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E-2160

VERIFICATION RESULTS SUMMARY
FOR LGC SUNBURST {LM-1 MISSION)

AT3TRACT

i desceriptiorn and short simmary 1ls presented of
the all-digitrl verifleation runs verormed to sualify the

L¥-1 Guidance Computer Proeram, BURESTIIS,

Indiviiusl rune were wmade of gach mlsslor phase
under -ominal condltions ard with vexicie pertirbatlions,
excesslve 1GT restarts, ienltion Tallures, onressture engine
shutdowns, and terminatlon comma=nds “ror the esrou-d. In
additiow, three end-to-end runs wera =mie Trom prelaumch through
~1zs1lon phase 13 to verify the vrotectinn of the erasable memory
1oad and the Integration of the various wission phases, under
nominal condltions and with prelaunch stable member misaliesnments,
™nally, some miscellaneous runs were mede with hoth critical and
non-critical RIS ‘et fallures, a trim ¢lwhal faliure, amn i=flieht
fregh start recovery, excess 3IV2 tyabling, and senuevces of btoth

lergal and illeeal uplirk comma~=ls =11 uniates,

Since not all rurns were —ale using the final version
of the fl1gwt proeram (STNBURST Revisioen 116 or BURST116 Revision
0, which are 1dentical), a Tevision —u-her 1s included for each

ran.

by Jay A. Sampson
{AC Electronics)

Augurt 1967
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Introduction

nless otherwise notsd, 1~ each run the Guldance
System Operation Plan (R-527) timeline was adhered to with
respect to migsion phase timlneg ani sezuencing, schedullng
of next mission phase and enabline of misslon times at end
of run, L¥P commands, +¥ trarslation 0X/0PF, DPS/APS e-«gine
ON/0ff, detection of engine talloff by AV monltor after
guidance commanded cutoff, =TT oressurization, FUS cold fire
purge, tunble nonltor wverificatiom of tumble rates less than
20 /gec, LM/SIVB separation seauence, Ascent/Descent staring

and Ascent-gtage crossfeed valve test.

In most cases, the LGC state vector position and
velocity errors at the beginnine of the run were zero, INU
errors {PIPA bias, PIPA scale factor, evro drift) were pur-
poselv introduced and exactly compensatel for by the flight
program, anrd at least one 100-word down-telemetry llst was

sampled.

Tor information concerning the vehlele sipulation
model, refer to "Digital Simulation for the Verificatiocn of
Program SUNBURST", MIT Instrumentation Lahoratory Report

B-2145, (Confidentiall.




Deseription:

Revision:

Duration:

Ob jectiveas:

RUN #1

Mission Phases 1, &, snd o {Preisunch alignment,
Guidance Heference Relieszse ani Boost Monltor,
and Coest=-3IVE Attached: with liftoff detector.

112

60 geconds prior to lifier! tnrough sst-up of

migsion phase 7 (LM/SIVE 3eperstion).

1} Demonstrate proper L37 clock alignment by
& VERE S5 prior to initiation of prelaunch
alignment.

2) Demonstrate that the prslesunch allgnment pro-
gram can allgn the IMI stable member to the
correct earth-Iixed orientatlion (X PIPA input
axis 300 from the locsl vertical {(up)}, Y
PIPL input axis downrangze at an azimuth of
122o sast of norih and elavated 300 above the
horizontal plane, and 7 PIFA input axia down-

D .
renge at an azimuth of 3Z° eust of north and

in the horizontai plans;.

3} Demonstrate proper termination of prelaunch
alignment and initiation of MPZ2 upon detection

of 1.1 g's by ihe prelaunch pregram,

L4} Vverify that s redundant 3RR (VERE ©6%) sent

at liftoefl + 2 seconds ls lgnored.

5) Verify detection of 3IVB shutdown by the

bocsat monitor and proper initiastiom of MP6,

&) Compare prelsaunch alignment, MP2, aznd MP&
timing sgainst the nominal 206 G30P timelins.




Results:

1}

2)

3)

LGC Clock Alignment Summary

The LGC clock was purposely Initislilzed
incorrectly at the start of the run so that
1t lagged the aimulator clock by 7.52 aeconds.
it 2,5 geconds a VERB 55 was sent followed by
a time increment of +752 cantiseconda, which
perfectly synchronized the L3 cloeck with the
gimulator clock.

Prelsunch Alignment Summary

a)

b}

e)

The prelaunch alignment program was initi-
ated at liftoff - 55 secondas.

The IMU stable member was open-loop coarse
aligned and gyro torqued to the deasired
earth-fixed orientation by liftoff - 25
seconds.

The prelaunch gyrocompaassing loop held

the IMU platform to the proper gimbal
angles of A0G = 122°, alg = 0%, aMG = 30°
such fthat at GRR the suler set from desirsd
to actual atable member alignment axes

were X, = -0,0117°, Y, = -0,0037°,

Zpyg = -0.008L°,

mls

Guldange Rsfersnce Relsase Summary

a)

b)

c)

At 0.30 seconds after lifteff, 1.1 gts
were sensed by the prelaunch =lignment
program.

Congequently, gyrocompassing was terminated
and MP2 1lnitlated at .33 ssconds.

The LGC ¢lock was zeroed at 0.44 meconds,

Redundant GRR Command Summary

A VERB é5 was tranamitted st 2 seconds after
liftoff, with no resulting action taken by

the flight program. In otherwords, MP2 was

10




6)

not re-initiated by the redundant command.

SIVB shutdeown Summary

a) 8IVE shutdown occurred at 587 seconds
after liftoff.

b) The SIVE AY Monitor detected shutdown
at 590 seconds.

c) MP6 was initizted at 590 seconds.

Timeline and 2ther Summaries

Refer to the appendix,

11




Description:

Revislons

Duration:

Objectives:

Results:

RUN #2

Mjission Phase 3 {(Suborbltal ibort) with 100 second
pramature SIVE shutdown and 20 second delay pefore
abort command sent via uplink,

116

60 gsconds of prelauncn alignment through 30

saconds prior to end of MP3.

1) Verify proper initiatlicon of MP3 and termination
of MPt by abort sequencing routine upon receipt

of abort cormand signal.

2) CGCompare boost, abort seguencing, angd MP3 timing
againat nominal 206 G30P timeline.

1) Avort Sequencing Summary

)

b)

c)
d)

8)

t)

z}

n)

i)

SIVE ignition occurred at 143 seconds after
liftofr.

Abort command and tumble monitors initiated
at 145 seconds.

5IVB AV monitor initiated at 155 seconds.
SIVE shutdown occurred st 500 =seconds,

SIVB AV moniter detected shutdown at
503 secondas.

MP6 initiated at 503 szeconds.

Uplink SUBORBITAL ABUORT ecommand received
at, 519 seconds.

Abert command monitor, tumble monlitor, and
MP6 terminated at 519 seconds.

Tumble moniter re-initisted at 519 ssconds.

MP3 1nitiated at S2 seconda.

12




k}

1)

m}

n)

Abort RCS pressurlzation performed at
520 seconds.

vehicle tumbling rates less than 3°/sec
verified at 52% seconds.

LM/SIVB separation sequence Initiated at
529 seconds.

Digital sutopilet turned on at 530 seconds.

Timsline and Other Summaries

a)

c)

The run was terminatsd because trajectory
was too close to the sarth. The reading
of the PIPita was not terminated.

One LGC down-telemetry frame was sent

twice at liftoff because the computer was
too busy to process the telemetry interrupt
until the next one came due.

The other summaries are glven 1In the
sppendix,




Description:

Revision:

Duration:

ObJectivem:

Reaultas:

RUN #2&

Mission Phase 3 with 100 second premature SIVB

shutdown, 5 second delay before abort command

and

DP3/4P3 fusl alosh.

DP3/:iP3 engine misalignmenta.

sant,
1)
2)
aj
bl
¢)
3) RCS
a)
b)
1le

DP3/4APS X, Y, Z pesgitlon errors,

DPS misalignment of thrust axis with
engine center llne savout Y, Z-axes,
DPS/APS misalignment of engine centsr line
with vehicle X-2zxis about ¥, Z-sxes.

quads 1-4 misalignments.

X, Y, Z, position errors.

Misalignment about X, Y, Z~axes,

3IVB shutdown through end of MP3.

1}

1)

2)

Demonstrate minlmal saffect of DP3/APS fuel

slosh, DF5/4P3 engine misalignments, and RC3

jet

migalignments on mission phase performance.

Compare summariss with Run g2,

Fuel S3losh end Misaslignment Surmary

aj

o)

Mission pheae performancs was not signifi-
cantly affected in the aress of navigation
or timing.

There was about 15% more HCS fusl used
than in Run #2, even though the two runs
were nearly identical.

Timeline and Other Summarlias

Given in the eppendix.




Descriptiont

Reviaion:

Duretion:

0b jectlives:

Reaults:

RUN #3

Nominal Mission Phase L (GContingency Orbit
Insertion) with 15 second premeture SIVB shutdown
end 15 second delay until abort command sent via
LGC uplink,

106

60 assconds of prelsunch alignment through end of
MPY.

1) Verify proper initiation of MPL and termination
of MP6 by sbort sequencing routine upon receipt
of CONTINGENCY ORBIT INSERTION uplink asignal.

2) Verify that proper orbit insertion can be
achieved by the DPS commended by ascent guldance
equations,

3} Compare boost, abort sequencing, and MPL timing
against nominal timeline.

1) Abort Seguencing Summary

a} SIVBE ignition oceurred at liftoff + 143
geconds,

b) Abort command and tumble monitors initiated
at 145 seconds.

¢) SIVB 4V monltor initiated at 155 seconds.
d) SIVB shutdown cccurred at 585 seconds,

) SIVB AV monitor detected shutdown at 587
seconds.

f) MP6 initiated at 587 seconds.
g} TUplink CONTINGENCY ORBIT INSERTION abort

command received at 601 seconds.

h} Abert command moniter, tumble monitor, and




2)

1)

3
k)

1)

m)

n}

o)

MP6 terminated at 601 seconds,
Tumble monitor re-initieted at 601 seccnds,
MPL initiated at 602 seconds.

Abort RCS pressurization performed at 603
seconds.

Vehicle tumbling rates less than 3°/sec
varified at 611 seconds.

LM/SIVE separstion sequence initiated at
61l seconds.

Digital autopilot turned on at 612 seconds.

Maneuver to MPL ignition attitude performed
at 628 geconds.

Orbital Insertion Guidance Summary

a)

c)

Targets
Rinjeotion = 21,445,246 feet
Vinjection = 25,682.2 ft/sec

(apogea= 3%£1.6 n,m. }
(perigee = 3527.2 n.m, )

SIVE Shutdown Conditions at 585 Sscends

R = 21,4l40,078 fest

Vv = 244,256,655 ft/sec
{apoges = 1526,5 ti.T. )
(perigee = 2R62,6 1.1.)

MPL Ignition Conditions at 664 Seconds

Rignition = 21,422,037 fest

vignition = 24,283,63 ft/sec
{apogee — 1526,4 n.m.)
{perigee = 2864,5 n.m,)

16




d) Guidance Cutoff Conditions at 900 Seconds

R,, = 21,LL47,710 feet

Vco = 25,675.20 ft/aec
{apoges = 355%,7 n,m,)
{perigee = ZE27 4 n.m. )

3} Timeline and Other Summaries

Given in appendix.




Deacription:

Reviaion:

Duration:

Ob jectlve:

Results:

RUN #3b

Misslon Phase I} with 40 second premature SIVB
shutdown, 20 second delay until abort uplinic
command, LGC restarts (GOJAM's), and digital
autopilot turned off for L seconds during burn
by a VERB 63,

112

60 seconds of prelsunch alignment through snd of
MPL.

1) Verify that nominal orbit inasrtion can be
achieved with a d4ifferent prematurs SIVB shui-
down "window" than in Run #3.

2) Demonstrate minimal effect of restarts on mission
phase performance and verify that MPL i3 restart
protectaed.

3) Demomstrate effect of turning DAP off for a
short time by & VERB 63 in MPL on body rates.

It} Compare timing with Run #3.

1} Orbit Insertion Guidsnce Summary

a) Targets

Same as in Run #3.

b} SIVE Shutdown Conditioms at S45 Seconds

R = 21,446,073 feet
V = 22,625.60 ft/gec

(apogee = 2522.5 y,m,)
{periges = 2253.4 n.m.)

18




c)

d)

MPL Ignition Conditlons at 630 3eccnds

Rignition = 21,394,696 feet

Vignition = 22,698.32 ft/sec
{apogee == 352%,4 n.m.)
(perigee =2254,5 n,m,

Guidance Cutoff Conditlions at 1120 Seconds

RGO = 21,447,906 feet

Vco = 25,686.73 ft/sec

4\
£FE,D MM,

{apogee = 3254
{perigee — 3527.4 n.m.)

Restarts Summary

Restarts were forced at various critical

points in the MPL progrem and =lso every Ll

seconds during the burn, for s tetal of 93

restarta., Mlssion phase performance was

not significantly affected in the arezs of

guidence, timing, or navigation,

a}

¢}

Most everything in the MPL was repested
(Orbital IBtegration, Attitude Maneuvers,
LMP Commands, ete.) due te restarts,
delaying the mission sequencing slightly.

Fuel consumption was noticably higher than
in Run #3, probably dus to & combination
of restarts and earlisr 3IVYB shutdown.

Program alarm 1412 wes displayed, indiceting
that MPL attitude maneuver failed to

achieve the desired ignitien gzimbal angles.
This was due to the combination of the
loo/sac gbort maneuver rate and the restart
during the maneuver, which ecasused the
re-mansuver to read its initial gimbal
angles before tha gimbals stoppsed.




3)

4)

Consequently it computed the time to

resd the final gimbal angles too early
and alarmed. This will probably always
happen undar these circumstances, although
the DAP will shortly achleve the desired
angles,

DAP-Off Sunmary

A VERB 63 was sent at 760 seconds, whiceh re-
aulted in the DAP heing turned off between

765 and 769 seconds after liftoff (135 seconds
into the burn}. The resultant attitude drirft
of the vehicle while the DAP was off was 3,25°,

The othsr summarieas are given in the appendix,

20




Deseription:

Revision:

Duration:

Objectives:

Results:

RUN #3c

Mission Phaga L with 20 second premature 35IVBE
shutdown, 5 second delsy for abort command, and

1)
2}

3)

1i6

DPS fuel slosh.
DPS engine misslignments.
a} X, ¥, Z position errors.

b) Misalignment of thrust axis with angine
cenber line about 7, Z-axes.

¢) Migalignment of enginse centsr line with

X-voehicle &xis sbout ¥, Z~axes.

d) Thrust dependent misslignment {dus to
bending) sasbout Y, Z-axes.

RCS quads 1-l} misslignments.
a) X, Y, Z posgition srrors,

b) Misallgnment about X, ¥, Z-axes,

SIVE shutdown through 19 seconds beyond end of

MPL.

1)

2)

3)

Verify that nominsl ortit insertion can bs
achieved with a different premature 3IVZ
gshutdown "window" than in Runa #3 and #3b.

Demonstrate minimal effect of DP3 fuel zlosh,
DP3S engine migalignments, and RC3 Jjet mis-
eligrnments on mission pkase performancs.

Compare timing with Runs #3 and #3b.

Orpital Insertion Guldance Swmary

a) Targets

Same sg in Run #3




2)

b)

¢)

d)

SIVB Shutdown Conditions st 585 3Seconda

R = 21,443,138 reet
v = 24,181.50 rt/aec

(apogee = 3527.0 n.m.)
{perigee = 2°%1.% n.m,)

MP4 Ignition Conditions at 653 3econds
= 21,428,866 fest

Rignition

vignition = 24,203.59 ft/sec

(apogee = 3526,9 n,m,)
(perigee = 2834.1 n.m.)

Guidance Cutofr Conditions at 881 Seconds

Ry, = 21,L45,796 feet
Veo = 25,681.08 rt/sec
(apogee = 356A1,0 n.m.)

(perigee = 2527.1 n.m.)

Fuel Slosh and Misalignment Summary

8)

b)

o}

Mission phase performance was net signifi-
cantly affected in the areas of guidance,
timing, or navigetlon.

Thers was about 15% more RCS fusl used as
there was in Run #3, even though they both
had approximately the same 3IVB shutdown
"window" snd length of DPF3 burn.

There was & program alsrm 1L12 diaplayed,
lndicating that the desired ignition atti-
tude was not achieved. As in Run #3b,

the high 10°/30c maneuver rate probably
caused the DAP to overshoot the desired
gimbal angles &t the time when the final
anglesa should have been achleved. Even-
tually the desired attituds was attained,

22




s 00 T L

This ia the only run in which s 1412
program slarm occurred with a 10%/sec
manseuver rate, and with no restarts.

3} Timeline end Other Suwmaries

Given in the sappendix.




Deseription:

Revlesion:

Duration:

Objestives:

Results:

RUN #4

Rominal Misslon Phases 7 and 8 (3IVB Separation
and DPS Cold Soak Maneuver),

113

60 seconds pricr to initiation of MP7 through 15
seconds beyond end of MPH,

1)

2)

1}

2}

Verify proper caleulstion and attainment of
deaired cold sosk attituda,

Compare timing and sequencing against 206 GSOP
timeline to demonatrate proper pesrformance,

Cold Soak Attitude Mansuver Swmary

a)

b)

e)

The desired cold soak gimbal angles (A0G:
-112,5%, 2I6: -25.7°, aMo: -5.4°%) were
achieved and held within the 5° deadband.

A 151.88°, 30,36 second attitude maneuver
was performed to the cold aoslk attituds.

The emount of RCS fusl used during maneuver
waa li.3 pounda.

Timelline and Other Jummaries

a)

b)

e)

Due to a progremming error in MP7, the R(CS
cold fire purge lasted only 36.L seconds,
inatead of the neminal LO seconds. The
program schedules purge-off in 40 seconds,
then performa orbital integration (3.6
seqconds ln Rmn #i) before initiating ths
celd fire purge.

Length of MP7 was 4 minutes, 15 seconds;
length of MPS was 2 minutes, 30 seconds,
Time betwesn MP7 and MPS waz nominal 8
seaonds,

Other summaries given in the appendix.
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Dascription:

Reviaion:

Duration:

Ob jectives:

Results:

RUN #5

Nominal Miasion Phase § (DPS31}.

116

26 seconds prilor to start of MPY through 19
seconds beyond end of mission phase,

1)

1)

2)

VYerify that the descent orbit injection
guldance equations can:

a)

b)

contrcel the flight path angle at cutoff
to be zero relative to the local hori-
zontal {(i.e.: establish perigee at cuteff),.

reise the conic apogee at cutcff to the

targeted radial distance Rp.

Compare timing sequences sagainst 206 GSOF

timeline to demonstrate nominal performance.

Guidance Summary

a)

b)

The flight path angle achieved at cutoeff
was 0.,00°,

The targeted radial distance Rp of 21,992,000
feet represents an apogese of 3617,0 nautical
milea. The apcgee achieved at cutoflfl

was 3615,3 nautical miles.

Timeline and Other Summaries

a)

b}

¢)

4etusl guidance cubtoff time oecurred one
sscond earlier then the pradicted cuteff
time,

The trim gimbal usage during the DPS1
burn wes L4l1%; the remainder of the steering
time wes accomplished under RC3 jet control.

The other summeries ars given in the appendix.
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RUN #5a

Description: Mission Phage 9 with
1) DPS fusli slosh.
2] DPS engine misalignments.
a; X, ¥, Z position errora.
b} Misalignment of thrust axls with engine
center line sbout Y, Z-axas.
¢} Misalignment of sngine center line with
vehicle X-axis about Y, Z-axes,
d} Thrust dependent migalignment (due to
bsnding) about ¥, Z-axes.

L9S]
—r

RCS quad 1-4 misslignments.
a) X, Y, Z position errors.
b} Miselignment about X, ¥, Z-axes.

Revislon: 1le

Duration: 26 seconds prior to start of MPY through €0 aeconds
veyond end of misaion phase.

Ob jectivea: 1} Demonstrate minimal effect of DPS fuel slosh,
DPS engine misallgnments, =asnd RC3 jet mis-
alignments on mission phase performance.

2) Compare Run #5a with KHun #5.

Results: 1) PFusl Slosh snd Misalignment 3Summary

a) Flight path angle achieved at cutoff was
0.0005°,

b} The apogee achieved 8t cutoff was 3516.1 n.m.,
compared with the targeted Rp at 3517.C n,m,

¢) Misalon phase performance was not signifi-
cantly affected in the aresa of guldance,
timing, or navigation.




d} There was no more RCS fuel used than

there was in Run #5 (See appendix).

6) The trim gimbal usage during the DPS1
burn was 41%; the remainder of the time
the steering was accomplished by RCS Jet
control,

£} The length of the burn was the same as
in Run #5.

Timeline and QOther Summaries

Given in the appendix.




RUN #5b

Description: Mission Phase 9 with trim gimbal fellure and
DPS fuel slosh, DP3 eongine miasiignments, and
RCS jet misalignments.

Reviaion: 116

Duration: 26 geconds prior to start of MPY turough 60 seconds
veycnd end of mission phase.

Ob jeetives: 1} Verify that the trim gimbal monltor can detect
a trim gimbal failure (Bit 10 of chnannel 32)
and disable use of the trim gimpsal.

2) Demonstrate that the targeted Hp can be achieved
under only RC3 jet control ufter the trim gimbsal
had failed.

3} Compare Run #5b with Run #5a.

Regulta: 1} Trim Gimbal Pallure Summery

The trim gimbal was made to feil 16 geconds
into the DPS1 burn. 0,06 seconds after the
fail bit appesred in the LI enannel, the
gimbal monitor disabled further use of the
trim gimbel. The rather gquick response was
dus to the Z-second gimbel monitor looking for
the failure just after it ocsurred.

2} DP31 Guidance Summary

a; The flight path angle achieved at cutorlf
was 0.0002°,

o] The apogee achieved at cutoff wus 3516,.1 n.m.,

comp ared with the targeted Rp of  3£17,.0 n.m,




Timeline and Other 3ummaries

&)

b)

¢l

The trim gimbal waz used about 10% of the
total burn time.

There was shbout 10% more RCS fuel used
than there was in Hun #5a, which did not
have & trim gimbal fallure.

The length of the burn was the same as
in Runs #S and #B5=a,

The other summeries ere given in the sappendix,




Description:

Ravision:

Duration:

Ob jectives:

Rasulta:

RUN #5¢

Mission Phase ¢ with an inflight fregh start
recovery,

113

60 seconds prior to stert of MPY through 5 seconds
beyond end of mission phase.

1) Verify that 1t is possible to recover from
an inflight fresh start as outlined in Plight
206 Memo #10.

2) Demonstrate that the targeted Rp can be achieved
aftsr a fresh start during MP9 forced the
mission phase to bs re-scheduled,

3} Compasre Run #5¢ with Run #5.

1) Inflight Fresh Start Recovery Summary

a) Nominal MP9 was initiated at 14,171 seconds
aftear liftoff.

b} A restart waa forced with erasable register
ERE3TORE non-zero, causing the reastart
to genersate a fresh start. Thia ccourred
at 1L,472 aeconda, or when the automatic
throttle was incresased to maxinmum,

¢) FLAGWRDL and DAPBOOLS were re-initiated
at 14,500 seconds via the LGC uplink.

d) A VERB 74 was sent at 14,506 seconds te
sanable the mission timers. Thias was immedi-
ately f{eollowed by an ERROR RESET keycode
to sxtinguish the program alarm 1110 caused
by a VERB 74 following & fresh start,

@} A VERB 76 state vector update waa performed
at 14,508 seconds to corrsct the orbital
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2)

3)

integration state vector which was invali-
dated by the freah start that occurred
during powered flight {the Average G
state vector navigation is sutomatically
terminated by s “resh start).

f} A VERB 72 mission timer and phsse register
update wa3 performed at 14,528 seconds to
rescheduls MPO,

g) MP9 was re-initiated at 14,54l seconds.

Re-initiated DP3]1 Guidance Swmmary

s) The rlight path angle achieved &t cutoff
was 0.0019°.

b) The apogee achieved at cutoff was 361£,1 n.72.,
compared with the targeted R, of 2£17.C n.m.

p

Timeline and Other 3ummaries

a) In referring to the appendix, Run #5¢ i1s the

MP9 terminated by the fresh stsrt and Run
#5¢' is the MPS rescheduled after the fresh

start,

b) The navigation errors in Run #5c! wers
higher thsn in Run #5c¢ because the LGC
state vector update between the two MP9ls

was not perfect.




Description:

Revision:

Duration:

Objectivesa:

RUN #6

Mission Phaese 11 (DP32/¥irs-In-The Hole/iP31)

with;

1} C.g. offset (when the DPS engine is ignited,
the ¢.g, is shifted away from the nominal
¢.g. 8t that loading and decays back to the
nominal position with a 30 second time constant).

2} DPS engine misalignments.
a) X, Y, Z position errors,

b} Misalignment of thrust axis with engins
center line about ¥, Z-axes.

¢} Miselignment of engine center line with
vehiele X-axis sbout ¥, Z-axes.

d¢) Thrust dependent misalignments {due to
bending} about Y, Z~axes,

3] PFuel slosh.

116

LG seconds prior to start of MPll through end of
mission phase.

1) Verify that the powesred landing guidance

equatlons can schieve the desired braking phase
and approach phase targets.

2) Verify that the throttle contrel logie can:

a} Yield correct thrust commsnds so that the
engine is never requirsd t¢ cperate in tha
eritical thrust region.

b) Held the DPS throttle at maximum for most
of the braking phase, yet recover throttle
control near the end so that the braking

and approach conditions aan be met.
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Resgulta:

3)

W)

5)

Verify proper cormended shrottle profile during
the random throttle phase.

Verlfy propsr abort stage sequencing through
DFS shutdown, FITH, and 4P31 burn.

Demonatrate effect of turning the DAP off for
4 seconds durlng DP32 burn (for the purpose

of reverting to the special CDU downlink liat
and obtfaining body bending and fuel slosh deta)
on body rates,

Compare timing sequences agasinat G30F iimelins.

Guidance 3ummary

Tabulated below are the radlal and down range

position and velocity terminal parsmeters for

the breaking and approasch phases in spherieal,

earth-centersd, non-rotating coordinates:

Parasmeter

RSO(m)
R32{rad)
¥S0{m/sac)
VS2(rad/sec)

Parametsr

RSO(m)
RSZ2(rsad}
V30(m/sec)
Vs2(rad/sec)

33

Desglired

6.6869473L9E+6
5.797001734E-3
-2.1331752428+1
-6.533226733E-5

Dasgired

6.68L376002E.6
6.577892482E-6
~7.313%36765E+0
-1.46936L777E-6

schievad

6.686976999E-6
5.887299770E-3
-2.159881574E+1
-£.593865007E-5

échieved
6.680385936E+6
9.3653700002-6

=8,094024192E+0

-1.793910064E-6




91%
I S 52%
5 N
Thrust | 0%
H
[

time

2} Throttle Control Summsry

The thrust profile actually schieved during
the braking and approsech phases ia plotted
below. During the initisl Interval the
guidance equations commanded & total accelera-
tion which required a thrust magnitude in
axcess of 52% of the DP3 maximum {& DFPFS
throttle restriction is pleced on the throttile
command until it falls below the specifiad

52% setting). Prior to the end of the braking
phese the thrust required to astisfy the
scceleration commanded fell below 52%, s8¢ throttle
control began so that the desired terminal
position and velocity could be achieved without

throttle settings above 58% reguired.

) S8 _ _ _
oo ST
———————— *Lug% e %“"““m -
12% | N

Braking Phase —




3} Random Throttle Summery

The throttle profile commesnded and achieved

are aummarlzed pelow:

% Commanded Z Achieved

10 12
50 52
30 31
4o L2
20 21

L4} Abort Stage Summary

a} Throttle wis set to 92.5% at end of random
throttle pha=e at 17,34l seconds.

b) ABORT STAGE - ARM LMP commend gent st
17,345 seconds.

c) ABORT STAGE - COMMAND LMP command sgent
at 17,3h5.8 seconds,

d) DPS engine shut off at 17,345.8 seconds.
&) Lbort ataging cecurred at i7,346.2 seconds.
) APS engine ignited at 17, 3u6.4 seconds.

g} Stage verify discrete detected at 17,346.5

saconds.
h) APS angine snur off st 17,351.6 seconds,

i} ARORT S87.3% - COMMAND RESET LMP command
sent at 17,357.8 seconds,

5] DAP-off Summary

The DAP was turned off 193 seconds intoc the
DPS2 burn for 4 seconds; as part of the missien
contrcl sequence when DAPOFFDT contains 162
geconds, The resultant attitude drift of the
vehicle due tc temporary loss of attitude
control was b.65°.




6}

Timeline and Other Summaries

g)

b}

The trim gimbal usage during the DPSZ2
burn was 60%; the remaininy percentage
of the burn time wss spent undser RHC3
jet control,

The other summaries sre listed in the
appeondix.
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Description:

Revislon:

Duration:

Ob Jectives:

Resulta:

RUN #ba
Missgion Phase 11 with 10% low thrust.
104

40 seconds prior to star:i of MPll through end of
migsion phase.

1} Verify that the powered landing guildance
equations can achieve the desired braking phase
and approach phagse targets with 10% low thrust.

2) Demonstrate effect of 10% low thrust on throttle
control logic's ability to:

a) ¥ield correct thrust commands s¢ that the
engine is never reguired to operats in

the eritical thrust region.

b} Hold the DPS threctle at maximum for most
el the brakinz phaae, yet reccver throttls
control near the snd so that the braking
and approach zenditlons can bs met.

3) Demonstrate effect of 10% low thrust on throttle
profile during the random throttle phase,

4) Compare timing sequences against 206 GSOP
timeline.

1} Guidsnce 3ummury

Perameter Desaired schievad

R30{m) 6,686947352E-6 b.6B6G206878+6
ES2({rad) £,797020381E-3 5.514176050E-3
¥s50{m/sec) -2.133262792E-1 -2.01900L774E+]

vaz{rad/sec) -6.53378615QE-5 -7.528071815E-5




W

Parameter Desired sehisved

RSO(m) 6. 684 376002E+6 6,681 38L6B6E+6
BRS2{rad) 6.5776892482E-6 B.,262690000E-6
V8C(m/sec) -7.313930765E+0 -7.070541312E+0
V32(rad/aec) -1.469364771E-06 -1,679256B96E-6

2) Throttle Control Summary

8 | 9os

s i2%

)

Braking Phase o Approach Phase —=

. i
Thrust 0%

Time
3) Random Throttle Summary

% Commanded % Achieved
10 12
50 ub
30 31
Lo 38
20 21

44) Timeline and Other Summaries

Refer to the appendix.
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Description:

Revigion:

Duration:

Ob jectives:

Results:

RUN #7

Nominal Mission Phase 13 (4PS2 Burn) with a 456
gscond burn to fuel completion and KT = 0.3k,

106

3¢ seconds prior to start of MPLl3 througn APSZ
shutdown.

1) Verify that the powsred ascent guidance equatlons

can:

a) Achisve the desired intercept target.
b) Achieve the deaired altitude at cutoeff,

?) Demonstrate detection of premature APS shutdown
by Delta V monitor.

3) Compare timing sequencing against 206 G307
timeline.

1} Guidance Jummary

a) A% MP13 ignition, the LGC Time-To-Go and
Velocity-To-Be-Gained were 500 seconds and
7280 feet/sss, respectively. 4t fuel
depletion TGO was 33,4 seconds and Vi was
&6lh feet/sec,

Integrating the vehicle state at cutof?f
ahead in stable member coordinates to the
time of intercept along a conic {(no oblate-
neas effects), the targeted Ilntercept

point (RIVEC) is comparad with the projected
vehicle state at 24,719 sesonds (TINT):

RIVEC (meters) R(metera) at TINT

-3.228.19h “3!282!7u?

“5)?651136 '59660:905
-813,281 -8%6,1430




2)

b) The targeted radiuns magnitude at cutoff
was £,AR1,450 meters, The RCO aechisved
was £,6081,996 meters,

AV Monitor Summary

a} APS fuel was exhausted at 22,775.3 seconds.

b} AV Monltor detected premature engine shut-
down at 22,782.8 seconds and went to mission
idle,
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Dascription:

Revision:

Duration:

Ob jectives:

Results:

RUN #7a

Nominal Mission Phase 13 with a 30 second burn and
KT = 0.3k,

113

30 seconds prior to start of MP13 through end of
misaion phase.

1)

2)

2)

Verify that the powered ascent zuldance squations

can:

a)

b}

Achieve the desired intercept target.

Aehieve the desired altitude at cutoff,

Compare timing sequences ageinat GSOP timeline.

Guidance Summary

&}

b)

At MP13 ignition, the LGC TGO and VG were

26 seconds end 293,& feet/sec, respectively,
Integreting the vehicle state at cutoff

sheed in stable member coordinates to the
time of intercept along a conic, the targeted
intercept point {RIVEC) is compared with

the projeeted vehicle state at 23,849

seconda (TINT):

RIVEC (meters) R(meters) at TIN?

-5,080,390 -5,081,512

-1,619,8“0 -1’623’901@
3,987,755 3,987,696

The targeted radius magnitude at cutoff
was 6,688,532.749 meters; the RCO achisved
was 6,688,451.0376 metars.

Timeline and Other Summaries

Refer to the appendix.
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Desscription:

Revision:

Duration:

Objectivea:

Miggion
RCS jet
anothsr
1) DPs
2)

a)}

b)

¢)

d)
3)

a)

b)
116

bps

RC8

RUN #8, #9

Phase 9 (DP31 Burn) with & non-critical
fallure during the sttitude maneuver and
one during the pre-burn ullage, and:

fuel slosh.
engine miselignments.
X, ¥, Z poslition erroras.

Misalignment of thrust axis with engine
senter line about Y, Z-axes,

Misalignment of engine centsr line with
vehicle X-axis sbout Y, Z-axes.

Thruat dependsnt misalignment (due to
bending) about ¥, Z-axes,

quad l-4 misslignments.
X, Y, Z pogition errors.

Mizaelignment about X, Y, Z-axes.

20 ssconds prior to start of MP9 through 60 seconds
bayend end of miasion phase,

1)

Verify that the RCS fallure monitor ecan:

a)

b)

c)

d)

Dstect an RCS jet failurs (low § bits of
echannel 32).

Isolate the appropriates jet pair by LMP
commands.

Kesp a record of the state of the isclation
valves.

Update the DAP's Jet-poliocy selesction logiec.

42




2} Demonatrate minimal effect of non-critiecal
RCS jet failures, UPS fuel slosh, DPFS englne
misalignments, and RC3 jet misalignmenta on
mission phase performance,

3) Verify satisfactory 2-jet ullage as a consequence
of a +X translation jet fallure during pres=-burn
ullage,

i) Compare run with Hun #Se.

Results: 1) RCS Failure Monitor Summary

a) Jet number 3 was failed on at 14,136
gaconds during the attitude maneuver; Jot
number 2 was failed on at 1k,398 seconds
durling the pre-burn ullage., The down-
telemetry list edited at 1h4,428 seconds
snowad that blts 1 and 3 of channel 32
were zero (invsras logie).

b} LMP cormmand 200 (THRUST ISCLATION VALVES,
QUADRANT L, SYSTEM B -~ CLOSE} was aent at
14,137.46 seconds, reaulting in RCS jet
pair 1 and 3 being turned off st 1i4,137.

447 seconds. LMF command 232 (THRUST IS0-
LATION VLVES, QUADR&NT L, SYSTEM A -

CLOSE) was sent at 1k,399.55 seconds, result-
ing in RCS jet palr 2 and 4 being turned

off at 1lit,399.56 seaconds. The corresponding
valve-closure reast commands {201 and 233)
were issued 0,35 seconds following the
velve-closure commands. HNote that by turaning
off RCS jets l-k, an sntire guad was de-
activeted for the remsinder of the mission
phase,

¢} The downlink iist sdited showed ithat
erasable register LMPJFAIL contained 000058'
indicating that the lsolation valves
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2)

k)

assoclated with failure bits 1 and 3 of
channel 32 were closed.

d) The ersassble memory dump 2t the end of the
run showed that CHSMASK (4,R-ixes) and
CHOMASK (P-ixis) containad 000038 and
001028 respectively, the correct channal 5
and channel & bit coafiguration that
correspond to the jets turned off,

DPS1 Guidance Summary

&) The flight path angle achieved at cutoff
was 0,003°,

b) The apogsee achieved at cutoff was 2616,3 n.m.,
n.m., compared with the targeted Rp of
3617.0 n.m.

The magnltude of acoceleration during a L-jet
ullage is O;ﬁft/soc2; the magnitude of acceler-
atlion during the 2-jet ullage in thls run was
0.2 feot/secz.

Timeline =znd Other Summaries

a) The trim gimbal was used 2% of the total
burn time.

b) There was about 30% more RCS fuel used
than in Run #5a. MOst of the extra rusl
was uszed during the attitude maneuver and
the burn.

¢) Refer to the appendix for the other
summaries.
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Description:

Reviasion:

Duration:

Ob jectives:

RUN #1G ‘

Complete nominal missaion from prelaunch alignment
through mission phase 13 with liftoff detection,
434 sesond APS2 burn to completion (KT = 0.34),
and no updetes.

116

60 seconds prior to liftoff through 267 seconds
beyond send mission phase 13,

1) Demonstrate propsr LGC clock alignment by =
VERE 55 prior to initietion of prelsunch align-
ment.

2) Demonstrate that the prelaunch alignment program
can align the IMU steble member to the correst
parth-rized orientation {X PIP4 input axis 30°
I'rom the loesl vertiesal (up), ¥ PIPA input
axis downrange at an szimuth of 122° east of
north and elevated 20° sbovs ths horizontal
plane, and Z PIP: input axis downrange at sn
szimath of 32° eagt of north and in the hori-
zontal plane}.

1) Demonstrate proper terminstion of prelaunch
sliznment and initiation of MPZ upon detection
of 1.1 gts by the prelaunch program.

L} Verify detection of SIVE shutdown by the boost
monltor and proper initiation of MPE,

5} Verify rejecstion of late suborbital abort uplink
command after sgbort command monitor has besn
terminated.

6) Verifly propsr caleculetion and attainment of
desired cocld sozk sttitude,




8)

1¢)

11)

12)

13)

14)

Verify that the descent orbit injeetion guld-
anes equationa (MP9) can:

) Control the flight psth angle at cutoff
to be zere relative to the local horlzontal
(1.e.,: eastablish perigee st cutoffl).

b) HRaise the conic apogee at sutoff to the
targeted radial distance Rp.

Verify that the powered landing guidance
equations (MP1ll) ean achieve the desired
braking phaase and approach phase targets.

Verify that the throttle contrel loglie ean:

a) Yield correet thrust commands so that the
engine is never required to operate in the
e¢ritical thrust region,

b) Hold the DPS throttle at maximum for moat
of the braking phese, yet recover throttle
sontrel nser the end so that the braking
and approach conditions can be met.

Verify propsr commandsd throttis profile during
the random throttle phase,

Dsmonstrate the effect of turning the DAP

off for I seconds during the DP32 burn (for the
parpose of reverting tc the spscial CDU down-
link 1list and obtaining body bpending and

fusl sloah data) on body rates.

Verify that the powered ascent guidancs egquations
(MP13) can achleve the deslired intercept target,

Demonstrate aceuracy of the Grvital Integration
and Average G navigation programs.

Verify validity and protection of prelaunch
erassble memory load, and initietion, timing,
and sequencing of the mission phaaas.
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Resulta:

1)

2)

LGC Clock Alignment Summary

The LGC c¢lock was purposely initialized
incorrectly at the start cof the run so that it
lagged the simulator clock by 7.52 seconds.

At 2.5 seconds s VERB 55 was sent followed by
& time inerement of 4752 sentiseconds, which
perfectly synchronized the LGC clock with the
simulator clock.

Prelaunch Alignment Summary

a) The prelsunch alignmant program was Ilnitlated
at 1liftoff - 55 seconds.

b) The IMU stable member was open-lcop coarse
aligned end gyrec torqued to the desired
earth-rixed orientation by liftoeff - 25
seconds,

¢) The prelaunch gyrocompassing loop held the
IMU platform to the proper gimbal sngles of
406 = 2229, a13 = 0%, aMs = 30° sueh that
at guidance refsrsncs relesge the eulaer
set from desired to actusal stable member
alignment was Kpig = 0.03?80, Thig = 0.0242°,
Zpyg = -0.010L°,

Guidance Reference Relesse Summary

e) At 0,42 seconds after liftoff, 1.1 g's
were sensed by the prelaunch alignment
program,

b} Consequently, gyrocompassing was terminated
and MP2 initiated at O0.45 seconds.

¢) The LGC clock was zeroced at 0,56 seconds.

SIVE Shutdown Summary

a) SIVB shutdown oceurrsd at 582.3 seconds
after liftoerff.

b} The SIVB AV monitor detected shutdown at

584.5 seconds.




5)

6)

8}

¢) MP6 was initiated at 58i,.- seconds.

Late Suborbital Abort Command Summary

a} The abort command monitor wus initiated
at 145.5 seconds after iiftoff,

b) The abort cormand monitor was tsrminated
at 6ll.6 seconds.

c) Uplink keycode 23, SUBORBITAL ABORT, wes
recelived at b644.6 seconds,

d} Program alarm 00300y {ibort Command Monitor
Not Enabled} was displayed at 64i.6 seconda,

Cold Scak Attitude Maneuver Summary

a) The desired cold scak glmbal angles {A0G:
-112,5%, aIG: -25.7°, aMG: -5.3°) were
achieved and held within the 5° deadbend

one.

b) A 147.38%°, 29,46 second attitude maneuver
wea performed to the ccld soak attitude.

¢) The amount of RCS fuel used during the
msneuver was 8.99 pounda.

DPS]l Guidancs Summary

a) The flight path angle achisved at cutoff
was 0,006°,

b) The targeted radial distance Rp of 21,992,000
feet represents an apogee of 3617.C nautlcal
miles. The apogee schieved at cutoff was
%616,2 nautlcal miles.

¢) The trim gimbal was used 58% of the burn
time,

DPSZ Fuidance Summary

Tabulated on the followlng page are the radlal
and down range position and veloelty terminal




9)

paramesters for the braking &nd approach

phases in spherical, earth-centered,

non-rotating coordinates:

Parameters Degired sdchieved

R3@(m) 5.686947349E+6 6.,686961811E+6
RS2{rad) £, 797001 734E-3 5.639668210E-13
vso{m/aec) -2.133175242E+1  -2,113037107E+1
Vs2(read/sec) -6.533226733E~5  -6.563838039E-5
Approach Phase

Parameters Desired iZehlaved

RSO (m) 6.,684376002E+6 6.684382939E+6
R82{rad) 6.577892u828-6 8.2403L0000E-6
VS0(m/sec) -7.313936765E+0  -7.5233L5920E+0
VvS2(rad/sec) ~1.46936L777E=6  =1.662704101E-6

The trim gimbal

usage during tne burm was 72%;

the remalinder of the burn time was spent undar

RCS Jet contracl.

Throtile Ceontrol Summary

The thrust profile actually achieved during

the breking and approach phases 1s plotted on

the next page.
the guidance

During the initial interwvsal

equations commanded a total

acesleration which required s thrust magnituds

in sxcess of

52% of the DPS5 meximum {z DPS3

throttle restriction is plsoed on the throttle
command until it falls bslow the specified 52%
sstting). Prior te the end of the braking phase
the thrust reguired to setisfy the sceceleration
commanded fell belew 52%, so throttle control
began so that the desired terminal position

and velocity could be achieved without throttle

settings above 58% required.




97%

®

12%

1

Brsaking Phase

Approach Phase

10) Random Throttle Summary

The throttle profile commanded sand aghieved

ars summarized below:

% Commsanded % achieved
10 12
50 50
30 30
Lo 39
20 20

11) DAP-Off Summary

The DAP was turned off 193 seconds into the
DP32 burn for L seconds, as part of the
mission control aeguence when DAPOFFDT

containas 162 seconds.

The resultant attitude

drift of the vehicle due to tsmporsry loss
of attitude control was 2.2&3.




12)

13)

APS2 Guidance Swmsary

a)

b}

At MP13 ignition, the ILGC TGO and VG
were 1167 seconds and 6579 ft/sec.,
respectively. Integrating the vehicle
state at gutoff ahead in stable member
coordinates tec the time of intercept
along & conic (no oblateness effects),
the targeted intercept point (RIVEC)
is compared with the projected vehicle
state at 2L,794.16 seconds (TINT}:

RIVEC (meters) R(meters) at TINT
"3105?’?28 "‘3!039:714-1-#
-5,762,10b ~5,759,003
-l’ 21-‘-1-!-, ?90 -1’ 2??’222

The targeted radius magnitude at cutoff
was 6,687,649 meters; the RCO achieved
was 6,687,020 meters.,

Orbital Integration/Average G Navigation

Summary

The eppendix gives the maximum accumulated
LGC state vector error from liftoff within
each mission phase. What follows ia ihe
increase in the state vector error between
two mission phases (MPi/MPJ - Orbital
Integration) and within s mission phase

(MPL - Average 3):




Total

1h)

Mission Phase AR_Error (ft; AV Error {ft/ggg)

- - e ———— e -

MP2 5,279 19,27
MP& 10,478 -10,68
MP&E/MP7 ~Ts233 12,14
MP7 866 -0, 30
MP 7/MPS 49,375 46,77
MPG 2,201 1.11
MPO/MP11 7,508 11.36
MP11 -328 .26
MF11/MP13 5,262 5.12
MP13 -282 &.37
MP2-MP13 73,126 95,42

Timeline and Other Summsries

The sraaable memory load was protected at the
end of the run, The run timing matched that
of the 206 G30P. Refer toc the appendlix fer

the other summaries,




Descriptlon:

Revision:

Duration:

Ob jectives:

Results:

RUN #11
Complete mission from prelaunch slignment through
mission phase 13 with %x° prelaunch alignment mis-
aligmment in azimuth and nc updates,

116

60 seconds prior to liftoff through 295 seconds
beyond end of mission phase 13,

Same as Run #10.

1) LGC Cleock ilignment Summary

Same as Run #10.

2) Prelaunch ilignment Summary

Same &8s Run #10, esxcept Kmis:: -O.h68?°, Ymis:
-0.2678%, and 7, = ~0.0130°,

3) Guidance Reference HReleasse Summary

8) At 0.71 seconda after lifteff, 1,1 g!'s were

sansed by the prelaunch alignment program.

b} Conaegquently, gyrocompassing was terminated
and MPZ initieted at Q.75 seconds.

¢} The L3C clock was zeroed at (.86 seconda.

L} 3IVB Shutdown Detection Summary

Same as Run #10.

5} Late Suborbital Abort Command Summary

Same aa Run #10,

&) Cold Scak Attitude Maneuver Summary

a) Desired cold soak gimbal angles (a0G = -112.1°,
AIG = =25.4°, AMG = -5.6°) were achieved
and neld within the 5° deadband zons.
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8)

b) A 142.?90, 28,54 seccnd attlitude mansuver
was performed to the cold sosk attitude,

¢) The amount of RC3 fuel used durlng the
maneuver was 8.77 pounds.

DP31 Guidance Summary

a} The flight path angle achieved at cutoff
o
was -0,010".

b) The targeted radial distance Rp of
21,992,000 feet ropresents an apogee of
2A17,0 nautical wiles. The apogee achieved
at cutoff was 2617.2 nautlcal umiles.

¢) The trim gimbal was used 16% of the burn
time.

DPS2 Guidance Summary

Tabulsted below aré the radial and down range
position and velocity terminal parametera for
the approach phasa in sphericsal, sarth-centersd,
non-rotating coordinates:

Paprameter Deszired schieved

RSO{m) 6£.6843760028+6  6.687323E+6
RS2{rad) 6£.57789218 285 -7.328-3
V30 (m/sec) -7.313%36765E+0 =3.41E-1
V32{rad/ssc} ~1.46936U7TTE-D -3E-6

The trim gimbal usage during the burn was 88%;
the remsainder of the burn time was spent under
RCS jet contreol.




9} Throttle Control Summary

97%

%k

52%

12%

Braking Phase

¥
f

approach Phage —w

%
Thrust

Time

10) Random Throttle Summary

The throttle profiles commanded and achieved
are summarized below:

% Commanded % Achieved
10 12
50 50
30 30
4O 10
20 20

11} DAP-Off Summary

Seme 88 Hun #10, axcept that the attitude drift
was 1,0°,

12) APS2 Guidancs Surmary

a) At MP13 ignition, the LGC TGO and VG were




159 seconds and 6419 ft/aec, respectively.
Integrating the vehicle stats at cubtoff

ahead in stable member coordinstes to the
time of intercept alonz a conic, the tarw
geted intercept point (RIVEC) is compared
with the projected vehicle atate at 2L,794.16
geconds {TINT}:

RIVEC (meters) R{meters) at TINT
~-3,057,726 -3,106,875
-5,762,166 -5,768,290,
-1,2hk, 790 -1, 14l h65

b) The targeted radius magnitude at ecutoff
was 6,687,649 meters; the RCO achieved was
6,692,206 meters,

13} Opbital Integration/Average G Navigation Summary

Missien Phase AR Error (feet} AV Error{ft/sec)

MP2 56,406 219,71
MP6 119,722 -125.77
MP&/MP T -108&,893 129,06
MP7 8,719 -3.67
MP7/MPQ 113,645 ~52.14
MP9 15,104 «26,25
MPG/MPL11 -78,942 90,22
MP11 88,335 -51.48
MP11/MP13 5,487 91.88
MP13 36,152 2l . Ol
Total MP2-MPé 255,735 295,60

1k) Timeline and Qther Supmaries

Rafer to the Appendlx.
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Description:

Revislon:

Duratlion:

Ch jectives:

Results:

RUN lla
Complete misaion from prelaunch alignment through
miasion phase 13 with 1° prelsunch alignment
misalignment in szimuth and no updates.

116

60 aeconds prior to liftoff through 267 seconds
beyond end of mission phase 13,

Same as Run #10

1} LGC Clock Alignment Summary

Same as Run #10.

2) Prelaunch Alignment Summary

Seme as Run #10, except X, — -0.9121°,

_— o _ o
Ymis'— -0.52377, zmis‘- -0.0128".

3) Guidanoe Referencs Releass Summary

a} At O.64 seconds after liftoff, 1.1 gt's
were asnsed by the prslaunch slignment
program,

b} Conaequently, gyrocompassing waa terminated
and MP2 initiated at 0.67 seconds,

¢} The LGC clock was zaroed at 0.77 seconds,

4) SIVB Shutdown Detection Summary

Sams ss Run #10.

5} Late Suborbital sbort Command Summary

Same aa Run #10.

©) Cold Soak Attitude Maneuver Jummary

a} Desired cold soak gimbal sngles (ACG = -111.?0,
AIG = =25,1%, AMG = -5,8%) were achieved and
held within the 50 deadband zons,

57




7}

B} A 1&9.000, 229,79 gacond sattiltude mansuver

was performea to the cold »ozk sttitude,

¢) The amount of RCS fuel used during the
maneuvser was &,91°

DPE1 Guidancs Summary

a} The flight path engle achlieved st cutoff
wa s -0.0390¢
b) The targeted radial distance 8, of

21,992,000 fest reprosents an apoges of
%517,0 nautical miles. The aspopees achleved

at cutoff was 3612,.2 nautical miles,

¢) The trim gzimbal was used 39% of the ourn
time.

DP32 Guidance Summary

Tabulated below are the radial and down range
position and velocity terminal oarsmeters for
the braking and spproach pheses in spheriesal,

sarth«centered, non-rotating ccordinastss:

e~ T

Parameters Desired Achievaed

R3D{(m) 6,68694L73498+0 £.687167248E+0
R32(rad) S T9T001T34LE-3 6. 4b12637808-3
V30 (m/8eg) -2,.1331752L28+1 ~2.2074126848+1
¥832{rad/sec) «5,533226733E-5 -6.9762961595-5

e ke it b

Parameters Desired Achieved

RSO (m) 6.604376002E+0 0. B8LL5LI98E+0
RS2(rad) 6.577892L82E-6 3. 300607000E-5
VS0{m/sec) -7.31393&T65E+0 -7.715987968E+0
VS2{rad/aec) =1, 46936L7TTE=-0 -3.568311492E-6

a8




The trim gimbal usage during the burn was 91%;
tha remainder of the burn time was spent under
RCS jet control.

9) Throttle Control Summary

97%

93% [
58%
4 5% L .JP.Q%\
\‘\
L% T
\\
.
12%
e ——————— Braking Phas¢ ———————————e=m@— - Approach FPhase —
% 0%
Thrust
—
Time

10} Rendom Throttle Summary

The throttle profiles commanded and achieved

are summarized below:

E Commanded g Aghleved
10 12
50 50
30 30
Lo 4o
20 20

11) DAP-Qff Summary

Same a3 Run #10, except that the attitude drift

waa 1.060_




Total

12}

13)

1h)

AP82 Guldsence Summary

a)

At MP13 ignition, the LiC 740 and VG

were 456 secondz and 6362 fi/sec, respective-
ly. Integrating the venisle state at cutoff
anead in stable member coordinates to the
time of intercept along & conie, the targeted
13 compared with the
at 24,794.16 seconds

intereept point (R1VEC)
projected vehlcle state
{TINT):

R1VEC(meters) F{metara) at TINT

-3,165,563
-5, 768,000
“'1,039,01&

-3,057,728

-5,762,166

-1,2L4k,790
The targeted radius magnitude at cutoffl
was 6,687,649 meters; the RCO achievead
was 6,695,317 meters,

Oprbital Integration/iversge 7 Navigatlion Summary

Mission Phase

AR Error (reet; oV Errer{ft/sec)

MP2 110,442 4.28.88
MP6 233,317 -2h7.52
MP6 /MP 7 -218,267 252.80
MP7 18,019 - 7.29
MP7/MP9 268,021 - 46,48
MPY 28,745 - 40,49
MP9/MP11 -137,92kL 148.87
MP1) 142,966 - 69,61
MP11/MP13 17,126 162,89
MP13 60, 349 52,52

522,796 &34.57

Timeline and Other Summaries

Hefer to the appendix.
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RUN #1:z2

Description: Mission pheses 7 and 8 with mlssion phease and
timer updates, state vesctor updates, burn target
updates, uplink guidance refsrence releass command,
uplink DFI T/M calibrate, uplink misslon idle c¢com-
mand, uplink LMP command, and function inhibit/enable
updatens., Includes a sequence of 1llegal updates,

Revision: 106

Duration: 60 geconds prior to inltiation of MP7 through
scheduling of MP9.

0b jectlive: Demonstrate proper uplink sctivity for VERB's
6l through 76 during beth active and inactive
portions of the mission,

Results: 1} In the intervel between MP7 and MPE (miagion
timers enabled and MP8 sacheduled via miassion
timer #i) a VERB 65 ENTER was sent. As a
result bit 2 of FLAGWRD1 (GRR flag) waa changed
from a zero toc & cone, 3ince the preslzunch
alignment program was not running, the major
mode was not changed to Ol.

2) A VERS 66 ENTER was sent to initlate the LaC
DFI T/M CALIBRATE sequencs, is a2 result
LMP command 236 was issued, followed in 12
seconds by LMP commends 237 and 198, and
focllowed in 2 seconds by LMP command 199.

3) A VERB 67 ENTER was sent, followed by a legsal
(1-255) but unused LMP command 2b., The
LMP command was transmitted and bit 6 of
FLAGWRDZ (VERI flag) waas inverted,

Iy} 4 VERB 70 ENTER was sent to set unused mission
timer #2 to 16383 msconds., As a result

MTIMER2 was changed from 77777g to 37777g




6)

1)

ang VER]T flag was loverted.

4 VERE 7.1 ENTER was gent to set unused mission
phage ragiater %2 to MPS. As « result MPHASEZ
was changed from 77777, to ilUg sna VERT flug

was invertedg.

A VERR 74 ENTER wus seni “cliuvwed oy the firast
af 1y stets vector update components., Next

a VERZ 75 ZNTER was sen: L¢ try changing s
purn paremeter belorse completiny ine state
vector load. ,8% & result tne Uperaior Error
lignt was 11t and an ERROR RE3SET wus 3sent to
extinguish 1t, The next two c¢omponents of the
state vector ware loaded and then thes sequence
was terminsated by & VERS 3L SNTER. The major
mpde was shanged from 2?8 anda VER1 flag wea
left unchanged.

At 3321 seconds s VERE &L ENTER wua gent followed
by an index of one and a 3ET of =248 seconds,

is 8 reault mission timer 1 wsz chenged Irom
777775 to 360?8 (1927 seconds! and VERI flag

was inverted.

A VERB 75 ENTzR was sent folluwed by 31 1llegzal
target parameter indices of 7, ~1. snd 0. The
illegal indices wera ignored. Nex: a lagal
index of 1 was sent followed by the major and
minor parts of Rp. Then = third DPF31l target
parameter was sent which wus trested as an
index and ignored tecsuse 1t w=a4 2ot in the
legsal range of l-i. Similarly two more Llllegal
indices ol ~2 and O were sent und ignored.
Finelly s legsl lndex of 31 was sert lollowed
by more parameter pnumbars, asli of whizh werse
ignored. 43 a result of all tols, the original
Rp paramsters leoaded wers not altered and

VERI fisg was inverted.




9) A VERB 67 ENTER was sent followed by an illegal
LMP command 256. 43 a result the LMP command
was not jasued, the Operstor Error light was
1it, and VERI flag was lnverted., 4in ERROR
Resst was sent to extingulsh thes alarm light.

10) & VERB 72 ENTER was sent to schedule 1llegal
mission phase 23 in l23h58 saconds via misaion
timer #1. As a result tne misaion timer pair
was left slone (MPHASEL = T????B, MITMERL =
3562g), the Operator Error light was lit, and
VERI flag was inverted. An ERROR RESET was
gent to extinguish the alarm light.

11} A VERB 71 ENTER was gent to schedule mission
phase & via mission timer #2, Since MP6 is
not suppose to be started via the mission sehe-
duling routine(lt is initlated upon detection
of SIVB shutdown}, MPHASE2 was left at 77777g,
the Cperator Error light was lit, and VERI flag
was inverted., An ERROR RESET wasa sent to
extinguish the slsasrm light.

12) At 3350 seconds a VERB 6l ENTER was sent followed
by an index of three and a GET of 0 seconds,
Since the GET represents a time gone past,
MTIMER3 weas lsft st ?????B, the Operator Error
light was 1it, and VERI fiag was inverted. Amn
ERROR RESET was sent to extinguish the alarm light,

13) 4 VERB 73 ENTER was sent to perform a function
inhibit/enable update, followed by an illegal index
of i, 4s 2 result none of the function inhibit/
enable switches were changed, the Operator Error
light was 1it, snd VERI flag was inverted. An
ERROR RESET was sent to axtinguish the alarm light,

1) A series of four VERB 75 ENTER's were sent
followed by normal burn target updates for DP31,
DP32, APS2 and a time update. For 1lndex i




15)

1o}

17)

18)

16)

TIMEZ,. and TE -l were incremsnies by 12
centiseconds, Esach burn end time parameter
was correctly modlfied and VEHT Slszg was
inverted eorrectly after esch of the four
updates,

A serles of six VERE 73 ENVER's wss sent to
individuelly invert and reinvert esacn of the
funetion inhibit/enable switeh stetes. The
state of bits 1, 2, 3 of FLAGWRD. were [lipved
propsrly and VERI flag was inverted correctly
after sach of the six updates.

A VERB 76 ENTER wss sent to perform a normal
state vector update, All 1L componenta were
loaded correctly into REFRCY, AEFVCV, TE, +1
correctly and VERI flag was inverted.

A VERB 34 ENTER was sent after tne YER® XX
ENTER, for Xi= bi, &7, 70, 71, T2, 73, 75, 7b.
L3 a result each uplink sequence was terminsted
Properly and VERI flag was never inverted,

The Orbital Integration flag i{bit 7 of FLAGWRDZ)
wag set and then a VERB 7% ENTER state vector
update was attempted. 4s s result the Malor
Mode remalned at 27g» the incorporstion of the
state vector intoc REFRVC, aEFVlV, and TE, +1
was delayed, and VERI flag was inverted. Next
the Orbital Integration flug was reset and the
Ma jor Mpde changed to 00, the state vector waa

incorporated and VERI flez was not inverted.

The Orbital Integration flag was sset and than

a VERE 75 ENTER state vector time update was
ettempted. 4s 8 result the Ma ;sr Mode remainad
at 274, TIME2,1 and TE, +1 were not incremented
by 24 centimeconds, and VERI flag was invertasd.
Next the Orbital Integration flsz was reset and
the Major Mode was changed to 00, TIME2,1

and TE, +] were incremented by 24 asentiseconds,




20)

21)

22)

23)
2l )

and VERI flag was not inverted.

A VERB 72 ENTER was sent to schedule MP8 in

7 secomds via mission timer #3. s & ressult
MTIMER3 was changed from 77777g to 7g, MPHASE3
was changed from 777774 to 108, and VERI flag
was 1lnverted.

A VERB 76 ENTFR state vector update sesquence

was initiated to overlap the start of s misaion
phass, When MPG became due prior to the compls=-
tion of the load sequence, sn interval VERB 34
ENTER wes generaved Lo kill the state veetor
update. VERI flez was not inverted.

4 serlies of VERB XX ENTER wuas sent, for X{ =
éL., 67, 70, 71, 72, 73, 75, and 76. Since

MP8 was active and the mligsion timers were nost
snebled, the operator error light was 1it and
VERLI flag was not inverted. :in ERROR RESET

wag sent after esch update.
L VERB 74 ENTERE was sent to terminate MP§,

A VERB 72 ENTER wes sent to schedule MPY in
8 secomds via mission timer #3. iLs & result
MTIMER3 wag changed from T????B to 108’
MPHASE3 was changed from 77???3 to 108,

and VERI flag was inverted.




vescription:

Revision:

Duretion:

Objectives:

Results:

RUN #13

Mission Phases 1 and 2 (Prelauncn iAlignment and
Guldence Reference Relesge) with uHR via VERB 65
at 3 seconds before lifteff, followed by three
redundant VERB 65's.,

112

60 seconds prior to lifteff througn 2G seconds
beyond 1liftoff.

1}

Demonstrate proper termination of prelsasunch
alignment and initiation of MP2 upon receipt
of a VERB 65,

Verify that redundant VERB ©5's sent after
guidance reference release ars ignored.

Prelesunch Alignment and GRR Summary

a] The prelaunch aligrment prozram was initiated

at liftoff - G55 assconds.

b} The prelaunch gyrocompassing loop held the
IMU platform to the propsr gzimbal sngles
of 406G = 122°%, aIc = 0%, aMG = 30° such
that at GRR the euler set from desgiresd to
aectual stable member allignment nxes wera
Kpyg= -0.0072°, ¥ = -0.0003°%, 7., =
-0.0091°.

¢} 4 VERB 65 wes received snd thes internal

GRR flag set at 2.99 seconds before liftoflf.

d) Conseguently, gyrocompasaing was terminated

and MF2 initiated at 2.70 seconds befors
liftoff,

e} The LGC clock was zerced at (.30 seconds
after liftofr.




2)

Redundant VERB 65 Jummary

Thres more VERB 65tz wers received at 1,69,
1.29, and 0.89 seconds before lifteff, No
resultant action was taken because the
prelaunch allgnment program had alresdy besen
terminated and only it can initiate MP2.




Descriotion:

Revision:

Durstion:

Ob jectives:

Resulta:

RUN  #ll, #15, #1”

Miasion pheges 9, 11, =nd 13 with un engine ignition
failure,

588 below.

Start of mission phase througzh premature termination

of mission phsase,

Verify that the PGNCS Delta V meonitor can:

a) Detect a DFS engine ignition failure in MP9,
MP1l and an iPS engine ignition failure in
MP13.

n) Initiate the mission laling sequence sand
enable the mission timers,

c) Protect the Average 3 state vector until it
is trensferred to the Orpitel Intezration
pProgram.

Ignition Failure Detection Summary

1) The time that the DPFS/.P3 engzine was commanded
on 1lg given below with the tinme that the AY
monitor detected thaet the ensine thrust level
had not built up te 22.5 cms gac® (DF3) or
200 cm/sec2 (APS} during tne first Iew zeconds
of the kturn {(Program .larm Olu055}.

Mission ingine AV Monitor
puan # Rev, Phese Commanded On Cetection
1y 106 MP< li, 46,43 see. li,450,59 sec.
15 113 MP11 16,015.0¢2 16,820.82

17 106 MPLl]3 22,318.6% 22,324,853




2}

Tc terminate mission phuge sccivity (Program ilarm
003158), the LGC system programs were initialized,
the engine was commanded off, the vehicle attitude
was held, +X tranzlestion was terminated, the DAP
deadband was set to 5.0°, and the mission timers
were anabled,

The Average G position and velecity state vector
errors just hefore the sngine wag commaznded on are
listed below zlcons with those transferrsd to the
Orbital Integratlion program when the reszding of

the PIPA's was terminsted.

Engine Croital
Commandea .n Integretion
RUN # R=-Error Verror R-EZrror J-Error
14 Sob ft. Q.47 ft/sec 570 ft. 0.58 ft/sec,

17 Los ft, 0.8¢ ft/sec 359 fr. 3.00 ft/sec.

]




RUN #1056 through #&i

Description: Mission phnases $ and 11 with rremsturs engine

shutdown(a}.
Revision: See bhelow.

Duration: Start of mission phase through wrr.- terminztion

of mission phsaa,

Oblectives: Verify thst the PGNCS Delta V monisor can:
a} Detect a premature DP3 enzine shutdown.
o) Initiate the mission idling sequence and

enable the mission timers.

¢} Protect the Aversge & state vector until it
is transferred to the Jrnitel Integration
prozrsam,

Hesults: Iremature Engine Shutdown Detectiosn Jummsry

1) The time that the IP3 enzsine shutdown premsturely
i3 given below, with the time thsit the AV meoni-
tor detected that the engine thrust level fsll
velow 22.5 cm/sec2 for 2 Tew seconds during the
burn (Frozram slarm 0lulbs,. ;. ), (Y], and
{R} below reprsesent the spnroaen, bresiing, snd
randoem throttle ph=zasss of Mril.

Mission Premsaturs Vv Monitor
Run # Rev. Phaase Shutiown Detection

18 106 MPS 14,474.08 sec. 1h4,0480.59 sec,
19 113 MP1ll. 17,314L.08 sec. 17,146.81 sec.
20 113 MPLlR 16,794,088 sec. 16,500.81 sec.

21 113 MP1l1R 17,247,028 seec, 17,302.81 sec.

TN




To terminate miassion phese sctivity (Program Alarm
003158), the LGC system progrems were initiaslized,
the DPS engine was commanded off, the vehicle
attitude was held, +X translsation was terminated,
the DAP desdband was sst to 5.00, sand the mission

timers wers ensbled.

The sverage G position and velocity state vector
errors just before the engine shut down prematurely
gre listed below alonz with those transferred to
the Orbital Integration program when the resading

of the PIPi's was terminated.

Premature Orkitel
Shutdown_ Integration
Run # H=-Error Y-Error R-Error V-Error

18 613 ft. 0.54 ft/sec. 626 ft. bB.42 ft/sec,




Desgcription:

Reviaion:

Duration:

Objective:

Results:

RUN #23

Mission Phase 13 (:PS2 Burn) with & 192 second
burn to completion and KT = 0.3%L.

116

30 seconds prior to start of MP1i through end
of mission phase.

1)

1}

Verify theat the powsred ascen: guldence equa-

tions can:

8)

b)

Achieve the desired intercent terget.

Achleve the desired sltitude at cutoeff.

Compars timing sequences againat the G30P
timeline.

Guidance Summary

&)

4t MP13 igmition, the LG TGO and VG
were 194 seconds and 22% ft/sec, respec-
tively. Integrating the vehiele state at
cuteff shesd 1in atabls member coordinates
to the time of intercept along & conicg,
the tarzeted intercept point (RLVEC)

is compared with the projected vehicle
state at 24,419 geconds {TINT):

R1VEC(meters) R{meters) at TINT
-4, 749,158 -4, T4E, 57
-4 585,276 -ir,586,742
249,260 845,215

The targeted radius mesnitude at cutoeff
wasg £ ¢£7£ o35 meters; lhe RCUO achieved
wag 4 AB5,000 meters.

Timeilne and (Uther Summaries

Refer tc {he appendix.




Description:

Revisgion:

Juretion:

Ob jectives:

Results:

AUN #24 through #33

Mission phases 3 throuzn i3 witnh & VERE 74 termina-
tion,

See below.

Start of misslon phase through premature terming-
tlon of mission phase.

Verify that a VERE 7L transmitted via the uplink
can:

a) Terminate mission phass activity, iniltiste
the mission idling sequence, and enablse the
mission timers.

) Protect the siversge 7 gstate vector untll the
reading of the PIPi's 1s terminated and the
state vector is transferrsd to the Orbital

Integration program.

VERE 74 Terminstion Summary

a) Mission
hun # Hev. Phase Jeceourrence
2k 108 MP7 After SIVB/LM separation
failure,
25 106 MPE Cold soszk maneuver
26 10e MP Burn
27 108 11 Random tarottle phaase
28 108 MP11 Braking phsase
29 108 ¥P11l Approach phase
30 106 MPLl3 Burn
31 108 MELL Pre-burn attitude maneuver
32 112 MP 3 2nd DPS burn
23 106 MPh Burn

In each case, irmmediately after the VERZ 74

wang recelived, the L5C system programs wers




initielized, the engine wsas comman:iad off, the
vehlecle attitude was held, +X translatlon was
terminated, the DAP derdband was set to 5.00,

and the mission timers wers snabled,

The iverage G position and veiocity state vector
errors just before the VERE 74 wes receaived ars
listed along with those transferred to Orbitsal
Integration when the resding of the PIPA'S wWas

terminsted,
Jrbital
.. YERB Th integration

Run # H-Error V-aprror d=gZrror Y-Error
2l a3 re. 0.77 ftfasc 3L& ft. 0.69 ft/sec.
26 613 f't. 0.54 ft/=ec 571 ft, 0.L6 ft/sec.
30 blo £+, 3.68 ft/sec L12 ft. 4.09 ft/sec.
32 35 ft. 0.32 ft/sec 5 ft. 0.30 ft/sec.
33 22 ft. 2.4l ft/sec Z76 ft. 2.37 rt/sec,




Deacriptions:

Revision:

Durstion:

Qb jectives:

Kesults:

RUN_#3L

Mission Phase 9 {(DP31 “uprn) with eritical RC3
jet fallures during the pre-burn attitude maneuver.

113

60 seconds prier to start of MPY9 through 20 seconds

beyond premature termination of mission vphase.

1) Verify that the R{3 failure monitor e¢an:

) Detect &n RI3 jet fallure (low & bits of
channel 32).

b) Isolate the appropriste jet palr by LMP

commsaends.

c] Keep a record of the state of the isolation

velves,

d) Update the D.P's jat-policy selectlon
logic.

2} Verify that when tne DiP fails to find a jet-
poliey sslection to perform the attitude
maneuver with the falled RCS Jets, the jet-
abort sequence s Inltisted whieh will term-
inate mission phass ectivity, initiate the
misaion idling sequence, and enablse the mission
timers.

1) RCS Fallure Monitor Summary

a) Jet numbers £ and 14 were failed on at
14,180,800 sseconds during the attitude
maneuver and Jjet number 5 was failed on
2 seconds later. The LGC erasable memory
dump a1t the send of the »un showed tnat
bites 1, 2, and 5 of channel 32 were zeroc
{inverse logic).

=1

1




2}

o} LMP cormand 108 {THRUST ISULATi.uN VALVES,
QU-DRANT 1, SYSTEM 3 - CLO3:) was sent at
1i,182.78 seconds, resulting in RCS jet palr
1L and 16 being turned off av 14,182,.78
geconds., LMP command 237 : TH=UZT ISCLATION
VALVES, QUADRANT L, SYSTEM . - J1L0SE) was
sent at 1hL,183,7L4 seconds, resulting in RCS
jet peir 2 and Il being turned off at 1l,183.8¢6
seconds, LMP command 94 (THAIST >30LATION

V:iLVES, QUADRANT 3, SYSTEM . - TLOSE) was sent
at 1h,18L.B2 sseconds, resultins in RLS jet
peir S and 8 being turned off =: 1L,1854.82

seconds. The c¢orresponding vw ve closure

reset commands {109, 233, =nd “u! wers igsued

0.9¢ seconds following the valve-closure commands,

¢} The LGC erasabls memory dumm st the end of the
run showed that LMPJFAIL conteined 000238,
indicating that the isolation valves assocclated
with feilure bits 1, 2, snd 5 were slosged.

d} The dump alsoc showed that CHEMASHK (<, R-axea}
and CHOMASK (P-axis) contained 00206: and
0030y respectively, the correct cha;nal S
and chammel & bit configurations that corres-

pond to the jets disabled,.

Jet ibert Summary

The Jet abort routine (Program .larm OO}lEbJ
terminated mission phase activizy {Program Alarm
003158) by initializingz the LiC syszem vrograms,
commanding the DPS engine off, rterminating X
translation, e¢ommending venicle sltitude hold,
setting the DAP deadband to 5.0, and enapling
the mission timsrs,




Description:

Revision:

Duration:

Ob jectives:

Results:

RUN #35

Mission Phese @ (DPS1 durn) with critieal jet
failures during the pre-burn ullage.

106

60 seconds prior to siart of MPY through 50 seconds
beyond premature termination of mission phase,

1)

2)

Verify that the RCS failurs monitor can:

a)

b)

e)

a)

Detect an RCS Jet fallure (low & bits of
channel 32;,

Isolate the appropriaste et psair by LMP
commends.

Keep a record of the state of the iseclation
valves,

Update the D:P's jet-poliey selection logie.

Verify that when the D:P fails to find =

jet-policy selection to perform the ullage
with the failed HCs jJets, the jet-asbort sequence
is initiated wnich will:

a) Terminate mission phase activity, initiate
the mission 1dling sequence, and enable
the misszion timers.

b} Protect the .veraze & state vector until
it is transferred to the Orbital Integration
program.

RCS Failure Monitor Summary

g} Jet numbers [ and 7 were falled on at

14,442,440 seconda during the pre-burn ullage.

=1




The LGC erasable memory dump si the end of

the run showsd that bits i1 and 4 of channel

32 were zoro {lnverse lozlc;.

LMP command 118 {THRUST 13GLATION VALVES,
GUADRANT 3, SYSTEM B - CLUSE) was aent at
14,403,990 seconds, réesulting in RCS jet pair

& and 7 being turned off st 1L,l13.90 seconds,
LMP command 232 {THRUST ISuLATION VALVES,
WJUADRANT L., SYSTEM A - CLO3Z' was sent af
1,444 .98 seconds, resulting in RC3 jet pair

2 and 4 being turned off at 1b,uii.98 seconds.
The corresponding valve-closure resst commands
{111 and 233) were lssued 0.% seconds follow-
ing the valve-cloaure commanda.

The LGZC erasable memory dump at the end of

the run showed that LMPJFAIL contained 000118,
indicating that the isolatlon valves rsaacciated
with failure bits 1 and L were closed.

The dump also showed that CHSMi3K (&, R-axes)
and CH6MASK (P-axis) contained 000128 and
001018 respectively, the correct channel 5
and channel & bit configpurations that corresa-
pond to the Jets dlsabled.

Jet Abort Summary

a)

b)

The jet-sbort routine (Frogram .larm 003128)
terminated mission phese sactivity (Program
Alarm 003158) by initializing the LG{ system
programs, commanding the DPS engine off,
terminating +X translation, commending

vehicle attitude hold, setting tne DAP deadband
to 5.00, and enabling tne miasion timers.

.

The Average G poaition z2nd veloclty state
vecteor errors Just befeore the HCS jet fallures
were 564 feet and 0.49 ft/sec, respecitively.
wWhen the reading of the PIPi's was terminated
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and the state vector was transferred to the
Orbitel Integration program, the R-Zrror was
567 feet and the V-FError was 0,47 ft/sec,




Jegeription:

Revision:

Duration:

Op jectives:

nesults:

RUN #36

Migsion Phase 3 (Suborbital Abort) with SIVB
tumble rate in excess of 2.99°/second.

g%}

8IVR shutdown threough 15 seconds beyond detection
of tumbling.

L}

Demonatrate that the tumbls monitor program
can detect spin in excess of 3°/second sbout
the NiV BASE asxes and will keep the TUMBLE
flag (bit 13 of FLAGWRD1l) set only as long
a3 the tumbling ecriteria is excseded.

Verify that after the abort RCS preassurization
sequence has been performed, the MP3 progrem
will wait indefinitely until the TUMELE

flag 13 reset before proceeding,

Tumble Monitor Summary

1)
2)

SIVB shutdown oeccurred at 500 seconds.

The vehicle was tumbling about X, Y, and 2
N+y BiSE axes &t the rates of 3.3%°/sec,

3.5°/sec, and 3.2%/3ec respectively.

MP3 was initlated via the auborbital abort
uplink command at 506 seconds.

The tumble monitor wes started at 506 seconds.

The abort RCS3 pressurizastion segquence was
initiated at 507 seccnds,

MP3 began "holding" while the TUMBLE flag
was s3et at 516 seconds.

The L3C erassble memory dump at the end of
the run showed that the TUMBLE flag was set

and that the tumble monitor program was active

{TUMBLMON flag set - Bit lii of FLAGWRD1),

a0




Deseription:

Revision:

Duration:

Objectives:

Resulta:

RUN 537

Mission Phase i (Contingency Orbit Inssrtion)
with SIVB tumble rate 1in excess of 2.99°/second.

106

3IVB shutdown through 20 seccnds peycnd detection

of tumbling.

1)

2}

Demonstrate that the tumble monitor program
can destect spin in excess of 30/second about
the NiV 3132 axes and will keep the TUMELE
flag {(bit 12 of FLAGWRDL] set only as long

ag the tumbling criteria is exceeded.

Verify that after tne zbort RCS pressurization
sequence has been performed, the MPL program
will wait indefianitely until the TUMILE flag

1s reset before proceeding.

Tumble Monitor Summsry

1)
2}

3IVE shutdown occurred at 585 seconds.

The vehicle wss tumbling about X, ¥, and 2
N.V 3iSE mxes st tne rates of 3.8%sec,
3.50/sec, and 3.20/sec respactively,

MFiy wzs lnitiated via tne contingency orbit
insertion uplink command at 590 seconda,

Tne tumble monitur wes started st 590 seconds,.
The abort RC3 pressurization 3gaquence was

initieted at 591 seconds.

MPL began "holding" while the TUMBLZ Ilag

was set at o000 seconds.

The LGC sraessble memcry dump at the snd of the
run showed that the TUMBLE flag was set and
that the tumble monitor program was active

{(TUMBLMON flag set - bit 1L of FLagwapl),

1




Deseription:

Aevigion:

Duration:

Ob jectives:

Results:

RUN #38 through #L1

Mission Phases 1, 2, 6, 7, and & with L3 restarts

(30JaMts}, liftoff detector, ani subsequent redundant
FRR via VERB 65.

113

60 seconds of prelsunch slignment throuzh end of MPH,

1} Verify that mission phzses 1, &, &, 7, and B are

2)

restart protected,

Jemonstrate minimal effects ¢f restarts on the

following mission phase performance:

a)

o)

Prelaunch stable member =lignment.

Proper termination of prelsunch alignment
and inltiation of MP2 upon detection of 1.1
g's by the prelaunch prozrsm,

42 redundsnt FRR (VERB £5; sent £ seconds

after liftoff is ignorei.

Detection of SIVE shutdewn Ly ihie boost

monitor and proper initisticn of MPo.

Propsr calculation end sttainment of deslred

cold soak attitude,

Restart Swmmary

Rsstarts were forced at varicus critical points

within each miesion phese and also every 8.2

geconds, for a total of LOU restarts. The per-

formance of the mlssion phages was not signirfi-

cantly affected in the are: of timing, elthough

soms events wers repeated (cold fire purge ini-

tiation, attitude maneuver) due to rsstarts,

delaying mission sequencing slightly. 1In additicn,
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one LGC down-telemetry [rame w-.3 sent twice, once
at lifteff and agsin et initistion of the voost
menltor, bacauss the computer was too busy to
process the telemstry Interrupt until the next

one came due, The LIC ztate vector navigation
errors were noticably hign, dus to the restarts
that oceurred at liftoff sand during the navigation

program,

Mission Phasa Performance

a rrealaunch ~1ilznment Summsary
g I

The pra2lsunich gyrocompasz2ing loop held the IMU
platform to the vroper «imbal sngles of AOG::lEZO,
AI3 = 0%, aMiy = 0° such thst at 3RR the suler
gat from desired to sctusl stable member alizn-
ment Axea werae Kmis:: -0.05190, Y = -0.02560,

- .0
Zmis = -0.0048"7,

mis

b} Guidance Reference xelezse Summsary

1) At 0,68 seconds stfter liftoff, 1.1 g's
were ssnsed by the prelauncn alignment
progrsam,

ii) Consequently, zZyrecompassing was terminated

and MPZ2 initisted st 0.71 seconds.
i1 The LGC clock was zeroced at 0,37 =econds,

¢j Redundant GRE Commana Summury

A YERB 6F waa ftransmitced at 2 seconds alter
liftef{, with ne resulting action taken by

the flignt program,

d¢}) SIVE Shutdown Swmmar:

1) SIVE shutdown occurrsed at S87 seconds

atter liftefl.

1i} The 3IV3 Delts: V monlior Jdetercted shut-

down at 5%0 secounds.

114} MPo waa initisted =t 590 aseconds.




g}

Cold Soak Attltude Maneuver Summary

i}

i1)

1ii)

iv)

The desired cold soak gimbal angles
(403: =112.5%, a13: -25.7%, aMg: -5.4°)
were achieved and held within the 5°

deadbsand.,

A 149.11°, 29.81 second attitude mansuver
was performed te the cold scai attitude,

The amcunt of RCS fuel used during the
cold soesk msneuver wes 24.7 pounds, com-
pered with the nominal 5-10 pounds.

See appendix for cther details.
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Description:

Fevision:

Dursztion:

2t jectives.

Hesulta:

Migsion Phase 9 (DP31 Zurn) witn L3 restarts (30JaMts),

109

60 seconds prior to start of MP3 through 10 seconds

beyond end of mission phase,

1) Verify that MP9 is rescurt protected.

Demonstrate minimal efr=ct of restarts osn missgion

M

phase performance,

1) Restert Summary

Restarts were forced =t wvarious critical points
within the mission phase and :lso every 10 seconds,
for = total of 10l restarts., The performance of
MP9 wes not significantly affected in the aress

of zuidance, timing, or nuevigsation, clthough some
events were repeated 0Orcital integration, attizude
meneuver)} due to restaurts, delarying misaion sequenc
ing slightly. The sztutse vector errors were azbout

aouble those In Run #25.

2; Suldance Summsary

2; The flizht puatn urn-.e schieved at cutoff was
o
0.002".

b} The turgeted radi:® distance Hp of 21,5%92,C00
feet repressnts n =nogee of 3617.0 nautical
miles, The apogee nchieved &t cuto?’ wus
361%,9 n.m.

+

¢) 3See appendix for otrner datails,




Description:

revision:

Duration:

Ob jectives:

Results:

RUN #43, #ud

Mission Phase 11 (DPS2/Fire-In-The-Hold/iP31)
with L3 restarts.

113

40 seconds prior to start of MP1l through end of

mission phase.

1}
2)

Yerify that MPll is restart protected.

Demeonstrate minimel effect of restarts on mission
phase pesrformance,

Restart Summary

Restarts were forced at various critical points
within the miasion phasge and alsoc svery 20 seconds,
for s total of 303 restarts. Ths performance of
MP1l wes not aignificantly affected in the areas

of guidence, timing, or navigstion, although

some events were repeated (Orbital Integration,
attitude maneuver) due to restarts, delaying mission
sequencing slightly.

One 30 down-telemetry frame was sent twice &t

DPS ignition becauae the computer was too busy

te process the telemetry interrupt until the next
one ceme due. Alsoc, dus to the way that the LM
vehicle was modeled in the simzlation, the abort
staging sequence was successfully completed follow-
ing restarts during the DP3 burn, in apite of the
discrepancy in the flight program (refer to 206
Flight Memo #12); in the real LM vehlcle, the staging
zould not have cecurred bectsune 4 restert sets

LGC channel 11 bits 13 (engine on} and 1L (engine
off} both to zero. Finally, the LGC mass esatimation
and gtate vector errors were sbout twice as high as

expectad,




2} Juidance 3ummury

a} DBraking Phaass

- = e

Parameter ~chieved
R30{m) £,687175123E+6
RS2(rad) b.EObéBlh&OE-B
V30{m/sec} 2,130 -2.200 31820k 1
V32{rad/sec) ~6.5357hel30E- -£,99193378LF-5
Approaci Phage

Parameter DEii?e: schieved

=30 (m} &, AL STLI6E+S
R32{rad) 2. 3397200085
Vat{m/zec) -7.7173137285 6
V52(rad/sec) - 3.bL7530727E-0

o) Tnrottle Control 3ummar:

0

L% \ Py

o . 58%_

— e ——

Nl
|
S S — __\

g b
z .

L i 5% .- i h\\\
| : ~—
Vh@% é ‘\\\

!‘. 12%
Araking Phase MF_"____h*+‘m__ ~pproach Phuase ——»
)
Thrust ‘ 0%
Time




¢)] Random Throttle Summery

% Commanded % sehieved
10 12
50 I
30 28
L0 3%
20 PRl

d) Timeline and Jther Summeries

Refer to the sppendix.
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Degscription:

Revision:

Duration:

Qb jectives:

Aezults:

RUN #L5

Mission Phase 1 {AP32 Burn: with & L3I0 restart &2

gaconds into the burn.

106

30 seconds prior to start of M.l through end of
mission phase,.

1) Verify that o prestart a¥ter lznition in MP13
will detach the guidsnce sc thst the Zurn will

continue at & fixed at:iitude untll Tue}l depletion,

2) Verify that the continuution burn 1s restart
protectad.

a} MP1l3 ignition occurred ut 22,319 seconds.

b} The ascent crossfeed valve test et sequance

initiated at 22,532% geconds.
¢) & restart was forcea &% £2, 351 seconds.

d} The msajor mcde wss changed to L7 at 22,391
seconds, indicating tnat the dummy Mrl3

program had been .niiisted o hold z congtant
burn attitude.

e} More restarts wers [vrced every 3,15 seconds

veginning at 22,770 seccnds.

e

f) ™uel depletion occurred s 22,775 seconds,

Zz) The Delta 7 monitor detuected thrust talle?f
at 22,783 ssconds,

h) The ascent crossfeed valve tezst resel seaquence wes

initiated st 2,055 szeconas.

i} The resdinzg of the PI¥. 73 was terminated
at 22,823 seconds,

Refer to the arvendiz for other d
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Description:

Revision:

Duration:

Ob jectlves:

Results:

RUN #4L6

Mission Phase 3 {Suborbital sbort] with LGC restarts.

110

SIVE shutdewn through end of MP13,

1} Verify that MP3 is restart protected.

2) Demonstrate minimal effect of restarts on mission
phase performsnce,

1} Restart Summary

29 restarts were forced at various eritical points
within the mission phase. The performance of

MP3 was not significantly affected in the arsas

of guldance, timing, or navization.

2) Missien Phase Performance

Refer to the appendix.




Description:

Revision:

Duretion:

Jbojectives:

Results:

#igsion Phase L (Contineency .rzit Insertlon) with a 20
second premature SIVE shutdown, © second delay until sbort

uplink command, and L3C restartis.

108
SIVR shutdown through 19 seconis neyond end of mission phase,

1} Verify that nominsl orbit nsertion can be schieved,

2} Demonstrate minimal =2ffect of restarts on mission phass
performence and verify thw:. MPL is restert protected.
%) Compare with Run #3¢, which i3 almogt identicel without

restarts.

1) Orbit Ingseriion suigance Lummary

&} Targets

Same as Run #3.

o) SIV

(61}

Shutdown Jondition: a2t 585 3econds

Same &8 Run #3c.

¢} MPL Ignition Conditions st €53 Seconds

-

% = 21,L0:,7%5 vaat

il z [ Fel 83 . =1

iznition ey v

N -l I S .

Jignition = 24,205,008 Tu/sec
(apozee = 23526, n.m. |

(pericee = 33i%,, n.m.)

4% Suidance Jutefs Zond? L.ons at BEE 3Zsconds

Rco = 21,uh5,755 fest

Voo = 25,683.52 ftises

{epoges = 35ul.. n.m.;

(perigee = 3527.1%1 n.m.)




2}

Hestari Summary

Kestarts were forced at various critica. points in the
MPl, program and also every 20 seconds during the burn
for a totel of Ui restarts, Mission phuase performance
was not significantly affected in the areaz of guid-

ance, timing or nevigation,

)

=3

L]

Soms events (Orbitel Intesration, attitude maneuver)
had to be reveated, delaying the mission sequencing
slightly.

Miel consunmption was notig¢ably higher than in Run #3e,

Program alarm lu128 was displayed, Indlczting that
the MPL sttitude meneuver failed to zchieve the
desired ignition gimbal angles, This wes due to the
combination of the 10%/sec abort maneuver rate and
the restarts during the maneuver, whisch csused the
re«maneuver to read its Initial gimbal 2ngles before
the gimbals stopped. Conseguently it computed the
time to read the final gimbal angles too sarly and
alarmed, This will ususlly heppen under these
c¢ircumstances, although the DiF will shortly achieve
the desired angles,

A L3C down-telemetry frame was sent twice 16 seconds
before DP3 iznitlon because the computer was too
busy to process & telemelry interruct unti® the nex:

one came due,

Timeline and Other Summaries

Refer to¢ the appendix,

nz




Description:

Revision:

Durstion:

Ob jectives:

Jesults:

RUN_#L8

Nominal Misslion Phases L and 13, with LM abort stazzing

commanded via the LGC uplink.

'_J
[
LS

0 seconds cf prelaunch ullgnment through £0 asconds beyond
end of MPl3.

1; Verify thut nominsl oreit insertion can be achlsevad
with & L0 second prems-ure SIVRE shutdewn by the DPS

commanded by the sscent juldance equations.

T
—

Temonstrate that fellowing MPi, & LGC state vector updats,

2 burn target update, the .cort staging LMP ssqusnce,
and a mission phase/timer updste can be Incorporsted

viz uplink to initiate MFl: properly.

that the

Lad
—

JYerily vowered facent suldence egqustions cans

-

2} n~chileve the deaired intercept target.

b} .chisve the desired zltitude =2t zuteff,

(=

; Orbit Insertion Juidance Zurmary

kY

& Targets
Same ns Run #3.

T
IVE

53

Shutdown Tcnditions st Su5 3econds.

21,446,391 feet
Vo= 22,625,106 fi/sec

{apegee = 352H.% n.m.)
(perigee = 2253.L n.m.}

Zgnition Scnditlions st 627 Seconds.,

o — 7y g L dfaay
“ignition ~ 2k,u00, b Teet

{epozes = 352E.5 n.m.)
3

73




fuidence Jutoff Tonditions st 110t Lesoands

Ryo = 21,547,865 feet

Voo = 25,677.88 ft/sec

{apogee = 3560.3 n.m.}
(perigee = 3527.4 n.m.:

Jplink sctilvity 3ummary

2)

=
—

g

it 1160 seconds = VERB 76 state vector update wasa
oerformed. Unfortunctely the updsts m-ie <ne state

vecitor arrors svemn worsae,

4t 1156 seconds & VEHE 75 burn target updste was
performed te change RIVEC, TINT, and =30 for MPI13,

1% 1220 seconds, LMP command 3B [A20FT STLTE o AERM)
was sent via VERR »7.

At 12254 seconds, LMP command 22 (3027 370

COMMAND! was sent vis VERZ &7.

(]
1

4 A

Av 1229 seconds, LMF command 39 ! 3027 STAGE -
COMMAND RESET) was sent vls VER®R &7,
it 1340 seconds & VERE 72 misslon pnasse/timar update

wag performed to schedule MP13 in 42% seconds via

mission timer #2.

%)
€]

Zomathing that was overlooked was thev L1737 M.
ahould have peen updated after satsging vis a VERB 21,
etec. Because 1t wasn't, the L0 estimucion of the
mass of the LM during MF1l3 was some <700 pounds

high or in error by L&¢%. The effect on mission phese
periormence wes not noticable becauss to MF1l3ts
anticipated thrust magnitude filter i:ie mass error
showed up as an off-nominsl thrust snd the zuldance

compensgated for 1it.

- s N N s 1A B W E T e -C-“J""."’Jf'- B S omot -’F‘ll -
Tese atasts o * oanour, 1o o the cla s o sltaerese
ratngl A Sanen cdles mtacice wiald o vave tn he lted




()

sscant Juldance Summary

a) it MP13 ignition, the .37 "% and Vi were 393 seconds
and 5224 feet/second, respectivelr, Integsrating
the vehicle stse st cutofll uhead in stable member
coordinates to the Ulime ~f Intercept along s conic,
the targeted intercept so'nt [HIVEC) 1a corpared
with the projected vehicle state st 31839,79 ssconds

{TINT):

EIVEC(meters) iimeters) =3 TINT
-647,735 -657,L69

-5,Tat,bl+2 -5,7590,129

3,101,625 3,096,505

b} The tarzeted radius me nitude at cutof? was
5,559,362 meters; tne 4CI acnieved was £,55%,800
meters.

¢) Refer to the =zppendix “or other sumrmaries,




APPENDTI X

%, Length of Mission Phase(s)

Run Miagsion
Noi{s]. Phase(s) Hour Min 3ec
1 2,6 el 49
2 3 3 10
28 3 3 11
3 bk 5 37
3b i 9 Sé
3¢ 4 3 29
b 7,8 o 53
5 g & 5iy
Sa a & 54
5o g o Si
Se 9 g 01
¢ g & Sh
6 11 16 05
6a 11 15 21
7 13 11 20
7a 13 n 1¢
8,9 9 & 54
10 2,6,7,8,9,11,13 6 1 14
11 2,6,7,8,9,11,13 & 21 16
iz 2,6,7,8,9,11,13 23 18
23 12 & 52
28241 2,6,7,8 56 12
42 9 A 54
43 44 11 16 05
L5 13 11 14
his 2 x 12
47 4 5 472
43 4 N Le
ub 13 G 53

a5




B, Attitude Maneuver

Fun Mission  Maznitude Time
Noi{sa}. Phase {degrees: {seconds)
3 I 68,61 6.85
b I n2.73 .26
3¢ L 65.6r 6,57
L 8 152,85 30.3¢
5 9 &£3.0C 12.50
Ca g 53,00 i2,50
5b 9 63,00 12,50
5¢ 9 L. 73 5.94
5¢t 9 52,00 10,41
6 11 95,70 19,00
be 13 Q.. &¢ 16.583
7 13 97T 1%,53
Ta 13 Bo.oH 17.92
5,9 9 63.0C 12.60
10 8 1L7.38 25, 4é
10 g 56.491 11.37
10 11 £5.36G 17,05
10 13 18,60 3.59
11 3 142,76 28,50
11 9 53.c% 15,71
11 11 ol s 16,89
11 13 .53 Q.97
1la 8 iy, 0C 2%,7%
11la 9 ST A ii.p2
1ls 11 58,5 17.70
lls 13 13,37 2.66
23 13 93,65 15,73
39,41 ) 149,11 29,91
42 g wie ,TH T .94
43 44 11 IS K 2T
45 1z a7 .,7% 13.53
47 4 £1,5° .14
L8 L oL £.62
L& 13 ST, E 13,52

Za




C'

Length of Burn(s) in 3econds

Run Mission
No(s8). Phase DPS Sl
2 3 3 ni
21 3 3 =
2 4 236
3b L 557
3¢ I 228
5 g 36.4
Sa G 36.4
5h G 304y
Se 3 2,2
Set G 32,4
£ 11 729.0 S
os 11 683.5 5.2
7 13 Loe, o
Ta 13 20,85
8,9 9 6.4
10 9 36.L
10 11 T37.7 2.0
10 13 439.8
11 9 36.4
11 11 716.8 Beli
il 13 L3k 3
1ls g 6.4
1la i1 700.5 el
1l 12 L2:.5
&3 13 192.5
42 g 6,8
43,44 11 703.3 5.5
a4h 13 456,0
L€ 3 33 ale
47 4 235
N 4 479
L 13 380

a8




D, Fuel Usage In rounds

Run Mission Run Mission
Nois). Phase(s) RCS DPS ~P81 No{s}. Phagalg) RCS DP5 APS
z 3 k9.1 222 7331 11 7,8 30,3
2a 3 57.7 224 733 11 G 23.3 480
3 Iy 53,5 7517 11 11 3%, 15,748 61
b I 22h.e 15,962 12 13 78.9 L,91¢9
3¢ N 68.8 6,769 lis 7,8,9,11,13 179.8 15,970 L,947
i 7,8 30.2 lla 748 8,5
o5 9 21.2 487 1la 9 24,9 L81
5a 9 21,9 L81 11ls 11 7.2 15,489 59
Su Q 2.1 L81 1lla 13 79.2 4,888
Se g 19,8 108 23 13 L3.1 2,180
Sat 9 21,1 357 33,41 7,8 41.7
& 11 72.0 15,941 g7f 42 9 24.1 499
£n 11 2.4 16,023 53| 43,44 11 37,7 14,040 57
7 13 B3.7 S,168] 45 1z 25,0 5,168
Ta 13 28.5 3381 us z 57.7 265 721
5,7 9 31.4 L81 47 &4 100.0 7,064
10 7,8,9,11,13  177.9 16,533 5,015] L& N 52.9 15,422
10 7,8 34,3 e 13 126,04 L, 309
10 Z 24.5 481
12 11 38.5 16,052 57
1C 13 80.% i.,958
1l 7,8,9,11,12 171.9¢ 16,228 4,980




5, Maxirmum versage G Navigation Errors Accumuiated

since Beginning of Run

Run Mission Position Veloeity Run Migslion Posltion Velocity
Neo{s). Phasea{s) {foet) (ft/sec) No(a}. Prase{s) {feet) {ft/sec)
1 2,6 5,936 6.75 11 * 176,128 219.56
2 2,3 lg, 206 9.58 11 N 75,954 223.00
28 3 70 0.1 i1 - 20k, 703 167.14
2 2, 3,851 8.57 11 il 21k,096 231,35
3b 2,h 59377 5.22 11 2 255,735 296,10
3¢ I 729 2. ila & 110,Li2 429,22
u 7 uhl 1.09 1le 3 343,759 428,59
5 G 503 0.36 ! 1la - 143,511 g3, 16
Sa G 3565 0.50 ila “ uho,277 380,39
Sb S 565 0.50 1la 1: b5, 319 L8877
Se ] 503 0.36 lls 1 522,796 ©35.59
Sa ! 9 1,619 1.62 23 507 0.56
& 11 195 0.58 3847 B T,23h 253 ¥
7 13 382 0.54 3841 d 22,866 25.01
74 13 Ll .5k 38,41 > 75,092 78,43
8,9 G Q8 0.38 42 3 g%e 1.08
10 z £,279 19.28 43,44 1l 3,148 3.2%
10 & 15,742 13.29 45 i% 568 0.56
1¢ g ey 190 £0.Th 47 ® 130 0,40
16 % 60,966 08, 31 57 4 4,494 1,14
10 11 60,604 84.00 45 4 ,077 7.7
10 12 73,408 95.42 L Wi 244,855 32.47
13 2 56,406 219,87

ERRIL




7 Maximam L3C Mass Zastimator Error
Aun Mission “un Misaion
Yolg), Thaae Lbs ) _ 0.8 Phase Lbs. %
z 3 73 .6 : : 100 0.3
Za 3 T 0.8 | 1 120 0.t
5 N 1o 0.7 | 12 13 57 1.3
o n LOC 2.6 ; 11s 7 13 0.0L
io L 100 0.l¢ ‘ ils G 105 0.3
L . 50 0.1 ! 1ln il 135 0.6
g < 100 0.3 5 Tl 13 50 1.2
Sa o 100 0.3 ; 23 13 20 0.3
5b S 80 0.2 | 35-41 7 £ 0,002
Se < 5L 0.2 5 p °7 0,25
5ot S 83 0.2 ; 4T, 4k 582 4.z
5 11 25h 2.54 ; .5 z 30 0,5
- 13 30 0.6 H 4= 2 s9 3,°
6 3 30 0.6 ; . 4 215 0.7
5,4 2 &0 0.25 { o 0 et o.L
15 13 ook 15 2,775 L3
10 G 76 0.2 5
10 11 120 0.6 {
1C i 100 1.1 !
it . 12 0.0L |

1iti




-w

Te

Largest PGNCS IMU Middle Gimbal Angle in Degrees

Run Mission Largest Run Miasion Largest
No(s). FPhase{s) M2 Neiys, . fhase(s) GA
1 2,6 50.3h il 2 yo,82
2 2,3 52,6 11 & -49,26
2a 3 36,9 11 7,8 -36.33
3 2,4 53.0 i = - E.8
3b 2,4 58.0 11 11 45,79
3c b 53.3 1l 13 ~Li7.63
I 748 -0l G lle 2 4,38
5 9 -13.8 1la 6 -51,31
Sa Q -13.9 1le 7,8 -35.L9
5b G -13.9 11 G - 6,21
Sc¢ Q -13.9 1la 11 -47,38
Se! a -45.0 lls 13 -40,85
6 13 -L.52 23 13 L2, 17
b5 11 -45.33 33.41 2,5,7,%2 52,32
7 13 -38,88 42 9 -17.98
Ta 13 -70.8h 47 44 11 -45,09
5,9 a -16.99 45 172 -41,7%
10 2 50.53 4 3 42.,2¢
10 6 -L9, 32 47 4 57.65
10 750 -38,18 LE L £, G
1C 9 -11.63 LG 13 -5, 2
10 11 -48.22
10 13 -43.18
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Date Run was Mads, MIT

Lag Number, end Ccde

CODE:r 1 - M3C has run and edits.
2 = M3{ Joes not have run nor edits,
3 = MSC has run and edits, but on an
older rev.sion,.

Run Hun Log nun Run Log
Noi{s). Late No. Code Nolaj. Date No. Gode
1 2/2T/6T7 523995 1 I 19,20,21 3/2 525120 1
2 L/27 5u9595 1 ! &z /25 535065 1

2a 3/28 536hLe 1 i
T 271 T SIBITISTT j 35 2721 3EILZT . 1
3b 3/1 gau772 1 55 2/21  5216k8 1
e 3725 535154 1 2t 2/21 B2177¢ 1
i T S2eL10 L 27, 28,25 2720 52279 1
5 3/2 525209 3 30 /17 319874 1
Sa 3/27 535976 1 31 2/24 522792 1
63 e 539793 2 iz 2/27  s24213 1
5c /17 531778 2 33 2717 519641 1
= 373 539137 1 34 3/3 525913 1
ta g/l 517764 2 35 2/18 519919 1
7 2/17 519930 1 S 2/27 52317 1
Ta 3/3 526leé 1 3 2717 Sludgz 1
8,9 L/3 539034 3 2q_41 3/ 524872 1
10 3/24 535022 1 -z 222 5225453 i
11 u/s 539810 1 43 44 22 525553 2
ila 4/15 SLlo70 1 o5 2718 s5lfe2g 1
12 2/18 s20072 1 “F 2/25 5231E5 1
13 2/ 27 c24.240 1 o7 2/20 521044 1
1i 2/17 520008 2 i 1/22 g33aeey 1
15 3/2 £25120 1
17 2/1kL c18089 1
13 2/19 520623 1
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