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8T5-27 GHC POST FLIGHT REPORT
UNCLASSIVFIETD

VEHICLE: 0OV104/Atlantis (3rd flight)

LAUNCH DATE/TIME: Friday, 12/02/88, 8:30 am 8T
LANDING DATE: Tuesday, 12/06/88

LAST FLIGHT: STS-61B, November 1955
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BYSTEMS
Prelaunch Issues
Stuck Rudder Pedal Prelaunch Problem

Prior to the launch of STS-27 KSC reported a rudder pedal problen
on OV-103 that could be a potential problem for OV-104. During
testing on OV-103 neither the CDR's nor the PLT's rudder pedals
would move. They believed the problem occurred when a pulldown
communications panel in the middeck area, near the region below
the rudder pedal mechanism, was stowed with one of the crew
escape pole stowage straps caught behind the panel. This may
have caused structural deformation of the rudder pedal linkages
causing the rudder pedals to jam when they were deflected. As a
precaution, words were added to the deorbit procedures for the
crew to check that the escape pole stowage straps were free from
any panels. KSC listed the problem as an unexplained anomaly.

Prelaunch TACAN Ancmaly

During the prelaunch NAVAIDS powerup, TACAN 1 did not lock onto
the KC8 ground station when it was initially selected. The
prelaunch flow has channel 90X selected to test the TACANs for
blanking pulse failures. After checking the AGCs, the KSC
station was selected and TACANS 2 and 3 locked on quickly.
However, TACAN 1 continued to search in both range and bearing.
After several minutes, one of the astronaut support personnel
power cycled the unit. After regaining power, it locked in
bearing and shortly thereafter it locked in range. Performance
of the TACAN was nominal during prelaunch and ascent operations.
Forty-degree bearing glitches were noted on this unit during both
days of prelaunch operations. TACAN 1 passed self-test with no
anomalies during the sensors self-test of Part 2 of the on-orbit
FCS Checkout. All three TACAN's performed normally during entry.

IMU Performance
IMU 2 I-Load Discrepancy

During the S5T5-27 Terminal Countdown Demcnstration Test {PCEDTY 5
the Ascent team reported their IMU MOC computations indicated
that IMU 2 (S8N-018) had a relative misalignment of 0.15°.
However, IRAMS did not indicate this misalignment. After
researching the problem, an error was found in the final software
release micro-fiche. The IMU I-loads CGMS_RGAOC and CGMS RGPQ in
the software micro-fiche did not match the values presented in
the S5T5-27 IMU Preflight Repeort for IMU 2,

Before every flight, the GNC cperators build the roll-to-roll
transformation matrices using the values provided in the micro-
fiche to make the IMU MOC relative computations work correctly.
The incorrect I-load values for IMU 2 made it appear to be
misaligned by .013°, which accounts for the error seen during the
TCDT. The prelaunch Planning team confirmed with the Mission
Evaluation Room (MER) IMU operators that the I-loads in the
flight software were the correct values as per Release
Authorization for Shuttle Software (RASS) 27.34.
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Star Tracker Performance
-Y Star Tracker Self-Test Behavior

Star tracker serial number 8 was located in the -Y position.
During tracker activation and testing in post insertion, this
tracker failed two consecutive self-tests. No star present
indication was observed during the test. The tracker was
subsequently used for the first IMU alignment. Data indicated
that the tracker was performing nominally. Further research
revealed that the self-test behavior was nominal for SN 8 and
should have been expected. GHNC SCP 3.2.25 documsents a known
problem with this tracker in that the BITE star is not within the
one degree offset search window. The hardware test times out
before the tracker can acquire the bite star in the full-field
mode. The self-test conducted during prelaunch operations passed
because the LPS commands cffset search about the specific BITE
star location applicable to SN 8. The on-orbit test fails
because the flight software has only one offset search location
that can be command. Unfortunately, the one degree square window
can not be positioned to include all BITE stars on all trackers.

GNC should have been aware of serial number 8's self-test problem
and informed the crew preflight to expect a failure. Actions
will be taken to ensure this is done for future flights of this
star tracker. However, even for those units which exhibit known
ancmalies, all self-test failures will be analyzed to insure no
other system failure is present.

Star Tracker Performance during High Rate Maneuvers

Due to thermal concerns, twice during the mission the orbiter was
in a passive thermal control (PTC) roll maneuver. This is
commonly known as "barbecue" mode. The roll rate was .4°/second.
The orbiter remained in PTC for several hours. During this time
several stars of opportunity were acquired. The torquing angles
indicated that the star trackers performed consistantly well.

The star tracker specifications state that the trackers can track
a star with full accuracy while the orbiter is maneuvering at a
rate of up to .2°/second. Also stated in the specifications is
that the trackers can track a star with degraded accuracy while
the orbiter is maneuvering at a rate of up to .5°/second. No
degradation was noticed during the .4°/second maneuver. In Fact,
one set of the torquing angles acquired during PTC were used to
align the IMUs.
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COAS Performance

Star Visability in Daylight

Concerns of performing COAS operations while in an orbit that
does not allow the Sun to set, prompted the flight controllers to
ask the crew to attempt to view nav star 24 and the planet
Jupiter during a daylight pass to see if they were discernible
encugh to use for COAS sightings. The crew reported that they
were both visible, as was most of the Orion constellatiocn, as
long as the Sun was not in the field of view. When the Sun was
in the field of view the sunlight reflecting off of the filmy
forward windows redered star identification impossible. During
the test, the Sun was approximately 170° from star 24 and
Jupiter. This gives us a good indication that COAS calibrations
and aligmments could be performed using some stars and planets in
daylight as long as the bodies are of sufficient brightness and
located away from the Sun (exact angular separation requirement
is not defined).

COAS Calibration

The COAS was calibrated in both the +X¥ (forward) station and the
—-Z (aft) station to gather the necessary flight data needed to
generated the most accurate COAS I-loads for future flights.
During the calibration of the +X station, 4 marks were taken with
1l update and 1 verification mark. The calibration of the -2
station consisted of 5 marks taken with 1 update and 1
verification mark. The resulting line-of-site change from the
I-load location for both stations was, as expected, very large.
The line-of-site has never been close to the I-load value. The
shift was different from previous flights (51J and 61B) also.
This is due te the recollimation of the COAS to the wvehicle. All
of the calibration data is included in the Appendix B of this
report.
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FACTILITY

Configuration Management Error

A DR was written against the Host Configuration Management
Library. A copy of our GMENU program was uploaded to the CM
library several months ago. It was downloaded afterwards, and
worked fine. We downloaded all of our programs immediately
before the flight, to ensure a clean load, and found that GMENU
did not run perfectly. The errors were subtle, but they were
definitely errors. We downloaded the program several times, and
got identical errors each time we tried to run it. Finally, we
asked the CM librarian to re-uplcad the program from a backup
floppy disk. Afterward, we downlocaded the program one more
time, and the errors were gone.

The inescapable conclusion is that the GMENU program was altered
slightly in the secure CM library. In this case, the errors were
noticeable. In other cases, we might not be so fortunate. If
these changes were restricted to constants in an equaticn, we
might not discover the errors for a long time. We signed up for
WEX on the understanding that it would guarantee that the
programs we ran during flight would be exactly the same programs
we certified before flight. Obwviously, this is not the case.

NRT Multi-cal Problem

A DR was written against the NRT system, because certain
parameters had different values in NRT data retrievals than they
had on MOC hardcopies from the same period. The parameters in
question were "multi-cals", meaning that the calibration curves
for those parameters were dependent on the values of other
parameters. The specific GNC parameters with multi-cals are the
ADI attitude and rate errors. The MOC automatically performs the
appropriate swapping of calibration curves. Unfortunately, NRT
does not do this automatically unless the appropriate scaling
switch parameter is requested at the same time (Refer to Lessons
Learned section). The DR was closed since the NRT system is
working as the reguirements specify.
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GNC FLIGHT TEAM SUPPORT

Ascent/Entry/orbit 1

GNC = Steve Elsner

Sensors - Phil Perkins

Contrel - Heather Mitchell

Orbit Support - Heather Mitchell

OJT: James Webb, Stan Schaefer, Dave Miller, Mark Severance
IRAMS Support - Mark Severance

orbit 2

GHNC - Linda Patterson

Support - Ken Bain

OJT: Brad Schoenbauer, John Shannocn

Planning

GNC - Eddie Trlica
Support - Stewart Cobb
OJT: LeRoy Cain

8TS-27 FLIGHT CREW

CDR - Cdr. Robert L. Gibson
PIT - Lt. Col. Guy S. Gardner
M21 - Col. Richard M. Mullane
M52 - Lt. Col. Jerry L. Ross
MS3 - Ceol. William M. Shepherd

TRAINING ISSUES

None.
FDF CHANGES
Hone.
FLIGHT RULE CHANGES
Mone.
LCC CHANGES
Hone.

MISCELLANEOUS

L-1 Day Briefing is attached in appendix C.

Anomaly Log is attached in appendix D.
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LESEONS LEARNED

Star Tracker Failure History

GNC should be aware of the self-test histeory of sach star tracker
unit. Preflight we should plan to brief the crew of any expect
self-test failures.

ADI NRT Regquests

Remember when requesting NRT ADI attitude and rate errors to

include the appropriate attitude and rate scale switch parameters
so that the correct calibration curve will be used.

EVENT TIMES

First launch attempt

OPS 9 to 1 Transition: 336:12:21:40 N/A

OPS 1 te 9 Transition: 336:14:04:00 N/A

Second launch attempt

OPS 9 to 1 Transition: 337:12:20:35 N/A

T-9:00 and Counting: 337:14:20:17 N/A

T-0:31 and Counting: 337:14:30:03 N/A

Liftoff: 337:14:30:34 000:00:00

MECO: 337:14:39:08 000:08:34

OMS 2: 337:15:12:38 000:42:358

OPS 1 to 2 Transition: 337:15:41:09 0O01:10:35

0P8 2 to B8 Transition: 340:16:47:34 003:02:17:00

OP5 2 to 3 Transition: 341:20:27:56 00D4:05:157:32

D/s0 Burn: 341:22:29:34 004:07:59:00

Hydraulic Repress: 341:22:54:01 004:08:53:27

Touchdown 341:23:36:07 004:09:05:33

OPS 3 to 9 Transition: 341:23:45:41 004:09:15:07

SSME Repositioning: 341:23:47:50 004:09:17:16
AERO DATA

Ccuter glide slope GMT 341:123:35:00

EAS at main gear touchdown 128.37 fps

Hdot at main gear TD -1.03 fps

TD pitch angle 5.49 deg

Pitch rate at nose gear TD -3.00 deg

Max Nz on HAC 1.43 g

Speedbrake retract altitude 4009 ft

Fage 8
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Table 3: IMU 1 predicted and actual compensations

Accelerometers Gyraos
COMPENSATICN
X i 4 X 4 Z
Predicted | +23.8 | -5.0 +25.7 |+0.0043|+0.0163[+0.0230
Actual 0.0 0.0 0.0 0.0 +0.010 |+0.023
Table 4: IMU 3 predicted and actual compensations
Accelerometers Gyros
COMPENSATION
X 1 Z X ¥ Z
Predicted +7 .3 -1.8 =14.9 |4+0.0173(=0.0146|4+0.0331
Actual 0.0 0.0 -42.0 |+0.010 0.0 +0.006
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U LAt B LLM CL—,&&S] F‘ED
PROGRAM EFFECTIVE SCP
IMUDFT Bl-14-85 3.2.4
STS=27 UNCOMPEMSATED DRIFT RATES
C(LAUHCH GHMT WAS 337:11d4:38:34)
TIME <MET» Imu 1 CEH 142 IMU 2 <SH 133 IMU 3 (8H 123
S ¥ 2 b ¥ s H ki i

a @; 2:i45: B8 —.819  .@38 -.684 |-,812 082 L6882 |-.082 —.812 064
B:1@:15: @ -. B84 L B23 (6836 |-.0087 -.888 ,839 881 —.888 L8914

a B:18:55: @ -. 884 .828 ,833 |-.011 HEE @44 L8835 -.881 .816

a 1l 1:39: @& LHBY - 817 -.828 |-.089 .EIEI—.BEE 811 -,B85 -.925
1: &:z8: 0 -B8B81 -,815 .@16 |-.812 -.3839 .665 214 -,885 -, 068
1: 8:35: @ LHAS —-.B89 I.Bl4_ =.811 —-.818 .81=2 LB18 -.882 -,[ARZ

a 1:12:138: @ LHB2 -.88%  ,614 (-.p918 —-.668 .087 .88y —.Baz @06z
2y 51 B! B -88%  .888 .@l8 [-,812 .8668 ,81@ @12 -.885 .818

a 2! B:195: @ LBBE - AB3 @02 |-.812 ,888 .486 811 -.883 .84
2212 3r @ —.88z -.@12 81z |-.@28 ,812 .6z22 L8114 —-.811 313
212112 B —.dB2 -,818 .8835 |-,825 .66¢ ,0821 SEL8 —-.883 o84
2i12:122: B -. 884 B84 @867 |=-.0817 .067 ,829 L8118 —-.862 .88l
2:12:59: @ -.88z -.886 .88 |-.01F7 .884 ,018 814 -.B@5 L0911
211328 @ B8] -.0887 816 [-.8182 ,083 .62z LB1V -, 085 .81z
2:13:41: B ~. B2 -.087 .68F7 |-,816 -.803 az7 812 —-,804 .@i2
2:113:42: B —.BEl -,88% ,B8% [-.@817 -.@82 .@21 -B11 -.@863 H14

a 2@ @Bi3z @ BEZ - @lF —-,81¢6 |-.818 .87 -.@a1 «B1Y - 8688 -, 813
2 3:148: 8 <801 -,819 -.831 |=-,.028 .6885 028 SHE23 —-,8a7 -.831
43 81 Y1 @8 -BE4 -,814 -.826 (-.81% .013 —-.6863 -B23  .081 -.833
J+ BE %@ .BEE -.815 -, 828 |(=-.016 .013 -.865 LB24 L8811 -,0832
3 919 B 883 —.819 -, 822 |=-.014 .819 .G66#4g B23 —.881 -,829
2118: B B L8082 -, 022 -.819 |-.015 .48l11 065 023 —-.089 -,826
vl 20 A . 882 -, 022 —.0815 [=-,818 ,818 004 e LBEE -, 228
1@ 1@8: @ -8 -.0822 -.A15 |-.817 ,811 L BA5S 023 .d82 -,029

#

a’ indicates that

arn

alighment was performned near this time




UM LLAIS(HIED

PROGRAM EFFECTIVE
IMUDFT @l-14-85 2.2.4
5T5-27 UNCOMFENSATED DRIFT RATES
Ccontinued)
TIME (MET> IMU 1 <SH 142 IMY 2 (SH 182 IMU 2 <8H 122
" ¥ Z x i g X ¥ Z
a 3:1l: 4: @ -881 -.823 -.015 (-.814 ,812 .007 L8222 -.888 -.025
31231181 8 -.881 -.822 -.826 [-.P18 .912 -,812 813 .84 -.8z9
a 4 BISEI47 881 -.823 -,827 |-.818 .0814 -.611 819 8683 -.824
4 2117 @8 -.881 -,827 .61l B = 1 S B14 @168 -.889
41 3:37: 8 =.B87 -.825 .821 a8t 8168 L8229 CON = P S v =  § 4=
a d4: S: &: @ -.814 -.828 .841 |-.885 .8168 .0i@ 811 -.881 —, fas
‘2" indicates that an aligament was performed near thiz time
STS-27  UPLINKED IMU GYRO BIRS-COMPEMHSATIONS
TIME (MET> M 1 My 2 IMu 3
» ¥ Z2 # Y 2 b4 ¥ Z
INITIAL -1.279 i | - 383 —. 731 -.d428 215 =875 -.8984 l.fiz
Bi12115: @8|-1.279 5L LB1R ~.751 -.428 . 855 —. 873 =-.954 1,129
4. 2:d437 B|-1.27% - 581 - 5885 =771 —-,4z28 - 255 —.H653 -.964 1.11%

NCLASSIE

e
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e ]
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Appendix B: COAS Calibration Data
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BNCLASSIFIED

PROGEAM EFFECTIVE
COAs 81-18-83

Ly 00
- T4
ny M
[N

frd

The tables to follow contain information concerning the on-ocrbit
calibration of the +X COAS for STS-27 <OY104)> on 12-5-33
The GMT and MET of the cal were 348:15:20 and 3: G:58 respectivelu,

({The vectors in this first table are HON-UNITIZEDS

YECTOR HE% VALUE DECIMAL VALUE

1-LOAD |¥| 48FE,C4EA +.98347855912

Y| 3E8EB,26R9 +. 88212327600

z| ceze,s9A7 -. 18165548626

MARK # 1 [4| 46FB,F3B? +.98418754339

v| BF1s,B2CC -, BE586264231

z| cezp,s1E7 -. 177836892659

MARK # 2 |%| 4eFc,soAs *. 984353453674

. v| BF1S,R42C -.BO8528351963

2| Ce2D,8B1E -. 175950708601

MARK # 3 |®| 48FC,08664 +.98447251328

¥| BF15,@BD7 -. 80513824448

z| cezc,ERL7 ~. 17546213634

MARK # 4 |4| d4oFE,FD17 +.958433059454

vY| BF17,F7CE -, BR585154817

z| ce2Dp,1DAD -. 17623406649

MARK # S5 |%| 4eFB,FC2s F.98431634903

¥| BF1S,7F19 -. BB524816298

z| cozp,zdze ~. 17633301020

\
I
1
S ﬁ“’f

UNCLASSIFIED -



URGLASSIFIED

RBe

FROGRAM EFFECTIVE SCP
-— CORS 8l-18-83 3,222
FORWARD «<+X> COARS CALIEBRATIOHN
ETs=27¢ ovied 125,88
LA
Vi(=Z)
18+
| | 1 I | | | !H{:+Y:]
I I ¥ T ! 1 T L)
-.po -.40 —a o e <[
- 18+
l (&]
41572 #1
" ] 18° -
x‘x"'-‘&' '3:‘:.-.:':"! %I
\-‘_ ‘{J-‘T" |!"f f 2
—. 2B+
#1 T
+H
#4343
3 —. 50+
sre-1%F
= 7'3__
|
L
This a plot of the H and ¥ angles for all vectors
Yalues are in degreez; vehicle body axez in parenthezes
\ 8-4
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\

FPROGRAM
COARS

EFFECTIVE SC
B1-18-83 3

%o
na
Ira

The tables to follow containm information concerning the aon-orbit

calibration
The GHT and
LThe wectop

of the -2 COAS for 5TS-27
MET of thes cal

Wwere 338:11&6:20 and 1:

cOV184) on 12-63-8%8
1128 respectivelw,

g in this first table are HON-UHITIZED?

VECTOR HEX WALUE DECIMAL YALUE
I-LOAD |%| ceazF,1778 -, 18395137787

v| wvosoe,s000 +0. 06000000000

z| C8FB,ALAS -. 98293524981

MARK # 1 |®| coz9,912F -. 162371575823
Y| BF17,365D -, BB566707924

z| ceFc,293n -. 98671205180

MARK # 2 |x| cCB29,9EBF4 -, 162535968584
v| BF16,22B4 -. 80548418923

z| cerFc,97sD -.98668742148

MARK # 3 |X| ce29,93AC -. 162408954399
Y| BF13,85CS -. 00464417413

z| coFc,992E -, 98671233654

MARK # 4 |[x| c@z29,D8D0 -. 16334247589
Y| BF17,87EE ~. BB574486703

z| cerc,sEBZ -. 98655235767

—Z  (oos Ca«(

D#2



A

PROGRAM EFFECTIVE SCP
CORS a1 -18-83 3.2.22

RAFT (-2 COAS CALIEBRATION

STS-27 ovig4 l2-83-38

ANV I+XD

%* bl -

LE)

1
et

|
M
=
T
m
W
ot
o

Thiz a plot of the H and V angleszs for all vectors
Yaluwes are in degrees; vehicle body axes in parentheses
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Appendix C: L-1 Day Briefing



Zppendix D: Anomaly Log



ANOMALY COVER SHEET - §TS-27
December 14, 1988

*Denotes New ltems

Position Rev Title
BSTR-011 A MRS LNZE MANIFOLD PRESSURE HIGHETR
THEM PRECICTED AFTER WACULIM
INERTING/HR. HALYARD
BSTR-02 RIGHT S584E TURBINE REDLINE SENSOR
FAILUREM. JENKINS
BSTR-03 MPS LHZ TOPPING VALVE ANOMALY/
R HALYARD
DPs-0n MTU TOGGLING BITE BITS/ B JACKESON
EECOM-01 O FLOW SYS5 1, 2 TRANSDUCER BLAS)
P CERMNA
EECOM-DZ HURM SEP B FAILLHRED WILLIAMS
EECOM-{3 CARIN TEMP CNTLR 2 ANOMALY/S
O WILLLAMS
EECCMM-04 FUELCELL 2 ALTERNATE WATER FLOWYY
i BROWHN
GRC-01 TACAN T PRELAUNCH LOCKE-OMN PRODLERMY
F PERKINS
GNC-02 A, ¥ STAR TRACKER SELF TEST FAILLRES
K. Bk
INCO-01 TEMPORARY LOSS OF OPS 2 TELEMETRY,
0. BROWWM
INCO-002 A TAGS OHC A C COUNTS
INCO-03 TAGS DHCSTATUS CHANGE AT IMAGE
STARTA COLNTS
IMC0-04 MADE PCM T BITEF. FASCEARLANE
INCO-051 5] KU-BAND CHANMEL 3 PROBLE M/
K. MCCRARY
INCO-06® CCTV CAMERA A% FOCLS WON'T DRIVE)
MANEACS-01 A APU #1 GG BED TEMP XDCR BIASH, KLING
MM ACS-02 APUTEGT 208, BACHNIE
MR ACS-032 LEFT ET DOOR RTL FALY ). MEDFORD
MMACS-04 A PAYLOAD BAY DOOR READY-TO-LATCH
INDHCATION, BMEDFORD
MAACS-05 C APU 2 GG FUELPURP HEATER 134 EAILURES
M SCHWARTE
MMNLAC5-06! &, KL BAND BOOMSTOW ENARLE 1|
INDICATION FAILUREMA SCHWARTF
MAMACS-07* HYDRAULIC ACCURMULATOR 2/ MEDFORD
FROP-01 RIGHT RCS QXIDIZER HELILIM REGULATOR
B FAILAY. POWERS
PROP-02* LEFT OMS ENGINE PRESS WALVYE COHL
FAILLIREM, CECCACCI
GRO-0 SEE CLASSIFIED FILE
MCC-0i AG-1 CROSSTALE ON ZND FLOGR FO LOORS
M MARSH
mMICC-02 8 SEE CLASSIFIED FILE
MCC-03* K LU-BAKND BOOM STOVW ENABLE 11
INDBCATION FAILURESE KLEIN
STOMN-01 TEM DROPOUTSA SMNYDER
STONADZ TOHR-E CHAMNEL 2 K-BAND DURMPS
g M. MARSH
(EYLO-01 & SEE CLASSIFIED FILE
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