57S-4 GNC Postflight Report

The enclosed STS-4 ENC pestflight report is limited in scope to analysis of
systems anomalies and discussion of topics which we believe need attention.
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1.1
1.1.1

TACAN

Preflight Self-Test - during the L-1 day crew briefing, we were
informed of a number of TACAN anomalies which were discovered during
nav aid self-test (L-72 hrs).

a. Following a successful self-test, TACAN #1 failed to lock onto the
KSC TACAN station 059¥ when its rotary switch was returned from the

GPC to the T/R position. A repeat of this operation, including another
self-test, resulted in a successful lock onto 059Y.. This procedure

was repeated 10 times in an attempt to duplicate the anomaly, but with

no success. There is, as yet, no explanation for this anomaly; however,
EXD personnel feel that the LRU was not at fault, in as much as it
exhibited normal search characteristics during the anomalous period

and subsequently behaved normally during further testing. This would
suggest that the LRU never received a command to search for 059Y, although
telemetry suggested otherwise. In the VAB a spectrum analyzes could

have determined what frequency the TACAN was outputting, but unfortunately
this}was not feasible on the pad. (IPR 4V-535 was written against this
unit).

b. Duirng one of the ten subsequent self-tests, the T/R bit in the

control word dropped to the "0" state when moding from T/R to GPC with
TACAN #1 rotary switch. This condition was duplicatable by slowly
rotating from T/R to GPC, much slower than normal rotation rate. The
following explanation suggests this is not an anomaly, but rather an
unlikely condition, and one that has no impact to system operation.
Wheres in the GPC position the MDM will command the TACAN to the word

.coming from the GPC (completely disregards the current control panel

inputs). However, if the SOP is inactive and no new command word is
coming from the GPC (which is the condition we were in), then the

MDM will revert back to the last command it had received from the

control panel (just prior to receiving the GPC position indication).

In the case where the rotary slowly moves from T/R to GPC position, it

is possible that the +5V signal representing T/R could drop to a i

state (detectable by the MDM) befare the GPC position indication is

sensed by the MDM, thus representing the recsive position. This situaticn
has no real impact to the TACAN system operation since the T/R bit will
return to the "1" state when the TACAN SOP becomes active.

¢. Duirng ancther of the 10 self-tests, TACAN #2 range output a value
of '296.14 NM, where an acceptable value is between "0.0 and 0.5 MmM.™
This anomaly did not repeat itself on any of the subsequent tests.

EAD has suggested the following scenario, which might have created

this condition, but would be near impassible to.duplicate statistically.
Bearing data is updated within the TACAN output buffer on a cyeclic
basis; however, range data is updated only after a change in computed
range of greater than 0.05 WM. If the first valld range (following the
random search value of 296.14 NM) of data reached the output buffer a
few miecro-seconds behind a bearing update, it is possible that no range
update took place. And if subsequent data cut of the range computation
circuitry remained within 0.05 NM of the previous valid range cutput,
then no attempt to further update the output buffer would ocecur, thus
freezing the range test value at 296.14 NM. This condition has never
been recorded as a self-test anomaly (within our failure history
reports), representing an obviously rare, however feasible situation.
(IPR 4V-539 was written against this unit).
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1.1.2

Bearing Oscillation - following many hours of lock-on to the channel
059Y KSC ground station (approximately 24 hrs), TACAN #2 bearing began to
exhibit random fluctuation around the correct value. KSC explained this
phenomenon as the effects of tanking operations in the vicinity of the
TACAN #2 antenna, causing multipath problems. However, a few hours
later this fluctuation became cyclic, repeating every 7-8 seconds,

with a total variation of approximately +20 degrees. We recommended

a special TACAN self-test, but KSC disagreed, as their criteria for an
acceptable LRU (Successful self-test at L-72 hrs and subsequent power
status) was not being violated. A plot of bearing data during the

70 seconds of ascent lack-on suggests that the oscillations were present
and would very likely have been declared failed by RM, had it been
active during that period. Although KSC insisted this phenocmenon is
gimilar to data seen on previous missions (multipath effects due to
environmental conditions, structural reflections, etc.), both E&D

and the TACAN vendor are of the opinion that an anomaly existed. E&D
will recommend removal of TACAN #2 for test and analysis, although no
failure reports were generated by KSC. Subsequent operation of this
unit during the flight (including self-test, on-orbit tracking, and
entry) showed nc evidence of the preflight anomaly, albeit the longest
period of operation did not exceed 5-6 hrs.
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1.2

IMU 3 Cage Fail - the azimuth gimbal of IMU 3 did not drive to the

zero position in response to the operate command. Preflight alignment
performance was normal. It was determined that all of the possible
failure points that would produce a cage fail, but permit preflight align
would not affect operation of the IMU. Unless testing planned by E&D
and KSC to locate the failure turns up new concern far significantly
increased risk of further related failures affecting operation, we
recommend flying this IMU again as is.
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1.3

DAP Auto PBI Contact RM Fail - the forward, orbital DAP, auto control
mode PBI {panel C3A&, switch 3) contact A (V72K2840X) failed RM while
the crew was expanding from a single G2 GPC to a dual G2 GPC redundant
set. The PBI was depressed and held during the expansion when the
crevman's finger slipped such that there was uneven pressure exerted

on the PBI without the switch being fully released or depressed. As

a result, the B and C switch contacts were closed while the A contact
remained open and caused a miscompare for 3 consecutive cycles (6.25 Hz)
of orbit switch FDI processing. The FAIL discrste for contact A
(v90%7814%) (figure 1.3.1) was set and the contact was deselected by

RM. Subsequently, the PBI was checked by the crew by depressing the
awitch and observing, on the ground, the A, B, and C contacts close

then open when the switch was released. This indicated there was no
actual hardware failure only a transient signal type failure, which
caused RM deselection of the contact due to insufficient contact closure.

The PBI's have a small amount of mechanical play in the socket which
makes it difficult to protect RM from this failure mode. Switch FDI
can be inhibited via the RM switch spec function but this will cause
loss of protection if there is an actual hardware failure. A memory

" read/urite can be done to reset the logic and make the contact available

to RM again, but the potential impact here is well known.

This RM failure was the result of the physically awkward procedure of
holding depressed all 3 DAP mode PBI's while expanding the GPC set.
Simultaneocusly holding depressed multiple PBI's greatly increases the
probability that at least one will be relaxed enough to break one aor
two sets of contacts for the one-half second required to trip RM. The
purpose of this procedure is to prevent erronecus PRCS jet fails From
occurring because of upmoding to NORM during the GPC reconfiguration.
It is necessary to hold depressed only the VERN P8I to accomplish this.
In this case the SELECT and CONTROL modes were already selected to the
upmode position, but even if this were in different positions these
controls can be reconfigured after the GPC set expansion/collapse

is completed.

We recommend that crews be specifically trained to apply this procedure
ta the VERN PBI only and to hold it firmly depressed.

fo 4. 10



o

RECENY

g

NG

f

EE :Th:
f1:281
Dhzl4:
11:Z81

o 041 R ¢

] €7 8,4
LO:312] 6Z:£1:] 95:8
cl:Ze1| Z1:281| 2::2
BO:11:| BE:ET1:| L§:8
ci:ZeT| Zi:2Z81| 21:2

41y Sate
£.TT
Cife
1 1P -

HOLIME T0&..

L AVE G

e am

¥ i wd pu

-

L4t

h0:92:
[4814-2
80:92:
(A x4 R

W Uh U WD W U

LR LRI RTIETTY

141y

QPP LPE 4PY APE g9 £46

=-ra mmm
-1 -

s Ll

&g :92:
Zi:Z81
BE :9Z:
Z1:281

T4

1‘_

=

EWIE v

LA L T R T

o e o
L1

TIEd £ KU %8318

64 T N ¥Edie

164 1 KL XL

LUER ST 7]

L CERAIIRE o)

YL T OLF - X84

-X26A

£ NG g4

T Uy 13z49

1 Y K2Sh9

£ OIM. ‘2649

T 0L 1649

T OLML 3649

== HE 1UND d¥Q o4—

1104 £ Wb 518¢

184 T nuw =31gL

64 1 Mew el

JI6d £ 01Ny 3152

b4 7 oLne 13162

Y4 T ooLne valgy

~1BEA

£ HUY 68]

T HuW hge

1 HEM 2ap7

£ OLiNY ning7

T OLNy <14p7

1 0LnY v2h8T

~EL L

— M5 VNI dbG (g
3118

BE:9Z:10:8 L3

W/ oA,

e Yo W



I bl

St

NO. STS - FOD STS PROBLEM ENTRY FORM (PAGE 1)  DATE FILED
0 CLOSED — (£  Lds 7i82
'SS10NL3) VERICLELT) | DISCIPLINEC 10) REV_ —
IS = : EITER. 2 :
& = : # e
SUBSYSTEM( 20} "* MAJOR COMPONENT( 1S)
GA L DAP
MINOR COMPONENT( 15) SERIAL NUMSERC20)
NAP RUTH PRT RM )
CoNTACT: FoD- L2n Hardwick E&D-
MAILCODE/PHONE 250 [/ 55935
, RIC- OTHER-
MA|LCOOE/ PHONE
PROBLEM |DENT: . =
CAUSE( 8) FAIL MODE( 12}
. PROC WA SAT Car/D
M1SSION PHASE( 12) GMT OCCURRED G¥T RECOGN| ZED .
QLE T 1%2:l2:t2:00 (23] 2:12:30
PROBLEM DESCRIPTIONS( 1092) ! v g el el '

ﬁ;/}? " _-;7II',*- :,-",r?{'_-_'}:; et B Fsaar ] e, ,"4':;‘_ FA-'A—'_.}-:?J;; a2 BT

ey o R p s T B tdr Depce ey THL sronsZ A )

7 i, peed iR O toasp, g g THsTe sudippnonied Tn Lo

R L )

T e i B 1o RO el APk ons. Gl ded SoBman 2 Bonty o
i &

T ; 3 - - - ‘ : o :
= e, A ARG g at "'.I{A;L i‘.'r,l_{/ PP NP J{{} Pt mﬂ;,r-?,}-_;. > f/’,,il_&:r_,_,.,ﬁ-

P G 2t R P t/:lfd ,ﬂf}?'ﬂ F{? x -’1-’::_..1;,._-_;] A A A T A BT E] ,&-}'!.a'f} ,-"";’-‘_,.-_}'i?_{‘}‘-

fas :1-‘5_'-,-‘- )-_;‘!‘I' P B :,ﬂ'_-,.f "Hf',.-_f?/?{r‘ !:}-'f,.-"‘,‘ e I f; _.-r".?fx_ﬂj?" e :‘F.ff“."J'{_?
. Fy]
Do ftrs beep, Lt . ;

v

ol . f &



FOD STS PROGLEM ENTRY FORM (PAGE 2)
PROBLEM RESOLUTION:( 1022) |
[ HARDWARE/ SOFTWARE FIX EHFLY AS-IS O PROCEDURAL WORK AROUND [O 5MS CHAMNGE REGNH
[CJ COMPLETED (5MS) '-

]
AL

"77';; F:3 AN R A MY 2 ) r?r.ﬁ,'fzi.. .‘.‘éﬂ i _.,'/2,_,-,‘?} =g siv Frgay r-}:—d"
<2 .-ﬂm-',.u. Pl P e ety r'x‘?’“ y J""é;z_a'g;m" td A i :
ron iy TR p et AT st -';:-:“J i, ..f"-"u-r,u,l.-»,_--",!’r AT Tl
PP A 2 W, R o PN ;:.:f')__: porFo b = N P AV X2 cehoazt o E.-_‘..-"‘-d-?‘ S
Y e RTINS T T T RO spitios ot foni i
ek #ibw  dvaarek Taranapiagh i KLY, 3 sl wRses tirs e o pal R
T, T J rag e TRL al rhe procladoag To olians phes £0)

ﬁr} "/7-,"7'.'?,}:'_! = ﬁ:..-"r/":f‘i-"fh) P R l-{r -,z‘.r:: fr,ﬂ?I'#}‘.'-.v-J A L _M[,_-.:,d__;_,'g{’,;ﬂ,.-,-:/ P L RN e A

it}

Wy

fos _ariabepn i 4

M v
REMARKS: ¢ 160) ' - Tl =
HARDWARE IDENTIFICATIONS PART NAME N PART NUMEER

SYSTEM/ COMPONENT A £ A

NEXT HIGHER ASSEHBLY

MANUFACTURER SERIAL/LOT
SYSTEM/ COMPONENT il : V2i s

MEXT HIGHER ASZzZMBLY

PROBLEM EFFECTIVITY: /A
VEHICLE NUMSER
MISSION NUMEER  STS — — — —— T e STS

ATTACHED DATAZ( 110)_DAP AspoL. SoyTcHd  MmSK 520

REFERENCES:{ L1D)

LA 12



N

2.0
2.1

IMU Performance

Discrﬂgencies in Star Align Data

Introduction - During the first three flights, we observed that the

star alignment data, namely the misalignment angles for each IMU axis,
varied as the star pair on which they were based varied. This was

most notably observed an 5TS-3, but has alsc been seen on §7S-1 and STS-2.

Description of the Problem - If the star alignment system was perfect,

the IMU misalignment angles (torquing angles) would be exactly the same
for different star pairs (which means different vehicle attitudes),
discounting the effects of platform drift. The phenomena observed on
§TS-3 demonstrated that our system is certainly less than perfect, and
occasionally outside of the 3 ¢~ spec performance limits. On 5T5-3,

the thermal attitudes flown allowed the star trackers to sweep large
portions of the sky and acquire many stars of opportunity. Torgquing
angles generated by a star pair were computed by the aonboard software.
As the vehicle continued to rotate, a new star pair was acquired and
new torquing angles were generated. Even though these sets of data
were computed only a few minutes apart, the variation between the two
angles for a given axis was as large as .09 deg. The l0"specification
for the process of measuring the torguing angles is .02 deg. If we assume
errors on both measurements, then the 30 spec would be .075 deg.

S7S-4 Performance - Unfortunately, the attitudes flown during 5TS5-4

were not favorable for the acquisition of stars of opportunity; therefare,
we don't have the data base we had on 5TS-3. In addition to the
unfavorable attitudes, we were also hamstrung by the star tracker's
shutters being latched shut by the target suppress bit in the tracker.

The attitudes being flown on STS-5 look more favorable for stars of
opportunity and the target suppress bit should no longer be a problem
because of a software change.

Conclusion and Recommendations - Although there is a wide disparity _

of opinion concerning the variations in torguing angles. e believe
that they are caused by errors in the IMU resolver reads of the gimbal
angles. This is substantiated by the enclosed plots which show a
sinusoidal behavior of the IMU attitude differences (figures Z.l.1,
2.1.2, 2.1.3) during a period an STS-2 where the vehicle was flying a
-7LY attitude. The period of the oscillations match the orbital period
(90 min), which says that as the gimbals rotate with the vehicle, a
non-linear attitude is output by the IMUs. This type of behavior will
cause the variations we see in the torquing angles. Also enclosed is .
30 minutes of data (figure 2.1.4) during a PTC period of S5TS-4., Although .
there is not enough data to be conclusive, the same sinusoidal behavior
is suggested. BSecause of these variations in torquing anglea and the
sinusoidal nature of the attitude outputs, we are considering a re-
commenation to E&D that the IMUs on OV-102 be tested in the JSC ISL lab.
Since OV-102 will be down for mods, this will be an excellent opportunity
to try to correlate ground testing with the type of behavior observed
during the five flights.
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2.2

Attitude Dependency of IMU Drifts

Introduction - During the first three flights we noted that the drift

characteristics af the IMUs changed during the course of the flight.
STS-1 and STS-2 were such short flights that we really could not draw
any conclusions about the nature of the drift. On the subsequent
flights, though, we were able to observe that as the predominant
attitude of the Orbiter changed, so did the IMU drifts.

Description of the Problem - The on-orbit drift performance of the IMUs

has been outstanding ( < Jg~) when the wvehicle has flown in the same
orientation for long periods of time. For example, on STS5-3 when the
vehicle flew the nose sun attitude for such a long period of time, we

were able to calibrate the drift sc well that we went 27 hours without

an alignment. When we changed from the nose sun attitude to the top sun
attitude, though, almost every axis of the 3 IMUs required compensation

to negate the new drifts. IMU 3Z was most susceptible to this "orientation
sensitivity," the magnitude of the drift change being .06 deg/hr.

5TS-4 Performance - As shown on the enclosed plots (figures 2.2.1,

2.2.2, 2.2.3) , the measured IMU drift did wvary and several updates
were necessary to maintain the drift at a less than 1@ level. IMU

1 Z shifted by .03 deg/hr when the attitude changed from a tail sun

ko bottom sun attitude in the 2-3 day MET time period. During this
same period IMU 3 Z shifted by .04 deg/hr. These two shifts were

the largest observed, although several other smaller attitude dependent
shifts were observed. During the long tail sun period, the IMU drifts
were extremely small, once again showing that the drift performance

ig execellent when the vehicle stays in a given attitude for an extended
period.

Conclusions and Recommendations - The IMUs do demonstrate an orientation

sensitivity which can cause drift changes as high as 3¢~ (.06 deg/hr/axis).
These changes necessitate continual monitoring of IMU drifts and many

gyro bias compensation updates per flight. Given some dedicated ground
testing, this orientation sensitivity could be measured and compensated
for in the software. To this end, we are again considering this problem
as part of the justification for testing them here at JSC. We are hoping
to understand the significance of this orientation sensitivity and we

also hope to determine its repeatability/predictability.
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Onboard Navigation Errors at MECD

Introduction - On the first three flights, the navigation state has been
biased in the negative crossrange position direction at MECO. On
flights 1 and 2 this was thought to be due to an I-load error which
affected the IMU azimuth alignment accuracy. This situation was
corrected on STS-3 such that the azimuth alignment done in preflight

was felt to be near perfect. The same crossrange errors occurred on
5TS-3, however, so the I-load correction was not the only error source.

Description of the Problem - The accuracy with which the azimuth axis
of the IMUs can be aligned is directly correlated to the accuracy of
of the crosstrack position component of the nav state. When the
azimuth alignment is thought to be near perfect and a nav state error
is still present, one has to suspect other platform errors. Since the
sensed velocity vector (which is fed to mav) is selected on a component
by component basis (i.e., it could be that an axis from each IMU is
used), it is unlikely that a random error source would produce the
same errors on all flights. The thinking has been, however, that IMU
drifts on the pad were a random process. But with three flights of
data showing a bias in the same direction in nav, we started to
question the randomness of the preflight drift about the Up axis.

Figures 2.3.1 through 2.3.18 are plots of the position and velocity
errors for STS-2 and 5TS-3. The plots show the nav errors for the
downrange (U), vertical (V), and crossrange (W} positions and the
corresponding velocity errors.

57S-4 Performance - We would like to report that 575-4 showed a different
signature than the first three flights, but that is not the case. The
position and velocity errors during ascent looked identical to the errors
on the first thres flights, as shown in the enclosures.

Conclusions and Recommendations - The nav state errors are apparently

due to a drift about. the Up axis on all three IMUs. We realized that

the platforms would drift about Up since we can't calibrate that axis

as well, but we felt the drift would be random. The data from the

first four flights appears to indicate that the platforms drift in the
same direction and at roughly.the same rate each flight. We are assessing
the performance impact of this error.

A CR has been submitted which will allow an I-loaded number to be used

as compensation for Up axis drift during the time from T-20 min to

T-12 sec (tuned inertial mode of the IMUs). If the CR is approved,

the vendor would have to provide the number for this I-lead which

would mean further factory calibration and therefore more cost. The

Up axis drift is much larger than the drifts on the other axis and there-
fore is our major source of error in preflight. To eliminate the nav
errors and increase the allowable hold time on the pad, this CR should

be approved.

b b DK



3.0 Gravity Gradient

3.1 Performance - Attempts to establish a gravity gradient attitude were
initiated on two separate occasions. The first gravity gradient period
was at 178:20:41:00 on the first day of the fourth mission. The second
gravity gradient period was at 179:16:23:00 of the second day. The
general guidelines for eatablishment of gravity gradient are that
the crew must release the Orbiter with as small a rate of movement as
possible. Additionally, excessive movements within the vehicle by the
crew or venting of any type during the period is prohibited. The
general Orbiter attitude to accomplish gravity gradient is with its
nose pointea to the center of the earth and its +Z axis pointed
generally toward the velocity vector. Violations of these general
guidelines can prevent establishment of a successful gravity gradient
equlibrium. Below are the gravity gradient period results and a
gsynoposis of the data gathering procedures.

3.1.1 Day One - The day one gravity gradient (gg) test was started at 178:20:41:00
at a pitch, ysw, omicron of 357.51, 0.97, and 249.18 degrees respectively.
This test was unsuccessful. There were unknown forces much greater than
gravity gradient forces acting on the vehicle and all three axes were
divergent. The initial attempt was terminated at 178:21:10:00 with
maximum attitude errors in roll, pitch, yaw of 117 degres, -13.6 degrees,
and 18.9 degrees respectively. The maximum rate errors seen in roil,
piteh, yaw were -0.196 degree/sec., 0.055 degree/sec., and 0.085 degree/sec
respectively. (See figures 3.1, 3.2, 3.3).

A restart of gg was performed at 178:21:29:00 with a change in omicron
to 244 degrees and leaving pitch and yaw the same at 357.51 and 0.37
respectively. The omicron change was based on the orbit being 161 n
miles versus 165 n miles. This attempt was somewhat more stable in
pitch and yaw for the first 50 minutes before the same magnitude of force
caused a divergent condition. Roll un this second attempt still was not
acting stable as it had drifted off 40 degrees in the first 50 minutes
before the divergent condition was apparent. This second attempt was
terminated at 178:22:42:00 with maximum attitude errors in roll, pitch,
yaw of 262 degrees, 4.6 degrees, and -20.7 degrees respectively. The
maximum rate ercor seen in roll, pitch, yaw were -0.279 degrees/sec.,
-0.087 degrees/sec., and 0.099 degrees/sec., (see figures 3.4, 3.5,
3.56).

There was an apparent correlation between the force acting upon the
Orbiter and the sunlight striking the vehicle. The first attempt to
establish gravity gradient was started at sunrise and was immediately
divergent. The second attempt was startea at sunset with léss divergence
noted through the night pass. However, at sunrise the Orbiter diverge
immedidately (see figure 3.7, 3.8). At this point thers was a suspected
vent occuring on the vehicle which became more active as the vehicle
entered sunlight. \Venting of any sort viclates the general guidelines
for establishing gravity gradient equlibrium. The DAP errors were
monitored throughout the sleep period with the same correlation noted
between a venting force and sunlight. Attempts to igsolate the location
of the venting force were undertaken. It seems that the venting force
provided a roll torque of approximately 1.76 ft/lbs, and was located in
a plane through the center of gravity containing a body vector pitch of
13 + 10 degrees and a yaw of 76 + 10 degrees. The approximate location
of the venting force would be located near the center of gravity in the
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payload bay. At no time during the planning phase of this mission
was there any indication of a venting problem criginating from this
location.

3.1.2 Day Two - The day two gg test was changed from 12 hours period to a
5% hour test late in the day. The large unknown forces appeared to
have become significantly smaller. The gg test was started at
179:16:23:00 at a pitch, yaw, omicron of 357.51, 0.%7, and 245 degrees
respectively. This test can be considered successful with a stable
gg attitude biased off slightly in the negative error direction. The
maximum attitude errors seen in roll, pitch, yaw were -25.19, -3.33,
and -7.93 degrees respectively. The period of ocscillations was 56
minutes in pitch and yaw and 109 minutes in roll. Looking primarily
at the roll axis, the first 2 hours of data is under the influence
of the gg release conditions. After 2 hours, roll appears to be
atabilizing around a new reference peint (-4 degree error), but there
is only 1% cycles of data on which to make that conclusion. Both
pitch and yaw lock stable around slightly negative errors of -0.5 and
-1.5 degrees respectively. Using these errors a new gg start attitude
was determined to be pitch, yaw, omicron of 357.58, 1.14 and 249 degrees
respectively (see figures 3.9, 3.10, 3.1l1).

3.1.3 Ground Evaluation Procedure - The following is a discussion of the
procedures utilized to acbtain and plot the gravity gradient data for
analysis. The team which performed this task consisted of 3 people
per shift plus 1 overall gravity gradient monitor. The console
representative hardcopied MSK 2023, universal digital display, which
had 10 data parameters on it consisting of total attitude errors, ADL
rates, LVLH attitudes for roll, pitch, and yaw, and onboard GMT.
Hardcopies were taken realtime and from playback data at 1 minute
intervalas. The console representative kept a log of the time interval
when data was hardcopied. Coordination with the Data Integrator was
initiated, if any time intervals were missing. The other two individuals _
retreaved the hardcopies, placed them in chronological order, ploted
the total attitude erros and ADI rate information for each 4 minute
interval, and coordinated with the console operator on missing data.

The gravity gradient monitor insured that status reports, copies of plots,
and any other information requests were provided as required. This
procedure seemed to work smoothly; however, there wers instances where
information did not reach the correct source in a timely manner.

3.1.4 Summary - The day one gravity gradient period was unsuccessful due to
an unknown vent originating from ths payload bay area. Two attempts
to start gravity gradient were made during the day one pericd. Eoth
attempts vere unsuccessful. The first attempt lasted 29 minutes before
it was terminated because the total roll attitude error was 117 degrees.
The second attempt was for 73 minutes and the total roll attitude error
reached 252 degrees. The unknown vent experienced during day one was not
as evident during the shortened day two gravity gradient period. Gravity
gradient was started during day two and was not divergent. The maximum
roll error was 25.19 degrees. The conclusion can be made that, if the
general guidelines for establishment of gravity gradient are followed;
i.e., no vents allowed, a stable gravity gradient attitude can be established
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using vernier RCS while in a eircular orbit.

Recommendations

1. Gravity gradient periods less then 3 hours are not adequate for
data gathering efforts.

.2. Gravity gradient needs to be proven _ using the primary RCS system.

3. OGravity gradient for elliptical orbits needs to be tested for its
effects on the Orbiter.

4. It is critical that all vents be known and deleted prior to any
gravity gradient period.

5. The gravity gradient data gathering team can be decreased from
3 to 2 individuals--a console representative and a plotter.

6.. Hardcopies should only be taken at the beginning and end of a real
time pass or playback interval plus only at 5 minute intervals in between.

7. Plotted data should be at 5 to 10 minute intervals except at maximum/
minimum points where the interval should be increased.

8. Offices to receive gravity gradient results during the mission should

be better defined so that timely and correct distribution of gravity
gradient material can be made.
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