASK 9

The impact distributions representing the trajectory and rotational 1lifting
effect dispersions are combined to form the impact dispersion distribution
for the intact ET. This distribution is integrated through a call to
subroutine SIGMA and the 39 uprange and downrange are computed. Simitfarly,
‘the distribution for the rotational lifting effect is integrated to obtain
the 30 uprange and downrange distances. 'Figure 7.10-1 through Figure
7.10-3 are flowcharts Tor this task. )
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START .

INPUT: Cj.uy,05, 1 = 1-3 (RLE)
Craursor (TRAJECTORY)

Y

COMBINE RLE AND TRAJECTORY GAUSSIAN
DISTRIBUTION CONSTANTS.

Ci = (Cy) (c4)

uj = ur g

— 2 2k

Ui=(UT+Ui)
i=1,3

Y

COMPUTE 3o UR, DR FOR TOTAL
INTACT ET DISTRIBUTION.

CALL STIGMA *__ .
INPUT: N,Ci.Uj.0% i=T-N,N=3
DUTPUT: URET,DRET

Y

COMPUTE 3¢ UR, DR FOR RLE DISTRIBUTION.
CALL SIGMA ¥

INPUT: N,Cy,uj,04 i = 1-N,N=3
QUTPUT: URRLE’DRRLE

14

QUTPUT: URET, DRETsURRLESPRRLE

Y
END

*Figure 7.10-2

FIGURE 7.10-1 INTACT ET FOOTPRINT LENGTH FLOWCHART (TASK 9)
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START

INPUT: ‘N, Cis My, o4, i=1=N

'

[ con=.135 ]

CALL CUMLTY *

INPUT: Xy, N, Cj, my, of i=1-N
QUTPUT: Y

[ con-99.855 |

CALL CUMLTV *
INPUT: X2, N, Ci, pi, of i=1-N

OUTPUT: Ys , 7

YES

YES
Y2-CON| < .0005

CON=0.135
?

0
Yo DR=Xo
_ 2-X1
X=(CON-Y1) g3 é
¢ OUTPUT: UR, DR

X1=X2
Xo=X END
Y'| =Y2 ’ )

*Figure 7.10-3

FIGURE 7.10-2 FLOWCHART OF SUBROUTINE SIGMA
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START

INPUT: X, Ny (G, nyjs of) i=1-N

Xi=(X-ui)/0i

l

CALL RNORM*
INPUT: X5
OUTPUT: Y!

l

Yi=y1.c;

NO

QUTPUT: Y

END

*See Reference 3
Page 12-1.

FIGURE 7.10-3 FLOWCHART OF SUBROUTINE CUMLTY



7.11 TOTAL DEBRIS DISPERSIONS - TASK 10

The impact distributions for each of the twenty-one debris pieces are
sumned to obtain the total debris impact distribution. This is integrated

to obtain the + 30 debris impact dispersions. A flowchart of this task
is presented in Figure 7.11-1.
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"INPUT: Cj, Wjs 0j, J=1-21

Y

COMPUTE 3¢ UR, DR FOR TOTAL DEBRIS DISTRIBUTION

CALL SIGMA *

INPUT: N, Cj’ Hys Of J=1-N, N=21

OUTPUT: URpep» DRpep

: -

OUTPUT: URpgp, DRpgp

END

*Figure 7.10-2

FIGURE 7.11-1 TOTAL DEBRIS DISPERSIONS FLOWCHART {TASK 10)
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7.12 TOTAL FOOTPRINT DIMENSIONS - TASK 11

The dimensions of the total ET footprint are computed by adding the debris
dispersions to the intact ET dispersions. Figure 7.12-1 presents a
flowchart for this task.
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START
INPUT: URgT, DRET» CRET, URpER»> DRDEBS CRpEB

Y

COMPUTE TOTAL FOOTPRINT DIMENSIONS

DR = DRgT + DRpep
URT = URET + URDEB
CRT = CRgT + CRpER

‘¢

OUTPUT: DRy, URT, CRy

END

FIGURE 7.12-1 TOTAL FOOTPRINT DIMENSIONS FLOWCHART (TASK 11)
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7.13 INTACT ET IMPACT DISTRIBUTION - TASK 12

The impact probability distribution of the intact ET is computed from the
uprange footprint Timit to the downrange Timit. A flowchart for this task is
presented in Figures 7.13-1 through 7.13-3.
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INPUT: Cj, M, 0§, i=1-3 URp, DRp

¢

COMPUTE INTACT ET IMPACT PROBABILITY
DISTRIBUTION

CALL DISTR *
INPUT: N, Cj, B> ojs URT, DRy i=1, N, N=3
OUTPUT: (Xg, Yk)gT array

Y

OUTPUT:  (Xy, Yk)ET ARRAY

END

*Figure 7.13-2

FIGURE 7.13-1 ET IMPACT DISTRIBUTION FLOWCHART (TASK 12)
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INPUT:

Ns C'i: H'i: U'i’ XMIN’ XMAX

i=1,N

l

CALL ANORM *

INPUT: G, 1, o0, X

CUTPUT: Y4

NO

1o L> Xuay
?
YES
OUTPUT: X, Yk

FIGURE 7.13-2 FLOWCHART OF SUBROUTINE DISTR
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g START

INPUT: C, u, o, X, Y

Y

COMPUTE Y AT X FOR
GAUSSIAN DISTRIBUTION

;

OQUTPUT: Y

|

END

FIGURE 7,13-3 FLOWCHART OF SUBROUTINE ANORM
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7.14 DEBRIS IMPACT DISTRIBUTION - TASK 13
The impact probability distribution for all the debris pieces is computed

from the 39 uprange Timit to the 30 downrange 1imit of the debris scatter. A
flowchart of this task is presented in Figure 7.14-1.

-
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START -

‘INPUT: C's Uj: ij j=]9 21
UﬁDEBs DRpeR

v

COMPUTE DEBRIS IMPACT PROBABILITY
DISTRIBUTION

CALL DISTR ¥

INPUT: N, Cj, Hj- Gj, URDEB’ DRDEB
Jj=1, N, N=21

OUTPUT: (XK, Yk)DEB ARRAY

'

OUTPUT:  (Xk, Yx)ppp ARRAY

|

END

*Figure 7.13-2

FIGURE 7.14-1 DEBRIS IMPACT DISTRIBUTION FLOWCHART (TASK 13)
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7.15 ET DESCENT TRAJECTORY - TASK 14

The ET descent trajectory is simulated from MECO to an input termination
value of either longitude or geodetic latitude. Output from this task is
latitude, longitude, and range versus time, ‘and impact time and location.
The requirements for a general 3-DOF trajectory program are presentad in
Appendix A. Figure 7.15-1 presents a flowchart for this task illustrating
the input and output parameters.
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INPUT: HDs As ¢3 Ves Yes \Des GET

'

COMPUTE ET TRAJECTORY PARAMETERS FROM MECO
TO IMPACT (APPENDIX A)

'

QUTPUT: A vs. time
¢ vs, time
Range from pad vs. time
Time of Impact
As ¢ of Impact

END

FIGURE 7.15-1 ET DESCENT TRAJECTORY FLOWCHART (TASK 14)
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7.16 OUTPUT DISPLAYS - TASK 15
Tabular output from the ET Impact Prediction Processor will consist of

terminal screen displays and hardcopy print of document quality. - Table
7.16-1 presents the data and format to be output. ’

m



TABLE 7.16-1 EXAMPLE ET IMPACT SUMMARY TABLE
TABLE 3-XI.- MISSION-OFT-1 AOA EXTERNAL TANK DISPERSION
SSME Cutoff Conditions: Breakup Altitude = 193,000 ft.

Flight Path-Angle: 0.488 degree LHy Rupture Altitude = 343,000 ft,

Velocity: 25 688 fps .02 Rupture Altitude u= 260000 ft.

Inclination: 38 degrees

Altitude: 60 n.mi. Impact Point:

Lat: 35.0 degrees N Lat: 31.6 degrees S

Long: 62.9 degrees W Long: 95.9 degrees E

Range: 983 n.mi. Surface Range

ET Wt: 89 261 1bs from Pad: 10 632 n.mi.

Downrange Uprange Crossrange

Error Source 3g Error n.mi. n.mi. n.mi.
Separation Altitude +1926 ft 110 110 2
Separation Velocity +11.06 fps 663 589 14
Separation Flight +0.022 degree 70 78 1

Path Angla
Rotational Lifting 10-50 deg/sec 317 308 3

Effect tumble rate
Drag +Tolerances 92 144 2
Atmosphere 30 Dense 175 278 4

' 34 Thin

Weight +10 000 1b 68 79 1
Trajectory Dispersion 30 RSS 750 751 15
Debris Scatter 113 124 15
Total Dispersion 863 875 30
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7.17 STORED PLOT DATA - TASK 16
A1l data required by the ET Nominal/AOA/ATO Plot Processor is stored in

a secure catalogued file selected by the user. Table 7.17-1 1lists the
parameters which are stored in the files and used by the plot processor.
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1298

PARAMETER
Asd» Range, vs. time
A»ds Range, Time
DRy, URp, CRy
(Xp> YR)gT array
(X YR)pgp array

TABLE 7.17-1

ET STORED PLOT DATA

Time history of ET trajectory.

Coordinates and time of ET impact.

Total footprint dimensions (Task 11)

Intact ET impact probability distributions (Task 12)
Debris impact probability distribution {Task 13)



8.0 ET _NOMINAL/AQA/ATO PLOT PROCESSOR

The ET Nominal/AOA/ATO Plot Processor is designed to use data generated by
the ET Nominal/AOA/ATO Impact Processor to produce ET impact footprints for
nominal, AOA, and ATO missions. The processor will have the capability to
plot single or multipie footprints on high resolution maps. Single

trajectory maps will also have an inset describing the nominal impact point
and an optional inset displaying the ET footprint probability distribution.
Sample output required for a single trajectory map appears in Figure 8.0-1.

The processor consists of four major logical units which 1) specify and plot
map boundaries; 2} specify and plot inset boundaries and inset data; 3) Plot
map and print title and; 4) plot the groundtrack, footprint, impact point and
inclination. Additional logic controls branching for multiple groundtracks,
a user option to -change map format, the production of hard copy and the
production of new maps as shown in Figure 8.0-2. Functional descriptions of
the major units appear in the following subparagraphs.
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( . START )

¢

Y
"SPECIFY AND PLOT MAP

BOUNDARIES .
’ [ask

SPECIFY AND PLOT INSET
BOUNDARIES AND DATA

# |TASK 2

PLOT MAP AND PRINT TITLE

I TASK 3

—
\

PLOT GROUNCTRACK,
FOOTPRINT, IMPACT POINT

AND
INCLINATION |TASK 4

YES

WANT HARD
CoPY?

PRODUCE
HARDCOPY

FIGURE 8.0-2 ET NOMINAL/AOA/ATO IMPACT PLOT PROCESSOR
EXECUTIVE FLOWCHART
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8.1 SPECIFY AND PLOT MAP BOUNDARIES -~ TASK 1

The capability is required to produce a rectangular map containing any

region of the world, the boundaries being specified by the latitude and
longitude of the upper left and lower right corners of the map. Further,

it is desired that separate default parameters be supplied to specify
boundaries for Eastern Test Range (ETR) and Western Test Range (WTR) launches.
Subroutine BOUNDRY (Appendix F) will establish and plot these Timits, accepting
user defined boundaries or referencing a lookup table for default values.
Figure 8.1-1 presents a flowchart for this task.
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START

_CALL BOUNDRY *
Input: ET, Test Range, Map
OUtPUt: Am(}[,s ¢mo¢,: )‘mBs ‘me
AND PLOTTED BO.JNDARIES

*APPENDIX F

FIGURE 8.1-1 MAP BOUNDARIES FLOWCHART (TASK 1)
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8.2 SPECIFY AND PLOT INSET BOUNDARIES AND DATA - TASK 2

Maps containing multiple trajectories will have no insets. Single trajectory
maps will contain an inset specifying the latitude and longitude of the
impact point. The user may also specify an inset containing the ET footprint
probability distribution. Printed in this inset will be the values of

the footprint uprange, downrange, crossrange and a graph of the probability
distribution, with scale. Using subroutine BOUNDRY, the user shall have

the capability to specify the inset location by specifying the latitude

and longitude of the upper left and lower right hand corners of the inset.
Default values will be supplied for ETR or WIR launches by referencing

a lookup table. Should the inset size or Tocation be changed by user
specified values of the corners, inset information within the inset shall
retain the same relative dimensions. Figure 8.2-1 presents a flowchart

for this task. )
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START

Singie
or Multiple
Trajectories

Single Multiple

Y

Specify Inset Bounds

CALL BOUNDRY *

Input: ET, Test Range, Impact Inset
Qutput: Ajjgs diias Aigsdiig

{LAT AND LON OF UPPER LEFT AND
LOWER RIGHT CORNERS) AND PLOTTED

BOUNDARIES NO INSETS
Y
[ GET IMPACT LAT, LON 4]

BASED ON INSET BOUNDS

{(Mias $40> Ajips> iig) DETERMINE
A LOCATION AND PRINT NOMINAL
IMPACT POINT LAT, LON WITHIN INSET

Y

CALL BOUNDRY *

Input: ET, Test Range, Distri-
bution Inset

Qutput: Agig,> ¢dic Adigs dig

AND PLOTTED BOUNDARIES

v

GET PARAMETERS DEFINING PROB.
DISTRIBTION, UPRANGE, DGWNRANGE
AND CROSSRANGE

BASED ON Adias ¥die> Adigs $dips
DETERMINE LOCATION, PLOT DISTRI-
BUTION WITH SCALE, PRINT UPRANGE,
DOWNRANGE AND CROSSRANGE IN INSET

Y

END

*APPENDIX F

FIGURE 8.2-1  IWSET BOUNDARIES FLOWCHART (TASK 2)
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8.3 PLOT MAP AND TITLE - TASK 3

A map of the region of the world lying within the limits specified by
BOUNDRY is to be plotted on the console CRT as shown in Figure 8.3-1.
Nothing is to be printed within the boundaries. of an inset. The map itself -
shall be of high resolution and contain: (see Figure 8.0-1).

0 Landmasses with labels

0 Limit lines of 200 n.mi. around landmasses

0 Water body labels

0 Latitude and Tongitude grid lines every 50 and labels every 100,
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~ START

Input Title
of Map

Y

Print Title Beneath
Map Area

Plot Map with
Long, Lat Lines
Do not Plot Map Within
Inset Areas

FIGURE 8.3-1 MAP PLOTTING FLOWCHART (TASK 3)
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8.4 PLOT GROUNDTRACK, FOOTPRINT, IMPACT POINT AND INCLINATION - TASK 4

A line representing the ET groundtrack is to'be plotted on the map, extending
‘to the map boundaries. Within the region of the footprint, the width

of this line is to be representative of the crossrange .of the Tootprint.
‘Subroutine AZIMUTH (Appendix C) approximates the azimuth «at 4 point on -
the groundtrack, utilizing the latitude and iongitude of the current and
previous groundtrack data points. -Subroutine RNGERR (Appendix D) uses

the azimuth to calculate crossranges, which are converted to points on

the map using subroutine LATLON (Appendix E). Within the footprint region
the plot Tine should connect the crossrange points from data point to

data point in a zig-zag fashion, so as to give the appearance of a broadened
line. '

Within a range of 50 miles of the impact point, no. footprint or groundtrack

is to be plotted, so that the impact. point can .be clearly denoted with

a cross and concentric circle, The footprint will then continue as a

broad 1ine until the downrange limit, where the inclination of the groundtrack
shall be printed. The groundtrack should then extend to the map boundary.
Figure 8.4-1 presents a flowchart of this task.
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START

Input Groundtrack
Data File Mame

Y

Get Groundtrack
File

y

First Footprint Data Point
A, b, RI - Ao, ¢0, RIO

|

Next Data Point

}

RIp - RIO
Ap -+ AD
¢p"‘ )

.

| A 6, RI> 2, dp, RI |

YES

Plot Ground-
track:

Aps 9p

Has
YES

Motte

YES
20 nmi of the

the Impact
Point been

&

Plot impact
Point; Mark with

Ap, ¢p within

mapact poin NO

A

CALL AZIMUTH #*
input: Ag, o, Aps ¢p
output: A

1nPUt: lUs ¢0! Ap! ¢pﬁ A
output: .ER.’_CB_. -
[CALL LATILON £+

input: XAp, ¢g. DR, CR, A
output: Ap, o4

(— o — e — e e — e

CALL RNGERR *+
inPUt: lp: ¢ps AO; do0, A
output: DR, £R

*APPENDIX C
**APPENDIX D
“#APPENDIX E

input: Ao, d¢o, DR, CR, A
Loutput: Xg, ¢8|

PLOT Ag, 68

FIGURE 8.4-1  FOOTPRINT PLOT FLOWCHART (TASK 4)
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APPENDIX A
THREE DEGREE OF FREEDOM TRAJECTORY SIMULATION



APPENDIX A
THREE DEGREE OF FREEDOM TRAJECTORY SIMULATION

A.1 DESCRIPTION

This processor will perform a three degree of freedom, translation only,
trajectory analysis from separation to impact for a Solid Rocket Booster
(SRB) or an External Tank (ET). Its purpose is to calculate trajectory

data required by the various plot processors to plot groundtracks and

impact points. An overview of the executive is illustrated in Figure

A-1. The executive is divided into six tasks, each of which is explained

in Figures A-2 through A-4 and Section A.2 through A.7. A1l references

to SYDS subroutines and models refer to the Space Vehicle Dynamic Simulation,
milestone 3.13. A brief description of the processor flow follows. Data
defining the type of trajectory to be simulated is input in task 1. The
data applicable to the first phase is used to initialize flags and variables
in task 2 prior to beginning the integration cycle. Tests for case and
phase termination are performed in task 3. If the present phase is terminated,
control is transferred to task 2. If the last phase is terminated, the
trajectory simulation ends. User specified data is output in task 4.

Task 5 computes vehicle accelerations, integrates them to obtain velocity
and position, then converts all of these to the required output units.

A1l forces acting on the vehicle are computed and summed in task 6. Control
then returns to task 3. The following subsections describe the detailed
requirements for each task.



INPUT

TASK 1

h

Phase Initialization

TASK 2
END
END END OUTPUT
OF_PHASE? OF CASE" ves .l TASK 4
TASK 3 -
No QUTPUT
TASK 4
Yes
]
QUTPUT
|€ASK 4
Integration, Data
Manipulation
TASK 5
Gengrate Forces on
Vehicle TASK 6
|
FIGURE A-1 FLOWCHART OF 3-DOF TRAJECTORY PROGRAM




A.2 INPUT - TASK 1

The input data required for the execution of the trajectory program is
listed in Table A-I. Much of the input required will be available in
the FDS Master Data Base. Use will also be made of preconstructed data
elements containing aerodynamic coefficients, thrust tables, and similar
data which does not change for a particular vehicle. Initialization of
the position and velocity will be by inputting either inertial (OPTION
1} or earth relative (OPTION 2) parameters.



TABLE A-I - INPUT DATA REQUIRED FOR 3-DOF TRAJECTORY SIMULATION

Velocity Initialization Option 1

VI
GAMI
PSII

Magnitude of vehicle inertial veTocity vector.
Inertial flightpath angle.
Inertial azimuth.

Yelocity Initialization Option 2

VE
GAME
PSIE

Magnitude of vehicle earth relative velocity vector.

Earth relative flightpath angle.
Earth relative azimuth.

Position Initialization Option 1

FLAMB
PHIC
RI

Longitude of subvehicle point, measured positive east
of Greenwich.

Geocentric latitude of subvehicle point, positive north
of equator.

Magnitude of the vehicle inertial radius vector.

Position Initializafion Option 2

FLAMB
PHID

HD
3ET

DELTT
ISTAN

Phase & Case Termination
Input

Aerodynamic Coefficient
Tables

WT
Engine Thrust Tables

Launch Pad Coordinates

Wind Properties Table

Longitude of the subvehicle point, measured positive
east of Greenwich.

Geodetic latitude of subvehicle point, positive north
of equator.

Geodetic altitude of the vehicle.

Ground elapsed time from launch to start of trajectory
simulation.

Integration step size.

Atmospheric model selection flag.

Input necessary to terminate a phase within a specified
tolerance of a specified value of vehicle altitude,
earth relative flightpath angle, dynamic pressure,
Tatitude, longitude or phase time.

Drag coefficient as a function of any combination of
Mach number, altitude, or phase time.

Yehicle weight.

Thrust magnitude and direction in the Trajetory Axis
Coordinate Systen as a function of phase time.

Geodetic latitude and longitude of launch site.

Table of wind speed and direction versus altitude.



-A.3 PHASE INITIALIZATION - TASK 2

The flowchart for phase initialization is shown in Figure A-2. Initialization
of vehicle position and velocity involves calculating ECI components of
position and velocity for use in the integrator as well as the values
associated with the unused input option.



START

Initialize variables according to user imput.
SimiYar to SVDS subroutine PHSINT.

v

Initialize program timers TPHASE, TIMEC, and
Goordinate Systems ECI to EFE. Similar to SVDS

subroutine ECIALN

Initialize vehicle aerodynamic attitude angles
ALPHA=BETA=PHISO=0. Similar to SVDS ORIENT.

L

Initialize model flags and variables. Similar
to SVDS subroutine MODELI.

'

Initialize vehicle position according to user input.
Similar to SVDS subvoutines POSIT and ALTBLL, except
that only 2 input options are required: 1) FLAMB,
PHIC, RI:; 2} FLAMB, PHID, HD.

'

Initialize vehicle velocity according te user input.
Simiiar to SVDS subroutine VELOC, except that only
2 input options are required: 1) VE, GAME, PSIE;

2) VI, GAMI, PSII

Initialize variables and flags used by the inte-
grator similar to SVDS subroutine INTGIS.

FIGURE A-2 PHASE INITIALIZATION FLOWCHART (TASK 2)
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A.4 CASE AND PHASE TERMINATION - TASK 3

The program must have the ability to phase (interrupt the program, reinitialize
certain variables, then continue the program). This capability is modeled

as a reduced version of SVDS subroutines PHSEXC and TERMIN. Phasing should

be user selected on specified values of: 1) vehicle geodetic altitude,

2) vehicle earth relative flightpath angle, 3) vehicle dynamic pressure,

4) vehicle geodetic latitude, 5) vehicle longitude, or 6) elapsed time

since beginning the present phase.
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A.5 OUTPUT PROCESSING - TASK 4

Output processing for this program consists of computing the values of
specified variables and storing them in common locations accessible by

the rest of the ET/SRB Disposail FDS processors. Qutput is required on .
case termination, phase termination, and user specified output frequency.
Qutput will consist of ground elapsed time since Taunch, vehicle range -

from launch pad, vehicle longitude, vehicle geodetic latitude, and vehicle
geodetic altitude.



A.6 TINTEGRATION AND DATA MANIPULATION - TASK 5

The flowchart for integration and data manipulation is shown in Figure

A-3. The last step of this flowchart involves computing earth relative

and inertial values for velocity magnitude, azimuth, and flightpath .angle’
from ECT velocity. components. Longitude, geocentric and. geodetic latitudes,
inertial radius vector and geodetic altitude are computed from ECI position
components. :
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START

Fourth order Runge Kutta single
vehicle integration scheme. Simi-
are to SVYDS subroutine INTEG3.

:

Shift the updated state vector
into arrays used by the rest of
the program. Similar to SVDS
subroutine TRNRS5.

:

Update case and phase times, com-
pute earth rotation angle between
ECIZEFE and difference between
GET&GMT. Similar to SVDS sub-
routine TIMERS.

:

Compute state related information
used elsewhere in the program.
Similar to SVDS subroutine WHERAT.

FIGURE A-3 INTEGRATION FLOWCHART (TASK 5)
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A.7 COMPUTE FORCES ACTING ON THE VEHICLE - TASK 6

Figure A-4 shows the flowchart for computing forces acting on the vehicle.
The atmosphere models will compute atmospheric pressure, temperature,
density, and speed of sound from vehicle geodetic altitude. Three models
will be required: 1) 1962 standard layered atmosphere (SVDS Model ATMOS),
2) 1963 Patrick AFB spline fit atmosphere (SVDS model ATMSPL), 3) 1971
Vandenberg AFB reference atmosphere (SVDS VRA 71)." The wind model will
compute wind velocity and azimuth from vehicle geodetic altitude by interpolation
of wind data contained in the FDS Master Data Base. Some trajectories

will not use the winds model. Aerodynamic attitude angles will be generated
from vehicle earth relative velocity and wind velocity. Atmospheric drag

is the only aerodynamic force to be computed. Mach number and dynamic
pressure are computed from the output of the atmosphere and wind models

and the vehicle earth relative velocity. Drag coefficients are interpolated
from a usar supplied table using any combination of vehicle.Mach number,
geodetic altitude, and elapsed time since the beginning the present phase

as independent variables., Drag is calculated from dynamic pressure, drag
coefficient and vehicle reference area, then rotated through the aerodynamic
attitude angles to account for wind effects. Gravitational Forces on

the vehicle due to the Earth are computed using the second (J2), third

(J3), and fourth (J4) zonal harmonics, the second sectorial (522, C22)
harmonic, the vehicle radius vector and longitude. The engine model will
interpolate three components of thrust in the trajectory axis coordinate
system with respect to elapsed time since beginning the present phase.

Some trajectories will not use this model.
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START

Calculate atmospheric and wind quantities
Similar to SVDS subroutines AROCAL,
-JATMOSI, BDSP63, VRA71, BDG2R, SPLNT,
MYRIAH, ATMSPL.

Calculate aerodynamic attitude angles.
Similar to SVDS subroutine AATTID.

!

Calculate aerodynamic forces. Similar
to SVDS subroutines AR03S6., GNTERP
INTERP.

Calculate gravitational forces. Similar
to SVDS subroutine GRAVTY.

Y

Interpolate engine thrust data

v

Sum a1l vehicle forces for the integrator.
Similar to SVDS SUMF.

Y

Compute inertial azimuth & flight path
angle. Similar to SVDS TRJCAL

!

Compute range flown. Similar to SVDS
subroutine RANGF

FIGURE A-4 VEHICLE FORCES FLOWCHART (TASK 6)
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APPENDIX B
SUBROUTINE FOOT

B.1 DESCRIPTION

Subroutine FOOT computes a set of points defining an impact footprint,
using planar trigonometric relations. The footprint is modeled as a non-
symetric ellipse consisting of four ellipse segments, each spanning an
angle of 90 degrees. This is done by changing the major axis (either

the RSS downrange dispersion or the RSS uprange dispersion)} and the minor
axis (either the RSS right or left crossrange dispersions) of the ellipse
according to the quadrant under consideration.

B.2 CALLING ARGUMENTS

Seven inputs are required to execute the subroutine as shown in the flowchart
in Figure B-1. The variables X, and Y, denote the downrange and right
crossrange distance respectively (in nautical miles) between the vehicles
nominal impact point and the reference point. The variable A denotes

the azimuth of the downrange direction for the current vehicle. The variables
DR, UR, LCR, RCR are the downrange, uprange, left crossrange, and right
crossrange RSS dispersions, respectively. The output is a two dimensional
array containing the points defining the ellipse relative to the reference
point.
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Input (X, Yg» A, DR, UR, LCR, RCR)

}

. D
nou

-10 '
0 .

|-l

DR
LCR

o

Y
8+ 10
+ 1

-
oo

3

i

_ [ a’b? ]

"= |aZ sinZ g + b2 cos? B
k=rcose,y=—rsine

Xi = x cos (%—A) + y sin (%—A)H{o

¥; = -y cos (%— A) + x sin (%uA)-l-YO

Y
0z 6< 90 es
No
Yes
a=UR
90 < 8 < 18P b = LCR
No
a = UR
— 80 <o < 270 b = RCR
l No
a=DR
70 <8< 360 b = RCR
NO
QUTPUT: (Xj, Yi) array
FIaURE B-~1 FLOWCHART FOR SUBROUTINE FOOT
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APPENDIX C
SUBROUTINE AZIMUTH

C.1 DESCRIPTION

Subroutine AZIMUTH computes the azimuth of the groundtrack from one point
(pt.0) to another (pt.p) using spherical trigonometric relations. The
flowchart is shown in Figure C-1.

€.2 Calling Arguments
AZIMUTH is called with five arguments:
(Ao, do0)-the Tongitude and latitude of point O

(Ap,¢p)-the longitude and latitude of pointP
A -the output azimuth angle
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START

Call Sequence (Ag> ¢os Aps ¢p> A)

Y

Compute Azimuth Angle of groundtrack from pt.
0 to pt. P

A = tan”] t?n [(Ap - Ao) cos ¢]
sin [¢p - do]

FIGURE C-1 FLOWCHART FOR SUBROUTINE AZIMUTH
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APPENDIX D
SUBROUTINE RNGERR

D.1 DESCRIPTION

Subroutine RNGERR computes the downrange and right crossrange distance in
nautical miles from one point (pt.0) to another point (pt.p) using spherical
trigononetric relations. The flowchart is shown in Figure D-1.

D.2 CALLING ARGUMENTS

RNGERR s called with seven arguments:
(A0, $0) ~ the longitude and latitude of the reference point
(Ap,dp) - the longitude and latitude of the point of interest
A - the azimuth of the reference downrange direction
(DR,CR) - the output downrange and crossrange distances

D-2



Calling Sequence (g, ¢ps Ap> $p, A, DR, CR)

Y

DR = 60 [cos ¢g (Ap-Ag) sin A + (dp-do) cos A]
CR = 60 [COS,d)Q (}‘P-}‘O) cos A - (q‘Jp-'d)o) sin A]
FIGURE D-1 FLOWCHART FOR SUBROUTINE RNGERR
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APPENDIX E
SUBROUTINE LATLON

E.1 DESCRIPTION

Subroutine LATLON computes the latitude and longitude of a point, (pt.
p), using spherical trigonometric relations given its position relative
to a reference point (pt.0). The fiowchart is shown in Figure E-1.

E.2 CALLING ARGUMENTS
Seven calling arguments are rasquired for subroutine LATLON:
(A0,%0) - the longitude and Tatitude of the reference point
(DR,CR) ~ the downrange and crossrange distances to the point of interest

A ~ the azimuth of the reference downrange direction
(*p, %) - the output Tongitude and latitude of the point of interest



START

Calling Sequence (A5, ¢o. DR, CR, A, Aps dp)

v

Compute Latitude, Longitude of point P
given Latitude, Longitude of point 0
and distance from 0 to P

An = da 4 CR cos A | DR sin A
P 0 7 60 cos ¢g 60 cos og

¢p = g - %% sin A + DB_%%E,ﬂ

FIaURE E-1 FLOWCHART FOR SUBROUTINE LATLON
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APPENDIX E
SUBROUTINE BOUNDRY

F.1 DESCRIPTION

The purpose of this subroutine is to establish and plot boundaries for

the ET and SRB plot processors. The upper left and lower right hand corner
coordinates for maps and map insets are stored in lookup tables for reference
by the subroutine, although the user may override these by specifying

new values. Figure F-1 presents a flowchart for this subroutine.

F.2 CALLING ARGUMENTS

Subroutine inputs identify the boundaries to be established; input A indicates
ET or SRB boundaries, while B indicates an Eastern Test Range (ETR) or

Western Test Range {WTR) Taunch. Input C indicates which boundaries are

to be returned, either map boundaries or those of a particular inset.

These values are returned to the calling program and a rectangle with

thase cgg?dinates as the upper left and lower right corner is plotted

an the .



START

INPUT: A, B, C

User

Specified

Boundaries
?

A=

ET

ET 0; SRB Input LAT LON

0f Upper teft

Y { beq)

Get ET Get SRB T Rk
And Lower Right

Lookup Table Lookup Table Acgs ep)

| __J Corners

Reference Reference
ETR Part WTR Part
of Table of Table

il

Y

Get LAT LON values
From Table Specified

By C:
(Aca: ¢c3),(lc3, ¢'c3)

I

Y

PTot Rectangle
on CRT with Specified

(Acaa ¢CG)’(ACB’ ¢CB)

Y

OUTPUT: Xeqs dcas Acgs be

END

FIGURE F-1 FLOWCHART FOR SUBROUTINE BOUNDRY
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