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ABSTRACT

This report is submitted to the NASA Manned

Spacecraft Center by TRW Systems in partial fulfill-

ment of Task MSC/TRW A-97, contract NAS 9-4810.

The AS-204A Mission has been simulate don the MSC

Block I interpretive computer simulation using the

Apollo Guidance Computer (AGC) A-Release Program

Sunspot 247. The software tests have been analyzed

by TRW Systems and are summarized in this docu-

ment. The nominal AS-204A deorbit burn and entry

as defined by the " AS -2 04A Space craft 012 Reference

Trajectory" and four off-nominal entry cases com-

prise the major portion of the results withinthis doc-

ument.
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•1. INTRODUCTION

The purpose of the testing described within this document was to

provide MSC with added confidence in the AS-204 AGC program using an

independent simulation of the guidance computer and spacecraft environ-

ment, while providing useful experience in the application of an

independent verification capability at MSC, for later flights.

The performance of this independent verification testing is in

accordance with the MSC/TRW Task A-97 agreement.

The testing used the A-release and the B-release programs, but

the results contained within this document pertain only to the A-Release

program for Mission AS-204A.

This test results document supersedes the Preliminary Test

Results for Mission AS-204 (Reference 1) in that the information con-

tained within the preliminary results was obtained with several signifi-

cant errors within the Block I simulator, which have since been corrected.

The independent verification testing for AS-204A was based on the

test plan issued (Reference 2). However, a number of changes to the

planned tests have been made in performing the runs; for this reason,

this document contains a description of those tests performed.
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. ... 2. .: SUMMARY

The, simulation results obtained during independent verification test-

ing of the Mission AS-204 AGC flight program are summarized in this

section. These results must be qualified on two points. First, the scope

of the simulation results is considerably less than defined in the test plan

(Reference"''2) due to simulator and editor program development problems.

In using the Block I bit-by-bit simulation to perform testing on the AS-204

AGC flight'program, much effort was expended on isolating simulator

problems and rerunning test cases. In addition, development of editor

programs; which provide simulation results suitable for analysis was not

completed until late in the verification testing effort. This delayed com-

plete analysis of the simulation runs until that time. Second, the simu-

lation results presented in this document were obtained with errors in the

simulation of the spacecraft autopilot. These errors lead to inaccuracies

in the simulation results. However, the results are sufficiently meaning-

ful and valid to warrant presentation of the results.

The nominal AS-204A deorbit burn and entry as defined by the

"AS-204A Spacecraft 012 Reference Trajectory" (Reference 3) and four

.off-nominal entry cases comprise the major portion of the results described

within this document.

.; . • • - . The following;.is. a description of the re.sults of the nominal deorbit

burn and entry simulation. The simulation results have been compared

with an MIT nominal test run (Reference 4) for presentation in this docu-

ment. The MIT test run was not initialized with the state vector from the

MSC Spacecraft 012 Reference Trajectory and, therefore, the descriptions

made are limited to valid comparisons.

The targeting calculations for the nominal deorbit burn and entry test

run required approximately the same amount of flight time as the MIT

nominal run. Because of a difference in the initial state vectors between

the MIT run and the "nominal deorbit run, " the calculated times for igni-

tion of the service propulsion system (SPS) engine were different. The

predicted target miss for the state vector at entry interface determined by

the burn AV, and the calculated burn attitude was -5. 9 nautical miles.
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The ullage maneuver was initiated by the astronaut 17 seconds prior

to SPS ignition and was terminated two seconds after SPS ignition.

The torques exerted on the vehicle at SPS ignition due to the differ-

ence between the predicted center of gravity (c. g. ) offset and the actual

offset were minimal.

AGC operation in thrust vector control (TVC) was as expected. The

angular excursions during thrusting were small as illustrated by MIT's

run. The duration of the burn was consistent with the acceleration and the

total intended AV imparted to the spacecraft.

Command module/service module (CM/SM) separation attitude was

attained, and staging was performed as expected. The attitude rates at

separation were within the expected range.

The nominal entry profile was close to the expected trajectory. The

maximum acceleration on the spacecraft (SC) due to atmospheric lift was

4. 68 g's during the first pulse and 3. 95 g's during the second pulse. The

steering during final phase behaved as expected.

An engineering simulation has been performed from entry interface

(input data from nominal deorbit run) to splash using an N-stage program

developed under Task A-9. The results of this simulation closely parallel

the results of the Block I bit-by-bit simulation of the AGC. The appendixes

contain plotted results of both the bit-by-bit simulation and the engineering

simulation for the nominal AS-204A trajectory.

Three off-nominal entry runs were performed to determine the

effectiveness of the AGC adaption to overshoot and undershoot entry condi-

tions.

In the overshoot entry condition, the g-limiter logic was exercised.

The maximum acceleration .that the vehicle encountered was 11.92 g's. —

This is approximately 2 g's greater than the 10-g limit. The SC was

unable to steer to the intended target. The target miss was increased, in

payment for a,reduced acceleration loading. This increase in target miss

is caused by the lift vector up-roll command required to decrease the

acceleration load and, therefore, increases the down range translation

away from the intended target.
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'In the undershoot entry condition, which caused a 100-second

increase in flight time from entry interface to splash, the trajectory was

as expected. The maximum acceleration loading was 6. 54 g's. Steering

to the target was accomplished.

An off-nominal entry run was performed with a 200 percent increase

in c.: g. offset in the command module. The SC trajectory from entry inter-

face to splash was not significantly affected. However, the fuel consump-

tion was increased by 400 percent because of the excess steering required.

An off-nominal deorb.it burn run was performed. The SPS gimbal

trim setting was input 5 degrees from the actual SC c. g. position. An

initial torque was encountered of about 600 foot-pounds. This torque

created an attitude error and, therefore, a velocity error which the TVC

attempted to correct. The state vector errors with respect to the nominal

run at entry interface were 54, 400 feet in position and 66 feet per second

in velocity.

Additional minor test results were obtained:

1) A program alarm was exercised by creating a
stable member alignment sufficiently out of the
plane of the trajectory to approach gimbal lock.

2) A CDU fail alarm was exercised by creating an
error between the actual coupling display unit
(CDU) value and the desired CDU value which
was greater than the maximum allowable.

3) An error code (1405), "5 minutes to desired
ignition time, " was created when initiating P32
without sufficient time before the desired time
of ignition.

4) An error code (1411), "Target latitude exceeds
declination of orbit, " was exercised.

5) An error code (1426) "IMU orientation unsatis-
factory for entry, " was exercised.

In addition to numerical results, the AS-204A testing has provided

valuable data on the Block I simulator capabilities as well as deficiencies.

This information is valuable in that it is directly applicable to the Block

II development requirements. For instance, the reduction of data required
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for incorporation into this report requires organization of information and

hand calculations which can all be performed in a computerized editing

operation. The need for better tools within the simulator for debugging

problem areas has been illustrated during testing for AS-204A. The need

for a more direct communication with the environment for making para-

meter changes without starting from an input deck has been found. These

requirements should be incorporated into the Block II development.
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3. TEST DESCRIPTION

The purpose of the following is to describe the independent software

validation tests that were performed for the AS-204A Mission.

The scope of the AS-204A AGC software validation testing was to

exercise approximately one-third of the flight programs used in the

AS-204A Mission. The MSC Block I simulator provided the capability

for simulating three primary mission phases: 1) deorbit boost, 2) coast,

and 3) entry. Therefore,, the following programs were exercised during

the AS-204A independent software validation testing:

' POO ' -AGC Idling

P32 AGC Return-to-Earth Prethrust

P42 AGC Return-to-Earth Thrusting

P6l Maneuver to CM/SM Separation Attitude

P62 CM/SM Separation and Entry Attitude Maneuver

P63 Entry Initialization

P 6 4 [ Post 0 . 0 5 g . . ' ' . ' - ' " '

P67 Final Phase

3. 1 TEST CASES .

The following describes each of the independent software validation

test cases performed for the AS-204A Mission.

a) .Nominal Deorbit and Entry
(AS-204A1-02-019)

»'"" This nominal run was designed to provide a reference for
comparison with test runs including mission anomalies,
to provide an overall check of the program sequencing and
normal' operation, to verify the targeting capability of the
AGC, and to provide a means of initializing the flight
simulation at a point prior to entry interface for off-
nominal perturbations.

o .".This-test-case was initialized in the. pre-deorbit phase
'••.•-.-••V : prior to^the initiation of the Return-to-Earth Prethrusting
. • :,.-f-Program (P32).. The point of initialization was suffi-

•:.-.: •;.:- •••ciently early in the flight to allow the pretargeting calcu-
lations to be completed 5 minutes before SPS ignition.
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This nominal deorbit test run was continued through
the deorbit burn, CM/SM separation, and entry to
Mach 0. 5 (chute deployment) at which time the simu-
lation was automatically terminated.

b) Off-nominal Overshoot Entry Condition
(AS-204A1-20-003)

This off-nominal test case was performed to exercise
the entry steering capability of the command module.
A target location was specified by MSC as laying with-
in the entry footprint and, therefore, within the capa-
bility of the guidance system. A checkpoint during the
nominal run (AS-204A1-02-019) was employed to obtain
the nominal state vector at entry interface. The new
target location was input to the AGC. The movement
of the target, in effect, simulated a perturbation of the
initial state vector at entry interface.

For this case, the target location was moved to simulate
an overshoot condition at entry interface.

c) Off-nominal Undershoot Entry Condition
(AS-2 04A1-21-003)

This off-nominal case was designed to increase the
entry flight time by 100 seconds. For this case, the
target location was changed to simulate an undershoot
condition at entry interface. The target location was
specified by MSC. The nominal state vector at entry
interface was obtained using a checkpoint on the nomi-
nal run (AS-204A1-02-019).

d) Off-nominal Overshoot Entry g-Limiting Condition
(AS-204A1-22-003)

This off-nominal case was designed to exercise the
g-limiting logic within the AGC during an entry in an
extreme overshoot condition. The target location was
specified by MSC as laying outside'of the entry foot-
print. The nominal state vector at entry interface was
obtained using a checkpoint on the nominal run (AS-204A1-
02-019).

e) Off-nominal Entry With Command Module e.g. Offset
(AS-204Al-Oil-019)

This run was performed with an excessive c. g. offset
in the command module. The test run was initialized
immediately after the SPS deorbit burn as defined by
the RT. The test run was performed through the CM/
SM separation attitude maneuver, CM/SM separation,
the entry attitude maneuver, and entry. The nominal
target location was used.
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3. 2 INITIALIZATION

The source of the initialization values for the validation test runs

described in this document is the AS-204A RT (Reference 3). Many of

the values of the parameters in the simulation environment and the AGC

were not directly available in the RT, and for this reason, an initializa-

tion processor was developed (Reference 5).

With the aid of the initialization processor and information obtained

from the RT, all of the parameters in the environment and the AGC were

initialized at two places along the nominal (RT) trajectory: a) deorbit

prethrusting calculations, and b) coast to entry.

a)

b)

Nominal Deorbit and Entry Initialization
(AS-204A1-02-019

time

altitude

.latitude ,

longitude

inertial velocity

inertial flight-path angle

inertial azimuth

SC pitch

SC yaw

SC roll

target latitude

target Iongitude

1183745. 078 sec

643, 404. 50 ft

-11. 908873 deg

-174. 10010 deg

25, 561. 410 ft/sec

-0. 017717101 deg

59. 94442 deg

104. 53719 deg

-52. 883335 deg

74.400132 deg

30. 989641 deg

-54. 961656 deg

Off-nominal Entry With a CM c. g. Offset Initialization
fAS-204Al-01-019)

time

altitude

latitude

.longitude

inertial velocity

inertial flight-path angle

inertial azimuth

SC pitch

1184806. 094 sec

637,470. 75 ft

23. 922343 deg

-114. 37244 deg

25, 132. 091 ft/sec

-0. 79419087 deg

67. 812639 deg

-129. 44224 deg
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SC yaw 0. 71567174 deg

SC roll 178. 799999 deg

target latitude 30. 989641 deg

target longitude -54. 961656 deg

c. g, offset AX 0. 1 m

AY 0. 2 m

AZ 0. 3 m

c) Off-nominal Overshoot Entry Condition Initialization
(AS-204A1-20-003)

Checkpoint at entry interface on nominal run
(AS-204A1-02-019) with a new target location:

target latitude 30. 9000 deg

target longitude 59. 5000 deg

d) Off-nominal Undershoot Entry Condition Initialization
(AS-204A1-21-003)

Checkpoint at entry interface on nominal run
(AS-204A1-02-019) with a new target location:

target latitude 30. 5000 deg

target longitude 47. 7000 deg

e) Off-nominal Overshoot Entry g-Limiting Condition
Initialization (AS-204A1 - 22-003)

Checkpoint at entry interface on nominal run
(AS-204A1-02-019) with a new target location:

target latitude 32. 0000 deg

target longitude 65. 0000 deg

Appendix A contains the complete initialization as outlined in the

"User's Guide for Apollo Guidance Computer Block I Simulator, "

(Reference 6).

3. 3 MASS-PROPERTIES AND SIMULATION -VARIABLES - -

The AS-204A mass properties and simulation variables were defined

using the "Guidance and Navigation Operations Plan R-507" (Reference 7)

and the "AS-204A Data Specifications D" (Reference 8).

The data are described in TRW 66-7224-8" Data Variable Update for

AS-204A. "
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3. 4 ASTRONAUT INPUTS

Appendix B lists the astronaut inputs required for the AS-204A

simulation from the initiation of the Return-to-Earth Prethrusting Pro-

gram (P32) through entry to splash.
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4. TEST RESULTS . .

The following test results are presented in two forms. The test

results summary contains information pertaining to specific phases of

the mission (e. g. , the separation attitude maneuver). The time line re-

sults present data at discrete times throughout the mission (e. g. , time

of initiation separation attitude maneuver).

4. 1 NOMINAL DEORBIT AND ENTRY (AS-204A1-02-019)

Table 1 presents a nominal entry comparison for the AS-204A

mission.

Table 2 contains the test results summary for the nominal AS-204A

test run.

Table 3 contains the time line results for the nominal test run.

. ; . - . , The targeting calculations performed in program P32, AGC Return-

to-Earth Prethrust, required 1.18 seconds of flight time. The calculated

time of SPS ignition provided a predicted inertial velocity and flight-path

angle at entry interface. This condition at entry interface produces a

predicted target miss of -5. 9 nautical miles.

The simulation of the control system for the SC was not correctly

performed. An error in the units of the deadband within the simulator

coupled with an incorrect simulation of the logic in the autopilot, produced

an error in the SC attitude rates and fuel consumption for the stabilization

and'control system (SCS) and the command module reaction control system

(RCS). This error in the simulation of the control system will be reflected

in all of the test runs.

The attitude maneuver for the deorbit burn was performed correctly

in that the final attitude was correctly attained. However, the attitude

rates and the fuel consumption were incorrect, due to the errors defined

above. " • • • - ' • : .

The ullage maneuver was initiated 17 seconds prior to the SPS igni-

tion and was terminated 2 seconds after ignition. The AV imparted to the

vehicle was 9. 77 feet per second.
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At SPS ignition, the c. g. offset coincided with the SPS gimbal trim

settings, so there was a minimum torque exerted on the vehicle. The

angular excursions in pitch and yaw during the burn were 2. 24 degrees

and 0. 19 degrees, respectively. The AV of the SPS burn was 578 feet .

per second as intended. The SPS thrust was nominal, producing an ac-

celeration and burn time consistent with the AV of the burn.

The state vector after the burn differed from the RT by 18, 000

feet in position and 62 feet per second in velocity. The velocity error

was in the vertical direction toward the earth. Since the state vector

was different from the RT after the burn, this run was continued to

splash.

The separation attitude was attained correctly. The attitude rates

at CM/SM separation, even with the error in the autopilot, were less

than 0. 15 degrees per second.

The entry attitude maneuver after CM/SM separation was performed

with the autopilot simulation error. The AV imparted to the SC

from the non-coupled RCS attitude thrusters •was consistent with the

autopilot simulation error.

The predicted target miss at entrance into program P67 (Final

Phase) was approximately -130 nautical miles.

The maximum acceleration loading on the SC reached 4. 86 g's

and 3. 95 g's for the first and second pulses, respectively.

The environment target miss at Mach 0. 5 (chute deployment) was

45, 000 feet downrange and 60, 000 feet crossrange. The AGC state

vector error at splash was less than 12, 700 feet downrange and

22, 000 feet crossrange. The difference between the AGC and environ-
/ ment altitude at the same flight time (splash) was 33, 000 feet.

The nominal simulation run was compared with an MIT run No. 11

(Reference 4) and with a run using an engineering simulation of AS-204A

entry developed under MSC/TRW Task A-9. The results during entry

are compared in the following table. The entry profiles from entry

interface to splash compared favorably in the runs. In addition, the

steering commands in roll were very similar in their time profile.
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However, because of the autopilot simulation error in the bit-by-bit

simulation during the final entry phase, the attitude rates, fuel consumption

and steering accuracy are in error.

Table 1. AS-204A Nominal Entry Comparison

Parameter

Predicted target miss at en-
trance to P67

Maximum acceleration
(first pulse)

Maximum acceleration
(second pulse)

Environment downrange
target miss

Environment cross range

Bit-By-Bit

-130. 8 n mi

4.86 g

3 . 9 5 g .

43, 000 ft

60,000 ft

MIT

-137. 2 n mi

4.34 g

3.03 g

2 9 1 8 f t

1824 ft

Engineering

Not available

4. 09 g

2.91 g

8500 ft

4000 ft
target miss

AGC downrange
target miss estimate

AGG cross range
target miss estimate

12, 700 ft Not available Not available

22, 000 ft Not available Not available

Appendix C contains detailed computer plots of AGC and environ-

ment variables for the nominal deorbit run AS-204A1-02-019.

Appendix I contains the computer plots of the engineering simu-

lation for comparisoni The engineering simulation was initialized with

the nominal deorbit state vector from run AS-204A1-02-019 at entry

interface.
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Table 2. Test Results Summary, Nominal Deorbit Burn and Entry
(AS-204A1-02-019)

Targeting

Time of targeting initiation

Elapsed time required for
pretargeting calculations

Predicted time of ignition (g. e. t)

Predicted inertial flight-path
angle

Predicted target miss

Inertial velocity at entry

ICDU values before attitude
maneuver

Final desired ICDU values after
attitude maneuver

Attitude Maneuver for Deorbit Burn

Time of maneuver initiation

Total time of maneuver

Final ICDU values after maneuver

Angular excursions

Maximum angular rates

1183751.08 sec

118 sec

329 hr 7 min 1. 5 sec

-1. 81'deg

-5. 9 n mi

25,589 ft/sec

CDUX 80. 01 deg

CDUY 113. 53 deg

CDUZ 339.38 deg

CDUX +179. 33'deg

CDUY +189. 05 deg

CDUZ +359. 06 deg

1183941 sec g. e. t.

242 sec

CDUX +179.30 deg

CDUY+189. 00 deg

CDUZ -0. 39 deg

pitch 111.70 deg

yaw 46. 79 deg

roll 91. 08 deg

pitch „ 0..12 deg/sec

yaw 0. 75 deg/sec

roll 0. 15 deg/sec
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Table 2. Test Results Summary, Nominal Deorbit Burn and Entry
(AS-204A1-02-019) (Continued)

Deorbit SPS Burn

Time of SPS ignition

Delta velocity

SPS fuel expended

SPS tailoff .

Position deviation from RT (after
cutoff)

Velocity deviation from RT (after
cutoff) :

Angular excursions during steering in
TVC pitch

yaw

Burn time

Attitude Maneuver to CM/SM Separation Attitude

Time of maneuver initiation

Total time of maneuver

ICDU values before attitude maneuver

Final desired ICDU values

Final ICDU values achieved after the
maneuver

Angular excursions

Maximum angular rates

pitch

yaw

roll

pitch

yaw

roll

1184823. 1 sec

578 ft/sec

1383.367 Ib

0. 53 sec

18,850f t

61. 9 ft/sec

2. 24 deg

0. 19 deg

20. 50 sec

1184881. 09 sec

63 sec

CDUX 180. 86 deg

CDUY 185. 84 deg

CDUZ 1. 94 deg

CDUX 180. 60 deg

CDUY 18. 63 deg

CDUZ 0. 45 deg

CDUX 180. 66 deg

CDUY 18. 68 deg

CDUZ 0.49 deg

167. 19 deg

2. 09 deg

8. 53 deg

0. 15 deg/sec

0. 15 deg/sec

0. 12 deg/sec
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Table 2. Test Results Summary, Nominal Deorbit Burn and Entry
(AS-204A 1-02-019) (Continued)

CM/SM Separation

Time

Attitude

Attitude rates

Maneuver to Entry Attitude

Time of maneuver initiation

Total time of maneuver

ICDU values before maneuver

Final desired ICDU values

Final ICDU values achieved after
the maneuver

Inertial flight-path angle at completion
of maneuver

Inertial velocity

Inertial azimuth

Angular excursions

Maximum angle rates

AV imparted during maneuver

1184985. 09 sec

pitch 45. 65 deg

yaw 3. 81 deg

roll 187. 56 deg

pitch +0. 15 deg/sec

yaw -0. 15 deg/ sec

roll -0. 05 deg/sec

1184995.09 sec

110 sec

CDUX 188. 69 deg

CDUY 24. 94 deg

CDUZ 0. 62 deg

CDUX 359.38 deg

CDUY 173. 40 deg

CDUZ 0. 68 deg

CDUX 359. 20 deg

CDUY 173. 38 deg

CDUZ 0. 58 deg

-1.49137 deg

25339. 8 ft/sec

77. 6603 deg

pitch 85. 98 deg

yaw 3. 28 deg

roll 178. 53 deg

pitch 5. 16 deg/sec

yaw 1. 80 deg/sec

roll 8. 25 deg/sec

25.48 ft /sec
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Table 2. Test Results Summary, Nominal Deorbit Burn and Entry
(AS-204A1-02-019) (Continued)

Maximum g loading (first pulse) 4. 68 g

Maximum g loading (second pulse) 3. 95 g

Initial roll command 0. 01 deg

AGC predicted target miss at entrance
to final phase -130. 8 n mi

RCS fuel expended from entry interface
(400, 000 ft) to splash 66. 6 Ib

AGC predicted target miss at splash 0. 6 n mi

AGC state vector position misvs from .
.intended target , AX = 1 2 , 7 5 1 f t

.'.I J • ' . . - . . " . ' ' - . . AY = 3 3 , 706 f t

AZ = 27, 080 ft

AR = 42, 263 ft

Environment state vector position miss
from intended target ' '- AX = 33, 702 ft

• -." . . AY = 27, 269 ft

- AZ = 6 0 , 046 ft

AR =• 74, 060 ft

Target latitude . 30. 9896 deg

Target longitude -54. 9616 deg

Splash latitude 3 1. 1629 deg

Splash longitude -55. 1497 deg
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ĈO
o
ro
ro

•
PJ

-ro
PJ
PJ

'

ON
O

00
i'Nf

^H

ON
O
o

in
fN,

CO

NO

in
NO
fw

Ô^
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ô
H

00
CT"
O

^

sO

1

_
1-
CO
-O
COin
CT-

o
rj

[0

3
0)
cft

e
n

tr
y
 a

tt
it

u
d

e 
m

•o
W

8
0

8
8

6
8

0
6

9
0

o

'

o
00in
in
o
9s

CO

roi

v4

00
CO
CO
r-
m
vO

ro
m
o

i

in
in
rq
o*\
o
oo
o
CO

1
_
ro

ro
00

••t
in
sO

1

o
o^
rO
O
*o
rO
o
m
o

y 
in

te
rf

a
c
e

+j
£
W

0
5

7
8

3
6

5
4

9
0

^4

1

t-

00

in
ro
ro -
o
in
0

0
"tm
o
0o
o
o^
1H

1

r-
o
o
in
v4

m
CO
00-

•*
i

roin
o
•̂
•*
o

•
1

r-
vH

0
in
r-r-
vO

o*
•v

Qfl
in
o
CD

3
7

2
7

1
9

9
2

5
0

^
i

o-
cO
p»

COm
o
CO
ro
ro
^j

i

O

m̂

ro

o
o
•*M

1

rO
^«
ro

in
m

r-
sO

i

CO
vO

ro

rO

rO

i

NO
00

00

o

1̂

00
o
ro

O

7
0

0
0

9
0

5
4

6
2

o

^o

-H

rq
00

o^
o1

ro
r-
00

COo
r-
CO

o
0

rO
O

m
CO

rv]
rO

1

vO
in
cO

r-
ro
ro

r-
1

^
o
o
CO
o

ro

~

(0
(4
"a.

4-il



TJ

O

n
<u

0)

s

W
TJ

rH

O

<;
^f
0

to

S
O

R
at

e 
(d

e
g

/s
e
c
)

a)
vZ.

V
^i

i
A
u
£

(J
V
CO

*-*.
u
0)

£
W

1ol

bJ
0)

. ^^

rt
>*

V

JH

U

£

"̂
. o*
' 0)•o

=̂
OH

. 0
0

0
0

0
0

0
0

0

o

oo
o
oo
o
oo
0

o

o
o
o
0o
o
0
o
0

o

PJ .
in
PO
PO
PO
00
00

PJ

1

o
ON

p-
PO
in
•*'
o

ON "

PO

O
0

(

p-

. 
00

00
00

00
0

o

0
o
o
oo
oo
o
o
0

o
0o
o
o
oo
o
o
o

p-
o
PJ
PO
PO
00
CO

PJin
1

CO

O-

p-
PO
in

S

ON
in
PO

oo
t

V

. 
18

56
29

94
90

0

NO

NO

P-

00

o

0

NO

PJ
CO

PJm
IDo
-"
o

PJin
p-
PO
o
ON
O

NO

1

POo
in
PJ
PJ
NO

PJ

p-
O-
NO

0
00

in
NO

. 
16

35
87

97
49

o

V*
NO

P-

PJ

PN!

PJ

o

in
NO

00
PO
ON
PJ

PJ

~*

O
1

*
PO
o
ON

PO
NO

O
NO

^

PO
0
NOo
NO

PO
PJ

PO
PO

PJ
00

PO

p-
00

12
01

10
95

41

o

^4in
CO
CO

in
CO
NO

0

00

NO

PO
NO

p-
PO
PJ

•*<
0

1

o
PO
in
r-o
o
PO

V*

PO
PO

in
P-

"
PJ
PJ
PO

ON
O

PJ
COPJ

ĈO
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4. 2 OFF-NOMINAL OVERSHOOT ENTRY CONDITION (AS-204A1-20-003)

Table 4 contains the test results summary for the off-nominal

overshoot entry condition in which the target has been moved westward

within the target footprint boundary. The target location, defined by MSC

(Appendix H), was selected to be within the entry footprint and therefore

within the steering capability of the SC.

Table 5 contains the time line results for this off-nominal test

run.

The latitude and longitude of splashdown were defined as 30. 9 and

-59. 5 degrees, respectively. The nominal state vector (at entry interface)

for a latitude and longitude of 30. 989 and -54. 9616 degrees were employed

for this run. The maximum acceleration loading on the vehicle was 8. 44 g's.

The g-limiting logic was not exercised. The environment target miss was

approximately 35, 000 feet in cross range and 79, 000 feet down range.

Appendix D contains detailed computer plots of the AGC and environ-

ment variables for this test case AS-204A1 - 20-003.

Table 4. Test Results Summary; Off-nominal Overshoot
Condition (AS-204A1-20-003)

Entry

Maximum g loading (1st pulse) 8. 44 g

Maximum g loading (2nd pulse) Does not exist

Initial roll command -104. 38 deg

AGC predicted target miss at
entrance to final phase +110. 5 n mi

AGC predicted target miss at Mach
0. 5 or (~35, 000 feet) -0. 9 n mi

Target latitude 30. 9000 deg

Target longitude . -59. 5000 deg

Splash latitude 30. 990 deg

Splash longitude -59. 7186 deg
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în
o
00

m̂
00
00
co
in
NO
^H

CO

CO

f-
m
CO

00

m

PN!

9
rrt

CO
CO

£^"~"cD

CO A
rt u

i— i (^

4-24



rS
rt

03
OJ

rH
SO
ti

Q
U

0)a

in
0)

N
Ho

O
U

- ,-

-

H
O

g
Q
O

.X
H
O
O
nJ
Q
U

N
.'£>

Q
U

kfcj
r*

^'P
U

k^[_:

P
O

"fl
o

• rt
CO
CO

• H

u
CU
CO

•̂ ^
bl
V
3

o
CM
^_i
00
t^
r-

0
o .

^. .. o

. 00

u
CU
CO

01

2

NO

o
m
o
d

1

CU
co

tt
CU

'O

O . ' •

in
00
CM
CO
o
o

1

CM
NO
00

^— 1 ^*
bd m

-O co
— 4 CM

oo

CM
1

' O
, CM

NO

"on "*
CU 1 QN

~\ °
oo"
m

• -1

CM
00 .

_ | ^

"S3 °

N—J O

-- QN

' . Is- ,

' cu •
o ^^
Cll.t?

CU
ca
nt

S

<+H <U-
to CU
D m
4^

a °
•S 0

^o
i! °fi 0
w±

o
o
o
o
o
o
o
o
o
1 •
o

ĈM
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4. 3 OFF-NOMINAL UNDERSHOOT ENTRY CONDITION (AS- 204A1-21-003)

Table 6 contains the test results summary for an off-nominal under-

shoot entry condition in which the target was intended to lay within the

life support time limit boundary. The target was defined by MSC

(Appendix H) as latitude 30. 5 degrees and longitude -47. 7 degrees.

Table 7 contains the time line results for this off-nominal test run.

The maximum acceleration loading on the vehicle was 6. 54 g's.

The flight time from entry interface to Mach 0. 5 was 100 seconds greater

than nominal. The target miss was approximately 58, 500 feet crossrange

and 42,000 feet downrange.

Appendix E contains detailed computer plots of the AGC and environ-

ment variables for this test case AS-204A1-21-003.

Table 6. Test Results Summary; Off-nominal Undershoot Entry
Condition (AS-204A1-21-003)

Entry

Maximum g loading (1st pulse) 6. 54 g

Maximum g loading (2nd pulse) Does not exist

Initial roll command -15. 20 deg

AGC predicted target miss at +525. 7 n mi
entrance to final phase

AGC predicted target miss at -0. 9 n mi
Mach 0. 5

Target latitude 30. 5000 deg

Target longitude -47. 7000 deg

Splash latitude ' 30. 6623 deg

Splash longitude -47. 8148 deg
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în
o
m
ON

-

00
00
o

d

00
o
00
TH
CO
f-
00

•

^

0
9

7
3

6
0

ON
TH

oo'
CO

ON
CO
m
f
1
*-

co
•4-1

ro
on

•
00

a
aj
.4

CO
CO

£"

cfl O

W 2

4-32



to
0)

•(->
n)

Of!

S :
co
CU

i-H
QC

vl

03

P
U

(U
rt

0)

8

n)
H

N
H
O
P

Pu

S_j

H
O

g
P
o

rN
H
O
P

P
U

N

P̂
U

^H£1

P
[}
^

X

P
U

ao

M
is

s
i

_— ^
o1

ex
V

3

17
u
0}

'u
u
2.

*•••
u
V
01

M
4)
T)
^^

s

'»
++-'

J
^JU
-o

CU
to
n)

NO
• p-

NO

NO

O
CO
V]

r-
' vl

PJ
o
,

o

o
vl

^
CO
NO
m
CO
m
o
d
i

o
o
o
o
o
o
o
0
'O

d

' vl

CO
NO
CO
r-
in
CO,_,
p-

co

in
ON
CO

' vl

r-
in
o

•oo
in
•~

-*p-
NO

. ^

co
oo

d
. 00

• ' vl

. 4 )
. <-) — -

^ *o5
'ii

1°
.rt 0
. 0

v°C°
W±

CO
CO
PJ
p-
VI

.PJ
0
o
0
,

0
1

^
CO
V]

oo
r-
PJ

Tf

o
d
i

o
o
0
0
o
o
o
o
o
d

NO
r-
r-
o
PJ
p-
CO

^4
t

CO

p̂-
00
PJ
o
NO

.
p-
^*
~*

•*
f*"

NO
ON

CO
00

d
•00

V
. M

'ft
' 4^
• H

(0

&o
m
o
d

o
o
o
:o
o
o
o
0
o
,

o

PJ
p»
in
m
r-

NO
o
d

'

0
o
0
o
0
0
o
o
o
d

CO

^
PJ
*^*
CO
r-
•̂ H

t

CO

0-

N̂O
CO
in
00

,
m
^̂-i

•*
r-
NO
ON

CO
00

d
oo

oo
PJ
0

d

NO
.CO

o
.0

0
o
^*
,

o
1

ON
vl

o
o
o
o
in
VI

d
i

ĈO
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4. 4 OFF-NOMINAL OVERSHOOT ENTRY g-LIMITING CONDITION
(AS-204A1-22-003)

Table 8 contains the test results summary for the off-nominal

extreme overshoot entry condition. This test was intended to exercise the

g-limiting capability within the AGC. The target location was defined by

MSC (Appendix H) as latitude +32. 0 degrees and longitude -65. 0 degrees.

Table 9 contains the time line results for this off-nominal test run.

The g-limiter logic was exercised for this test case. The maximum

acceleration loading experienced was 11. 92 g's. This is approximately 2 g's

greater than the intended limit of 10 g's.

The spacecraft was unable to steer to the intended target. The

target miss of 55, 000 feet crossrange and 1, 500,000 feet downrange

was payment for a reduced acceleration loading. In order to have reduced

the acceleration, a "heads-up" roll command was issued. This roll com-

mand reduced the acceleration, but increased the downrange translation

away from the intended target.

Appendix F contains detailed computer plots of the AGC and environ-

ment variables for this test case AS-204A1 - 22-003.

Table 8. Test Results Summary; Off-nominal Overshoot g-Limiting
Condition (AS-204A1 -22-003)

Entry

Maximum g loading (1st pulse) 11. 92 g

Maximum g loading (2nd pulse) 8. 00 g

Initial roll command 179. 99 deg

AGC predicted target miss at entrance to -424. 0 n mi
final phase

AGC predicted target miss at Mach 0. 5 -223. 7 n mi

Target latitude 32. 0000 deg

Target longitude -65. 0000 deg

Splash latitude 31.8511 deg

Splash longitude -60. 8294 deg
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â
^ ;
-4->
ffl

/•»

ft

•!-i '

H
0

O
0)

•
<u

4-»
cs
[ *

co
U
O
<
oT
d

•r-l
J

0)

a
L_i
c^

*
0

(T-
AS
SU

i-H
rO

flj

H

aj
S «
3 *>
4J CO
rt ""••••.

i-H •«->&£
N

>

H0 g•I i ***y? co
n) ---
i-H *»

CniS-

>
>

•* 00 CO
o r^ m o

« • • *H

r^ so t~- .
vO co m co
co CT^ in vD
•^ f̂  oo î
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î

o

•**
Is-
o
o
•* '

CU
en
n)
J3
C^
g

O
•r*
U)
to
•H

2

CU
o . — .

h CU

•H O

>,"

'+• 0

m
00

M

în
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ÔN
r-
00
TH

t-
T-l

CO
•Nt

M

DO
CM
O

0*

•*-t
^H

[N-

CM
O
r--
m

•*
m
T-I

CO
<*
•*
CM
O^
t^-
CM
00

•o
00

o
oo
o
oo
oo
•*
o
OO

•
vfl
Nl"

NO

'

ON
TH

NO

m
oo
NO

NO

•
00
O
m

ti
cd
£
4->

CO
CO ^^

^m

i?0'
co 43
fd u .
"o rt
OUs l̂
W ^

4-43



4. 5 PLOTTED TEST RESULTS

Appendix C contains the plotted results of the nominal deorbit burn

and entry for the AS-204A reference trajectory initialization. These

results contain AGC and environment parameter plots.

Appendixes D, E, and F contain the plotted results of the off-

nominal overshoot entry condition (within the entry footprint), the under-

shoot entry condition (inside the entry footprint), the g-limiting overshoot

entry condition (outside of the entry footprint), respectively.

Appendix G contains the plotted results of the off-nominal command

module c. g. offset during entry.

Appendix I contains the plotted results of the nominal entry case

using the engineering simulation developed under Task A-9.

4. 6 ADDITIONAL TEST RESULTS

The following results were obtained during testing which were not

described or required in the test plan (Reference 1).

a) Program Alarm

In the event the stable member should be aligned during

entry with the X /Z plane out of the trajectory planesm sm
more than ±20 degrees, a program alarm is displayed.

This function was simulated, and the program alarm was

correctly displayed.

b) CPU Fail

An error between the actual CDU value and the initial

desired CDU value was initialized creating an error greater

than the maximum allowable, and a CDU Fail was correctly

displayed.

c) Error Codes

1) The deorbit burn nominal run was initialized at a time

that would not allow the completion of the targeting cal-

culations before the message, "5 minutes to desired

ignition time. " The Noun 31 error code 1405 was cor-

rectly displayed.
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2) A target latitude which exceeded the declination of the

orbit was input correctly causing a Noun 31 error code

1411, message "target latitude exceeds declination of

orbit. "

3) A stable member misalignment during entry correctly

caused a Noun 31 error code 1426, message "IMU

orientation unsatisfactory for entry. "

d) Command Module c. g. Offset

A simulation run was made with a large c. g. offset (200 per-

cent greater than nominal) in the command module during

entry. The offset was as follows:

AX = 0. 1 m

AY = 0. 2 m

AZ = 0. 3 m

The run results showed little difference in the trajectory.

However, the final phase steering was considerably affected.

Table 10 illustrates the fuel consumption as opposed to the

nominal consumption. (These should only be considered to

be qualitative results because of the inaccuracies in the

simulation of the CM RCS. ) Appendix G contains plots

illustrating the excess steering created by the c. g. offset.

Of particular interest are the graphs of ROL.LC versus time

and TFUEL versus time.

e) Service Module SPS Gimbal Trim Setting

Prior to entrance into program 32, for the deorbit burn cal-

culations, the values of the pitch and yaw trim settings for

the SPS engine are required as inputs for targeting calcula-

tions. A simulation run was made starting with the nominal

deorbit burn and entry initial conditions and with a SC Y-axis

c. g. offset error causing an effective error of 5 degrees in

the nominal pitch trim setting. An initial torque of 599. 6

foot-pounds was placed on the SC due to the incorrect trim
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, setting. The following position and velocity errors were

recorded with respect to the nominal at entry interface

(400, 000-foot altitude):

AX = +45, 606 ft

AY = -30,284 ft

AZ = - 6,493 ft

AX = +44. 742 ft/sec

AY = +44.707 ft/sec

AZ = +21.907 ft/sec

f) REFSMMAT Error

A simulation run was made with an error in the reference

inertial to stable member transformation matrix (REFSMMAT)

in the AGC erasable memory. The matrix was non-

orthonormal to the extent that the value of the determinant

of the matrix was 0. 99727 and the dot product of two columns

of the matrix was as large as 0. 009529.

The results of the simulation run show that an error in the

AGC state vector position, increasing at 300 feet per second,

occurs.
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Table 10. Fuel Consumption for Command Module c. g. Offset

Nominal RCS Fuel RCS Fuel Consumption
Phase Consumption (Ib) with c. g. Offset (ft)

CM/SM separation to entry 48. 84 54. 34
attitude maneuver

Attitude hold until entry 11.48 14.24
interface (400, 000 feet)

Entry interface to start 8.69 35.40
of final phase steering
(257, 000 feet)

Final phase steering to 57.97 269.37
splash (35, 000 feet)
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APPENDIX A

AS-204A REFERENCE TRAJECTORY INITIALIZATION



NOMINAL DEORBIT AND ENTRY INITIALIZATION

(AS-204A1-02-019)

*N1 = 10,

*N2 = II,

*N3 = A, J1=HMS3B204A,

* J2=H00020019,

* J3=HOOOOOOOO,

* J4=H NONEF,

*N4=H11/02/66,

*N6=IO,

*N7=IO,

*N8=IO,

*N9=IO$

*N1 = I1966,

*N2=D24803345. 078,

*N3 = I1967,

*N4=DO. 0,

*N5=O6740300540317.

*N6=O04240,

*N7=Af J1=D4474616. 8,

* J2=D-4622773. 3,

* J3=D-1348018. 6,

* J4=D5400. 3237,

* J5=D4H6. 8428,

* J6=D3819. 6692F,

*N8=DO. 05,
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*N9=DQ. 01,

• *N10=D2,

*N12=D20,

*N14=DO. 0,

*N15=D2. 0,

*N18=DO. 0,

*N19=A, J1=DO. 0,

* J2=DO. 0,

* J3=DO. OF,

*N22~A, Ji^DSO. 015238,

* J2=D 114* 54109,

* J3=D-20. 622714F,

*N23=A, J1=D26. 63,

* J2-D-138. 07,

* J3=D57. 38F,

*N24=A, J1=DO. 0,

'* J2=DO. 0,

* J3=DO. OF,

*N25=A, Jl^DO. 0,

* J2=DO, 0,

* J3=DO. OF,

*N26=D. 0025,

*N27=D11739

*N28=D5240. 9,
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* J2=DO. 0, 

* J3=DO. 0, 

JI 
-4% J4=DO. OF, 

N30=A, JI=D281. I* 

$ J2=D0. 0, 

.b 

.I\ J3=DO. 0, 

4. 
'0 J4=DO. O F ,  

'kN3 2=A, J l=DO. 0, 

$ J2=DO, 0, 

::: J3=DO. 0, 

*N3 3 =A, J I =D 0.0, 

e .I. -,. J2=DO. 0, 

::: J3=DO. OF, 

*N34=A, Ji=DO. 0, 

* J2=DO. OI 

::: J3=DO. OF, 

<+?35=D0. 01 15, 

"N36=A, J1=D 104.53719, 

* J2=D-52, 883335, 

$ J3=D74.400 132F, 

*N38=DO. 0, 

;%N3 9=D0. 0, 

'%N40=DO. 0, 

'kN4 l=D 0, 0, 

:kN42=A, JI=DO. 0, 

.I- -,. J2=DO. 0, 



* J3=DO. OF,

*N43=D 10000. 0,

*N44=D 1. 0,

*N45=I5,

*N46=I1.

*N47=I1,

*N48=I1,

*N49=IO,

*N58=I3$

$REQ+ A

$REQ+ S

$REQ+ S

$REQ+ S

$REQ+ S

$REQ+ S

$REQ+ S

$REQ+ S

$REQ+ S

$REQ+ S

$REQ+ S

$REQ+ S

$REQ+ S

$REQ+ S

$REQ+ S

$REQ+ S

$REQ+ S

$REQ+ S

000756

SLAP1 + 0

ADVAN + 0

PIPTIME + 0

TIME 2 + 0

TE + 0

TET + 0

AXO + 0

AYO + 0

DELTAV + 0

DELTAV + 2

DELTAV + 4

NUV + 0

NUV + 2

NUV + 4

REFVRECT + 0

REFVRECT + 2

REFVRECT + 4

•

DEC 200

START

ADVAN

DDEC 118374508

DDEC 118374508

DDEC 118374508

DDEC 118374508

DDEC . 00003271354

DDEC -.00005009514

DDEC 0

DDEC 0

DDEC 0

DDEC 0

DDEC 0

DDEC 0

DDEC . 54743098

DDEC .41732448

DDEC .38719999

A-4

B-8



$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

REFVCV + 0

REFVCV + 2

REFVCV + 4

REFRRECT + 0

REFRRECT + 2

REFRRECT + 4

REFRCV + 0

REFRCV + 2

REFRCV + 4

RRECT + 2

VRECT + 2

RRECT + 0

RRECT + 4

VRECT + 0

VRECT + 4

TDELTAV + 0

TDELTAV + 4

TDELTAV + 2

TNUV + 0

TNUV + 2

TNUV + 4

RCV + 0

RCV + 2

RCV + 4

VCV + 0

VCV + 2

VCV + 4

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

A-5

. 54743098

. 41732448

. 38719999

4474. 6168

-4622. 773

-1348. 0186

4474. 6168

-4622.7733

-1348. 0186

-4622.7733

. 41732448

4474. 6168

-1348. 0186

. 54743098

. 38719999

0

0

0

0

0

0

4474. 6168

-4622. 7733

-1348. 0186

. 54743098

.41732448

. 387199999

B-14

B-14

B-14

B-14

B-14

B-14

B-14

B-14

B-14

B-14

B-14

. B-14



$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

TC + 0

XKEP + 0

TEMPLAT + 0

TEMPLAT + 2

TEMPLAT + 4

TEPHEM + 0

TEPHEM +1

TEPHEM + 2

ALT (SPL) -f 0

AZO + 0

REFTCV + 0

REFXKEP + 0

TTHRESH + 0

LAT (SPL) + 0

LNG (SPL) + 0

DVIMP + 0

CGY + 0

CGZ + 0

TDECAY + 0

GBIASX + 0

ADIAX -f 0

ADSRAX + 0

PBIASX + 0

PIPASCFX + 0

GBIASX + 1

ADIAX + 1

DDEC

DDEC

DDEC

DDEC

DDEC

OCT

OCT

OCT

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DEC "

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

0

0

.086083333

-. 15266667

0. 0

C00002

C37111

C14100

0. 0

-.01014875

0

0

118452500

+. 086083333

-. 152666667

1.76022163 B-7

-. 00288888 B + l

. 0009275 B + l

-53

0

0

0

0

0

0

0

A-6



$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQf

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

SREQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

ADSRAX + 1

PBIASX + 2

PIPASCFX + 2

GBIASX + 2

ADIAX + 2

ADSRAX + 2

PBIASX + 4

PIPASCFX + 4

UNITWREF + 4

UNITWREF + 5

PIP AX + 0

PIPAY + 0

PIPAZ + 0

SWINIT + 1

CDUX + 0

CDUY + 0

CDUZ + 0

THETAD + 0

THETAD + 1

THETAD + 2

REFSMMAT + 0

REFSMMAT + 2

REFSMMAT + 4

REFSMMAT + 6

REFSMMAT + 10

REFSMMAT + 12

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

OCT

OCT

OCT

OCT

OCT

OCT

OCT

OCT

OCT

OCT

'OCT

OCT

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

0

0

0

0

0

0

0

0

C37777

C37777

CO

CO

CO

C05220

C16163

C24271

C74253

C16163

C24271

C74253

-. 39469591793

+. 84226427923

+. 36715938759

+. 24598578639

+.48188064760

-. 84100061374

B-l

B-l

B-l

B-l

B-l

B-l
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$REQ-h S REFSMMAT + 14 DDEC -.88527177946 B-l

$REQ+ S REFSMMAT + 16 DDEC -.24162351865 B-i

$REQ+ S REFSMMAT + 20 DDEC -.39738136603. B 1

$REPORT +NEXTTYPE = 03

$/

$/ . .
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OFF-NOMINAL ENTRY WITH CG OFFSET INITIALIZATION

(AS-204A1-01-019)

*N1=IO,

*N3=A, J1=HMS3B204A,

* J2=H0001002i,

* J3 = HOOOOOOOO,

* J4=H NONEF,

#N4=Hll/03/66,

*N6=IO,

*N7=IO,

*N8=IO,

#N9=IO$

*N1=I1966,

*N2=D24804406. 09,

*N3=I1967,

*N4=DO. 0,

*N5 = O4700300551757,

*N6=O04240,

*N7=A, J1=D5709462. 355,

* J2=D1880219. 803,

* J3=D2649231. 107,

* J4=D-3418. 72582,

* J5=D6341. 22408,

* J6=D2604. 04259F,

*N8=DO. 05,
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*N9=DO. 01, 

*N10=D2, 

* N i l  =D2, 

*N12=D20, 

*NI4=DO. 0, 

*N15=D2. 0, 

*N1 8=DO. 0, 

*NI 9=A, J1 =DO. 1, 

* J2=DO. 2 ,  

* J3=DO. 3 F ,  

*N2 1 =I4, 

*N22=A, J i=D179.  3833599, 

* J2=D- 162.30363, 

* J3=Di .  253765699F, 

*N23=A, J 1  =D26. 630000, 

.I. 
Tp J2=D-138. 07, 

* J3=D57. 38F ,  

*N24=A, Jl=DO, 0, 

* J2=DO. 0, 

+ J3=DO. OF, 

*N25=A, J 1  =DO. 0, 

* J2=DO. 0, 

* J3=DO. O F ,  

*N2 6=D. 002 5 ,  

*N27=D11207.00, 

*N2 8=D5240. 9, 

*N2 9=A, J1 =Dl  44. 747, 



* J2=DO. 0,

* J3=DO. 0,

* J4=DO.OF,

#N30=A, J1=D271. 80,

* . J2=DO. 0,

* J3=DO. 0,

* J4=DO.OF,

#N32=A, JUDO. 0,

* J2=DO. 0,

* J3=DO. OF,

*N33=A, J i=DO.O,

* J2 = DO. 0,

* J3=DO. OF,

#N34=A, J1=DO. 0,

* J2=DO.O,

* J3=DO. OF,

*N35=DO. 0115,

*N36=A, J1=D-129. 44224,

* J2=D.7156717458,

* J3=D178. 7999994F,

*N37=A, Jl=D-4. 672144296,

* J2=D-108. 7807749,

* J3=D67. 63745743F,

*N38=DO. 0,

*N39=DO. 0,

*N40=DO. 0,

*N41=DO. 0,
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*N42=A,

*

*

J1=DO

J2=DO

. o,

. 0,

J3=DO. OF,

*N43=D100000.

*N44=D1.

*N45=I5,

*N46=I1,

*N47=IO,

*N48=I1,

*N49=IO,

*N58=I4$

,$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

0,

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

0,

SLAP1

AD VAN

STARTSW

ESTART

SLAP 1

DVSELECT

AVEGEXIT

ENDREENS

ENDREENS

ENDREENS

ENDREENS

ENDREENS

ENDREENS

ENDREENS

MODREG

SWINIT

+0 START

+0 ADVAN

+ 0 TC

+2 CADR

+4 XCH

+0 CADR

+0 CADR

+ 0 TC

+ 1 OCT

+2 INDEX

+ 3 CAF

+4 TC

+5 CADR

+ 6 TC

+ 0 OCT

+ 1 OCT

A-12

ESTART

ENDREENS

A

DVEXIT

SERVEXIT

PHASCHNG

C00105

INHENT

100DEC

WAITLIST

READACCS

ENDOFJOB

C00042

C O l O O i



$REQf

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REO>

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REO>

$REQ+

$REQ+

$REQ+

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

A

S

S

S

S

S

S

S

S

A

S

S

PIP AX

PIPAY

PIPAZ

GBIASX

GBIASX

GBIASX

ADIAX

ADIAX

ADIAX

ADSRAX

ADSRAX

PBIASX

PBIASX

PBIASX

TIME 2

000756

CDUX

CDUY

CDUZ

THE TAD

THETAD

THETAD

ROLLC

K1ROLL

001132

AXO

AYO

+ 0

-1-0

+ 0

+ 0

+ 1

+2

+ 0

+ 1

+2

+ 0

+2

+ 0

+2

+4

+ 0

+ 0

+ 0

+ 0

+ 0

+1

+2

+ 0

+ 0

+ 0

+ 0

OCT

OCT

OCT

DEC

DEC

DEC

DEC

DEC

DEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DEC

OCT

OCT

OCT

OCT

OCT

OCT

DDEC

DEC

DDEC

DDEC

DDEC

A-13

COOOOO

cooooo

COOOOO

0. 0

0. 0

0. 0

0. 0

0. 0

0. 0

0. 0

0. 0

0. 0

0. 0

0. 0

+118480609

200 B-8

C37710

C43113

C02165

C37710

C43113

C02165

.5- .

0. 0

0. 0

. 00003271354

-. 00005009514



$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

UNITWREF

UNITWREF

UNITW

UNITW

UNITW

RN

RN

RN

VN

VN

VN

UNITR

UNITR

UNITR

GDT

GDT

GDT

AZO

TEPHEM

TEPHEM

TEPHEM

LAT(SPL)

LNG(SPL)

ENDFRESH

ENDFRESH

COPYGRAV

COPY GRAY

+4

+ 5

+ 0

+2

+4

+ 0

+2

+4

+ 0

+ 2

+4

+ 0

+2

+4

+ 0

+2

+4

+0

+ 0

+ 1

+2

+ 0

+0

+ 0

-HO

+ 14

+ 14

OCT

OCT

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

DDEC

OCT

OCT

OCT

DDEC

DDEC

ENVSUM

C37777

C37777

+. 36719181528

-. 84099031746

-. 397373194936

+302830. 56356

+82483. 135236

-6561486.29570

+ 76. 4644233128

+ 00. 24753790023

+04. 59514616584

+. 0461000282

+. 01255644351

-. 998857910

+. 008603218

+. 0021279706

-. 18467812692

-. 01014875

C00002

C37111

C14100

. 086083333

-. 152666667

-

=

B-l

B-l

B-l

B-24

B-24

B-24

B-7

B-7

B-7

B-l

B-l

B-l

B-8

B-8

B-8

CFDUMP

CFDUMP

ENVSUM
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COPYGRAV +14 EDUMP

CDU DRIVE -1-7 EDUMP

REFSMMAT +0 DDEC

REFSMMAT +2 DDEC

REFSMMAT +4 DDEC

REFSMMAT +6 DDEC

REFSMMAT +10 DDEC

REFSMMAT +12 DDEC

REFSMMAT +14 DDEC

REFSMMAT +16 DDEC

REFSMMAT +20 DDEC

$REPORT+ NEXTTYPE = 03

$/

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

$REQ+

S

S

S

S

S

S

S

S

S

S

S

A+0 A+1777

A+0 A+1777

-.39469591793 B-i

+.84226427923 B-i

+.36715938759 B-l

+.24598578639 B-l

+.48188064760 B-l

-.84100061374 B-l

-.88527177946 B-l

-.24162351865 B-l

-.39738136603 B-l
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ASTRONAUT INPUTS



APPENDIX B

ASTRONAUT INPUTS

This appendix describes the astronaut inputs required during the

204 simulation runs. These inputs are manually inserted through the

command and data handling console typewriter during the run.

The method used is as follows:

1) Visually monitor the DSKY DUMPS being printed on-line
on the CDC printer until a message from COLUMN A
appears.

2) Wait until this message has appeared in at least two more
consecutive DSKY DUMPS and then press the manual
interrupt button found to the right of the typewriter.

3) When the interrupt occurs (as indicated by the TYPE IN
light immediately below the interrupt button being
lighted), type in the appropriate message from
COLUMN B.

4) If the DSKY DUMP display remains completely unchanged
for more than 8-10 seconds following an astronaut input,
repeat the message.

The astronaut inputs are given in Table B-l. Table B-2 provides a

definition of the displayed data in Rl through R3 of the DSKY correspond-

ing to the associated noun-verb codes.

The character " . . . " as used in this appendix is defined by the three

periods followed by a carriage return. This is done in order to put the

simulator into the mode to accept typewriter inputs when a manual
x

typewriter interrupt has occurred.

Following the insertion of ". . . " a message is typed out to the user

and is concluded with the comment

START INPUT .

The appropriate message from COLUMN B is then typed in.

B-l



Table B-l. AS-204 Astronaut Input List

Column

DSKY DUMPS -

Program Noun

1) 00

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

- - - --

17)

18)

19)

32

32

32

32

32

32

32

32

32

32

32

32

42

42

42

42

42

42

44*

74*

70*

34*

33*

47*

35*

17*

25*

20*

17*

07*

20*

14*

25*

11*

52*

47*

A Column B

• Look for: Astronaut Input - Type in:

Verb Register 1

^

06*

06*

06*

06*

06*

06*

06*

06*

50*

16*

06*

50*

16*

06*

50*

50*

16*

06*

'•i

2)c.)

3)

4)
c\O)

6)
7\( ;

Q}

9)
00001 10)

11\

12)

00042 13)

14\

15\A D ;

00002 16)

- - - - -

----- 17)

_ _ _ _ _ 18}

19)

DSKY: VERB 37 ENTER 32
ENTER;/

• • •

DSKY: VERB 33 ENTER;/

(same as above)

(same as above)

(same as above)

(same as above)

(same as above)

(same as above)

(same as above)

• • •

MANUAL: SCS NEWMODE=6;
DSKY: ENTER;/

• • •

DSKY: VERB 33 ENTER;/

(same as above)

• • •

DSKY: VERB 37 ENTER 42
ENTER;/

• • •

DSKY: VERB 33 ENTER;/

(same as above)

• • •

MANUAL: SCS NEWMODE=5;
DSKY: ENTER;/

• • •

DSKY: ENTER;/

• • •

DSKY: VERB 33 ENTER;/

(same as above)
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Table B-l. AS-204 Astronaut Input List (Continued)

Column A

DSKY DUMPS - Look for:

Program Noun Verb Register 1

20) 42 07* 50* 00061

27)

28)

Column B

Astronaut Input - Type in:

21) 61

22) 61

23) 61

24) 62

25) 62

26) 62

62

53* 16*

25* 50* 00001

17* 06*

25* 50* 00003

25* 50* 00041

62* 06*

64 ---
(as soon as Program 64 is
entered, insert message 9)

20)

21)

22)

23)

25* 50* 00004 24)

25)

26)

27)

28)

DSKY: VERB 37 ENTER 61
ENTER;/

• • •

DSKY; VERB 33 ENTER;/

MANUAL: SCS NEWMODE=6;
DSKY: ENTER;/

DSKY: VERB 33 ENTER;/

MANUAL: SCS NEWMODE=3;
DSKY: ENTER;/

MANUAL: SCS NEWMODE=7;
DSKY: ENTER;/

MANUAL: STAGE SERVICE;/
An automatic return to the
typewriter occurs 3 seconds
after the above message. At
that time, you type in - DSKY:
VERB 33 ENTER;/

DSKY: VERB 33 ENTER;/

MANUAL: GSWITCH ON;/
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Table B-2. Displayed Data

Noun

07

11

14

17

20

25

33

34

35

44

47

32

53

62

Display

N/A

N/A

xxxxx.
XXX. XX

XXX. XX

xxxxx.
xxxxx.
xxxxx
XXX. XX

xxxxx.
xxxxx.
XXX. XX

xxxxx.
xxxxx.
XXX. XX

XXX. XX
XXX. XX
XXXX. X

XXX. XX
XXXX. X
xxxxx.

xxoxx
XXXX.

XXXX.

XXX. XX

XXX. XX
xxoxx
XXX. XX
XXX. XX
xxxxx.

Unit Register

fps Rl

deg Rl

deg Rl

Rl

hr
min
sec

hr
min
sec

hr
min
sec

deg
deg
n mi

deg
n mi
fps

min sec
fps

fps

g . . . . . .

deg
min sec

deg
deg

Definition

Change program
request

Engine on en-
able

AV counter set

Final ICDU
angles

Present ICDU
angles

Checklist code

Time of igni-
tion

Event time

Time to event

Target latitude
Target longitude
Altitude

Gamma at entry
Miss distance
Inertial velocity
at entry

Time to event
Velocity to be
gained
Measured veloc-

< ity change

Max accelera-
tion
Gamma at entry
Free fall time

Impact latitude
Impact longitude
Heads up/ down
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Table B-2. Displayed Data (Continued)

Noun Display

70 XXX. XX
XXX. XX
XXX. XX

71 XXX. XX

XXX. XX

XXXX. X

Unit

deg
deg
sec

deg

g

n mi

Register Definition

Pitch trim
Yaw trim
Tail off time

Commanded
roll angle
Present accel-
eration
Predicted range

, minus range to
go

Note:
Verb Definitions

Description

Decimal display

Monitor decimal

Please perform
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APPENDIX C

PLOTS OF NOMINAL DEQRBIT TEST RUN*

AS-204A1-02-019



AGC PJLOTS

AS-204A1-02-019
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ENVIRONMENT PLOTS

AS-204A1-02-019
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-.

nt —

"•'

E3ETT7;,

* THETAD)

D THETAD>

X THETAD2

"~

— «L«,
SESffiJ-

<

{

7

•'

XCSSiXtSt

anavKSKSt.1wexx

in'iryg.

i**8

,
w3*Kt'i-'*J'

J

******&

taaES*^'

.^

« " .
^^° j^

&>

X
^

Na-.
a

*T

"S

•Mtl

ni»«

V

\
j^Rp«ii

<=

ie»l 1.J852 ' 1.165S : 1.1854 1.JSS5 i.1856 ' 1.1857

T I M E Z S E C . * E 0 6 C A S 2 0 4 A 1 - Z C - O G 3 ) E

D-2



L
A
T
I
T
U
D
E

D
E
c

1.1651 1.1853 1.1651 1.1854 1.1S55

TIMEa SEC.*EC6 (AS 204 M-2G-C.C.S> E

1.1656 1.1857

D-3



L
O
N
6
I
T
U
D

C

D
E
G

1.1651
T1HE8 SEC.*EC6 US, 204 A1-ZC-CC3) E

D-4



zoo

1

"~"j

i
i

0

i

... .,

- *

'

-

!
'

"

c
c
1;

~-

C

r
C
C
0
0
c
c
c

c?
r-

J

% 'c
0

1 r.
0

0 C
,-

c.

0 C

1i-.̂ '

. ...- '

0

c
c
0

c

0

c°

Jp

k
A.

«5'

ff
ct

iCP
0 c

•ran.

*0

c
c
c

c-

' V/1651 1.1853 1.1 $53 1.1854 1.1655 1.1856 1.1857

ML.

*l
I

h
'!

L.
f"
h

D-5



H
A
X

A

C

c
E

L

t

R

A

T

1

O

N

G

M

A

X

1.1651 1.1692 1.1*54 1.1854 •- ' 1.1.8S5

TINE2 SEC.»EC.6 (AS 204 A1-2C-DDS) E

1.1856 .1.1857

D-6



1TSOC.

o
v
e

.Y

ICOOC

1.1852 1.1653 1.1*54 1.1855 1.1856 1.1637

T I M E 2 S E C . * E C 6 < * S Z C 4 M - Z C - G G 3 ) E

D-7



0
O

V

N

F
T

S
•E
C

0
V
E
R

0
O
1

V

N

F

T

S
E
C

O
V
E
R

D
O

8ZSCO [
1T300 JjT

LX1

X
\

X *
*

zso

ffljg IHHIHIIIIII. TBBtgg££

i.iest . i-;»83Z- • - • - - - ' i.vess t .»es4

1I«(EZ S E C . * E 0 6 (AS ? 04 A 1 -3,0-003 ) E

i.-me 1.1*57

D..8



ENVIRONMENT PLOTS

AS-204A1-20-003



c
': E

' &

-zs

c
'A:

KCC istc.
T I M E SEC

D-9



15C

-5C

13CC

f^

iscc if-:: i /cc
T I K E SEC i»sz-:*»:'-c:-::3) CF

18CO

D-10



25

15

-15

-ZC

c
c

14CC iecc i?
SEC (ASEClAl-ZC-CCJ) CF

19CC

D- 1-1



260

ace

1 5C C 1 6C L 1 7f

TIKE SEC (»S3C*»1-EC-CCJ) CF

1SCC

D-12



. a

275 i-r-

125

-as

IT.-*.-

li

-G-

T I - E SEC <*St-:-*'-i-:-c:i)

D-1.3



9C

70

30

-1C

•~l

.iX i
r r $&?

~ L *-
,-t

,'•'

,̂ t

C '

c c
!—

'. - i*

c c
0

c c
^ c
c

fC '.
i^-- '-•

i* '-•"' -
r

Lfc ,
i-

r - -
:•• a?

i
;-*-

• " V '-

r r

'-> ^

r - ' - "C
C '- c
Cr ^ C
r '"

7'

T

£,£_.

; V'tf

r,

c

.«

'

c

• c

i'

if
r

C

'- C

C

c. c
c
,r

t

C

r C

'C

';.

r C

c '*:

e*

C !

I
.--

£•

'- '
,r
C' c

r

C

c

c

cc
r

C -
C

c '-
C

c
c.

: "c.
c.

c .

c

0

SL'C 1 4 C C - - 15CC ' 16CC . J7C-C 16CC 19CC ZCCC

TIME SEC USZC4«1-2C-':C3) CF

D-14



C r.

C C

1 5CC

T I M E SEC

17C

CF

1SCC

D-15



as. 5

17.5

1Z.S

7.5

3.5
X 3EE inr c «•

c.

-2.5
U ^"^ rac aar 3Jr. ,j3T r s ,jsr

'*%-.

-7.5

-1Z.5

-17.5

I 3C-C 1«CC 15C.C _ 1 6 C C 17CC

TIME SEC I«SZC-«A1-ZC->:C3I CF

tec;: 19CC zee-;

D- 16



e'-
o.

Y - -

K

A

E.

F ' '
I

C '

H

-.'-"

C

•c

vf .

>; •

i*."

'•c

t

/ '

£

, .

- • i"
,V

'-:
!_

"

£

r

c •

. c

'- '

ji"

'-'

r. .

'•:
c

r,

f ^

C

C

.; '

rf-
ty

'•c

L

f ^

'-*

r

,;.

C

'-

•_
:
•-

-
-

,-..

\

"

r.

. r

c

r
(-

C

;-.

'-*;;_

" .-
-

;."

cv"

r
.

G

r
C

s,
L*

C i-
r

C r,
C "

,.

"

(-
"

C

c

r

r.

C

(.

r

C C
C r

C

r,

L

C

L.

G

. r.

i- C«

Cr,

C

r.

,-

'̂

C it

r

.'-'•

'-" -C

r.

,-

•

(.
!t

'."

L"

'."

C

r.

C

;.

C

~

I

I* l_
_

t
,;

•r,

C

fe 0
s:

L'

r.

C

- * r.

r

r

r

r c

-v.

-

I'SCC 14vC ISCi- 16CC 1 7i-'.~ lls'.'C 19CC

TIHE SEC ( *SZC4A l -E - ; -CC3) CF

C

zccc

D-17



13.5

•s

•;

^ **

4
r 3;

'3. '3T

"

r

. C

'.£";. . ffi

af ffir'

^

'•2JT- QlT

at ,«•".
c " -r

>& >

^ >
c

c

L

C

-

c. c

•

.c

0

c

,-H-C . 1
'̂  '. '-

T*

'-•

C

'-"

_G.

- c" '-^

1 •
CC-

c
r

C

0

0

- 1- '-"''
-.C ''C.iC

r. '-•

C C
"'

ct

c

r

r. j

C

C

C

c

c

C '

C -c
c . l c

'." . "

c

c

c

c

c.
c

'-C

4

c

c C:

c

c.

£ '

t

•-

c

c-

c

0 •

Vsc-'j I*--1: iscc ie:c i/cc iscc iacc zccc
TIME SEC t*SZr^* l -3C-:C3) CF

D-18



2.5C.

150

ICC

13-;'. 16 •:.•." 17CC

TIME SEC (AS2':<Ai-ai;-!:c3) CF

D-19



275

2ZS

175

*

X

K

X CONTACT ACCELERATION

Y CONTACT ACCELERATION

Z CONTACT ACCELERATION
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APPENDIX H

TARGET LOCATIONS FOR OFF-NOMINAL TEST CASES

State vector following an SPS deorbit maneuver:

Reentry longitude

Reentry latitude

Inertial velocity

Inertial geocentric flight-
path angle

Altitude

Inertial geocentric azimuth

Targets for test runs:

Test Run #1

Touchdown latitude

Touchdown longitude

Test Run #20

Touchdown latitude

Touchdown longitude

Test Run # 21

Touchdown latitude

Touchdown longitude

Test Run #22

Touchdown latitude

Touchdown longitude

Test Run #24

Touchdown latitude

Touchdown longitude

83. 607961 W

31. 601836°N

25424. 871 ft /sec

-1. 6657694 deg

400000. 24 ft

83. 324602 deg

30. 989 N

54. 9616°W

30. 9°N

59. 5°W

30. 5°N

47. 7°W

32. 0°N

65. 0°W

30. 989 N

54. 9616°W

H-l



TARGET LOCATIONS FOR OFFTNOMINAL TEST CASES (Continued)

, Test Run #25

Touchdown latitude

Touchdown longitude'

Test Run #XX

Touchdown latitude

Touchdown longitude

State vector following a RCS deorbit maneuver:

Reentry longitude

Reentry latitude

Inertial velocity

Inertial geocentric flight-
path angle

Inertial geocentric azimuth

Attitude

Targets for test runs:

Test Run #4

Touchdown latitude

Touchdown longitude

30. 989°N

54. 9616°W

34. 0°N

53. 0°W

114.58459 W

30. 390893°N

25721. 205 ft /sec

-. 63285354 deg

78. 745114 deg

399999. 50 ft

25. 266826°N

54. 957340°W

New state vector for overshoot test case of reentry guidance following RCS

deorbit:

Reentry longitude

Reentry latitude

Inertial velocity

Inertial geocentric flight-
path angle

Inertial geocentric azimuth

Altitude

84. 4°W

31.9°N

26000 ft/sec

-.8853 deg

82. 9 deg .

400000 ft

H-2



TARGET LOCATIONS FOR OFF -NOMINAL TEST CASES (Continued)

Targets for test case:

Test Run

Touchdown latitude 17. 5144°N

Touchdown longitude 14. 7786°W

H-3



APPENDIX I

PLOTS FOR AS-204A NOMINAL

ENTRY ENGINEERING SIMULATION

DEVELOPED UNDER TASK A-9

(To be supplied later)
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