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ABSTRACT

Subject: Orbiter Aborts from Boost - Presimulation Report
Author: H. D. Backman, K. G. Brechka
Report No.: 522581 ~HOU~090

. Date: . | _JuneA15, 1972

A description of a hybrid simulation of the 040C orbiter aborting
from boost to specified landing sites is provided. The simulation
starts when the abort is initiated and continues until a terminal
energy state (associated with the selected landing site) is reached.
At abort it is assumed that all SRM's are jettisoned with the
external tank remaining with the orbiter. The simulation described
has -six degrees of freedom with the vehicle simulated as a rigid
body. A conventional form of autopilot is provided to control engine
gimbaling during powered flight. An ideal form of an autopilot is
provided to test conventional autopilot function and provide pseudo
RCS function during coasting flight. The simulation is proposed to
provide means for studies of abort guidance function and to gain
information concerning ability to control the abort trajectory.
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INTRODUCTION

A hybrid simulation will be developed to study abort procedures,
parameter dispiay, and control system requirements for reusable
spacecraft aborts initiated during launch, Guidance will provide
continuous attitude commands for either automatic or manual control
modes. Parameter display invo]vés conveying.vehic1e state information

(position, velocity, vehicle rates, etc.) to the pilot.

The simulation will start at time of abort. The abort process includes
both powered phasz and an unpowered phase, The powered phase starts at
abort and ends with orbiter fuel depletion. The coast phase ends when

a terminal energy state is reached, The energy state is defined at
150,000 feet altitude at 7,800 feet per second, when a downrange landing
site is desired, and at 100,000 feet altitude at 1,860 feet per second,
when the launch pad is the desired landing site, Completion of the coast

phase constitutes the end of the simulation run.




'STUDY OBJECTIVES

In general, the simulation is designed to étudy aborts inifiated’
during launéh. The basic simulation variables are the man-machine
interface and abort guidance procedure. The man-machine interface is
divided into two pérts. The first part involves display of parameters
~that are informative to the pilot. Both number of displays provided
and information received will be considered. The intent will be to
provfde aasha11=number of displays that are_hijh1y informative and
allow adequate aésesément of -vehicle stéte. The secdhd paft ihvo]ves
defﬁnition of the manual confr01 mode requirements. The'diéplays |

must provide necessary information to allow competent manual control.

Study of ébort guidance brocedures will provide confidence in the
prescribed abort methods. The procedure must provide continuous
control of attitudes to avoid violation of vehicilar constraints.

The attitudes will be controlled in a manner to allow the vehicle to
afrive‘at-thg poWered~abort end conditions with main engine propellant

depleted.

The simulation objectives are to:

a. Evaluate the adequacy of the various display parameters to
“convey information of abort status to the spacecraft crew

b. Define manual control mode_requirements

c. Gain confddence in abort guidance procedures which could be
used compatibly for both automatic and manual control during
.the abort phase.



SIMULATION IMPLEMENTATION

The 3aunch and abort simulation is implemented by coupling a set of
equations-of-motion, set of thrust Timiting equations, a set bf display
parameter equations, a set of autopilot equations; and sets of 1adnch
abOrt equations with simulation of the spacecraft cockpit. The simulation
is initiated at a preselected abort time. At abort time the vehicle is
considered to consist of orbiter and external tank, where all SRM'; have
been jettfsoned.. The simd]atidn-does not considek aborts frbm the PAD

or low a]titUde. When an abort is initiated, fhe aborf guidancelissues
commands controlling the simdlation with provisions for.hanué1 attitude
~and throttle cohtrol_if necessary. At engine shutdown“the orbiter separates
from external fuel tank. The abort part of the simulation is ferminated
in a reentry footprint associated with a desired landing site. A diagram
of the simulation is shown in Figure 1 and symbol definitions are shown

in Table VIII.



Characteristics of the Simulated Vehicle

At fhe instant of abort, the vehicle simuiated is a delta winged three
engined orbiter with an external fuel cell attached. A11- SRM's are .
~assumed to be jettisoned prior to abort starting'the Simu]atioh. Center
of grévfty.]ocatiohs and moment of inertia information as a function of

~vehicle mass are shown in Table I. Engine location data is shown in Table II.
After engine shutdown the orbiter-simuiated is a delta wihged_vehicle'
similar to the 040C-Z spacecraft. Center of gravity locations and moment

of inertia information as a function of vehicle mass are shown in’Table'I.’

Engine out is simulated by the use of Ni’ If Ni = 1, the ith engine is

h

prodbcfng thrust. If Ni = 0,_the'1't engine -is not producing. thrust.

The simulation will be initiated with information to allow the iM

engine to turn 6ff at time t in launch time.

Additional propulsion and vehicle configuration data are shown in Table III.
Equations-of-Motion

The equations-of-motion are written in six degree$ of freedom which provides
summation of forces and moments along and about the orbiter/tank and orbiter
body axes. The EOM are used to perform engine throttling and provide for
pilot displays. A set of initialization constants for the EOM are shown in
Table IV. The physical arrangement of the simulation parts are shown in

"tﬁe attached drawing. Aerodynamic details are shown in Tables V, VI and VII.



‘Equations-of-Motion (Continued)

‘ The assumptions and limitations of the equations-of-motion are:

a.

The simulation was developed such that an abort can only
take place at the preselected time during nominal launch.

Both orbiter/tank and orbiter are simulated as a rigid .
body with mass symmetry in the body XB - ZB p1ane.

The earth is assumed to be a rotating sphere with atmospheric
density (o) and ambient air temperature (T,) to be the 1962
standard. '

The simulation assumes the orbiter contain idea]-engine
actuators and engines can be gimba]ed'withdut,iﬁertia]
effects. '

Aerodynamics attitude control augmentation will not be
required. ' o

Provisions for thrust tail-off are not required. .

The simulation assumes thrust forces along body X and Z axis

are mainly dependent on engine pitch gimbal'actuation; Hence;
coupling can be ignored when computing forces in the X and Z
direction for determining moments about the Y axis due to thrust.

The simulation assumes the altitude at time of abort is high
enough so that the orbiter main engines are adequate to
maintain flight. Hence, at time of abort, it is assumed that
the main SRM's and abort SRM's have been jettisoned.



‘ Equafions-o%—Motion (Continued)

i. No RCS jet dynamics or jet select logic will be simulated.
Durfing periods of time when the vehicle engines are burning,
attitude control is accomplished by engine gimballing.

When engines are off and the vehicle is coasting, the auto-
pilot will provde the required RCS control torques to the '
appropriate moment equation. Thus, the pseudo RCS system
will provide sufficient torques to keép attitude errors

small.

j. Tables for aerodynamic data for .the spacecraft are compa-

tible for angles of attack up to 60°. If angles of attack
() between 60° and .90° are desired, the\aerodynamic
coefficient for an o of 60° is used. ' If a is greater than
900,-aerodynamic coefficients are set to zero. If o is less
than zero the tables are interrogated with the magnitude

} of o. Maneuvers requiring large angles of atta¢k'(a greater

‘ than 60°) will be restricted to times when the dynamic

pfessure (g) is small. Thus, errors of the above process
are assumed small with respect to thrusting effects.

k. Interrogation of aerodynamic tables for large angle-of-
sideslip (8) issassumed to be a linear extrapolation of
the data tables. ’

1. The gerodynémﬁc force and moment equations are written in
body axis. R

m. Aerodynamic force and moment coefficients are assumedtto be
a linear function of o about the trim value for the longi-
tudinal derivatives and a linear function g about the trim
value for the lateral derivatives. For the simulation
mechanization, all of the linear coefficients will be
programmed and looked-up as a function of Mach number and o or B



.Equations-of-Motion (Continued)

The four right-handed orthogonal coordinate systéms used in the equations- -

of-motion are described below.

Earth Inertial Coordinates - The origin of the earth inertial system is
the center of the earth. The X? axis is in the,équatorial plane through
a reference position of'the Greenwich meridian. The ZF is aTong the earth

spin aX1s p61nting north. The YF axis completes the right-handed triad.

P]atform-Inertia]-Coordinafes‘- The origin of'the p1atfdfm system is"the

center of the earth The platform system is erected while the vbh1c1e

is on the launch pad with the XP axis pointing upward a1ong an earth radial.
The Zp_ax1sv1s the intersection of theAlaunch plane and the 10ca] hor1;onta1 |
plane pointing in fhé direction the vehicle will be launched. Thé YP:

axis completes the right-handed triad.

Local Vertical Coordinates - The origin of the local vertical system iS at

the vehicle center of gravity. The X -axis is po1nt1ng upward along an
earth radial. The YLV—ax1s is the vector product of a unit rad1a1 into the
vehic]é're]atiVe velocity vector. The ZLV—ax1s comp]etes the r1ght-handed
triad and point§ aTohg the local horizontal in the direction the vehicle is

traveling.

Body B-Frame - The origin of the body frame is the center of gravity of the

vehicle. _The body axes are defined such that XB is positive forward, YB
is posttive out the right wing, and ZB is positive towards the bottom of

the.vehicle. The body system is oriented such that Xps YB, and Ly are



. Equations-of-Motion (Continued)

parallel to XP’ YP’ and ZP’ respectively at the instant of launch. The
vehicle attitude is measured by the Euler angles s, y, and ¢ between the

'platform system and the B-frame.

The EOM mode1 is used to provide throttle information. This is computed by
summing untHroft]ed thrust forces and aerodynamic forces. The result is

-,///: compared with vehicle 1limit forces to provide a throttle factor which varies
between zero and positiye unity, The throttle factor is used to reduce the
thrust force to maintain vehicle accé]eratiqn-at the limiting acceleration
for the vehicle in question. The 1ﬁmifing'ac¢e1ekéfion is given in

Table IV.

. - The:EOM qué'l is used to provide information for certain pilot displays.
Brief describfions of.display parameters’are proyided in the section
entitled Simulator Crew Station. Basic flight equations are described

\\Th\references 1 and 2. The atmosphefic_mode]jis.described in reference 3.

N -
\ - ,

Master Control-Digital Program

The master cbntfo]xprogram fs used to sequence the autopilots and abort

guidance programs, provide or accept mission time, and establish
’—idiscretes that control the simulation. The vehicle engines are turned

off or on when necessary and a discrete is set which iﬁdicates when

orbiter/tank separation takes place. A discrete is also set which indicates

whether the spacecraft is operating in an abort downrange or ‘an abort

. for retuf‘n to launch site mode.



Master Control-Digital Program (Continued) |
The master‘conirol as shown in Figure 2 provides'mission time ih 0.2 secohd
infervals., This should not be construed.to indicate that the d1glta]
pfogram should control time. Analog generated time could be used. How-
éver, if sepéréte time generators are used, i.e. analog generated time and
digital geﬁerated time, the two time generators should be synchronized.

It should be noted that the digita] auidpilot require time in 0.2 second
1ntervals and the gu1dance programs requ1re time in one second intervals.
The abort t1me must be 1nputted to 1n1t1a11ze t1me and obtain ground

elapsed time.

- Interface fnformation for the master control program is'shown on Sheet 3
of Figure 1. A flow chart of.the'digith‘program is shown
in Figure 2 with éorresponding symbo1 definitions shoWn in Table X.

Values of constants required by master control.are shown in Table IX.

Abort Guidance-Digital Program

The objective of an aborted shuttle mission is the safe.retUrn of the crew
and vehicle. Abort guidance provides a technique for steering to a landing
site after an abort during ]auhch. |

In the simulation an‘abort is commanded to take place at a preselected
time from:}aunch. If an abort simulation is desired K-seéonds after

launch, K is aSSigned to the TABT‘vakiab1e in the Master control program.



Abort Guidance-Digital Program (Continued)

whén an abort is commanded an abort guidanée procedure controls the
spacecraft to targets associated with the selected landing site,
Near the térget, the engines are shut down when fuel ié depleted

and the vehicle is commanded to follow an attitude se]ecting process.

as it descends fo earth.

'_TheAsimdlatibn endS'when the orbiter reaches aﬁienergy state
corresponding to 150,000 feef é]titude-and 7800 feet per second
velocity when a downrange Tanding site is selected and at 100,000
feet a]titude and 1860 feet per second velocity when the’]auﬁéh pad
is the desired landing site, ,The aborf guidahcé éontro]s the vehiéle
attitude to avoid violating vehicle constréints and as;ures that the

vehicle reaches the vicinity of the selected landing site.

"'The abort guidance technique is divided into three basic parts, The
first consists of a targeting function. The second consists of a
steering function which directs the'vehic1e to thé garget. The thifd
consists of.an attitude control for initial reentry in the earth's
atmosphere. Thé specific form of the procedure fs in the procéss

of revision at the present time, The guidance procedure is described
in References 1, 4 and 5. Some results of testing in a digital

program are shown in Reference 6.

Abort Targeting - The basic targeting problem is to determine a desired

engine burnout state vector given the vehicle's present state vector and the

10



Abort Guidance-Digitél PFSéram (Continued)
desired 1anding site. The burnout ve]ocity.?VBO) is determined as a-

is the earth's central angle between

function of the central angle (ec).' 8,

the burnoqt bosition vector and landing site position vectoré An estimate

of 6 is obtained by taking the difference between eR,and g Op is'the

central ang1é between the present position vector of the vehicle and

posifion vector of the landing'site. ‘An estimate of bg is obtained as a
function of the average of present_&ehic]e velocity and velocity to be gained

in the local horizontal plane, time to go fo target and‘earth radius. Then

6. = 6g - 8- Burnout velocity (VBO) is the sum of the %ésu}ts of the iterative
process, described above, and the velocity of the'1anding sfte. Thevburnout
altitude is fhe sum of the earth radius and burnout altitude. Burnout

altitude is selected as a function of 1andihg site position and vehicular

‘constraints.

Abort Guidance - The function of thelsbort guidance is to steer the vehicle

to the desired burnout state vectors. The_guidance frame used is a local
vertical frame with the X axis pointing up along the local vertical; The
Z axis points toward the landing site. The Y axis éompTétes the right-
handed triad. The guidance equations used for‘radiai steering (E-Guidance)
were adapted from Reference 7. A constant acceleration command is used to
produce the desired downrange and out—of-p]éne components of vé]ocity at

burnout.

Post Burnout Control - The function of this pkocédure is to provide

vehicle attitudes during descent after engines are .shut down. "The process
involves cpntro] of angle of attack. Angle of attack is modulated while
maintaining a near zero bank angle. By using this process violation of |
vehicle constraints and guide]ines is avoided.

11



Abort Guidance-Digital Program (Continued)

Post Burnout Contro1 requires the use of a wind axis coordinate

_ system with the origin Tocated at the vehicle center of gravity.

The unit x—§x1s is in fhe direction of the orbiter velocity
fe]ative to the earth's surfacé.' Unit y-axis is the vector pro-
duce of unit x into a unit radial (unit vector pointing from earth's
center to orbiter center of gravity). Unit z-axis completes the

" right-handed triad.

A table of ihitfa]izatioh values for post burnout cohtrq] program is
shown in Tab]é XI. A flow chart_of the proqram}is'shown in Figure 3_

~ with symbol definitions shown in Table XII.

Conventional Autopilot - Digital Program

An autopilot is provided that uses a conventional engine cbntrol'

taw. The form of the control law is

: § = ao 4+ a]._eE +-f326E

where:
s . - engine deflection
ay,ay” weighting coefficients or gains
%t - present vehicle attitude error
oF - preseht vehicle attitudé rgte’error

12



Conventional Autonilot - Digital Pronram (Continued)

The aoterm is a bias term that corresponds to the engine gimBal
deflection at the end of the present computation cyc}e.v Then

S ’ 6 <] '
Srrim = Srrm * 2 LELE E)

4o = 2 ppry

where:

OFL -_attitude error from the past computatioh cycle

providés an estimate of aoand is used in the pitch engine gimbal
computations. Attitude rate feedback is accomplished once per

second. Provisions for manual control are included.

Values needed to initialize the conventional autopilot are shown
in Table XIII. Gains used for the 161C delta wing orbiter are shown

in Table XIV., A flow chart of the program is provided in Figure 4

with symbol definitions shown in Table XV,

13



Ideal Autopilot - Digital Program

The ideal autopilot attempfs to attain between 95% and 105% of the body
angular change désired, up to X degrees, in one second. If an angular
change greater than X degrees is requestéd, the vehicle is allowed to
coast at or near the rate of X degrees per second until the desjredv~
angular change is achieved, at whichvtime the vehicle rate is cancelled
(or nearly so). Inciuded in the autobiiot are angU]ar acceleration and

rotational rate limits which have'beeh.arbitrarny selected. .

The ideal autopilot consists of the AUTOPI Routine and the accé]eration sub-
routine, ACC. The AUTOPI Routine determines the differences between the
requested-inertial attitude angles froh abort Guidance and the existing
inertial aftitude angles from EOM. The ineftial'angu1a} differences

are then transformed to body angular differences and output to the dis-
p]ays as body angular errors. The body aﬁgu]ar differences are also
-provided (a]ong with other quantities) to éﬁe acceleration subroutine,

ACC, which computes thé necessary anguiar{accelera;iOn to brin§ about

the desired angular change.

Vehicle Control Functions

The control function of the autopilot is determined from the equation:
M= la |
where:

Desired moment about the particular axis.

— =
1 "

Moment of inertia about the respective axis.

1}

Necessary angu]ar:acce1eration (from ACC).

14



' ‘ The moment equation for the sum of the moments about the Y-body axis

(pitch) is as follows:

tMy = Frx4 [Zi - Zce] + Frzi [X'CGJ

where |
FTxi = Forces in the X-body direction due to thrust from the jth
engine.
FTzi = Férces iﬁ the Z-body direction dué to thrust from the ith
engine. : | |
Xcg = Distance from the engine gimbaJ'mounting plane to the vehicle
~center of gravity} o L
cG = Distance‘from the X-Y.p1ahe fo the vehicle center of gravity.
~Z3j = Distance from the X-Y‘pJahe'to thé éhgine'mpunfing center-
. line of the it engine. | | |
| Since:
Frxi = Frj [cos (Bpﬂ [cos (By]
and -

Frzi = -Frj [sin (Bp)] rcos (By)]‘
the moment about the Y-body {; then:

My = FTj [?1fzcé][§os(6pﬂ cos(By)—FTi[ch][gin(eéﬂ cos(gy)
where: : ' o '

pitch gimbal angle of the ith engine.

Bp
By
The minus sign preceding the second term is due to a positive bitch angle

yaw gimbal angle of the ith engine.

creating a force in the negative Z-body direction.

15



An assumption is made regarding the above equation in that the maximum.
‘yaw angle (By) does hot appreciably affect the moment about the Y—body
Aaxig; Since cos(70) = .9925, the cos(By) term isAdropped from the
eqUation resulting in: N |

My = Fry [?1 -ch] cos(gp) - Ffi [}cg] sin(gp)
The above equation is -in thé form: : |

My = A cos x - B sin x |
Through man1pu]at1on and use of a tr1gonometr1c 1dent1ty, the p1tch

ang]e Bp, is determ1ned as:

8 X = Sin 1| 2 lsintl |
P = _ V%Z + B2 || VA2 + B2

where My = Iyyay' |
The yaw'éngine gimbal ang]é is dgtérminéd in a,sfmi]ar mannek résUiting

~in

= Sin-1 ;Fzgézzs—' + Sin~1 | A
AZ +B Az + B2

Since roll control is to be affected by use of the pitch engine gimbal-

angle, the necessary pitch angle for roll is found from:

-1 Mx =~ MxFY
Sln- FT1|Y1 ch|COS(By)

BR>=
where _
Mgy = Moment about X-body axis due to thrust forces in the Y-

| body direction.
Half of the ‘engines will be commanded to a positive gg and half to a
negative BR. The totai‘pitCh angle will be the sum of the Bp‘énd BR

components.

16



For a more detai]ed,derivation of the engine gimbal angles, see reference 1.

Implementation details are shown in Tables XVI, XVII, XVIII and Figure 5.

Angular Acceleration Computations

The aﬁgu]ar‘aﬁce]eration computations are performed in the ACC Subroutine.
This subroutine determines a suitabie»br cqmpufgs system Qain, detects
impending overshoot and compensates accordingly, computes thevdgsired
angu]ér acceleration, and se]ectfveTy applies the system gain. For a
..detailed descriptioh of_the ACC Subroutine, see reference 1,»a'f10wv¢h§rt

. of the program is shown in Figure 6 with symboi'defini;ions shown in Tab]e}XIX.

RCS

The momenfs.as Computed by the fdeai autopilot math model may be used for an
RCS system. Presently a pseqdo RCS system is used in that-théimoments
computed by the autopi]dt are appiied to the EOM when the main engines

are off, as if caused by an RCS system.

Manual Control

Manual take-over capability is also provided in the autopilot.. The system
is a rate-feedback system with the input proportiona1 to the out-of-detent -
position of the rotational hand controller. The desired body angular
accelerations are computed from:
_ “DET. T “E
¢ T TTuay

MAX

where

17




o = Computed angular acceleration aSout the axis.
“DET = Dgsired rotational rate from hand contro]]er.:
we = Present body rate about the axis (&, §, ).

TMAX = One second. |
The angular accelerations computed for each axis are then used in the
desired moment equations (for the respectivé axes) and either engine
gimba] angles are detefmihed or:the-momenfs.éfe‘app1iéd as a pseudo RCS

system.

'SIMULATOR'CREW.STATION

The crew station shall be provided with certain vehicle controls and data
displays. Manual cqntro] is limited to the spacecfaft'during anh abort.

Manual controls are spacecraft attitude control, engine throttle control, and
auto-manual mode select switch. This switch in. the manual position configures

the simulation to recognize manual control commands.

One of the objectives of the simulation is to study useability of the various
display parameters proposed. A tentative disPlay list is shown on Sheef 3

of Figure 1. Equations required by the displays are shown on

Sheets 1 and 2. Each of the displays and control features are described'in

the following paragraphs.

Mission Time (t) - Since an abort can occur at any time after launch, time

is started at the instanf of launch. Time provides a coordination reference

and is displayed digitally in minutes and seconds.

18 9



SIMULATOR CREW STATION (Continued)

EADI - This d1sp1ay will give altitude (H), relative flight path ang]e (yR),
dynam1c pressure (q), mach number (M), pilot's pitch angle (s P), pilot's
yaw angle (wp), and pi]ot's roll angle (¢P) A]titude will range between

0 and 400,000 feet; re]at1ve f]1ght path angle between -20° and 150°; dynamic
pressure 0 to 600 pounds per square 1nch, Mach number 0 to 20; pilot's pitch

ang1e + 90%; pilot's yaw angle + 90°;land pilot's roll angle f 90°.

Rate of Change of Alt{tude (H),- Th1s d1sp1ay indicates the rate of change

d1sp]acement a]ong a radia] from the earth s center. The d1sp1ay range should

be -100 ft/sec to 2000 ft/sec

Groundspeed (VG) -‘This display indicates tota]_ve]ocity in the horizontal

gkound p]ahe. When in abort mode the range should be 0 to 18,000 ft/sec.-

Bank-Angle ¢g - This display indicates rotation about the vehicle velocity

vector. During abort back to the launch s1te a 180 bank can be expected.

Range should be set for +180°.

Commanded Thrott]e'(EPTC) - This display indicates throttle commanded efther

in auto or manual mode. It should be disp1ayed'as a bar that aligns with:the
desired throttle bar. Changes in alignment indicates manual throttle control

is desired. Range of EPTC is from zero to unity.

Desired Throttle EPTD - This display provides actual throttle desired as

provided by thé EOM throttle equations. When in auto mode the display always
aligns with the commanded throttle. When in manual mode a misalignment of
display bar indicates & throttle change is desired. Range of tvwnis from

zero to unity.

19



SIMULATOR CREW STATION (Continued)

Body Attitude Rates (p,g,r) - These displays provide information of angular

velocities about body axes. Range of these displays should be +20°/second.’

Compass Heading (wh) - This display provides heading angle between vehicle

velocity projection in horizontal plahe and due north. The range of this

display will be 0 - 360 degrees.

Heading Angle to Landing Site (wR) - This display provides. heading angle

between vehicle velocity vector in horizontal plane and a vécfor.between,
vehicle and 1énding site in horizontal plane. Range of this_disp1ay will be

+180°.

Body Attitude Errors (eEB, YEp? ¢EB) - These displays pkovide attitude errors

about the body axes. Ranges for these displays will be +180°.

Vehicle Latitude and Longitude (AV’-¢V)" This infdrmatibn is to be displayed

as an X-Y plot using a cathode ray tube. The plot will show a ground track of
the vehicle in relation to an outline of the eastern seaboard of the United
Sfétes.  Present1y, ground tracks of launch at 9° launch azimuth have .not
been.definéd;‘»THé range of these displays will be 15° to 45° 1étitud¢ and
-60° to -85° Tongitude. S -

Time to Abort Targets (TGOA) - This disp]ay provides an estimated time

required to reach abort targets.. The diép]ay should be a digital display

in minutes. and seconds.
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SIMULATOR CREW STATION (Continued)

' Vehicle Range to Landing Site (XLS’ YLS’ RLS) - These displays provide the

“ distance the vehicle must trawerse to reach the landing site. The distances:
are along the earth's surface in nautical miles. Y s is the angle between
RLS and XLS and is termed heading to the landing site. YLS is the crossrahgey

element and completes thg fight triangjg~made.up by RLS’ XLS’ YLS’ and vp-
The actual display range will be 0 to 2000 nautical miles.

‘Pilot's Attitude Contro]]ér - This control will be used to-provide vehicle
attitude cbmménd‘When:in manual mode and an abort is being performed. The
controller outputs vehicle attitudes as desired rotation about body axes.

The actual form and use of the contfd]ler‘depends on availability of hardware.

Pilotss Thrott]e'antrollér - This control will be used to provide throttle

commands when in manual mode and an hbort is being simulated. The controller

outputs a signal that varies from zero to unity.

"Pilot's Auto-Manual Mode Switch - This contfol will be a two position switch

which controls simu1atidn mode when an abort is being simulated. When in the
AUTO position the simulation is aﬂjowed.to run automatically. When in the
'MANUAL mdde the simulation is configured'tp accept and act upbn<manual attitude

and throttle commands.

CONTROL SYSTEM

During an abort, two operation modes are available, automatic -and manual. In
the automatic mode spacecraft attitudes are controlled by engine gimbaling when

engines are thrusting. Either the conventional or ideal autopilots can be used to
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CONTROL SYSTEM (Continued)

control engine gimbaling. When egines are not thfusting the idea] aUtopi\ot'is '
used to compute rotating torques which are proportional fo the body attitude
errors. The torques are inserted in the proper EOM moment equations to reduce
. the attitude error.to near zero. Thus, the torque is always large enough to

maintain small attitude errors.

When the simulation is in manual mode, the manual attitude contro]1er.is uséd
to provide desired attitudes to the autopilot, .The pilot commands the attitude
to reduce the error. The attitude errdr is the difference bétween the desired
values provided by fhé abort guidance and actual attitudes provided by the EOM;
The autopilﬁt acts on-the manually generated attitudes toigimbal engiﬁés 6r

provide RCS torques.

The throttle controller provides throttle commands that are qsed by the EOM

in computing thrust fdfces. At the same time thé EOM is providing the desired
thrott]e setting.' Ifufhe commanded throttle and desired throttle is the same,
additional ;hrottle is not required. Only when a difference is noted should a
change {n ﬁﬁrottle command be provided from the manyal contro11er.. Manual

throttle control is applicable only during an abort.

TEST SCHEDULE

The detailed test schedule will be determined at a later time. However, the
scope of testing can be determined in general by consideration of the testing
variables. The testing variables are defined in the following paragraphs

!

and will be combined into a test matrix.

22



TEST SCHEDULE (Continued)

Number of Launch Trajectories - At Teast two basic launch trajectories

into a 55 by 100 nautical mile orbit will be considered. The first
is a launch from Cape Kennedy at a launch azimuth of 38,44° into an
orbit inclined at 55°, The second is a launch from Cape Kennedy at

a launch azimuth of 90° into an orbit inclined at 28.5°.

Abort Times - Aborts will’ be S1mu1ated for prese]ected intervals of
time after launch. Several aborts to a 1and1ng s1te will be. cons1dered‘
during 1aunéh The . s1mu1atlon is not conf1gured for PAD or near launch

PAD aborts w1th the SRM conf1guration

Abort Target A]titude'4 The abort is targeted to an altitude consistent

with reentry tb the selected landing site and compatible with vehicle
constraints. This altitude 1s termed the "Burnout" a1titude - As
necessary, several ”burnout“ a]titudes may be considered as required

by orbiter destination after abort

Landing Sites - The destination of the orbiter after abort depends on

time of the abort, after launch, the launch trajectory, and available

landing sites. A tentative list of landing sites is shown in Table IV,
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TEST SCHEDULE (Continued)

The first week of testing will be devoted to checkout of the hybrid- .
man-in—the-]oop simulation, The second week will be devoted to abort
runs from one of the launch traje;tories,- The third week will be

used to analyze data. The fourth week will be used to make runs from

the second launch trajectory, The fifth week will be used for data.

- processing. The sixth week will be devoted for clieanup aborts to

complete the study, This tgntative'schedu]e is shown below:

TWk | 2wk | 3wk | 4wk | 5wk | 6 Wk

- Checkout

.Aborts From
1st Launch
Trajectory

Data Processing . - « >

Aborts From
2nd Launch
Trajectory

C1eanup Aborts
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SYSTEM CHECKOUT

Systém checkodt will be divided into two phases.

Initial Checkout - Details of initial checkout will be determined later.

Daily Checkout - It 1s anticipated that the daily checkdut will be an abort

at 150 seconds with the Iaunqh pad as the desired landing site. Specific
simulation output will be compared to values considered normal. The

parameters specified for comparison will be determined }ater.

OUTPUTS

A tenﬁative list of eutput parameters is shown on sheet 3 of Figure 1. = -«:,
Launch time will be used to coordinate information between the varibus
recorders and listings. A tentative allocation of output parameters to re-

cording medium is described in the fo1loW1ng paragraphs.
LI

Strip Chart Recorders - Body attitude rates (p, q, r), Body angular accele-

rations (ﬁ, é, é), and inertial accelerations (X, Y, Z) will be outputted on

strip chart recorders.

X-Y Plotter } The vehicle ground track will be outputted‘using an X-Y plotter.
The plot will be vehicle latitude (AV) versus vehicle longftude (¢v).

Digital Listings - Referring to sheet 3 of Figure 1, each output

1isting shall 1ist the constant data once at the start of each run. a, 8, YR?
¢g* Opps Vgp® and ep sha]l be 1isted once per second. The remaining variables

shall be listed once each five seconds.
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APPENDIX A

EQUATIONS OF MOTION

This Appendix provides the necessary data to
implement the Equations of mdtion as}desceibed
in the attached drawings. _Contents include -
mass data, engine; location data, ihitialization _
data, aerodynamic data, and symbol definitions.
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TABLE I CG & MOMENT OF INERTIA AS A FUNCTION OF WEIGHT

- ORBITER AND TANK
ch : ch -Ixxl : ;yy ‘Izz Lz
(ft) - (Ft)  (10%s1-¢t2)  (108s1-£t2) (10%1-£t%)  (10%51-£¢%)

T.0 BE DETERMINED

ORBITER

T0 BE DETERMTI N E D



TABLE II

ENGINE LOCATIONS (ft)

~

ENG. NO.(i) . YReF REF

T O BE DETERMINED

L : - .
. ; . .
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TABLE III ,
PROPULSION AND_VEHICLE CONFIGURATION DATA

NOMENCLATURE _ ) VALUE
Spacecraft éhgine nozzel exit area-extended (AEO) 4 TBD
Spacecraft engine nozzel exit area-nonextended (ANO)', ~ TBD
Spacecraft engine thrust in a vacuum (TVO) "~ TBD
Spacecraft engine exhaust gas velocity (GEGVEL) o TBD
Fuel flow rate for spacecraft engine (W) B f - TBi
Weight of useable main propellant onboard tank: (WFB) TBD
We1ght of spacecraft less main prope]]ant (WVO) ' -~ TBD:
we1ght of orbiter 1us tank less main booster '
»+  propellant (W VBg - , TBD. -
Distance between body X-axis ‘and spacecraft eng1ne - -
cluster center line along the body Z-axis (ZLFO) . TBD
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TABLE IV

~ EQM INITIALIZATION CONSTANTS - -

NOMENCLATURE
‘Mean earth radius (RE)

~ Earth rotational velocity (we)

Earth's gravitational cohstahf (u)

Latitude of Launch Pad (xLﬁ)"

Longi tude of‘Launch Pad (¢LP)

In1t1a11zat1on constants for 1nert1a] veloc1ty

Xo Yo, and Zo depend on time after »
Taunch at wh1ch.abort is initiated

Initialization constants for inertial position:

Xo, Yo and Zo depend on time after
~ launch at which abort is initiated

Initialization constants for body rotation rates:

Pys 9o and T, depend on time after
launch at which abort is initiated

Initialization constants for the Euler ang]es:.

6, ,¥, , and ¢, depend on time after launch

~at which abort is initiated
In1t1a11zat1on constant for fuel remaining:

FO depend on time after launch at wh1ch
abort is initiated

31

VALUE
20,909,740 ft
7.292115 X 10°

14.07654 X 10
28.532°

-80.565°

5 rad/sec

ft /sec
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"“Table IV (Continued)

Landing Sites:

Latitude ( ALS)',_ ' o Longjtude ( ¢LS)

28.532° - -80.565°

43° - n°

34.9° - 76.9°

32.2° T " '_ | -64i§é*; 
Limiting acce]erdiiéﬁ?ff o Value

.Spacecraft acce]eration'Timit(ALo) 43.0 gees :

32

Place

Launch Pad
Pease AFB

. “Cherry Point.,

~ Bermuda -
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TABLE Vv

AERODYNAMIC CONSTANTS

33

ORBITER/TANK
TBD.
TED
~ TBD
TBD
TBD
TBD
TBD

ORBITER

- TBD
TBD

18D

TBD

- TBD .
TBD
~ TBD
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- TABLE VI |
ORBITER/TANK CONFIGURATION AERO COEFFICIENTS

o c c c,
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. TABLE VII |
ORBITER AERO COEFFICIENTS -

TBD
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SYMBOL DEFINITIONS FOR EQUATION-OF-MOTION -

TABLE VIII -

ENGR - | CODED o | T
- SYM. SYM ASYMBOL DEFINITION OR USE - RANGE UNITS .
A Speed of sound 0-1300 | ft/sec
Ap ‘Axial acceleration 0-4 9's
Apx Desired radial acceleration in local: vert1ca1 | 0-100 ft/sec2 1

coordinates for abort 7 . 1 R

ADY Desired crossrange acce]erat1on in 1oca1 vert1ca1 0-50 ft/sec2 1

coordinates for abort _ S ‘ '

Apz Desired downrange acceleration in Iocél vertical | 0-100 | ft/sec?
o coordinates for abort -

AEO' Exit area of orbiter engine nozz]e when constant ft2

extended '
_ ALo Limiting orbiter thrust'aeeeleration constant ft/sec2
| Ay - Normal aceelerafion o '0-5 1 g's
ANO Ex1t area of orbiter engine nozzle when not constant| ftz :
extended - L

Ar- Total thrust acceleration 0-100 ft/sec2
AZ Launch azimuth ,constanti rad.
bd Aerodynamic span of orbiter constant ft.

(CA)' Aekedynemic axial force coeff. table unitless_ :
EB Aerodymamic chord for orbiter constant| ft
(C] ) | Aerodynamic r011ing moment coeff. due to | table unitless

P& roll rate :
(C.l ) Aerodynamic rolling moment coeff. due to ‘table unitless
a yaw rate _
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" TABLE VIII (Continued)

CODED |  ENGR.
SYM. SYM SYMBOL DEFINITION OR USE RANGE: UNITS

(C] ) Aerbdynamic rolling moment eoeff. due to table unitless
g Y sideslip, 8 : L '

(Cm) Aerodynamic pitching momentAcoeff. due to table juunitless
@ angle of attack, o '

(CN)é Aerodynamic normal force ecoeff. table unitless

(Cn )a Aerodynamic yawing moment coeff. due to roll rate | table unitless
p

(Cn )a Aerodynamic yawing moment coeff. due to yaw 7ate table unitless
r

(Cn )a Aerodynamic yawing moment eoeff. due to sideslip table | unitless
B , ' : :

EO Aerodynamic chord for orbiter constant| ft.

(CY )a Aerodynamic side force coeff. due to stdeslip table : | unitless
g = .

dij Direction cosines between body and inertial 0-1 unitless

coordinates
_ i

EPTB Throttle setting of orbiter engines 0-1 | unitless

EPTC Commanded throttle setting 0-1 unitless

EPTD Desired throttle setting 0-1 unitless

EPTM Throttie setting commanded by throttle controller 0-1 unitless




TABLE VIII (Continued)

ENGR | CODED

SYM. SYM SYMBOL DEFINITION OR USE RANGE UNITS
Fre Total thrust and aerodynamic forces on vehicle 0-10x10% | 1bs
Fyag Aerodynamic forcé along bodkaaxﬁs 0-1.5x10e 1bs

FXB Total body X force | 0-10x106 1bs
FXBA Total force along body X-axis without throttling 0-8x106 1bs
FXPB ‘Tota1 propulsion forces along body X-axis 0-8x106 1bs
FYAB Aerodynamic force along body Y-axis 0-5'x105 1bs

Fyg Total body Y force 0-1x10% | 1bs
FYBA 'Tota1 force along body ¥-axis without throttling 0-1x106v 1bs
FYPB Total propulsion forces along body Y-axis 0-1x106 1bs
FZAB Aerodynamic force along body Z-axis - 0-1x106 1bs

FZB Total body Z force B 0-2x106 1bs
FZBA Total force along body Z-axis without throttling 0-1x106 1bs
Frpg Total propulsion forces along body Z-axis 0-1x10% | 1bs

9 Gravity effects | 0-33 ' ft/sec2
gSL Gravity at sea level 0-33 | ft/sec?
9x X component of gravity in piatform coordinates 0-33' ft/sec2
9y Y component of gravity in platform toordinates 0-33 ft/secz
97 Z component of gravity in p]atform coordinates 0-33 ft/sec2
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TABLE VIII (Continued)

engine

ENGR | CODED - o
SYM. SYM - SYMBOL- DEFINITION OR USE .. RANGE UNITS
. . 0 to
H Vehicle altitude 200 K ft.
H Rate of change of altitude '%880t° ft/sec
IES Zero indicates engines are off 1 or 0| unitless
ISEP‘ One indicates separation has'taken place "1or 0| unitless
IMAN One indicates the vehicle is undef manual control [ 1 or O'| unitless
I Moment of inertia about orbiter/tank body Table S‘“Q/ft2
XXB X-axi . .
- X-axis
IXZB ‘Moment of inertia about orbiter/tank body Table s]ug/ft2
. XZ plane ,
I Moment of inertia about orbiter tank body - Table ‘s]ug/ftz
YYB Y-axi
-axis
I Moment of inertia about orbiter/tank body - Table s]ug/ft2
18 7-axi
-axis :
IXXO Moment of inertia about orbiter body X-axis Table s]ug/ft2
Tyg0 Moment of inertia about orbiter body XZ plane ~ Table S]ug/ftz
IYYO Moment of inertia hbout orbiter body Y-axis Table s]ug/ft2
IZZO Moment of inertia about orbiter body Z-axis Table s]ug/ft2
J Minor loop counter 1 -5 lunitless
KCPAST KCPAST = 1 ; orbiter is in coasting flight 0 -1 |unitless
KGUID 'KGUID = 1 ; orbiter has reached terminal energy 0-1 unitless
state
KLPDR KLPDR = 1 ; after abort orbiter returns to launch| ¢ - unitless
pad '
Lag Aerodynamic moment about body X-axis .0-1x106 ft-1bs
‘ Li . Direction cosines between local vertical and 0 to 1 | unitless
»J platform coordinates
Lip Propulsion moment about body X-axis from ith 0-1x106 ft-1bs
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TABLE VIII (Continued)

| ENGR | CcODED ‘

. SYM. ~ SYM SYMBOL DEFINITION OR USE RANGE UNITS
LPB Total propulsion moment about body X axis 0-6x.106 ft-1b
Lr RCS moment about body X-axis o-2x106 ft-1b
LT Total moment about body X-axis 0-7x106 ft-1b
M Mach number 0-20 unitless
MAB Aerodynamic moment about body Y-axis 0-1x106 ft-1b
Mg orbiter/tank mass Table 1bs
MiP Propulsion moment about body Y-axis from ith 0-1x106‘ ft-1bs

engine .
Mg Orbiter mass Table 1bs
M Total propulsion moment about body Y-axis 10-1,2 ft-1bs
PB _ x108
MRB ~ RCS moment about body Y-axis 0-2.106 ft-1bs
MT Total moment about body Y-axis 0-185x ft-1bs
10
NAB ‘Aerodynamic moment about body Z-axis 0-1x106 ft-1bs
N1 A zero indicates the ith engine is notnppoducing | 1 or O unitless
thrust
NiP Propulsion moment about body Z-axis from ith 0-1.106 ft-1bs
engine '
Nog Total propulsion moment about body Z-axis 0-6x106 ft-1bs
NRB RCS moment about body Z-axis .- 0-2x106 - ft-1bs
NT Total moment about body Z-axis O—7x106 ft-1bs
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TABLE VIII (Continued)

ENGR | CODED
SYM. SYM SYMBOL DEFINITION QR USE RANGE UNITS
p Angular rate about body X-axis +20 | deg/sec
ﬁ Angular acceleration about body X-axis .2 rad/sec2
PA Ambient air pressure 0-20 ]bs/ftz
Po Integration constant for p table rad/sec
q Angular rate about body Y-axis +20 deg/sec
é Angular acceleration about body Y-axis *,2 rad/sec2
3 Dynamic pressure 0-600 | 1bs/ft?
o Integration constant for q table rad/sec
r Angu1ar-rate about body Z-axis - *20 deg/sec
r Angular acceleration about body Z-axis .2 rad/sec2
éDA Desired target radial velocity in local 0 to 1000| ft/sec
vertical coordinates for abort '
RE Mean earth radius constant| ft.
éGA Radial velocity to be gained in local vertical ~1000 to | ft/sec
coordinates for abort 5000
RLP Range from launch pad 0 to N. mé!
2000
RLS Range to landing site 0 to N. mi.
. 2000
RLSCR Distance to landing site normal to velocity 0 to N, mi.
vector in local horizontal plane 2600
R Distance ¢o landing site along velocity vector .0 to N, mi
LSDR
in local horizontal plane 2000
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TABLE VIII (Continued)
ENGR | CODED
SYM. SYM SYMBOL DEFINITION OR USE RANGE UNITS
o Integration constant for r constant| rad/sec
R Magnitude of inertial position 20 tg 22| ft.
P ‘ x108
'SB _ Reference surface area of orbiter/tank constant ft2
S0 Reference surface area of orbiter constant ft2
t Integration time 0 to 500! sec.
TABT Time abort is desired 0 to 400;sec.
TFL Time to thrust 1imit for abort 0-200 sec.
TGET' Ground elapsed time 0 - 100 |sec.
TGOA Time to go to abort target "0-250 sec.
.th . 0 to
Ti Thrust from i~ engine 650,000 1bs.
Ti' Direction cosines relating earth inertial 0-1 unitless
J coordinates with platform coordinates
. .th . . 0 to
TiT Engine thrust from i~ engine after throttling 650,000 1bs.
.th . . . 0 to
Tix Thrust from i~ engine along body X-axis 650,000 Tbs
.th . . 0 to
TiY Thrust from i~ engine along body Y-axis 650,000 1bs
T.Z Thrust from ith engine along body Z-axis 0 to 1bs
1 650,000
T Temperature of ambient air table |R°
Tv0 Thrust from orbiter engine in a vacuum constant| 1bs.
UAB X component of B-Frame velocity relative to 26t800' ft/sec
surrounding air ?
Upp Platform X component of inertial velocity relative] €ito ft/sec
to surrounding air 13,000




TABLE VIII (Continued)

——

ENGR | CODED
. SYM. ~ SYM SYMBOL DEFINITION OR USE RANGE UNITS
UE1 Platform X-comp. of unit vector pointing &ast 0-1 unitless
UE2 Platform Y-comp. of unit vector pointing gast 0-1 unitless
UE3 Platform Z-comp. of unit vector pointing east 0-1 unitless
VAB Y component of B-Frame velocity relative to 0 to ft/sec
surrounding air 26,000
v Platform Y component of inertial velocity relative +10,000 | ft/sec
AP to surrounding air
VBO Burnout velocity for abort target ?55800 ft/sec
VG Ground speed g8§800 ft/sec
VP Magnitude of inertial velocity 'gefgoo ft/sec
VT Airspeed 0-to ft/sec
26,000
wAB Z component of B-Frame velocity relative to 0 to ft/sec
surrounding air 20,000
Wap Platform Z component of inertial velocity relative -10,000 | ft/sec
to surrounding air "~ |to 26,000
QB Fuel flow rate to orbiter engine constant| 1bs/sec
wF Fuel remaining table 1bs
Weg Weight of orbiter/tank fuel constantf 1bs
Weo ~ Weight of fuel consumed up to abort 0 to |1bs
800,000
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TABLE VIII (Continued)

ENGR | CODED
SYM. SYM SYMBOL DEFINITION OR USE RANGE UNITS
. . . 0 to
wR Relative belocity normal to radial vector 26,000 ft/sec
NVB Orbiter/tank weight with tank empty constant| 1bs
NVO Empty orbiter weight constant| 1bs
6
: . ‘o . 20x10"to
X Inertial position along platform X-axis 22x106 ft
X Inertial velocity along platform X=axis ~-1000 to| ft/sec
‘ 15,000
X Inertial acceleration along platform X-axis - {0 to 100 ft/sec2
AREFB X body component of orbiter/tank center of - Table ft.
pressure
XAREFO X body component of orbiter center of pressure Table ft.
XcaB Body X component of orbiter/tank C.G. location Table ft.
Xc6o Body X component of orbiter C.G, location Table | ft.
Xe X component of vehicle position in earth 10x106to ft.
inertial coordinates | 22 x106
XLSE X comp of radial to 1and1ng site in earth fixed: 10x106to ft.
coordinates 21x106
XLSI X comp. of radial to 1and1ng site in earth 10x106to ft.
inertial coordinates 21x10
XLSLV X comp. of radial to landing site in locdl 10x102to ft.
vertical coordinates 21x10
XLSP X comp. of radial to landing site in platform 10x102to ft
coordinates 21x10
XO Positjon integration constant constant| ft.
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TABLE VIII (Continued)

CODED |  ENGR.
SYM. SYM SYMBOL DEFINITION OR USE RANGE UNITS
io Velocity integration constant constany ft/sec
X Platform X-component of earth rotation at vehicle | 0 to ft/sec
WP
_ 2000
Y - Inertial pogition along platform Y-axis + 206 ft
? Inertial velocity along platform Y-axis + 15,00Q ft/sec
¥ Inertia] acceleration along platform Y-axis + 100 ft/sec2
YAREFB Y body component of orbiter/tank center of constant ft.
pressure
YAREFO Y body component of orbiter center of pressure constant| ft.
Yeas Body Y component of orbiter/tank C.G. location Table | ft.
Yeeo Body Y component of orbiter C.G. location Table | ft.
' QDA Desired target crossrange velocity in local +10,000| ft/sec
vertical coordinates for abort
Ye Y component of vehicle ppsition in earth jnertial | * 106 ft
~ coordinates
QGA Crossrange velocity to be gained in local +5,000 | ft/sec
vertical coordinates for abort
YLSE Y comp of radial to landing site in earth fixed -21x106 ft
coordinates toié X
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TABLE VIII (Continued)

ENGR | CODED

SYM. SYM SYMBOL DEFINITION OR USE - RANGE UNITS

YLSf Y comp. of radial to landing site in earth -21x106tq ft.
inertial coordinates -10x10°

YLSLV 'Y comp. of radial to landing site in local + 106 ft.
vertical coordinates

YLSP Y comp. or radial to landing site in platform 1+ 106 ft.
coordinates

Y0 Position integration constant constany ft,

90 Velocity integration constant constant| ft/sec.

YREFOiﬂ Body Y component of orbiter 1th engine centerline | Table ft

y B Caap : 10 to

Yup Platform Y-component of earth rotation at vehicle 2,000 ft/sec

i Inertial position along platform z-axis 0 to ft

5x106

Z Inertial velocity along platform Z-axis 26t800 ft/sec

7 Inertial acceleration along platform Z-axis 0 to 10d ft/sec2

ZAREFB Z body component of orbiter/tank center of constant | ft.
pressure

ZAREFO A body component of orbiter center of pressure constant | ft.

ZCFB Distance between body X-axis and the orbiter lconstant | ft.
engine cluster center line along the body Z-axis

ZcgB Body Z component of orbiter/tank C.G. location Table nt | ft.

| R
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TABLE VIII (Continued)

'ENGR | CODED . , -

SYM. SYM SYMBOL DEFINITION OR USE RANGE UNITS

ZCGO Body Z component of orbiter C.G. location table ft.

iDA Downrange target velocity in local vertical 8,000 to| ft/sec.
coordinates for abort 18,000

ZF Z component of vehicle position in earth 10x102to ft.
inertial coordinates 18x10

iGA Downrange velocity to be gained in local 0 to ft/sec.
vertical coordinates for abort 10,000

ZLSE Z comp of radial to landing site in ‘earth fixed 10x102to ft
coordinates : 20x106

ZLSE Z comp. of radial to landing site in earth 10x106to ft
inertial coordinates 20x10

ZLSLV Z comp. of radial to landing site in local 0 to 106 ft
vertical coordinates '

ZLSP Z comp. of radial to landing site in platform 0 to 10°] ft
coordinates .

Z0 Position integration constant constant| ft

iO Velocity integration constant constant| ft/sec

ZREFO; Body Z component of orbiter jth engine centerline | Table ft.

iNP’ Platform Z-component of earth rotation at vehicle [0 to 2000 ft/sec

a Angle of attack ~-20 to deg.

150°
ay Angle of attack used to interrogate aero tables 0 to 60°| deg.
8 Angle of sideslip + 20° deg.
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TABLE VIII (Continued)

R ——

ENGR | CODED
SYM. SYM SYMBOL DEFINITION OR USE RANGE UNITS
.th . . .
Bp; i*" engine pitch angle +.25 rad
.th .

Byi i*" engine yaw angle +,2 rad

YR Relative flight path angle —Zgooto deg
150 g

0 Rotation about platform Y-axis -.2 to n| rad

é Rotation rate about platform Y-axis .3 rad/sec

5g Central angle for burn to abort target 0 to .5 rad

8¢ Central angle for coast after burnout 0 to .5 rad

8ca Central angle traversed 0 to .5 rad

8¢ Total central between vehicle and landing site 0to.5 rad

o Desired inertial pitch angle /2 rad

-§DM Body pitch rate desired manually + .3 rad/sec

Oep Body pitch attitude error 0 tg deg.
180

o, . Integration constant for 6 constant| rad.

9 Pilot's pitch angle -20° to deg.

P 180°

AcL Central angle of latitude to landing site 0 to .2 rad.

Acp Central angle of latitude from launch pad 0 to .3 rad.

A p Latitude of launch pad constant deg.
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TABLE VIII (Continued)

ENGR | CODED A _
SYM. SYM SYMBOL DEFINITION OR USE RANGE UNITS
M s Latitude of landing site table ~ deg.

Ay Latitude of vehicle 15° to deg.

45°

u Gravitational constant constant ft/3/sec2
0 Air density table |lbs/ft2

¢ Rotation about body X-axis dq rad.

$ Rotation rate about body X-axis .4 rad/sec
¢g Bank angle around vehicle velocity vector +180° deg.
dcL Central angle of longitudé to landing site -1 to -2| rad

¢CP Central angle of longitude from launch pad -1 to -2} rad

9 Desired inertial roll angle + o rad

0 “ A
Dy Body roll rate desired manually + .4 rad/sec
bR Body roll attitude error +180° deg.
oLp Longitude of launch pad constant deg.
s Longitude of landing site table . deg.

% Integration constant for ¢ constant rad.

¢p Pilot's roll angle +180° deg.

by Longitude of vehicle -60°oto | deg.

-85
) Rotation about Tine of nodes + /2 rad
$ Rotation rate about line of nodes + .4 rad/sec




¥

/

TABLE VIII (Continued) .
!

ENGR

3

CODED

SYM. SYM SYMBOL DEFINITION OR USE RANGE UNITS
Vp . Desired inertial yaw angle - + n/2 rad
¢DM Body yaw rate desired manually + .4 rad/sec
VeR Body yaw attitude error + 10 deg.
h Compass heading +180° deg.
Yo Ingegration constant for y constant} rad.
vp - Pilot's yaw angle + 90° deg.
YR Heading angle between projection of velocity £ 180° | deg.

_ vector and vector to target in local horizontal

‘. plane '

Bo Angglar: rotation rate of the earth constant 'rad/sec'
w X comp. of earth rotation in local vertical coord. 0 to ft/sec
w Y comp. of earth rotation in local vertical coord.} 0 to ft/sec
w Z comp. of earth rotation in local vertical coord.| 0 to ft/sec

elLVZ ~| 1500
Wy w_ expressed along platform X-axis 410 to 7.3] rad/sec

eX e ' i x10-5 o
w w_ expressed along platform Y-axis 0 to 7.3} rad/sec

ey € L x10"

w w_ expressed along platform Z-axis 0 to E,B rad/sec
el e C x10-
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APPENDIX B

MASTER PROGRAM

This Appendix provides the necessary data
to implement the master program. Contents
include initialization data, flow charts,

and symbol definitions.
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NAME
AMASCH
DTI
IES
ISEP
I8y

JBVCH

KC@AST
KGUID

KGUIDN

TABLE IX  INITIALIZATION VALUES FOR FUN
(MASTER CONTROL) SUBROUTINE

NOMENCLATURE

WEIGHT OF ORBITER LESS PROPELLANT
LIMITING TIME FOR TIME TO TARGET
ENGINE ON FLAG

SEPARATION FLAG

MAJOR LOOP COUNTER

MAJOR LOOP CUTOFF

ORBITER IN COASTING ‘FLIGHT
TERMINAL ENERGY STATE

PAST VALUE OF KGUID
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VALUE
TBD



FUN

{MASTER CONTROL

¥

)

READ:

KLPDR, KAUT, TABT

CALL ABGUID

CALL PBC
KGUILPN= KGUTD

KcgasT=)

CALL AT P2
(CONVE NTIZNAL)

‘KE Z

|

ES=0O
4 ke@asT=)

YES

| ISEP =1

t LES=0O

CALL AUTZPL
(TDEAL)

|

FLOW

LHAE

JuY= JYr+1

YES

T OFOR- ppsioR

56

NO
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TABLE X
SYMBOL DEFINITIONS FOR FUN (MASTER CONTROL) SUBROUTINE

CODED § ENGR. § SYMBOL DEFINITION OR USE - B UNITS
SYM. i sy, -

; Weight of drbiter less Propellant

} Present weight of vehicle % 1bs.

! Limiting time for time to target f sec

f Engine on flag; IES=1 E discrete

’ Separation flag; ISEP=1 Orbiter alone ~ é discrete
§ J

g apv

§ JoYCP
A KAUT

[ Minor Toop counter; 5 per second _ t unitless
| Major loop counter; one per second ; unitless
# Major loop cutoff ‘ { unitless

8 Autopilot control; KAUT=0 selects conventional § discrete
¥ autopilot during engines on mode of flight; ;

fj KAUT=1 selects ideal autopilot during all

{ phases of abort

: KCPAST i KCPAST=1; orbiter in coasting flight _ | discrete

} KGUID ?KGUID=1; orbiter has reached terminal energy vé discrete
§ state ’

b KeuIDN 8 past value of KGUID i discrete

§-xLpor { KLPDR=1; after abort the orbiter returns to |} discrete

¥ launch pad

d Ground elapsed time after Taunch

T'

| TABT :Time abort is desired

f TGAT | Time to reach guidance target
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APPENDIX C
ABORT GUIDANCE

The abort guidance is divided into three phases. These are targeting,
powered guidance, and unpowered guidance. Basic initialization values,
flow charts of the programs;, and symbol definitions for targeting and
powered guidance (targeting is called up by the powered guidance routine)
will be added as they are finalized. For tentative interface information
the reader is referred to sheet 3 of figure 1. Initialization values,
flow chart of the program, and symbol definitions are provided for the
unpowered gu1dance part of the abort process.
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\
TABLE XI

INITIALIZATION VALUES FOR
PBC (POST BURNOUT CONTROL)

%\SUBROUTINE

NAME NOMENCLATURE VALUE

III Control Flag : 0

PALPD3 Angle of attack rate limit 5

PALPD4 Angle of attack rate limit

PALPD5 Angle of attack rate limit .

PBAD Bank angle rate limit 10

PBIAS Flight Path angle rate limit 0

PDT Cycle time of PBC 1

_PGMAX(]) Normal acceleration limit _ 1.8

PGMAX(2) Normal acceleration limit _ 1.8

PHLIM A Altitude Timit 220,000

PHPB(1) Altitude-terminal energy state 150,000
(downrange)

PHPB(2) Altitude-terminal energy state 100,000
(return to launch site)

PTHEC | Body X-axis attitude 25

PVBA01 Desired bank angle ' 0

PVPB(1) Velocity-terminal energy state 7800
(downrange)

PVPB(2) Velocity-terminal energy state 1860
(return to launch site)

RAD Conversion-Radians to Degrees 57.29578

RADI Conversion-degrees to radians .01745329

SGRAV Acceleration due to gravity 32.17404
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START Pyc
(POST BURNOUY ¢onNTRoL)

PTY=T

TIrr=1
K= 1
SNUYES
KL PDOR=1 =2
WNOT

PVI = PVPB(K)? - 2 Lsezav][ H - PAPE(K)]

pvi= [PV‘]} i PVi= O

J

Pay= UYBPDL Ux TP + vyepea) [UxT P@]+ LYERELUXTPGY]

Q3= - 1
[ws [%rﬁ%} I PEETM]] + TAN[P6 AMRT TAN[PBETAI]

PVBAI= STN ’[03]
DFAB@ = [ DFAB(Y +DFA BN + DFAR(EY] >
PG ADV = DFAB(a)
Amv[356RAV]

PGAMRD = PGAMRI— PGAMRN
: PDT
PALPC= PTHEE — RAD[ PGAMRY ~PBLAS » P6AMRD)
PGAMRN = PLAMRI
ALPHA = ALPHAI{RAD]

&

FIGURE 3 FLOW ¢eHART FOoR POST BURNOUT CONTROL
PROGRAM
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1

!

Peaty > JYES

PEMAX2(K)

NO

;Pm_ Pe= ALPHA-PALPDS [POT]

YES

PALPC 770 PALPCL =S0O

No

YES
PALPC = 22 PALPC<2

No

H> YES
PH LT M

NOD

PALPC =50

-~

PALPD= PALPD3

- YES (T-P7Y) O
PALPD= PALPD4 | > s
NO

s

PQi= PALPC- ALPHA

"PALDI = ALPHA [RADI}+ r‘mwo[pau] RADL

PALDI= PALPC [RADT]

|Pat]
TParl =~\JYES
PALPD
No

PQI= PVBACI - PVEAL

Pveabi= PvBAl+.PBAD | PQL] RADL

Pat|

lPatl < \ o
PBAD[RADI]

:

FIGURE 3 cownt'D

PvgaDI= O
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VAQ)

VA (4)

YA (2
VA (4)

VALl
VA(4)
paac) = puitay[uxTr)]- PG [UxTPE)]
PQL(2) = pul(HLuxTP(N]=- Pui() [vxTPd)]
PQ2@3) = pur(n) {uxTr)]- Put(Z)[UXTP(I)]

Paz(4)= [PRae*+PQ2(2)*+ PR2(3)*] <

PUY (D) =
puil =

PO (3)=

puztd= Pa2 (1)
pP&a(a)y -
PU2(2) = PR2 (2)
POZ(4)
PU2@3) = PQRZ(3)
PA2(4)
pPuz(y =  PuI)[ P2 (D] - pui@ [Pr2@]
PLIR) = PLIYPL2(D] —PuI) L PU2(3)]
PU3Y = PuICH LPuz(2)]- Puic)[Pua()]
PLIG) Pucz) PUI(3) _
[Pu]: [Puzu) PU2(2) Puz(z)]
U3l  PLI) PU3(3)
i o | o
[PvBal= | o cos ( PYBADY) sru(Pver:)]
Lo -srw(eveap) ¢@s(PVBADI).
[ c@s(PALDY) o ~STN(PALDD
[Puac]= o ) o ]
| X n(PALDI) o) C@s(PALDI)

[Pa] = [pvea] [py]
[prue]= [pvan][ra]

GTHED = - TAN ' [Pue(1,3)
|PucCi, D

GpsTo= SIN [Puc(y2)]
GPHID= -TAN [Puc(s z)]

vede,e)

FIGURE 3 CconT'p
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- TABLE XII
SYMBOL DEFINITIONS FOR PBC
'(POST BURNOUT CONTROL) SUBROUTINE

Cooed | ) SYMBOL DEFINITION OR USE
SYM. :

§ aera | | ANGLE OF ATTACK | b DEGREES
ALPHAT | ANGLE OF ATTACK | | | RADIANS

g AT ; | TOTAL MASS OF VEHICLE | | Les

§ BETA | SIDESLIP ANGLE | | DEGREES

Y oFA8 ! FORCES DUE TO AERODYNAMICS IN BODY COORDINATES § LBS

| cPHID ] | INERTIAL ROLL ANGLE § RADIANS

§ GPSID | INERTIAL YAW ANGLE & RADIANS

§ ctiep | | INERTIAL PITCH ANGLE B b RADIANS

j ; | present vewrcLe atitupe - o . - Rt

| 111 . | 111=0 FOR FIRST PASS THRU PEC § DISCRETE

f K : § ARGUMENT OF VARIABLES; K=1 ABORT DONNRANGE :
‘ : j K=2 ABORT RETURN TO LAUNCH SITE. § DISCRETE

| KGUID ~ | PROGRAM TERMINATE FLAG | DISCRETE
| KLPOR ; ¥ KLPDR=1 FOR ABORT TO LAUNCH PAD B DISCRETE
| PALD] ‘ | ANGLE OF ATTACK COMMANDED BY PBC | rADIANS
| PALPC 3 | ANGLE OF ATTACK COMMANDED | » f DEG

{ PALPD | | ANGLE OF ATTACK RATE LIMIT ~ } pea/sEc

} PALPD3 ) f ANGLE OF ATTACK RATE LIMIT DURING INITIAL | DEG/SEC
| 15 SECONDS OF COAST

} pacros ANGLE OF ATTACK RATE LIMIT AFTER 15 SECONDS N DEG/SEC
' | OF CcoAST .

E PALPD5 ANGLE OF ATTACK RATE LIMIT WHEN NORMAL b DEG/SEC
‘ ACCELERATION IS GREATER THAN 1.8 GEES ’

PBAD | BANK ANGLE RATE LIMIT B
PBETA1 | SIDESLIP ANGLE | RADIANS

! pBIAS | FLIGHT PATH ANGLE RATE LIMIT b UNITLESS
PT POST-BURNOUT CYCLE TIME § SECONDS
PGADV AERO DECELERATION : | GEes

L PGAMRD FLIGHT PATH ANGLE RATE | RAD/SEC
PGAMRN PAST VALUE OF FLIGHT PATH ANGLE | RADIANS

| PaaMr PRESENT VALUE OF FLIGHT PATH ANGLE § RADIANS

| PamAx2(K) | LIMIT OF DECELERATION DUE TO AERODYNAMIC FORCESJ GEES

| PHLIM » | ALTITUDE LIMIT § FT
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{ Py

§ PUAL
{ PUBA
| PUC

f PU

| PU2
 pys3

| PvBACT
§ PVBADT
PVBA1
PVPB
PVI

Q3
RAD

.("
7.

SYMBOL DEFINITION OR USE

§ TERMINAL ALTITUDE CONSTRAINT

} PVC SCRATCH MATRIX

§ PVC SCRATCH VARIABLE

£ PVC SCRATCH VARIABLE

| BOUY X-AXIS ATTITUDE ANGLE COMMAND
| TIME AT BURNOUT

: TRANSFORMATION FROM BODY TO LOCAL VERTICAL
g COORDINATES

| MATRIX TO ROTATE THRU ANGLE OF ATTACK
§ MATRIX TO ROTATE THRU BANK ANGLE

§ TRANSFORMATION FROM LOCAL VERTICAL TO WIND
 AXIS COORDINATES

J X DIRECTION COSINES OF PU MATRIX
| Y DIRECTION COSINES OF PU MATRIX
§ Z DIRECTION COSINES OF PU MATRIX
| DESIRED BANK ANGLE

K ALLOWED BANK ANGLE

d PRESENT BANK ANGLE

I TERMINAL VELOCITY CONSTRAINT

E VELOCITY REMAINING TO BE GAINED UNTIL TERMINAL
{ ENERGY STATE IS REACHED

I PBC SCRATCH VARIABLE

| RaD=57.29578

Y RADI=.01745329

| ACCELERATION DUE TO GRAVITY=32.17404
f GROUND ELAPSED TIME

B UNIT VECTOR ALONG RADIAL TO VEHICLE

DIRECTION COSINES RELATING BODY Y AXIS TO
PLATFORM COORDINATES

§ INERTIAL VELOCITY VECTOR RELATIVE TO EARTH

64

UNITS

; DEGREES
d SEC
§ UNITLESS

¥ UNITLESS

I UNITLESS

b UNITLESS
f UNITLESS
¥ UNITLESS
# DEGREES
E RADIANS
{ RADIANS
d FT/SEC

§ FT/SEC

j DEG/RAD

k RAD/DEG
f FT/SEC2
SEC
UNITLESS

B UNITLESS
JFT/SEC




APPENDIX D
CONVENTIONAL AUTOPILOT

This Appendix provides necessary data to implement an autopilot which
controls engine gimbaling in a conventional manner. Contents include

initialization values, a set of gains, flow chart, and symbol
definitions.

pm
e R e
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NAME _
DEGO1
DEG10
DT
PHIGL
PSIGL
THEGL
THELST
TRIM

INITIALIZATION VALUES FOR AUTOP2
(CONVENTIONAL AUTOPILOT) SUBROUTINE

2
/

TABLE XIII

NOMENCLATURE

One degree
Ten degree
Cycle time
Past value
Past value

© Past value

constant

constant

of AUTOP2

of guidance roll angle
of guidance yaw angle
of guidance pitch angle

Negative of last body pitch error

Pitch trim angle

66

VALUE
1.745329E-2
1.745329E-1
2
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TABLE XIV - Conventional Autopilot Gains (w= 1.5)

PITCH YAW ROLL
IME PAO PA1 YAO YAT RAO RA1
ATTITUDE RATE ATTITUDE RATE ATTITUDE RATE
0 1.39 1.30 1.35 1.26 1.67 1.55
74 .319 1.05 1.05 1.02 1.49 1.39
140 .922 855 .968 .874 1.38 1.29
200 .737 .689 .720 668 | 1.20 1.12
215 737 .689 .720 .668 1.20 1.12
216 1.08 1.05 1.28 1.19 1.56 1.46
218 1.08 1.05 1.28 1.19 1.56 1.46
230 1.13 1.05 1.26 1.18 1.51 1.4
300 1.02 .954 1.15 1.07 1.23 1.15
430 871 797 933 870 781 729
Note: Gain table is for 161c delta wing orbiter.
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(e

ALTP P2

CONVENTTNAL AUTZ PILdID

GCIRP= GTHED-THEGL
GCIRY=6PSID-PSTIGL
GCIRR= GPHID-FHIGL
THEGL = GTHED
PsIGL= GPSID

PHIGLSGPHLD |

No CIRR >

e PEGH(]

YES

GeIRR= ¢ [DEGEI] [GPHrD

[GPHIDI

PHIGL = PHIGL [GCTIRR]

|

6CBRP= GCIRYLSIN(EPHD] +6CIRPL cas(EPDCAS(EPH]
GLBRY = 6CIRYLc@e(EPHTY] -6 TRP [cas(EpsT) STN(EPHT)]
GCERR= GCIRR+ GLIRPLSIN(EPSD] 7

”

YIERR=

PLERR= GTHED~-ETHETA

GPSID-— EPSL

RIERR= GPHID — EPHL

RIERR=-2m +RLERR

RLERR= 27 + RTERR

YES

<PLERR>Tr

FIGURE 4 FLow

PIE-RR=--2W+ PTERR

No

YES -
PIERRC-TY

NO

PIERR =21 + PIERR

~——y

e

YES
IEER>>—{YIERR:-ZW+\/IERR

AVUTOPLLOT PROGRAM

N
CHART FOR CoNVEWNTIONAL
JES
TERR<T ™

NB\L__-_>®~Q e im meed

YIERR=2M+YIERR
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7

PBENE =

PBERRA= PBERR

280 A ARA TR ¢

YBERRA=YBERR
RBERRA =REERR

ATy, ¢ PLLEP Leds(EPST) egs(EPHLY
YBERR= YIERR [ces( EPHD)] - PIERR [e@s(EPSI) STN(EPHL)]
REERK= RIERR T strzr{[smcepm]

pgerR = APDET [ D7]
YBERR= AYDET LD1]
RBERR = ARDET LDT]

|

No

| PBERR| > \ygs
I \z2lbeca]

- {|PBERR|

| PBERR = z[0E6OI] [Pezga:‘
R

|

YBERR = 2.5[0r6g1][ YBERR ]
, |YBERR],

YES
2,

YBERRI>
s [bEGYI) |

L

" No [IRBERR] > \ygs
2.5[pecei]

[RBER

| RBE RR‘Z.5[056¢J[KBE RR]
Rl

l

S
74\.

PCN =

TRIM= TRIM + [_- PGERR+ wn.u]

PBLAS= SETCGH+,2 [TRIM]

THELST=-PBERR

pA®[- PEEPR]+ PaIL EQB- GCBRR]

+PBLAS

YeN = Yap [YBERR]+ YAI[6CBRY-ERB]
RCN= RAZ [RBERRJ+ RAl (GCBRR-EPB]

YCN=DEGIo [YCN
YoN]

|

PcN = DEGIO[ PCN
‘ | PC N}

]

YES

FTGURE 2

€9

QenT'D




RCN= DEGIO|[ RN
\RCNJ| |

L

RCN = [oEeuo—|P¢ND[Eg__NJ
l

{RCN

No [PCNIT IRCN ves
[ > DEGIO 4

|

.>\I(‘

EBPUY= PCN +RCN
EBP(2) = PecN — ReN
EBP(3) = PeN
EBY(N= YeN
EB8Y)= YeN
EBY(3)= YCN + RCN

[> THE SIDE BY SIDE ENGINES WERE ASSIGNED
RS 1AND 2 IN A COUNTERCLOLKWISE
DIRECTION, THESE EQUATIONS HAVE NOT

NUMEBE

>

EXCT

BEEN TESTED oM .A THREE ENGINE
CONFIGURATION:

FIGURE 4 CoNT'D
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— S e

CODED
SYM.

APDET
| EBP(3)

P

EBY (3)

EPB
EPHI
EPSI
EQB
ERB

ETHETA

GCBRP

" GCBRR

GCBRY

GCIRP

GCIRR

GCIRY

GPHID
GPSID

GTHED
U
IMAN
J

PAC
PA1
PBERR
PoERRA
PLIAS
PCN

TABLE XV SYMBOL DEFINITIONS FOR AUTOP2
(CONVENTIONAL AUTOPILOT)

SUBROUTINE

ey

ENGR. SYMBOL DEFINITION OR USE
SY!H.

j HAND CONTROLLER PITCH RATE INPUT
| ENGINE GIMBAL PITCH AHGLE

| CIGINE GIMBAL YAW ANGLE

! BODY ROLL RATE |

| INERTIAL ROLL ANGLE

B INERTIAL YAW ANGLE

BOGY PITCH RATE

§BOLY YAW RATE

'INERTIAL PITCH AHGLE

B GUIDANCE PITCH ANGLE

! BODY COORDINATE DIFFERENCE IN PRESENT AND PAST

§ GUILANCE ROLL ANGLE

? BOCY COORDINATE DIFFERENCE IN PRESENT & PAST
# GUIDANCE YAW ANGLE

PLATFORM DIFFERENCE BETWEEN PRESENT AND PAST
k GUIDANCE PITCH ANGLE

§ PLATFORM DIFFERENCE BETWEEN PRESENT AND PAST
j GUIDANCE ROLL ANGLE

8 PLATFORM DIFFEREWCES BETWEEN PRESENT ANU PAST
B GUIDANCE YAW ANGLE

| INERTIAL ROLL ANGLE REQUESTED FROM GUIDANCE
§ INERTIAL YAW ANGLE REQUESTED FROM GUIDANCE

| INERTIAL PITCH ANGLE REQUESTED FROM GUIDANCE
{ AUTOPILOT PASS COUNTER

| CONTROL DISCRETE WHEN IN MANUAL MODE
§ PASS COUNTER
y PITCH ATTITUDE GAIN
PITCH RATL GAIN
| BODY PITCH ANGLE ERROR
§ VALUE OF BOUY PITCH ANGLE" ERROR FOR UISPLAY
 PITCH BIAS DUE TG £G OFFSET AND TRIM
g NEW TVC PITCH COMMAND

71

UNITS

j RAD/SEC
| RADIANS
RAGIANS
RAD/SEC
RADIAS
RADIANS
RAD/SEC
§  RAD/SEC
| RACIANS

§ BODY COORDINATE DIFFERENCE IN PRESENT AND PAST ?

RAQIANS
| RADIANS
| RADIANS
| RADIANS
RADIANS

RADIANS
RADIANS |
RADIANS

RADIANS

d UNITLESS
b UNITLESS

§ RADIANS
§ UNITLESS
} RADIANS
| RADIANS



- RAU
RA1
RBERR
RBERRA
RCN
RIERR
SETCGO

THEGL
THELST
TRIM
YAO
YAl
YBERR
YBERRA
YCN
YIERR

ENGR.

b sy,

J200Y ROLL ANGLE ERROR

TABLE XV SYMBOL DEFINITIONS FOR AUTOP2
(CONVENTIONAL AUTOPILOT)

SUBROUTINE (Continued)
SYMBOL DEFINITION OR USE

8 PAST VALUE OF GUIUANCE ROLL ANGLE
} INERTIAL PITCH ANGLE ERROR

§ PAST VALUE OF GUIDANCE YAW ANGLE
¥ ROLL ATTITUDE GAIN

EROLL RATE GAIN

J VALUE OF BODY ROLL ANGLE ERROR FOR DISPLAY
B VEW TVC ROLL COMMAND

§ INERTIAL ROLL ANGLE ERROR

| ANGLE BETWEEN BODY X AWD THRUST YECTOR AT LAUNCH

€

§ PAST VALUE OF GUIDANCE PITCH ANGLE

§ NEGATIVE OF LAST BODY PITCH ERROR

f PITCH TRIM ANGLE

§ YAW ATTITUDE GAIN

| YAW RATE GAIN

£ BODY YAW ANGLE ERROR | :

! VALUE OF BODY YAW ANGLE ERROR FOR DISPLAY
NEW TVC YAW COMMAND

k INERTIAL YAW ANGLE ERROR

72

| RADIANS

§ RADIANS

| RADIANS

§ UNITLESS
b UNITLESS
¥ RAGIANS

} RADIANS

§ PADIANS

RADIANS
RADIANS

RADIANS

d RADIANS

RADINAS

RADIANS
RADIANS
RADIANS
RADIANS



APPENDIX E
IDEAL AUTOPILOT PROGRAM

This Appendix provides necessary data to initialize the
Autopilot program. The program is divided into two
subroutines. The AUTOPI subroutine provides outputs
for engine gimbal angles and pseudo RCS moments. The
ACC subroutine is used to compute necessary angular
accelerations. Contents include initialization
constants, flow chart and symbol definitions.
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TABLE XVI INITIALIZATION VALUES;FOR AUTOPI (IDEAL AUTOPILOT) SUBROUTINE

NAME

ACCLIM
ACOMSM

AGAIN 1
AGAIN 2
AMAXGA
AMINGA
AMINOM

ANGLDB
ANGMAX

ANGMIN
ANOAER

ARATDB
ARATLM
AREVRS

NOENGO

NOMENCLATURE

Angular Acceleration limit

Constant for zero angular acceleration
commanded test

DESiRED ACCELERATION SYSTEM GAIN
Desired acceleration system gain
Upper Timit of AGAIN
Lower Timit of AGAIN

Minimum percent of desired rotational .
rate :

Angle deadband

Upper Timit of percent desired angle
change

Lower 1imit of percent desired angle
change

Percent of max acceleration allowable
with no air

Residual rate deadband
Maximum allowable rotational rate

Percent reversal of existing rota- .
tional rate

Number of Orbiter engines

VALUE

2.268928 E-1 rad/sec?

1.745329E-7 rad/sec?

0.9
0.7
1.3
0.35
0.99

1.745328E-5 rad
1.65

0.95
0.7

1.745329E-4 rad/sec
1.04719 E-1 rad/sec
1.20

3

* Values were suitable for B9U/161C cohfiguration. They may require

change for other configurations.
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TABLE XVII COMMUNICATION BETWEEN AUTOPI (IDEAL AUTOPILNT)
AND ACC SUBROUTINES

ARGUMENT LIST

AUTOPI ACC
PITCH YAW ROLL
ADPDES  ADYDES  ADRDES ADDES
ADINCP  ADINCY  ADINCR ADINC
ADPTAT ADYTAT ADRTAT ADT@T
ADPEND  ADYEND  ADREND ADEND
APMEGP  APMEGY  A@PMEGR » A@MEGA

AGAINP AGAINY AGAINR AGAIN

COMMON LIST

ACCLIM APRATE (5)
AC@MSM : ARATE (5)
ACTALP (5) ARATLM
ACTPAC §5) AREVRS
ACTRAC (5) ARRATE (5)
ACTYAC (5) AYRATE (5)
AGAINI IPITCH
AGAINZ IRESID
ALPHAC (5) IRALL
ALPHPI (5) - ISEP
ALPHRE (5) IYAW
ALPHYA (5) J

AMAXGA - P

AMINGA .

ANGMAX

ANGMIN

AN@AER
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ALTPPI
(IDEAL Auro Fregdr

LNE - Nc’l o]

ADYDES =GPSLD- EPSL

ADPDES=GTHED - ETHETA

ADRDES = GPHID ~EPHL

LLADRDES= - 217+ ADRDES

| ADREES= 2T+ ApFD:s

---NoTE THESE TESYS PROVIDE

RfoLL CONTROL WHEN NEAR
180°, THEY AAAY BE’
HOUSED TN GUIDANCE.

RORERR = ADRDES + ADPOES[SIN(EPSIT)]

FDPTZT= L3 APRT2T=0 3 3 AOYEND =0
ADYT(A’T- _)~ ADPEND o 5 ADRFNO =0
AOPERR = ROYOCS [SIN(EPHI]] + nopées [cosCePrI)) [cos@ELSI)]
ADYERR =RLYOES [Cos (EPHI)] —-RAOPOFS [s:a/(ﬁp,vz)] [cos(ePsI))

ROFOFS = ROFERR "y RLIMCP = RUFDH S —-E 38
RAOYDES =ROYERK 3y ROIN(Y = FOYOES —ERB

RAORDES = ADRERK t AOINCR = ROROES —£PR

. >
Y

APRATE (TT)=£§8
AYRATE(ZT)=ERB
ARRATEIT)EPB

F

ALFBET T T)= RPOET ~£58

ALPHYR(IT) =RYDET -ERR
AL PHRD (£3)=~ RROET-£PB IPI7CH=0
TIW=0;7/0LL =0
IRESID=0

el mrmerizr=o

IRESLL=/

ZPITCH=/
X __

( CALL ACC(ROPOES, ROTHCP, AOPTIZ, BOFEND. ,90M[€/,’/?5ﬂ]4//?)
[

! FTSURD 3 FLow conal eF
AN VORAL AU
L P UG KAA

76



9

ARCSPM =AY ()

Yes

ARCSEAM=0

ACORP=0 ; ACOBP=0

RCALMY(IT) =EMYY(IMTOT) [ALPHPIE D)) | D

,m

FL (1,D)=ELO,D
£L(82)=£LoeZ)

HBI=£L051)

Y

BCORP = RLORP+ ATENG () [L(Z,3) - £2 CE(AmTOT)] |. D
ACOBP =RCOBP -RTENG(I) [ EXCG (AMTOT)]

/5
Z >NE

Y£

O

RLOMPL =ACAL MYGD/ ((9conr)*+ (AcosPP)

ACOMPI = STGH (579999, ACONF)

J

ACOMP2=RCORP/ [(ACORPY*+ (ACOBR)*E
BBETAPIL)=-ASTN(ACONPI A ASIN(ACORFR)

Z=7/

ABPITC)=ABETAPED)

FTGUKRE 5§ CONT'D




ADYOES {
ING LDB,

—{ AL PHIATI)=0] 22

TRESLO=/

(cau Accaones, mnor, novos sosews someey, wearws) )

>

HZIZMZL/’J#MZZ(A;M/W/') Pnmzn] | [>

NO .
ARCS YM=ACALMZ(]) Q

YES

ARCSIM=0
ACORY=0; ACOBY=0

BCORY = RCORY ~ATENE(Z) [EL(2,2) - E¥C e famror)] CoS(RBETAPES) [>

ACOBY = HCOBY +ATENIZ) (L CE(AMIDT)]

ACOMY/|>
79

Ao

AComy = SIGN( 277773, neomyr)

4
Acomye = pcony/ [ (hcory)* + (4coby)? ]2
ABETRY (L) =ASTM(BLOMYI)+ RSINACOMNR)
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lelarnro@s)=o

/.
A° Aner 477 (13|
IRRTOE.
YES

ZROLL=/ .

(UL ACC oeses mozwes, morog pokews, pomeca, pintns))

ACAMKGD-Empramior) [ rupo )]

N\ sresem=acamniy ”

6 -~
RETURK ARCSIM=0

AFYMY(TD)=0; AFZMIED=0

Fa7

D=

f

AFYMHED)=AF 1k 1)+ RTEWE ) [EL(2,3)- £2C6(AmToT]}STH EBY(T))
AEEMILY = AN PIATENEQ(IEL GI-Erce )l (oS(EB Y (L))

ARRTIO=SICN(-1222 ARATIY)

AEETRR(IT) = RSIN(ARETIO)*.15

FIGURE & 2cNT'D



7

ABR@LLO) = ABETAR(IT)
ABRFLL(2)=~ABETAR(CY)
ABR@LL(3)= ABETAR(IY)

v

iz

he—

ABT@TP(I) = ABPI T(X)+ABROLL(T)

EBPLL)= ABTOTP(T) | | l>

EBY(T)= ABETAY(LI)

NO

RETURN

[> mese eevatious WERE DEVELOPED

FcR A SIDE 8Y SIDE Two CENGINE
CONFLGURATEON. THE EQUATIONS
HAVE NOT BEEN CHECKED Foe

VALIDIYY WITH A THEE’E ENGINE
CON FIGUIZATION

FIGURE 5§ CONT'D

-
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TABLE XVIII SYMBOL DEFINITION FOR AUTOPI (IDEAL AUTOPILOT) SUBROUTINE

CODED | ENGR. : .
SYM. SYM SYMBOL DEFINITION OR USE UNITS
?BgTAP Bp "Engine gimbal angle computed for pitch rad
5
?BgTAR -BR EngineAgimba] angle computed for roll rad
5 : : '
' ?BETAY BY Engine gimbal angle computed for yaw rad
e _ !
ABPIT 6p Pitch component of total pitch engine gimbal angle
(3) rad
ABROLL op Rol11 component of total pitch engine gimbal angle rad
(3) = ‘ '
ABTOTP | 67 - Total engine gimbal pitch angle rad
(3) S
QC?LMX MX Desired moment about X-body .axis ft-1bs
5
?C?LMY MY Desired moment about ¥-body axis " ft-1bs
ﬁC?LMZ MZ Desired moment about Z-body axis ft-1bs
5
ACOAP Ae Moment about Y-body axis due to forces in X-body direction ft-1bs
ACOAY Aw Moment about Z-body axis due to forces in X-body direction ft-1bs
ACOBP Be [Moment about Y-body axis due to forces in Z-body direction - ft~1bs
ACOBY Bw Moment about Z-body axis due to forces in Y-body direction ft-1bs
i 4 '
pCONPT | P Ratio of M to A + Bez:l unitless
pcoMP2 [P, [Ratio of Ay to A7+ Bez] unitless
L |
ACOMY 1 Y] Ratio of MZ to Aw + Bw ] unitless
L
2, .2 %
IACOMY 2 Y2 Ratio of A¢ to Aw + &b] unitless
ADINCP | ae Impending incremental pitch angle error due to p1tch rdte
on first pass rad
ADINCR | a¢ Impending incremental roll angle error due to roll rate on -
first pass rad
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* TABLE XVIII (Continued)

|

CODED | ENGR.
- SYM. SYM SYMBOL DEFINITION OR USE UNITS
ADINCY | ay "Impending incremental yaw angle error due to yaw rate on
- : first pass rad
ADPDES |- A8 Body pitch error . rad
ADPEND A8END Total pitch angle accumulated if the vehicle pitch rate is
_ stopped at the end of present minor cycle ‘rad
ADPERR OERR Desired body pitch angle change transformed from inertial
angles rad
ADPTOT 80107 Total pitch angle accumulated since the start of the major
cycle rad
- ADRDES Adp Body roll error rad
ADREND A¢E&D Total roll angle accumulated if the vehicle roll rate is
stopped at the end of present minor cycle " rad
ADRERR %ERR Desired body roll angle chahge transformed from inertial
S angles rad
ADRTOT 8107 Total roll angle accumulated since the start of the major :
cycle : : : : : rad
ADYDES | avp Body yaw error rad
ADYEND BYeND Total yaw angle accumulated if the vehicle yaw rate is
1 stopped at the end of present minor cycle rad
ADYERR YERR Desired body yaw angle change transformed from inertial :
angles rad
ADYTOT B1o1 Total yaw angle accumulated since the start of the major
cycle : : rad
?F;MX MX#Y Moment about X-body axis due to Y-body forces ft-1bs
5
‘?F%MX MXFZ Moment about X-body axis due to Z-body forces - ft-1bs
5 .
AGAINP | Gp Pitch acceleration system gain unitless
AGAINR | Gp Ro11 acceleration system gain unitlest
AGAINY GY Yaw acceleration system gain unitlesp
ALPHPIL | age~qy | Pitch angd]ar acceleration commanded rad/seczv

82



TABLE XVIII{Continued)

" CODED | ENGR.

SYM. SYM SYMBOL DEFINITION OR USE UNITS
ALPHRO %4 COM Rol11 angular acceleration commanded rad/%ecg_
'ALPHYAV %, COM | Yaw angular acceleration commanded rad/secz‘
AMTOT  |M Present vehicle weight slugs
ANGLDB | 6pps¥pg Angle deadband; 1.745329 E-5 rad

. ¢ :

JAOMEGP . | wp DB pesired pitch rotational rate rad/sec
AOMEGR up ‘Desired roll rotational rate rad/sec
AOMEGY | wy Desired yaw rotational rate rad/sec
APDET éDET Hand controller pitch rate input rad/sec
?P?ATE .éB Body pitch rate | rad/sec
(5 1.7 .

ARATDB | 6555 Residual rotational rate deadband rad/sec
DB | |
ARATIO | ARATIO | SIN of desired roll angle _qnit]ess

IARCSPM RCS pitch moment ft-1bs
ARCSRM RCS roll moment ft-1bs
ARCSYM RCS yaw moment ft-Tbs
ARDET | fggy | Hand controller roll rate input rad/sec
ARRATE |¢5 | Body roll rate rad/sec
(5) | :

ATENG T Engine thrust magnitude 1bs
(3) ,
CGRAV Acceleration due to gravity at sea level, 32,17404 'ft/sec2
AYDET .ioET “Hand controller yaw rate input _rad/sec
AYRATE &B | Body yaw rate rad/sec
(5)
58% GIM Engine gimbal pitch angle rad

3) v
%Bg‘ YBIM Engine gimbal yaw angle ‘rad

3 . :

EL EL Orbiter engine locations ft

(3, 3)

ELO ) ELO Orbiter engine locations ft ;
3,3 ' : [
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TABLE XVIII (Continued)

CODED | ~ENGR.
SYM. SYM SYMBOL DEFINITION OR USE UNITS
%MX§ Iyx ~ Moment of inertia about X-body axis s1ug-_ft2
(14 '
_ %MY§ -IVY Moment of inertia about Y-body axis s]ug-ft2
(14 :
. %MZ% .IZZ Moment of inertia about Z-body axis s]ug-ft2
14
EPB éE Body roll rate rad/sec
EPHI &E Inertial roll angle rad
EPSI Vg Inertial yaw angle rad
EQB | e Body pitch rate rad/sec
ERB @E Body yaw rate rad/sec
ETHETA | of ‘Inertial pitch angle rad
EXCG Xoe © | Body X ft
(14) CG CG
EYCG | Y Body Y ft
(14) CG cG ‘
E2CG Z Body Z ft
(14) CG ca _
GPHID g O Inertial roll angle requested from Guidance rad
GPSID g or Inertial yaw angle requested from Guidance "rad
‘ " _
GTHED og Or Inertial pitch angle requested from Guidance -raq
®
I I Do loop counter
IES IES Engine start flag discrete
IJ IJ Autopilot pass counter 1-5
IMAN IMAN Manual control flag discrete

84




t

TABLE XVl (Continued)

.

~

CODED | - ENGR. i
SYM. SYM SYMBOL DEFINITION OR USE © UNITS
: s
| IPITCH I¢ Pitch acce)ératioh calculation flag discreté
IRESID | Ip Residual rate calculation discrete
IROLL I¢ Ro11 acceleration calculation diécrete discrete
ISEP Iggp | Vehicle separation flag discrete
IYAW Iw Yaw acceleration ca1cu1&tibn flag dfscrete
J . J Pass counter 1-5
NE i Number of vehiclé engines
NbENGO 16 - Number of orbiter engines ip =3 i
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CSUBRIVIINE ACC(ADIES, ADINC, AOTHV, ADZND, AOMECAACATN) )

J?
/=

7S

FPITCH=1
~

YES

. - [ZF=7

- N0

ARRTEZ)=APRATE(L)
ALFHRCLZ)= ALPHAILE)
ACTALPZACTRACE)

ARATEZ)=HYRRTEX)
ALPHACE)=ALPHYAZ)
ACTRLPE)=ATIICE)

\arare @)=arearea)|
AL PHACEI= ALAYRAE)
ACTALPE)=ACTRACE)

ACMBX B= ANOAER [PCCLTM]
ACMAXO=ANORER [FECLIM] |

ACMAX B =ALCLIM
ACMAXO =ACCLIM

@

FICURE & FLOW CHFET OF FOC PROGR AL
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K POMESA = AOOES

O AomesA [ARATIM
ROMEGA = [_ _ ]
| AFOME GA)

_1

ACTH PEN= 5 [ARATE (10)-ARATE E 7+ 4)] ”05 S| ACTALP3)= S [ARATE (23) ~ARATE (2.7-1)]

RLPHRCE®D

ASATN=RSARINI

| AGATN = H6AII

A
ND A._(V'gncgm)\ yES

ACTALP(IT)
<0

1

ACTRA(TT)
L FET—)

AGRIN =

ASAIN = O. F

| AGRIN EAMING A NAGAIN = AMINGA

<

»

N

AGRIN:ALAING 1AGRIN = A6AINE

v Y

ALTOr = ADTOT + 0.5 [acrie pts)) [0.8)% + 0.2 [mrare(r=3]
J E

ADEND = APTOT + .1 [ARATE (27)] ‘

./E‘ )

(z AIEUE 6 cowTp
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ADDES< ©

|
ADEND<O

mo/ADPDES< O

A ADDE: >0

& PHACE)= -3 [areves]renrasd)

ARATE (L)
No >0

A1 -/T Y
vES AKALE)

ALPHA((X5)= S [RomE6A-AR nm(mjj

SMTACKYRIM Sk

®

N

88

ALPRAC (X} =
3[AsMEGA-ARATE (LY))
[

FIGIRE 6 (CUTR



(33
ARRNE(25) |
>
RATL

marim [ararecz .r)]

AKmAX =
|ARATEZ D))

ALENC@EI) = § [Aomnn-grareE)]

YES ALPHAC(ID No

>0
Y
YES /ALPNAQéI‘J)

£0
PHAL(IT =)
<0

RULIRAC 7)= AL PHAETY RS AIN

r

ALPHACED) = ALPHACED) [BsAIN]

=
ALPERCET) (A1 rx8] ALPHACEINACIAXO]
ALPHACET) = ALPHAC (12)= :
; &) lapraca ) - |ALPHAC @)

Y

FHLURE &  (ON7D
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AT H =/

MO

ALPRFI (Z)= ALPHAC(T)
ACTPRCE)= ACTRLP(T)

r

sI+/ l
/
2
.2 z- > 5 Y£S

.

: Pt
Yrs TYAW=] >

L{4

ALPHYA(T)= Rl PHAC @D
ACTYR @)= ACTALPE)

ALPHRO Q)= ALPHACD
ACTRAC(D= ACTARLFPE)

Otk

TRESTD=0

(C_RETURN )

evis 6 (Ohia.
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TABLE XIX SYMBOL DEFINITION FOR ACC SUBROUTINE
CODED | ENGR. <
SYM. | - SYM SYMBOL DEFINITION OR USE UNITS
ACCLIM [o 1 | Angular acceleration limit; 2.268928 E-1 rad/sect.
ACMAXB AMAXB Maximun orbiter plus tank angular acceleration rad/sec2
ACMAXO WMAXO Maximum orbiter angular acce]eratiOn'A rad/secz'
. ACOMSM % oM Constant for angular acceleration commanded equal to zero | 2
: ' test; 1.745329E-7 rad/sec
?C{ALP SCT Actual angular acceleration experienced rad/sec2
5) s
?C;PAC GencT Actual pitch-angular acce]eration!éxpe?iented" rad/sec2
5 o ,
?C;RAC S SACT Actual roll angular acceleration expérienced rad/sec2
5
?CiYAC %ACT Actual yaw angular acceleration experienced -rad/sec2
5 ~ | |
ADDES |4, Desired change in body angle (AGD, By A¢D) rad
-ADEND AEND Total angle accumulated (AeEND’ AwEND’ A%END) if vehicle
rate is stopped at tne end of the present minor cycle rad
ADINC |[& Impending incremental angle (Ae Ay , Ad ) due to body rate
on first pass . . _ rad
ADTOT ATOT Total angle accumulated (AeTOT’ AwTOT’ A¢TOT) since the
start of the major cycle rad
AGAIN |G ‘Desired or computed system gain (Gp, G s GY) unitless
AGAIN 11G, Desired acceleration system gain; 0.9 unitless
AGAIN 2 G2 Desired acceleration system géin; 0.7 unitless
A%Z@AC ®60M Angular acceleration commanded rad/sec2
A%P?PI 6COM Pitch angular acceleration commanded 'rad/secz
5
A%P%FO $COM' Rol11 angular acceleration commanded rad/sec2
5 :
A&%%YA $COM "Yaw angular acceleration commanded rad/sec2
AMAXGA Gyax ‘Upper limit of AGAIN; 1.3 unitless
| A o itless
Avinga | GMIN ‘Lower limit of AGAIN; 0.35 unit

91




t

~

FABLE x1x (Continued)

92

CODED | ~ ENGR. o
SYM. SYM SYMBOL DEFINITION OR USE UNITS

AMINOM Cw Minimum percent df desired rptationa] rate; 0.99 unitless
ANGMAX PcdﬁAX Upper limit of percent desired angle change; 1.05 unitless |
ANGMIN CAMIN Lower 1imit of percent desired angle éhange; 0.95‘_ unit1e§s
|ANOAER Cb Percent of max acgeleration with no aerodynamics ?.7 unitless
AOMEGA ?I Desired bpdy rotational rate (wp’ wes wY)i rad/sec
;(u;f)zATE A Body pitch rate 'i rad/sec
?E?TE Rotational rate (é, v, é) rad/sec
ARATLM i 1\ Angular rate limit; 1.04719 E-1 rad/sec
»AREVRS CAOS Percent reversal of existing-rotational'rate; 1.2? lunitless
ARMAX “MAX Maximum allowable rotational Eate “

?§§ATE $B Body rol1 rate rad/sec
?;?ATE ¢B' ! Body yaw rate féd/sgc

I I ' {Do loop counter

iJ IJ Autopilot pass counter

IPITCH ie Pitch acceleration ca]cu]ation'flag di5creté
IRESID I Residuai:rate calculation ! dfééréte'
IROLL I, Ro1l acceleration calculation discrete ldiscrete
ISEP ISEP Vehicle separation flag‘ : discrete
IYAW Iw Yaw acceleration calculation flag \ ' discrgte ‘
J J Pass counter B : | 1-5 ‘f

P P Atmospheric pressure ' ' o *i ‘

S






