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1.0 INTRODUCTION

TRJPR1 is an applications program which prints data from the Mission Planning
and Analysis Division (MPAD) Common Format Data Tape or Mass Storage (MS) File.
TRJPR] is used in the analysis of pre-flight data. The output of this tra-
jectory tape can be useful in running the TRJGN1 option in the Thermal Radi-
ation Analysis System (TRASYS) (ref. 1) and as general background information
for performing on-orbit Mission Thermal Analysis.



2.0 DISCUSSION

Table 1 illustrates the trajectory tape format. Table 2 lists the output

items read from the MPAD trajectory tape (ref. 2) and the output that is
computed using data read from the trajectory tape. MPAD defined look angles,
Theta and Phi (fig. 1), and TRASYS defined look annles, clock and cone (fig.
2), are computed from the pitch and yaw look anglies (fin. 3) located on the
trajectory tape. These three sets of look annles provide alternate conventions
for defining, relative to the Shuttle, the Line of Sight (LOS) vectors ton the
sun and planet (earth).

The MPAD defined Vehicle Coordinate System (VCS) is illustrated in fiaures 1,
2, and 3. The VCS is a rotating, rioght handed Cartesian System whose oriqin
is located at the vehicle's center of gravity. Users qenerally build their
models in the coordinate system most yielding to their needs. This coordinate
system, which may or may not coincide with the VCS, is referred to as the
Central Coordinate System (CCS) and is user defined. TRJPR1 is capable of
printing clock and cone angles with respect to the VCS, CCS or both via the
TRJPR]1 Option and Orient Cards. The clock and cone anqles with respect to

a CCS are defined in fig. 4. No model is offered because it is dependent
upon the user.

The TRJPR]1 Option Card specifies the number of lines of output per loaical
record and whether or not an Orient Card follows. The reason for providing
the 1 or 2 line option is that there is insufficient space for all related
trajectory tape data to be included on one line. The most pertinent informa-
tion to the TRASYS user is on line 1. Line 2 includes other related infor-
mation but of secondary importance.

The four possible values for the option card are the integers 0, 1, 2, or 3.
Only one option is allowed. Options 0 and 1 print one line of output for
every logical record on the tape. Optior O assumes the VCS and CCS

coincide, thus no Orient Card is necessary. Option 1 produces clock and cone
angles in the CCS and an Orient Card must follow. Options 2 and 3 print two
lines of output for every logical record. Option 2 assumes the VCS and CCS
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coincide. Option 3 must be followed by an Orient Card and the clock and
cone angles with respect to the CCS appear on line 2 (fiqures 4, 5, 6, and 7).

The TRJPR1 Orient Card consists of six values separated by commas and/or
blanks ( ). These values specify the order of rotations and the magnitude of
rotations necessary to transform the VCS into the user's coordinate system,
the CCS.

The first 3 values of the Orient Card can be any permutation of the integer
set {1, 2, 3}. These values represent the order in which the system is ro-
tateu about the current X, Y, and Z axes, respectively. Hence, if the first
value is 3, the system is rotated about the X-axis third. The second 3
values on the Orient Card specify, in degrees, the ancles of rotation about
the current X, Y and Z-axes, respectively. The Orient card containing 3, 1,
2, 180., 0., 90. specifies rotations of 0° about the Y-axis, 90° about the Z-
axis and 18C%bout the X-axis, respectively (figures 9, 10, 11). The TRJPR]
Orient card is similar to the last 6 arquments in the TRASYS user subroutine
Orient. An echo print of the option and Orient Cards is provided before the
tape data (fiqures 4, 5, and 6).

TRJPR1 skips "he present logical record and reading resumes at the beainning
of the next logical record if an error occurs while reading the tape. TRJPR]
defaults the option to 2 if an error occurs while reading the option card. If

an error occurs while reading the orient card, the option defaults to 0 or 2,
if the option was 1 or 3, respectively.

TRJPR1 terminates normally after reading a software end-of-file (EOF), hard-
ware EOF or EOF flag on the tape. The message "CHND OF TRAJECTORY DATA" is
printed (figure 8). Example runstreams for executing the TRJPR1 program are
shown in fiqures 12 through 15.



3.0 CONCLUSIOM

TRIPR1 aesthetically outputs applicable informatinn from a MPAD trajectory
tape. TRJPRI can be run in batch or demand, reading either a tape or M.S.
file assigned to unit 10. The Option and Orient Cards are provided to specify
the number of output lines per record and the coordinate system transformations.
This document offers instruction for the utilization of Trajectory Print 1
routine (TRJPR1).

DT IOTR IOAING 11 iy oy
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TABLE 1 SEV } - GENERAL

TRAJECTORY DATA FOR ASCENT, ENTRY & ABORT

| GDsD J
Word Uslge(l‘ Type(a) Jesceription (3)
1 T sP This flag is set to a 1.0 for all records except :
the last record where it is set to a-l,

'] 14 Spare

3 T SP Year ]

4 T Sp Month

s T SP Days |Greenwich mean time (GMT)

6 T SP Hours

7 T SP Minutes

8 T SP Seconds,

9-10 DP Ground elapsed time from the base time, (Hr)
(nominally 1iftoff)
11-12 T DP X ]
13-14 by DP Y Components of vehicle position (Km)
15-16 T DP z J
17-18 T DP DX |
19-20 T DP DY Components of vehicle velocity (Km/sec)
21-22 T DP pz |
23.24 DP vx 1 Sensed velocity components (change) over the
2526 o |om [ sl bevseen ne ime o e prsvics
27-28 DP wz
29-30 DP RGIM ] The gimbal angles with respect to the input
31.32 DP PGIM ﬁm'f.(zxg.au%;:d;equence is yaw, pitch,
33-34 DP YGIM |
|
|
.
NOTES:
1. GDSD usage shows how data « *1 be used:

F = flight and simulation support (Attitude Timeline)
T = testing support (Software Checkout)

Word types are:

SP = single precision and DP = double precision

More detailed description and fiaqures are provided by FM13(76-131),
dated August 19, 1976



JABLE 1 SET 1 - GENERAL TRAJECTORY DATA FOR ASCENT, ENTRY & ABORT

| o ‘
i Word Usage Type Description
» sP Geocentric rudius(Xm)
36 sP Geocentric declination(Rad)
Lo sP Geocentric right ascension(Rad)
38 sP Inertisl velocity vector magnitude(Xm/sec)
% SP Inertial flight path angle(Rad)

Lo 3P Inertial azimuth (Rad)

b} SP Altitude above reference ellipsoid (Fischer 1960) (xz'

b2 8P Geodetic latitude(Rad)

L3 SP Longitude (Rad)

bh SP Relative velocity vector magnitude(Km/sec)

ks SP Relative flight path angle (Rad)

L6 SP Relstive azimuth (Rud)

b7 SP Right ascension of Greenwich(Rad)

L8« SP Orbit count - frca ascending node to ascending node.
Launch occurs during the first orbit. At the firse
ascending node, the orbit count becomes two. For
orbits where the ascending node becomes 1{l)l-defined
(small or zerc inclinstion) the first point of Aries
is used in place of the ascending node.

b9 SP Semimajor axis (Xm)

50 SP Eccentricity

51 SP Inclination o ¢quatorial plane (Rad)

52 SP Right ascension of ascending node (Rud)

53 SP Argument of perigee (Rad)

Sk sp True anomaly (Rad)

ss SP Orbital period (Sec)

% SP Dynamic pressure (Kg/me)

57 SP Axisl drag force (Kg)

s e p————

*Not Computed.




TABLE 1 SET 1 - GENERAL TRAJECTORY DATA FOR ASCENT, ENTRY & ABORT

. GDSD

Word Usage Type Description

58 sP Normal 1ift force (Kg)

%9 P Weight, dynaaic (Kg)

60 sP Atmospheric thrust magnitude, total (Kg)

61 SP Atmospheric ISP (Sec)

62+« sP Vehicle crcss sectional ares, dynamic (xnz)

(31 sP Shudou‘xey (negative-umbra, positive othervise)

64 Sp XX (| Body [XTX XTY X2 Body

6% sp XTY [gxx gg :g]m Matrix

66 sp XTZ | Direction cosines of the X, Y, Z body axes

wrt MO,

67 sP YIX 1] (YTX » direction cosine of Y body axis with
68 P YTr respect to the X inertial axis).

69 sp Z

70 8p 27X

T 8p Y

72 8P Iz J]

75 sp ROLL ] (nf,;:;shul; at!tiltudu from local .hox;izontu
5 w || (D T e sy e pih, e
T Sp Yaw .

T6* sp KLVDCT| The vehicle attitude rates % !‘h respect to
7 SP pLvpor| the local horizontal . (Rad/Sec)

8 sP YLVCOT ‘

9 8P RSI | The vehicle attitudes from olar inertial
o @ frsr | (80 e | et segce s
81« sp YSI

*Not computed




TABLE 1 SET 1 - GEMERAL TRAJECTORY DATA FOR ASCENT, ENTRY & ABORT

Word Type Description

82 sp PLAS Look angles from vehicle tn sun (Rad)

83« sp YLAS J (piteh « yav sequence)

84 » sp PLAE T Look sngles from vehicle to center

85 » sp YLAE J of the earth (pitch - yav sequence)

8« SP X3 7 (Red)

87« sp YS Components of the sun (Km)

88 « sp s I nw XDUX XDUY XDWZ] REFSMMAT

o | (e |me Em (BE BB

90 SP ey M50

91 spP oz ]| Direction cosines of the X, Y, and

9 §P TDUX 1 2 DU axes vrt %0. (YIMUX =

93 8p YUY direction cosine of the Y axis of the

94 8P YDMUZ J| MU system with respect to the X

) SP ZIMUX | inertial axis). If a REFSIMAT is nct

96 8P A1 1) 4 specified, set to identity matrix.

97 sp ZDMuz J]

98 « SP 1 Look angles from vehicle to TDRS-1 satellite (azi-

99w SP {muth - elevation sequence). Set to a negative one if
| vehicle - satellite line of sight occulted. (Rad)

100 # sP 1Same as 98-99 except for TDRS-2.

101 » SP J

102-201 SP Spares (may or may not be zeros)

*Not computed



TABLE 2 AVAILABLE DATA AND RELATIVE OUTPUT POSITION

Line DATA ITEM UNITS

1 Mission Elapsed Time Hours, minutes, seconds
Mission Elapsed Time Decimal hours
Altitude Mautical Miles
TRASYS Clock Angle w.r.t sun* Degrees
TRASYS Cone Angle w.r.t sun* Degrees
TRASYS Clock Angle w.r.t planet* Degrees
TRASYS Cone Anale w.r.t planet* Deqrees
MPAD THETA Angle w.r.t sun Neorees
MPAD PHI Ang e w.r.t sun Deqrees
MPAD THETA Angle w.r.t planet Degrees
MPAD PHI Angle w.r.t planet Degrees
Shadow Status Sun or SHD (shade)
Orbit Count Revolutions
Hold Mode Solar Inertial Attitude
BETA Deqrees
Identity Cheracter N/A, Alphanumeric

2 Argument of Perigee Deqrees
True Anomaly Deqrees
TKASYS Clock w.r.t sun* vearees
TRASYS Cone w.r.t sun* Dearees
TRASYS Clock w.r.t planet* Dearees
TRASYS Conc w.r.t planet* Dearees
Pitch look angle to sun*™® Degrees
Yaw look anqle to sun’® Nearees
Orbital inclination to Orbital Plane Dearees
Right Ascension of ascending node Degrees
Eccentricity t/A

*Clock and Cone angle can be in V-S or CCS

(2
guler Sequence is Pitch, Yaw



Vector
(anyline
of sight)
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1

VCS

Smallest angle from X-body axis to vector

e <@
it

Measured from Z-body axis positively about X-body
axis to vector projection in Y-Z plane

Figure 1.— MPAD Theta and Phi look annles.
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Vector
(anyline
of sight)

Yves

vCsS

Clock = Angle between the line of sight vector's projection
onto the X, Y plane and the +X-axis

Cone = Angle between the LOS and +Z-axis

Figure 2.—TRASYS clock and cone look angles.
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Sample sketches depicting pitch, yaw look angles referenced to
the body +X-axis.
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Fiqure 9.

Orientation of MPAD VCS.
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ra <t

Fiqure 10. — Coordinate system achieved by rotatina the vCS 90° about the +7-axis.
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Figure 11. — Coordinate System achieved by rotating fiqure 10. 180° about the X axis.

20



éle

/
{@pMD.[LP

r(ORl[NT CARD)
(6;TION CARD

(man £53-L40006* TRASIN. TRIPR]

@ASG.T 10.,device,Tapen..

|-

( ) denotes optional

General form for typical deck setup using Trajectory Tape.
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Fiqure 12.
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Fiqure 13. - hGeneral form for typical deck setup using MS file.
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Figure 14.- Sample form for typical deck
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@RUM

Fiaure 15. sample form for tyoical deck trajectory tdpe setup.
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