STS-3 GNC POST FLIGHT REPORT

Attached is the GMC STS-3 post flight report. The report is broken into
four control system areas, one significant FT0, and sixteen individual
hardware subsystems. Each report is divided into a system performance
which includes an anomoly analysis, lesson learned, and a recomnendalions
section. It is intended that this report become a working document as a
reference for future system evaluation.
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Aacent DAP

The performance of the Ascent DAP was entirely nominal. SSME and SRB thrust
vector control performed correctly in response to guidance and GC steer
commands. Elevon load relief was nominal. On flight 3 we again had a slight
amount of lofting during the firsl sltage. After flight 2 E&D changed some of
the I-load guidance parameters in order Lo reduce the ADI pitch errors during
the first slage. The paramelers Lhat were changed are N7 REF and SRB trims.

1. Anomalies

There were no problems identified that can be attributed to the Ascent DAP.
2. Comparison of 5T5-2 and 515-3 Data

On 515-2 the ADI pilch altitude error pegged-oul al 5 degrees during the

first stage. On ST5-3 the pitech error briefly reached three degrees at
one point, but was less Lhan two degrees for most of the firsh stage. The

improvemenl in pitch error on flight 3 is due to the guidance I-load changes.

L&) does not plan to make any further adjustments to these parameters for
subsequent Flighlbs.

Lessons Learned - NONE

Recommendations Tor Subsequent Activities

1. LEC Limil Changes - Not applicable because LCC does not address flighl
soltware.

2. I'light Rules Changes - Not applicable because Lhere are no defined failure
modes of Flight soflware.

3. SMS Parameter/Model Changes - NONE

4. Console or MCC Procedure Changes - NONE

5. Dala Retrieval Adequacy - NONE
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ORBIT DAFP

[. PERFORMANCE
A, Minimum Attitude Deadband Tests

1. .033 deg - The Orbit DAP had no problems controlling to a .033 deg.
deadband. Mo phase plane overshoots occurred due to the fact that
the DISC RATE was .016 deg/sec. Had the RATE been the nominal .2
deq/sec, there probably would have been more jet activity in addition
to overshoots. See Figure 1.

2. .01 deg - As seen in Figure 2 the DAP had more difficulty controlling
to a .01 deg deadband. It did, however, control to this small dead-
band but with significantly wmore jet activity. Preliminary reports
indicate a fuel usage rate of ~ 1.5 1bm/min. This test should be
considered successful since it demonstrated the capability of the
DAP to control to an extremely narrow deadband. In the future,
however, planners must take into account the high fuel usage. This
usage rate agreed fairly closely with pre-flight FS5L runs.

B. L5D/R5D Plume Impingement Test

This test was performed to provide ERD with more accurate vehicle
angular accelerations due to L50/R5D jet firings. ACIP data is not
yet in so no numbers are available. The procedure was performed
correctly however, so the numbers should be good. These angular
accelerations will be used to update MAG CONTROL ACCEL and ANGULAR
INCREMENT I-Loads which are used by the Phase Plane and the 5tate
Estimator respectively. See Figure 3.

C. L2U Thermal Soakback - It is outside the GHC discipline to evaluate this
test. The procedure was, however, performed correctly. F2U was on
constantly. L2U was on for ~95 sec. total. See Figure 4.

D. RMS/PRCS Interaction Test - The procedure during part 1 af this test was
not performed properly causing deviation from thermal attitude, large
torques on the RMS, and extremely high jet activity. The DISC RATE in the
procedure was .5 deg/sec. This caused extremely high jet activity. The
strip charts were lost post flight, but PROP should be able to verify the
increased activity. The rate was used between PRCS pulses to return to
the Thermal Test Attitude as fast as possible so that deviation from this

attitude would be minimized. The rate however, was excessively high for
VRCS with a 19 deadband. The result was several Phase Plane overshools

as the DAP slowly zeroed in on the desired attitude. With each gvershoot,
the DAP would switch from Track to Maneuver. When in the Maneuver mode the
DAP accelerates the vehicle to the given DAP RATE. So, one can see that
the overshooting led to a series of maneuvers each at a rate of .b deg/sec.
See Figures 5 and & for examples of phase plane overshoot during this test.
The procedure called for the crew to load a Rotation Start Time far enough
in the future so that the maneuver would be completed and stable before
the ROT was to start. In part 1 of this test, however, the crew loaded a
ROT start time in the past causing immediate initiation of ROT at the
current attitude {usually at a point in the middle of the MNVR}.
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Compounding this, the crew was unaware that a ROT had begun and consequently
did not have the DAP configured properly. The result was initiation of a

ROT at .5 ded/sec. (See Table 1). The crew performed the Part 2 and loaded
test correctly relative to the R0Ts and MMVRs. The FDF, however, still called
for a DAP RATE of .5 deg/sec. So even for the nominal procedure there were
several Phase Plane overshoots causing excessive jet firings and fuel usage.
The future ROT time allowed just barely enough time for the HHVR to completely
finish before beginning ROT.

On two of the Roll doublets during Part 1 of the test, Yaw was also commanded,
sce figures 7 & 8, It is interesting to note that both times this occurred Lthe
polarities were the same (+Roll, -Yaw). The springs in the aft RHC are half as
strong as in the forward RHC, but it is not known if this was the cause or not.
[t may simply have been that the crew was using the RHC as a brace while floating
around. The Yaw deflections did cause extra jets to fire.

_ Thermal FTO Attitude Maintenance - The thermal attitude was maintained very well

throughout the flight. At one point, however, the DAP RATE was changed from .135
deg/sec in order to stay within 100 of the Roll attitude. The need to change this
number was due to a couple of factors:

1. The period of the orbit was constantly shortening so that no one number
would maintain correct Roll phasing for long.

2. For a long period of time of thermal attitude hold, the definition of the
center of the phase plane was not accurate enocugh (i.e. not enough precision
to the crew loaded DAP RATE).

Nothing can be done about the orbital period but a more accurate DAP RATE could be
entered via a Read/Write on a software change to allow a higher degree of accuracy
to be entered by the crew.

Throughout this test, there were several events that caused QBI to be snapped.
Fach time this occurred the phase plane was recentered about the new attitude,

COMTROL calculated the maximum deviation of the +x body axis from the sun veclor

with each new QBI snap. A SR-59 program was developed Real Time to calculate

%his max;mum error. There was only one time when the max error exceeded 3.0 deg
3.8 deg).

Should a test such as this ever occur again (ie.a test where Roll angle vs time is
important) GNC has been tasked to track the desired attitude; R,P.AY. MWe are
writing HP98458 program to provide rapid determination of the desired attitude.
Currently, however, there is no planned Flight with this requirement.

ANALYSIS OF EACH PROBLEM

The most significant problem to occur concerning the Orbit DAP was the phase plane
overshoot discussed earlier in PERFORMANCE. This section, therefore, will be
devoted to illustrating interesting events that occurred during the flight.

A. Crew switched to DAP A with a rate of .4 deg/s during auto maneuver from
M) to COAS attitude. MNVE should have been at .2 deg/sec. See figure 9,

B. During PTC at 06:21:00:00 crew switched from DAP A-DAP B—»DAP A (rates =
A= 2-+4), See figure 10.

. Effects of Payload Bay Door on VRCS DAP with 1 deg. deadband. See figure 1l.
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[11. COMPARISON OF STS=2 and STS-3 DATA

There were no divectly comparable tests between 5T5-2 and ST5-3. The
nominal DAP operations (i.e. maneuvering, tracking, etc) showed no
differences.

[V. LESSONS LEARNED

f. The primary lesson learned on STS-3 was not to use a DISC RATE that
is too high for a given attitude deadband. The use of a .5 deg/sec
rate with a 1 deg deadband was obviously a mismatch (using VRCS).
There is no formula for the optimum rate/deadband at present. It was
mentioned in the $TS-2 report, however, that care must be observed
when choosing a particular combination. Some general concerns and
guidelines can be set forth here:

1. VRCS is the most sensitive to a mismatch since they lack control
authority. An incorrect combination here leads to excessive
cycling of an already overworked Vernier control system and high
fuel usage.

2. The larger the rate the larger the deadband must be in order to
prevent unnecessary auto maneuvers. For example, with a rate
of .5 deg/sec a deadband of 3-5 deg would have significantly
reduced fuel usage as well as Jjet cycling.

V.  RECOMMENDATIONS FOR SUBSEQUENT ACTIVITIES

A. LCC Limit Changes - M/A. Orbit DAP Software is not dependent on LC
Timits.
B. Flight Rules Changes - Mone
. SMS Parameter/Model Changes - The SMS model should be examined relative
to high YRCS DISC BATE vs small deadband cases. CH4 stated they never
saw overshoots of the magnitude seen during all three parts of the RMS/PRCS
Lests.
. Console or MCC Procedure Changes - None
. Data Retrieval Accuracy - Regular Thrift deliveries came quicker than
§TS-2. It took ~ 8 hrs, on STS-3.
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Table I

RMS/PRCS UNLOADED TEST-PART 1

DAF MODE

A/ AUTO/YERN

B/MAN /HORM
B/A/Y
B/ASY

ASASY

B/M/N
BAASY
B/ASY

RISV
B/M/N
B/ASY
B/ A/

ASASY
B/M/N
B/ASY
B/A/Y

a2,

ot

ACTIVITY

ROT
TEST PULSES
Mavye back to Thermal ALt
ROT dnitiated prior to end
of Mnvr
2ROT .at .5%/s
ROT=DAP mode switched causing
reinit of ROT at .135%/s
TEST PULSES
Mnvr baclk to Thermal ALt
ROT init. prior to Thermal
Att {.5%/s)
ROT-DAP switched to .135%/s
TEST PULSES
Mowvr back to Thermal Att
ROT it prior to Thermal
Att [ 5°/s)
ROT-DAP switchel
TEST PULSES
Yhvre back to Themal Att.
ROT it prior to Themal Att



JEFTEETT S




g

et

T

— . L

B Al e
LT i

e

N TR



L 0 Kiw ¢ 08k ¢BA

T4:70:20:88 =UND T:T4:72:.8 =LWDO 8S:S reone
9 4 2 _ o ..
90 -
d q ~
3
~
)
90’ +
; 62070 GT0°0- - G100~
V= XSOSOMNZLA T4z JZ4TZHOGA T10=  OTHTZHOGA X=  JEHIZHObA
3I9IS 3N SHYI d¥a A SHN3 d¥a d syyd 4va ¥
=WIN SOI 3LIS 08T INIOd 2
IZHhBTITd Z dn 9Ng umam\m
P
b orvg & t ®



Tl

il

il

ik




A

[ifpet

233

1J"|_r"i.h=

i
i

T

C TV ST bl et et =y v

!'544 .II:

__l- -..: L} i |
THIHIT

BT T BT

..'_.. b

— ot —

=t
SRR T ST

Bl o s

-

b .7



35 _ A 0 Ui G )
R£:0T:00:88 =AND TZ:£O:2Z:28 =1WDO £Z: 1€ [LOT HORMW
¢ % Z 0]

% MG..QI
I bo
_
] X
1 % o -
e s -
+.mr ﬁ" ++ ¥ k4
5 b
ak .m + % #%.ﬂ;.
* .x+um+ " % _...M. m+ ®
+ 0.%0% %
o I —— 0o 0
e+ %o c&H++ox ¥
ocn| * _ ,
20l x40 X8 P
fe> ¥ 9/ ; X B e
oof ® Ro O, W00, 0 |
x| "%, ]
0 Hanﬁ.“ i R .
% ﬁia w 0 TO° 0¥
0
i \.."_.......
ool e @\Ewtn % B A
gy Jo X NG\ !
t°T T
<D0+
OO Q =i O TR 0 Ry HhO "0
AUz  XSOSENZLA I+=  JZHTIHO6A 0=  ITATZHOGA IX=  JE 4T THOGA
IS A3 SEHMI dv¥d A SHY3 dvd d 43 ovwd ¥
=W0ON MYH J1LIS S8 ANIOd 2335 JLYEAN
P ACHETT M Z dil INY b@w_xm \/\ﬂm
0 l U AR és i @

3. 278



it £3 Y, & TRh e ey g+
m Wi %) W Kool b & L GLUA M,::..m

EHhiIER:122:280 =AND wT:47:22:48 =1KW30 ©0G:2 03¢ 04K
9 ) 2 ©
- 20°0-
by
¢ X
Ry _+ 5
. X .m + v =
‘ X xf ﬁ.b.__
., W *# e ¢:0
__ b .ﬁ.&- 2 St © *
, R ey B TRE T a3
x x NJW.J L -.E —“_ m
“?..ﬁ g QYo K
e 0. MR T Ryma
+u |70 o, Cp &
% .a.ﬂ & x{bﬁﬂ ﬂJﬁ ¢
0 000 o
0 T 9/t o, 0 | X
G *eo M yp @
x % 8 g
0 0 x
— —Q.a 5 109+
&+
| ©. 9
X
— b
.._‘._.Luln_-_.m. = aﬁ_ﬁ__.
H 20" G+
ETO"0O- £00 IO
gve XKGOGBNZLA TT+= JZHT ZHESEA T10F JTHRTIHESEA TIX= 4T I0EA
YIS A3W SHH3I d¥d A e8N3 dvd d SyY3 <a ¥
=pON JNE 3FALIS 98 JA1INIOd 3 ALl ydN
oThBT1d Z din 2NY mm_wm.xm }._uu

b J ARL £ i

32./9



P i & w.._w A W ol G e

00:86:22:248 =AND TE:B8T:22:.8 165 Hoau
9 4
g 200~
T He'@-
T ﬁ,u.ﬁ
£¥°0 T3/
120+
— MURY 3
6200~ SEQO- 6H0 " O~

Avs  XSUTTHNZLA 4= DZHAITHOGA 0= IJTHTIHOGA 1IX= 257 THOSA
3IIYIS a3w SHNI d¥d A SHN3 dvd d SUN3 @ ¥
=WON 208 3ILIS 26 INIOd 23 32980

AZhETTd Z dn aND Zof e ¥V

® b vale 9@ 1 S

2.2.20



J3s ¢ B i v 0y PALA (]
£4127:00:88 =GND 25:246:72:48 =1KIO 43:6 L2050 HOMW
9 # z (0

; 0°0-
ﬁwq
N P TS 1 S ——— !.llll.. W_WI.QI_
* oyt 4 ot X
oy \,u.ﬂ,m x%k &x ~
2 .""”,.C”_;,.mu v ?...ﬁ am&,b: e N
. ORI R PSR SR 0070 &
et B TR KPR &
ﬁm (VR uq.m# M.J..nﬂwnﬂ:.ﬁa,uw.:n
00 o, Q mw@
o —i " 23 AR oL
@ r.w £O° 0
wop) ¢ ..»U\i ) i
+ /o cco’
S
SO "O- L TON OB O e OO0
dV=  XSOSBMNZZA T+=  JZHTZHO6A 0=  JITHTIHOeA TIN: DL+ THOGA
JIYIE d3W g3 dvd A EHYT3 ovd d CHNES ovYd o
" =WON MPYMH 3LIS 9T ANIOI D Lu8dN
- ATHETTd Z dn ANg ol 249
(1. b UARU ) i1 o



i

FEps:

i

il

1







s ® m m m f W m o m @& B

g Ry nr el s i Fad s e W

A g o B S N Y

N

ML B R P
T R B e o T

RO B

330 B A B 98 37 0 h ML Y B )

W s | 5

L= AT
E T LT

0 T T R O i |

g g ia §

S GRBIT DAP ERROR 2

Ll

L

_
-

- i P e e o L O . L O I L T |
-

l i K R
e WA kS
B v g B HEEA

¥ o
o 3

S LG ) P Lo == = o (S TGS 0 LT 0 = o P (S0 0 T 0L 7 B =t 2 T LD T
e et 0 P T PR O S T AT T D D L [ P T i T s
ey

TIME =a8g

FICURE &

¥, 2. 30



ERR

ROLL

Pt T
T o I i

M

by ATy i ek s T

g |
o

oo,

Mo R

5T3 3 ORBIT DAP ERRORS 3
& .
- ¥
| *
; ®
=
B x
w
s o
L. H:}‘:
b Hx
SN N A o e e SO (B R v i v 2 e M Ve e
r
2
2 x}i
*
P _Y.::.'h-
i s

o o o S o U I o D'.Jl 1
I

b
I Bl 0 0 W o ) B 0 Y

e S B B 18 0 O T B PR Pl e A e e (R R T T T R

TIME e

FICURE ¢ it



20 a4~ 2°0- ao- e 0~ - g2'f= £ra- 2'g- g'o- 0o~ 2'0- 0 BniS2i81:28

ewo- go- g'0- ew- 2'0- 20~ 20~ g4 @O~ 2F'O- 00~ 2O- 0*LhiB2181 538
8'a- o070~ @o- a'0- 29 2'0- B ﬂm&- g:0- 2'0- 00— geo- 0 eniIB2i81 a8
ao- go- a'e- a2p- 20~ 29~ g0~ g~ g0 2ro- 0'0- @ D EhiE2i81 128
ae- @'0- @e'0- @ep- 20 @0 gp g.- 20 2o 00- 20 B chi@B2I01138
&2'0- go- g'0- g0- 2'0- g2'0- g'o- 2 Fo- 20- 0°0- 2O 0 EnigEIg) 138

2:0- a0~ &0~ a0~ 20~ 20- a'0- a°0- 2'0- a'0- 0o- 20~ O -Swie2:1 28
80- z0- a0~ '8 e'0= 20- a:0= a0~ g0 g0~ 2°0- 8% 0 inigg2igl a3
1871T= 1I'El=- 1*nl= L'i2- 2'0- a0~ 278 8671 8’3 0ES  2'ES GUBL 0-0%182:9) 28 M
Hr1E- B'iE- 1'&- 0n1- 22 2'g ara 2'0- «@'8L B'AL @Bt 15 i% 0 RETEZ:R1:3D

(b y/

2'0- 20- 20- 20 g0- 20~ 20 20- 89 68 f£'T 20 0809

e \mxﬁ \__MQ%.* 20~ 2'0- @0~ 0 20- 20 0= 2'0- 2'0- 00~ 20 20- 0°L8:e=i91 3w
g2'o- 2'0- m.ﬂ_l 20~ 270=- 2°0- a'0- lIg=o- 2'0- 2 o= oo- 2" 0= 0-Ex:oagl i

2'8-  20- ¢~ wD- 20~ 20~ 20~ 20~ 20 @0 0°0- 20- 0°EeiesigiiEm

&'0- 20 26 20- 20- 20 20 20~ 20- 0°0- 20 20- 0-Eiezigies

2 - 20~ N.n._r a0~ a2'0= at0- 2°0=- 2:0= 20 2°0- o 0- 2 0- O EEigR9]l:E8

20— 0= 270~ a2'0- 2" 0= a0 2 0- 2'0- 2'o0- 20~ ot o- - O SEraz:o) e

2'0- g'o- @0~ 20~ 20- 2'0- 20 20- 20 20~ 0°0- 20- 0 igi92:9) i

20~ a7f= 270~ a0~ Brg- 2"0- g2 0~ = b gm0~ 2 0- oen- &' 0- N 0E:o2:91:88

g'o- 20- 290 20- 20- &0- 20- 20- 20- 20- 00~ £0-  0'Br9ai9)ise

Nh. .N%\wW\H\ &p- @0- &0 @29 @F0- @0- 20~ 2'0- g0- L~ 00 20~ 0BGl 2@
20- =20- 20- a2'0- =20 00- 20 20~ 00 00~ 0°0- &0-  0-L2'82e) e

a0~ 2 a°0- 2= a0~ g0- e o= e 0- 270- 2" o-o- 20~ grggigatgligR

29- =20~ 20 g0~ 20- 0°0- 20~ 290- 20- 20- 0°0- 20- 0-E2:e:91:Em

270~ o o= 2°'0- a70- a2'0- a0- 2'0- 2°0- 2= e 0- c-o- 2'0- 0 w2:92:91158

2 0= 2'0- 20~ 2T0- a'a- 20~ 2'0- 2°0- eb- 2°0- o-o- = prE2:8218 128

2'0- 2'6- @e- ae- 20~ @0~ 20- 20- 20 2'0- 00- 20  0°E2828iEE

2'0- @0~ @0- 2'0- 20~ 20~ 20~ 20- 2'0- 0'0- 20- 0-12iEmenaE

270~ 2 0- 20~ a'0- 2'0- 210= 2'0- 270~ a2'0- ea- 20— o oEig=rglvaa

a0~ 2'0- 20- 40~ g0 20- 20 z0- 20~ 0°8- 20- 0-B1gm:anEE

. 52 / a'0- @8- 20- 2w 2w~ 20~ 20 =o- 20~ 00~ 2'0- o0'Blieaiiza
..MrJ.\KQ\ 1|\ £ 2°0- 2'0- g- 2'0- g@2'0- g'o- 29 g0~ gg- o"o- 270- grL1re2ig1ien
a0- =20~ 2'0- 2'0- =20- =0~ 20 2o 2'0- 0°0- 2'0- 0°91:82:81:28

. J 1 0= 20— 2 0= 2'0- a2:0- 270 2'0- - 0- 2°0= o°a- 2°0- o'El:g=2t81 128
< hhuﬁ:h_..u_\_u“.\..\m. m.umwxh\\m.hc\% g6~ 20~ @0- 20 g0- 20 2'0- 000 2'0- 0°0- 2'0-  0-hligieliza
a9~ 2'0- @0~ @0~ 20- O- 2'0- 20 2'0- 20 20- O0ELEenE

2 0- ep=- 2'0- 2 0- b= 2 0- g-a- 2 0= 2*0- o-0- 20— o2l @218 28

2'0- 20 2o~ 2o- e~ 20 20 20 2'0- 20 20- o'1lgmenEE

20 2'0- 270= 2 0- a0~ 2 o0- 20— a0~ 2 "0- o-a- 2'0- 0*0lig2i81ta8

2'0- 20 0~ 40~ 20 0°0- 20~ a0- 0'0- 80~ 2'0-  0°BOIB=IGTIES

2'0- @e- 20- 20- 20- 2'0- 20 20 00~ 0°0- w0~  0°B0I6ZI911Za

a2*0- g0- gp- 20 23 2'0- #a- 2t
2°0- 270~ - 2'0—- g'g- 270~ e'n— 2°0-

L'BE- 4" Lh= 1"BL- 0°ehrB2rE] 158
8BL- 0B STRI- Orp:g2ig1128

a2 0= 2t 2°0= 20— 20— 2"0= 20— g 0= g~0- 890 2 0= 0 "E0is2131 28
2°0- @2'0- @gg- g'u- e0- g'0- 20— 20 2:0- @0°0- a0 0 40:23191123
20— a0 20~ 20— 20— a2°0- 2°0- 2"0- 2°0- il 2"0= o El:g2:g1120
270~ [ o 2°0= a0~ 0= 2 0= 20— a'n- 2 0- 1 2 - e B-= T TRE G
20— a*a- 2"~ 20— 20— 20~ a2:0- 20— 20— a*o- g'0=- 0°10ig2tai:2a
6 2 0= 2'0- 2°a- = e g2 0= 2'0- e 0- 20— 0-g- 270 0 ooigaigl A
20~ =3 - il 0= 2 0~ e'a- 20~ 'l 2'0- 2°0- a*o- 2 0= 0 BEiS2tg 128
2 a- 2'0- 270~ 20- 2'0- a0~ 2 0= 2'0- 2°0- o0 2 0= O0-astel:91i=8
2°0- 2°0- 270- 2°0- 20 a0~ 2 0= 20— 20~ g e'a=- 0 L5i1e2ta] =0
g0- 2'0- g2'0- g0~ 2;- 2'o- 20~ 20- a2 0- 0°0- a2'0- 0-851S21a1:28
20— 0= a'D- 2 0- 2 0= 2= =4 2'0=- 0= 2°0= 2 0= nrEhig21gliFm
oA 1H¥FA ni] Elld 211d 1lld % ETIR ETIOH 1TEM LHE My a0

821 DRI JEERE 9821 29881 962l SPhEE BT JEhel  J5h)
MILA HSLA HOBA RELA H2LA MLA Hoaa HZLA LA AZLA ML T BHO R

3. %32




8- 0- 2'i- 0°o- awm- g0~ 20~ g0- &'0- g9 a0 o'a- 20~ 0 '#&Righip) a8

20- 0°0- @20- &0 @0- @0- &0- ao- 0 @0~ 0°0- 20- 0 |22ei9) i

2'0- g0- 2'0- @2'0- F0- 20- @F0- 0°0- @P- 2'0- p0- 20- 0-02awgliEm

@0- 09- &0- @90- aw- 0- F0- 2'0- 2D 20- 00~ 0°0- 0BIENEES

&0- &0- @0- 20- @0- g0- a0 2'0- 2P 20 20- 2'0- 0-BrENe=S

@0- 20- @0- 20- ag- e0- @0~ @0~ P 0~ 00~ 20-  0LliSk0iE

2'0- 0'0- @'%- &0- 20- @0- 20- 00~ @3- 2'0- 0°0- 2'p- 0-91i2agiim

2'0- @0~ 20 2'0- a'0- 20- @0- 20~ 20- 2'0- 0°0- 2'0- 0°Sii2niglims

2'0- 0°0- 2'0- @0- a0- g0- 20 20 20- 20~ 0°0- 20- 0 h1izhigizs

2'0- 2'¢- 2'0- @0~ 2w 0°0- 20 g0- 20- 20~ 0°0- 20- 0itehiglies

20- @8- @0~ 20- 20- 20- 0~ g0~ F0- 20- 0°0- 20~ 0°21hi9lam

2'0- '8~ 2'0- 29 2'0- 0°0- =2'0- g0~ 20~ e0- 0°0- 0- 0 11iShigl i

g0- g~ 2'0- 20~ 2'0- 20 &0~ 0~ a0- a0~ 20- 2'0-  00Skgiaa

@0~ 0'0- 290- 20- @0- 20- 20~ 20~ 2'0- 20 0'0- 20~ [°BIIES A

20- a0 20- 20y 23 F'O- g0~ 20~ &0- W~ 00~ 20- 0BIEwELIEE

e0- @&w0- @eg0- a0 &0 09 g0- 20 2'0- 20- 0°0- @0~  0°L0fEngiiee

2°0- 0'0- 2'0- 20~ o= O~ @0~ 20— 20- @0~ 20~ 20- 0BGiEhi@is

” 20- @0 20- a0~ a0 0°0- 20- 20- 2'0- 20- 0°0- 20- 0'S0t2hi91ea
.N.\x Q -\ﬂu&- 20- &0 20 @0- a0~ a0- 20 20~ 20- 20- 0°0- 2'0- 0'h0i2hi9lie8
e0- 20 @0- 20- g0~ 20- 20- 20 2°0- 0- 2'0- 20- §E0EwEN

\Q.u\&ﬂ\t.\u -ﬂ....‘_nxu\\h.tw g0~ @26~ 0~ 20- @0~ @0- 0- 20~ 20- 2°0- 2'0- 20- 0206
2'0- @0- 2'0- 20- 20- g0~ =F0- 20 20- 20C- 0°0- I0- 01024191128

™ 2:0- g0- 20~ gO0- F'0- @0~ @O0~ 2'0- 20- 2'0- 0°0- F0- 000Swgi=
=1 &0- @0- g0 @20 20- 20- 0= 2'0- 00 20~ 0'0- 2'0- 08514118

N% M&.\w“\.& 2'0- @29- F0- 0~ FO- 2'O- @0~ 20- 20- 2'0- 0°0- 20- 0CSiiwGi=m
'0- 0°0- 20 w0~ 20~ 2'0- @0~ 20- @0- 2'0- 20~ 0 0SB

B 2'0- Z'0- 20 g0~ 20- -20- 20- 0°0- 2'0- 2'0- 08°0- 20—  0'BS1HIG1I=S

&e- gwo- a0 g0~ a0 20 20 g0- 20~ 2'0- 0°0- 0°0- 0°SSiihi9]128

g'f- @0~ 20 20~ 20- @a0- 20 20 20- 20 0 20 04681 1H01:=8

2'0- @'0- 0'0- 8% 20 g0~ 20 g20- 20- 20 20 L'Bh 0°ES11h:0118

(MY TEe0z-  I'ER- @'E2- B'8a- 2'0- 20~ 2'0- 20~ BCIL 0°EL  1'BL  S°BL  0°ESiiniglizm
Te'B2- @'B2- @'B=- 211- 0'0 20~ 2'0- 2°0- (B'sL B'BL £°BL B'EE  0°16115191:38

\xw\& ¥ \%:E .\aﬂu}n g-2- @80- @0- 20- 20~ 0= B0~ 2 0- L2 @LE £ 2'0- 00D IH19113E
2'0- g0~ a'n- @0~ 2'0- g0~ 20~ 20 2'0- 2'0- 0°0- 20~  0'BAIIKIS)IEE

20- 20- 20~ g0~ 2'W- F0- @'0- 20- 2'0- 20~ 0°0- F'0-  0°BAI 401123

2'0- @20~ 2'n- 20~ @0- a0~ 20 0°0- 20- 2'0- 0°0- @0-  0'LalIN81128

2'8- g0- a0 g0~ &0 &0 Fo- 20 20- 20- 0°0- 20  §'Bhi1hia1Es

2'0- @'0- 2'0- @0~ &9- g0 §0- 20- 20- 2'0- 070~ Z0- 0'BxI1nIoTEa

2'0- &0- 0~ 20- F'P- 20 FO- &0 20~ 20- 00 0°0-  0whiIKIG1IE8

2°0- @0~ 2'0- @0~ @0- 20- @20- 2'0- g0~ 2'0- 00 20 0N IKBNE

g0 g0~ 20 20- 20- 20- @0- 20~ 20~ 2'0- 0°0- 2'0-  0'ShithigE

20- F0- e0- &0~ 2'0- g0- 20 2'0- 20~ 20 20~ 2°0- 0 InINS11E8

&0- g0- 20 @20~ a0 20 20 20- 00 00- 20 @0~ 00N Ine1E

2'0- 20- 29 @0 F0- 20- @0~ B0- =29 F0- 0'0- 2°0- 0BEIHiDIE8

2'0- @g0- 20 g0~ F0- 2'0- F0- 2'0- 20- 20 00 26 0EEHMBNE

2'0- @ge- a0 g'0- 20~ 20- g0~ 20- 2'0- 20~ 00~ 20~  0°LERIDIEE

2'0- @90~ 20 20~ 20 2'0- a0- 20 &0- 20- 0'0- 20- [EEillegns

2'0- @90~ @2'0- &0~ g0 2'0- a0- 00 20- 20- 0'0- 20- 0-ELiTAlEE

2'0- 0°0- W~ w0~ 2'0- 2O- 20- 20~ 20~ 0~ 0°0- 20~ 0K InSHES

2'0- g0~ @'0- 2'0- 20~ 2'0- 20~ 20 2'0- 20- 0'0- 2'0- 0°EEt14rg1iEm

2'0- g0- 2'0- 20 g0- 20- g0~ 20 0 a0 0°0- 2°0- 0=lhgliEE

2~ @0~ 20- 20 e0- 20 g0- 20- g0 20- 0'0- a0 0 isithieiaa

20- @00~ @2'0- 2'W%- eo- 20 g0- 2o- 2 20- 00 2a- 0°DE!VhiG] 133
m_.ﬂl g*g6- @20~ =&'0- e20- 2'0- g0 g§'0- 2'0- 20- 0'0- 20 0*a2tlhial iz
i,

!

@ EHvA Sy IMvA 4138 Elld 2ild 111d & ETHOH 2Td 1T L0 (REVOENG
THET  QLEIT  MER1 OLhD]  OBEES 8821 28831 OEn2l |Es!  J98S1 JEweE

HOBA  M3LA  MBLA MBLA HOBA  MBELA MBLA  MELA HOBA  H3LA  MELA NELA PLEIOHD A

a1 I;ovd ENE  Lviand B0 H3A o T

3.2 53

n.I:Ln.u.n.n.n.q.n.n.n.nn.uu.,tmn.n.n.n.n.n.n.n.mﬂ.n.n.a.n.n.na.n.n.ma&-ln.u.q.n.n.n.n.n.u.n.n.n.u.:.




o e

e

LERAATS S

oy e | e







B A b et L LT

[l
D

2.2.3¢6 Ui

)

- it




A

TRANS DAP

Performance

The Trans Dap for STS-3 was identical in design to the 5TS-2 system.
Manual and auto maneuvers were executed with a nominal system response.

The first maneuver was in the manual accel mode, to the OMS 1 burn
attitude. This is a time critical activity and cannot be performed in
the auto mode which has a 0.2 °/sec maneuver ~ate. The CDR reached the
hurn attitude well before the burn time.

The second maneuver was in the auto mode, to the OMS 2 burn attitude.
Everything looked nominal going to the attitude, however, an examination
of the recorded dump data indicated that shortly after Madrid L0S, the
crew downmoded.to manual and completed the maneuver in the manual mode.

[t was not obvious from the data if this was an ipadvertent downmoding
ar intentional .

The transition to OPS 3 was executed with no problems. It appeared that
the crew held the DAP manual PBL depressed during the transition since
the data indicated the maneuver display, [tem 27 was never set. MNo
attitude deviations were noted after the transition. The auto maneuver
to the De-0Orbit burn ATT was nominal as was the De-Orbit burn.

The final auto maneuver to the entry interface attitude was interrupted
when the COR bumped the hot stick shortly after the maneuver began. The
RHC was out of detent 0.2° for 1 computation cycle and downmoded the DAP
to manual. This situation was apparently undetected for 4 to 5 minutes
as both crewmen were monitoring LVLH attitudes on the ADI and with the
vehicle in intertial hold, it appeared the spacecraft was pitching.
After 4-5 minutes the auto maneuver was re-started with no furthur
problems.

The OPS 1 and 3 0OMS burns were nominal,

1. Problem Analysis

The Hot Stick capability may cause a severe problem during some future
mission. The crews need to be extra cautious on monitoring their DAP
configuration when doing critical operations outside of site coverage.

2. The STS-2 and STS-3 Data compared in an identical fashion.
Lessons Learned - NONE

Recommendations

1. LCC Limit changes - NONE

. Flight Rule changes - NONE

SMS Parameter/Model changes - NONE

Console or MCC procedures changes - NONE

. Data Retrival Adequacy - improved over 5T5-2.
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EMTRY FLIGHT COMTROL

PERFORMANCE

T

Longitudinal Trim

After transition to MM304, the vehicle trimmed about the commanded 40
deq angle of attack with 4 long period ascillations (T~25 sec, lul
2 deg p-p) until the first roll command at § = 15 psf. The lowest and
highest angle of attack. prior to the first roll, was 39.2 deg and 41.5
deg, respectively, and occurred in the first cycle. dc was +3 deg at
MM204 transition and trimmed about the nominal schedule (+3 deg) with 4
long period cscillations (T~ 73 sec) corresponding to thee oscillations.
The maximum deflections from trim were 1.7 deg and 8.0 deg during the
first cycle with &z converging toward schedule on each progressive cycle.

Post hlackout, &¢ trim was +2.5 deg and closely tracked the nominal
schedule until M4 where it reached maximum downward deflection (in super-
sonic region) of +4 deg. Only small body flap position changes {from 51%
- 59%) were required to maintain de on schedule. Small amplitude, high
frequency oscillations (T~1 sec, ldel~ 0.4 deg p-p) were seen while the
speedbrake was sweeping to 100% at MIO. There were no noticeable corre-
sponding pitch rate oscillations. At M4, when the speedbrake bagan
sweeping from 100% to 65%, &¢ began to trim upward off schedule and bod y
flap began to drive from 62% to 0% (M3.5 - M.7) to keep &= on schedule.
Trim changes associated with the driving body flap are evident. Beginning
at M3, & followed schedule toward 0 deg at a small standoff error of
approximately -0.5 deg. At M2.1, de overshot the 0 deg schedule and
reached a maximum upward deflection of -2.5 deg at M1.75. Between M].5
and M1.0, &¢ followed the schedule from 0 deg to +5 deg. A1l excursions
from nominal schedule were within the predicted schedule presented in HMPAD
5T5-3 Cycle 3 Descent Data Pack. MNote that the body flap was saturated

at 0% between MI.6 and M.95.

The M1 to M.90 region buffet which occurred an STS-1 and 5T5-2 was again
evident on $TS-3. The time histories of &g, #, Nz and « in this region are
characteristic of previous flights with no unexpected vehicle responses.

At M.92, the speedbrake was manually commanded to 100% for energy manage-
ment and the resultant increase in pitching moment caused de to trim to

+10 deg at the end of the buffet region. In contrast, on 5T5-2, snead-
brake was commanded to 57% at M.9 and &¢ trimmed to +7.5 deg at the end of
buffet region. After buffet the body flap drove to @2% to force de to
maintain nominal schedule at +5 deg.

Longitudinal Dynamics

After entry interface, prior to the first roll, the largest pitch rates
accurred during the o oscillations {-0.4 dea/sec and +0.24 deg/sec) and

all were well damped. During the first roll, body pitch rates were between
0 deg/sec and -0.12 deg/sec. At M421.2 and § = 37 psf, a 1 cycle, 7 sec
period pitch transient occurved with peak positive and negative pitch ratas
of 0.4 deg/sec and -0.7 deg/sec respectively. There were no residual
oscillations associated with this transient.
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Post blackout to the MZ.7 roll reversal, body pitch rates were very
steady about 0 deg/sec with maximum rates of 4 0.2 deg/sec occurring
during roll reversals and during the speedbrake sweep from 0% to 100%
at MO, The M2.7 reversal was flown in C55. Control was good and
maximum rate was -0.7 deg/sec.

In the transient region, the pitching phenomenon exhibited on STS-14&2

was again evident. A pitch down of -0.5 deg/sec occurred at M1.1
resulting in a decrease ine from 9 deg to 6.5 deg causing the elevator
to drive upward. At M.95 an abrupt pitch up of +0.9 deg/sec occurred
increasingea to 9 deg and driving &e down to +8 deg (speedbrake was
manual 1y commanded to 100% at this time driving &g further down to +10°%).
The body flap hegan to drive down to 92% to maintain & on the +5 deg
schedule.

Prior to the HAC, control was good (despite strong gusty winds) with the
COR dnputting small pitch down commands less than -5°. Body pitch rates
were between 0 deg/sec and -0.9 deg/sec and exhihited oscillations
consistent with winds and gusts. Airspeed was 220 KEAS and increased to
290 KEAS at the initial roll into the HAC. A right turn HAC was flown in
manual with only the bady flap in auto.

In all cases the vehicle dynamic response to automatic and manual longitudinal
comnands was satisfactory.

Lateral Directional Trim

Throughout the entry prior to rudder activation, the aileraon trim averaged
.5 deg to .6 deg. The constant value of this trim implied a lateral CG
displacement in excess of the predicted value of -.07 inchaes at EL. The
suposition that the lateral asymetry was due to a YOG offset rather than
aerodynamic phenomena is reinforced by the .75 inch uncertainly in YCG at
the preflight weighing at KSC. The trim required indicates a YCG offset
between .7 inches and 1 inch.

Following rudder activation at M3.5 the aileron trim became negligeble and
the rudder trimmed the asymetry. The maximum average rudder trim was 1.5
deg and occurred subsonic prior to HAC intercept. There were no significant
or adverse effects due to the trim solution for 5T75-3 and the flight contraol
system performed satisfactory in this regard.

Lateral Directional Oynamics

The dynamic response of the vehicle to flight control comnardds was evaluatad
by observing the transients associated with PTI's and Roll Reversals. In all
cases the commanded rates were achieved within two seconds and no residual
oscillations were observed. During transition to Constant Drag Phase the
transient due to the phase change resulted in a 10 degree bank angle change
instead of the 15 degrees predicted. Mo other moding or phasing transients
were obseryved during the entry in the lateral directional axes.

The .25 Mz oscillation occurred as expected beginning at M1.8 and ending about
M1.5. The oscillation lasted about 30 seconds and produced peak lateral
accelerations of .01g. Peak roll rates reached 1 deg/sec before a yaw jet
fired to arrest the rate. There is little doubt that the RCS Jets were the
principal effectors in constraining the oscillation.
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futoland

[nitial conditions prior to selection of auto flight control: the CDR
followed guidance speedbrake commands and retracted the speedbrake from
100% to 174 as equivalent airspeed decreased from 290 KEAS to 265 KEAS.
Airspeed began to increase, due to increasing f, and the COR modulated

fsg according to guidance commands. The MLS was incorporated into
navigation at 14700 feet altitude while the vehicle was in a 3 cycle pitch
oscillation, T23.5 sec and maximum positive and negative body rates of

t2.6 deg/sec and -2.0 deg/sec, respectively. &e responded well to the RHC
commands and was driven off the +5° trim schedule to +2.5%. During the
oscillations, f increased from -191 fps to <224 Tps causing the vehicle to
drop below the hppf vs. range trajectory commanded by TAEM guidance. CDR
followed guidance and commanded pitch up to decrease h and capture the
trajectory pulling 1.4g9 at a body pitch rate of 1.9 deg/fsec. The RHC was
returned to detent prior to engaging auto and pitch rate decreased to 0.6%/s5.

futo P/R/Y was selected at 089:16:03:2) onboard GMT (all subsequent times will
specify minutes and seconds anly) at h=11600 feet, still hbelow trajectory, and
jmmediately commanded pitch up to 1.5g (ANzc=+0.hg) at 2.2 deg/sec. At :03:23
and h=11200 feet, auto speadbrake was selected and immediately opened to 49% to
hold airspeed to the reference velocity of 285 KEAS. After the peak normal
acceleration of 1.59 was attained (:03:26) Mzc changed sign and commanded pitch
down (&Nzc=-0.24g) resulting in a pitch rate of -0.8 deg/sec, Mz=0.8g and the

start of a phugoid oscillation as seen in STS-2 when auto pitch was first selected
while in TAEH prefinal subphase. Concurrent with the phugoid, TAEH roll/yaw
guidance commanded a roll angle, @c=27 dﬂg (from #=25 deg) then fc=18 deg taking
the vehicle throuah body roll rates of 6.0 deg/sec:

and -10 d=g/sec, bringing coursz with respect to runway centerline to +5 deg and
reducing crossrange to -203 fzet. \fter 75 cycle of tha 12 sec phugoid was completed
(:63:20) the altitude error criteria for transition to autoland guidance was satisfied
and the transition to trajectory canture subphase of approach/landing occurred at h=
10094 feet (by :03:25 the criteria for flight path angle, crossrangs and dynainic
pressure had all been satisfied leaving altitude as the only unsatisfied requirement),
On the first pass after transition, the body flap was commanded and drove to trail
position and the speedbrake was commanded to its reference of 55 deg and modulated
about that reference to maintain 285 KEAS. Autoland longitudinal quidance was
satisfied with h vs. range and reduced Mzc to 0.03qg at :03:31 which resulted in a

pitch un of 1.1 degfsec. Criteria of M’ 112 deg and f“errl h0 feet for transition to
steep glideslope subphase was satisTie ut 03:33, h=95TE feet and guidance made

that transition. Transition to Tateral track mode was at :03:35 when criteria of
course with respect to runway centerline < 2 deg and crossrange < 50 feel were
satisfied. From transition until C55 was engaged, roll oscillations occurred

{max positive and negative rates, 5.0 deg/sec and -3.2 deg/sec respectively) due

to strong crosswinds and gusts while trying to track the centerline. Wind velocity
increased while on steep glideslope causing the vehicle airspeed to increase Lo 296
KEAS at :03:54. The speedbrake extended to 98% at :03:55, h=5208 feet causing dc
to trim down to +8 deg. Subsequently, vehicle airspeed decreased and guidance
commanded the speedbrake to retract to less than 55 deg such that, at :04:02 |
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the First autoland speedbrake retract criteria had been satisfied and
speedbrake was commanded to 0F de trimmed upward to +4 deg as the speedbrake
retracted and max positive and negative body pitch rates of +1.3 deg/sec and
-1.1 deg/sec respectively were reached. Direct airspeed control was lost with
the speedbrake closed until touchdown resulting in increased airspeed.

Longitudinal guidance transitioned to flare and shallow glideslope subphase at
:04:15 as the vehicle descended below 2000 feet. The open-loop pullup initiatian
subfunction commanded ANzc=0.2g and vehicle pitched up at 2.1 deg/sec. At :04:17,
vehicle descended below 1700 feet and guidance transitioned to circularization
subfunction where it commanded a constant 1.4g circle (ANzc=+0.4g) and pitch rate
of +1.4 deg/sec. This pullup arrested the increasing airspeed at 303 KEAS and
reduced it to 290 KEAS. At :04:25, h=600 feet, the guidance command decreased to
Alze=0.23g9 reducing the constant g circle from 1.4g to 1.2g causing body pitch
rate to oscillate to -0.1 deg/sec then 1.0 deg/sec (in effect, "letting out" the
constant g circle). This maneuver was analyzed and it was determined that an
upward gust or shear caused vehicle h ta decrease such that the altitude rate ervor
component of the Nzc commanded a veduced g circle. At :04:37, h=200 feet, the
vehicle passed -4723 feet downrange (X EXP I-load) causing guidance to transition
to exponential capture subfunction. MNzc was reduced to ANzc=0.11 g and body pitch
rate went Lo 0 deg/sec. The COR selected €55 via the PBIs at :04:33.

futoland performance was good and no anomalies were seen. The vehicle maintained
reference altitude versus downrange position from steep glideslide transition
until CSS and tracked the runway centerline at 0.4 feet £ 10 feet from h=2038 feet
until C55.

Landing/Rollout

The only flight control system inadequacy observed on S$TS-3 occurred during rollout
when the CDR attempted to arrest a nose down pitch rate of 1 deg/sec. Three seconds
following main gear touchdown the CDR initiated a nose down 1 deg/sec pitch rate
with a forward RHC input. As the nose started falling through from its touchdown
attitude of 6 degrees the COR input approximately 5 degrees aft stick to arrest

the nose down rate. Although the elerons rampz:d 'up in response to the stick input
they were unable to arrest the rate. Finally as pitch attitude approached O degrees
the COR increased the magnitude of the aft stick input to approximately 12 degrees.
Response to this input was characterized by considerable lag time(2 to 3 seconds)
requiring excessive pilot compensation to control pitch attitude. Once the pitch
rate error signal became large enough however the elevans were powerful enough to
control pitch. Airspeed during this portion of the rollout decreased from 200 KEAS
to 175 KEAS.

The problem with vehicle control during the rollout appeared to be related to the
rather delicate balance of two very large pitching moments. Following main gear
touchdown the weight of the vehicle causes a large nose down pitching moment about
the main gear. Early in the rollout this weight moment is balanced by the positive
pitch moment created by the 1ift force. As the rollout speed diminishes and angle
of attack decreases, the weight moment overtakes the aerodynamic moment, and the
imbalance must be accommodatedby an elevator deflection from trim,
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Elevator control power is also decreasing however as a function of rollout

speed and a reduced moment arm. yniass conirol inputs ragquire the elevons to ramp
fast enough to get ahead of this dynamically changing moment balance they
will be ineffective in controlling the rate.

The response characteristics of the vehicle during landing rollout are not
satisfactory to permit active pilot control of pitch rate.

Entry Test Maneuvers

The ST5-3 entry had six lateral directional PTIs (Programmed Test Input),

one pitch AST (Aerodynamic Stick Input) and one structural PTI planned.

Figure 1 is a layout of 5T5-3 entry maneuvers including hank reversals. [t
shows the maneuvers, planned and actual flight conditions, and time of occur-
rence. All bank maneuvers occurred on schedule for the Morthup-Rev. 129 entry
and all 5 test maneuvers, above Mach 10, were executed on time with predicted
responses. The Maci 8.4 maneuver was executed on time, however, the yaw PTI=-2
was performed in place of the roll PTI-1. This PTI-2 was performed safely but
with resulting motion somewhat larger than would be expected. Tt was not the
optimum maneuver at that point but useful data can he extracted.

The Mach 4.5 to 4.0 PTI-2 was eliminated from the flight plan pre-entry because
of the expected conflict with the third bank reversal. This canflict did occur,
although the reversal was completed 11 seconds before the close of the window
at mach 4.0. The strutural PTI-0 was executed on time and ran the full time
period planned. The data from PTI-0, however, was lost because of a failure

of the wide-band mission recorder.

Entry RCS Usage

The 5T5-3 entry AFT RCS usage was very close to the predicted usage. Figure 2
shows the usage during several selected time periods and figure 3 shows a
graphical comparison of predicted vs actual usage on bath 5T5-2 & 3.

The two solid Tines in figure 3 represent the predicted entry usage from EI to
Mach |+ The ST5-2 prediction was a nominal FSL (STS-1 Aero) entry with maneuvers.
The 5T5-3 prediction was based on actual S5TS-1 entry data adding in (FSL, SPS,
AFFTC) simulator estimated usage for individual test maneuvers. The ST5-3
prediction, adjusted for the deleted PTI, matched the actual usage fairly well,
especially below gacp 18 with the total usage off by only 6 1bs.

[t the predicted maneuver usage of STS-2 & 3 is subtracted from the flight data

and compared with STS-1 the total usage for all three entries (with no maneuvers)
compares within a hundred pounds. This comparison shows a high degree of repeatability
given that the first 3 flights used the same entry alpha profile but with different
elevator schedules and significantly different winds & turbulence conditions.

3.4.5



[=

SONS_LEARNED
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In cases where high tailwinds and large left HAC turns are concerned, the
right HAC turn procedure used on this flight is a qood alternative.

2. Moding the speedbrake to manual and 100% at M.9 to control airspeed during
short HAC turns with a strong tailwind is a simple and effective way to
prevent a transient airspeed surge and facilitate chase intercept.

3. Significant uncertainty still exists as to ¥ LG location.

4, The .25Hz oscillation is a recurring phenomenon between M1 and M2.5, and at
present appears to be easily constrained by the RCS jets.

The autoland speedbrake retract logic was designed to accomodate-the mean
wind profiles of EQW/KSC. The wind shear encountered on the NTP landing

" tricked the speedbrake into closing early. At present no plans exist to
change the Togic.

(g ]

f., The flight control system is unable to provide satisfactory closed loop C55
pitch rate response after main year touchdown.

7. UWhile the execution of PTI-2 in place of PTI-2 at M8.4 was not harmful; had
it occurred at M2 instead of PTI-0, it might have violated the vehicle lateral
load Timits. More care must be swercised by crew and by the aera flight
controllers to insure that the correct maneuver is selected.

. Mlthough the M4.0-4.5 PTI conflicted with the 3rd Roll Reversal, 11 seconds
remained atter completion of the reversal during which the PTI could have
been executed. Perhaps outright elimination of this maneuver preentry was &
bit hasty.

9. The excellent track record of RCS fuel usage predictions were again reinforced

on 5T5-3. The increased confidence on our ability to predict RCS fuel require-
ments supports a recommendation for a reauced RCS redline for ST5-4.

RECOMMENDATIONS

1. Right HAC turns should be considered whenever the left HAC turning angle exceeds
270 deg and the tailwind component at intercept exceeds 80 kts.

2. A stability analysis of the .25 Hz opscillation should be conducted to evaluate
damping techniques or useful downmodes for a no RCS case,

3. A study should be conducted to determine the feasibility of improving the vehicle
pitch control response after main gear touchdown.

4. If it is not feasible to improve post touchdowr handling qualities it is
recammended that the crew training be assessed to determine if additicnal time
needs to be spent in this area.

3.6



The no vaw jet redline for 5T5-4 should be reduced from 600 1hs to 400 lbs,
and the "terminate maneuver Tine" should be reduced from 1700 Ths to 1200
Ths at ET.

The number and scheduling of entry maneuvers should remain as planned for

5T5-4 with no significant increase in the number until the automated PTI
module is available for use.
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A.

GRAVITY GRADLENT

Performance

The 5T5-3 gravity gradient (gg) test was scheduled for a 2 hour - 40
minute period beginning at 7 hours MET. The gg test was initiated at
81:23:29:30 GMT (07:29:30 MET) and completed at 82:01:19:00 GMT
providing an actual test period of 1 houwr - 50 minutes. The orbiter
Nose was pointed toward the center of the earth for the gg test; the
universal pointing body vector load was P=356.3%, ¥=2.6° and OM=235.5".
The tracking maneuver to establish the fest gg attitude was accomplished
with vernier jets utilizing an attitude deadband of 1.0%, rate deadband
of 0.02°/s and DAP rate of 0.4 °/s.

Gravity gradient was initiated by DAP manual selection very close to the
desired target conditions as shown in Table [ and Fiqures 1-9. The
pitch (P) and yaw (Y) attitude errors from the target values were 0.4°
and 0.8° respectively; roll (R) attitude and the R, P, and Y rates were
essentially on target. The vehicle gg oscillation slowly diverged durin

the ;est_geriod achieving maximgum attitude deviations of ~13" in roil an
2% in pitch and vaw. The period of oscillation was 80 minutes, approximately

equal to the time for one orbit; consequently only slightly more than one
oscillatory cycle was observed. It is not obvious from the data that the
oscillation would stop diverging and reach a steady state equilibrium
condition though this would be expected to occur. Pitch and yaw rates
oscillated about their respective orbit rate component, slowly diverging,
driven primarily by the roll excursions. The roll attitude error was
diverging as shown by each succeeding peak doubling in amplitude. The roll
error oscillatory trend suggests that the equilibrium or mean value was
biased 4.5 degrees from the original 237.5° value. The true roll eguili-
brium attitude is determined by locating the roll attitude error inflection
point which occurs at the maximum roll rate condition as shown in Figure 10.
This solution indicates the actual equilibrium roll attitude should be 233°,
not the initial 237.5% condition. The initial pitch and yaw attitudes
appear to be satisfactory. Since roll excursions significantly influence
the pitch and yaw results, reduction in the roll oscillation is necessary
in order to more effectively evaluate pitch and yaw activity. If the gg
test were reinitiated at the revised attitudes and these were in fact the
true equilibrium values, attitude deviations of less than 1° in all axes
could be expected. The 5TS-3 gg test period was not of sufficient Tength
to fully evaluate the gg performance since steady state conditions were
not achieved nor revised targets utilized. It appears that a minimum of
two cycles or orbits are necessary in order to even begin to adequately
evaluate gravity gradient.

-
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GROUND EVALUATION PROCEDURES

The following is a discussion of the procedures utilized to acquire and
and plot the gg data for anmalysis. The data required for gg evaluation
are the universal pointing total attitude errors (eigen quaternion), ADI
rates, and LYLH attitudes (euler angles) for roll, pitch, and yaw
together with onboard GMT. This data was put on a universal digitals
display (see encl 1) and a hardcopy made in one minute intervals during
real time passes and playbacks. Initially, the ten parameters were hand
recorded at four minute intervals as a backup to the hardcopy data. It
required approximately 45 seconds for one person to copy the ten parameter
values., Thrift data was obtained for one region for which playback was
not available as noted in Figures 10-12. However, the thrift rate data
was printed out to two decimal places which was not sufficient; four
decimal places is reguired for the analysis of pitch, yaw and roll rates.
The thrift decimal accuracy for LVLH and error attitude was adequate

(See encl 2}.

A HPA845 computer and a regression curve plotting program were utilized

to obtain the data plots shown in Tigures 1 through 9 for evaluation of
gravity gqradient performance. The values for the ten parameters, in four
minute intervals, were stored in the plot program following each realtime

pass and playback period. The data was then plotted and a curve fit made.

The program has no specific intelligence pertaining to gg, it works with any
data and performs a best fit solution. Using the HP9845 consumed considerable
time, entering and storing data and repeatedly developing the plots each

time new points were added. Use of the HP9345 and the associated time
gupended does not seem warranted, since there are sufficient number of data
points and the data scatter is minimal. Hand plots will do the job adequately
and quicker. Consequently, the hand plots shown in figures 10 through 12

are recommended for use, successively plotting the data as it is acquired.
Total attitude errors and rates are the primary evaluation parameters, while
LVLH is secondary. The axes motions should be evaluated, in their order of
significance, beginning with the least stable: roll, yaw, and pitch. Roll
motion is a major factor impacting pitch and yaw activity. The four minute
data sample interval is sufficient for plotting and analysis. Hardcopies

each minute is conservative, but provides additional data should some disturbance
occur and generate a more dynamic situation.

The above procedure is dependent on getting playbacks and having a working
hardcopy. Thrift with an increased rate decimal accuracy or a delog of
the universal digital display in one minute intervals are alternatives
if either playback or hardcopy are not avalable. An alternative for a
hardcopy failure is to hand copy the data.

B. LESS0NS LEARMED

1. Use of the HP9345 and the regression curve Tit program were not necessary

for plotting gg curves. Hand plotted curves are adequate and can he
produced more quickly,

2. Thrift rate data decimal accuracy was not sufficient for gravity gradient
analysis.

3. One orbit of gravity gradient operation did not provide a sufficient
number of cycles or Lime period for adequate analysis.
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C. RECOMMENDATIONS

1. Have crew note and pass to ground gravity gradient start and stop GMT
in order to expedite playback data gathering.

2. Handplot gravity gradient data as it is acquired on graph axes scaled
prior to the mission to reflect expected ocillation amplitudes and Timits.

3. Increase decimal accuracy of thrift rate data to four places to provide
adequate analysis.

4. For test and evaluation, conduct gravity gradient operations for a
minimum of twe cycles or orbit to permit any gg oscillation to approach
its equilibrium condition and permit reasonable prediction of any revised
alternative initial equilibrium attitudes.

5. Document Orbit GHC display during tracking maneuver just prior to initiating
gg to determine deviations from target initial conditions.

6. Set up three Universal Plots one each for roll, pitch and yaw showing
total error and rate vs time together on the same plot. Suggest a plot
rate of 60 sec/pt with a time scale of 0-90 minutes; total error and
rate scales would be the same as those in #2 above.

7. For the STS-4 gravity test establish reasonable P, R and ¥ oscillation
amplitudes which could be expected and conditions which if encountered or
limits which if exceeded would require action to be taken. Define alter-
native actions and the analysis required to support a particular course
of action.

8 nDefine the 5T5-4 real time tasks of GNC, FAD, and E&D in terms of their
relative responsibilities for data acquisition and presentation, gravity
gradient performance evaluation and conclusions, specification of actions
to be taken, and making of calls.

9. Identify factors which influence gravity gradient performance such as
mass properties, crew activity, venting, sun spot activity (air density),
orbit geometry, etc., determine if it is necessary to track them during
the missian and establish appropriate procedures and interfaces as
required.
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TABLE I

A.  UNIVERSAL POINTING INFO

BODY TARGET TREG RATE DAP CONF
VECTOR -

P 356.3° Center P +D.D36%/s R R T

o of ¥ -0.057°/s Rate DB 0.02°%/s

R.237.5° Earth R _+0.00£°/s  DAP RATE 0.4°%/s

B. CONDITIONS AT GG INITIATE _

TARGET ADT A TOTAL ADT

LVLH LVLHY  ATTITUDE ERROR? RATE
ATTITUDE ATTITUDE
P 265.84° 266.20°  +0.386° -0.436° FO.0366°% /5
¥ 358.24° 357.45°  -0.79° -0.858° -0.0581%s
R 237.44° 237.63° +0.19° -0.0a3° -0.0002°%/s

MOTES: 1 LVLH based on euler angle

2 Total error from universal pointing based
on elgen quaternion.
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ACCELEROMETER SYSTEM (AA)

Performance

The AA performance during OPS 102 and 0PS-3 was nominal. The AA data
from the 0PS-8 sensor self test satisfied the bias and Timit test
requirements in the PDP section 3, and in the SODB, volumn 1, table
3.4.5.1-2. The A\ power was left on in OPS-2 to protect the tungsten
filament in the incandescent lamp.

STS-3 OPS-8 AA SELF TEST DATA

AL BIAS DATA
LATERAL (¥) _ NORMAL (%)
BIAS | LIMITS __BIAS LIMITS
-0.128 | 0.00+0.45 0.000 0.00:1.29
0.000 | 0.00+0.45 0.000_ 0.00:1.29
Z0.064 | 0.00:0.45 | -0.257 0.00+1.29
~0.064 0.00%0.45 0.000 0.00+1.29

I L a

AR SELF TEST DATA
LATERAL (¥)  NDRMAL (2)
DATA LIMITS DATA LIMITS
16.461 | 16.141.7 65.379 | 64.416.7
16.525 | 16.141.7 67.696 |  64.006.7
16.525 16.1x1.7 | 65.894 64.0%6.7
16.396 16.151.7 | 66.666 64.0+6.7

—

a. The accelerometer assemblies (AA) have a 500 HR limited 1ife requirement,
which is due to the tungster filament in the Tamp hecoming. brittle after
so many operating hours. The $TS-2 AA's were approaching 500 hrs and
were scheduled for replacement prior to STS-3 checkout and flight. The
AA's were replaced as follows, and are expected to last through 5T5-4
flight.

A8 Changeout: 8A1 AfZ MRS And

STS-2  S/N-11 S/N-6& S/N-8 S/N-7
$TS-3  S/N-9  5/N-12 5/M-13 5/N-14

The Als were left on throughout the Flight to minimize the probability
of the tungstem filament failure in the lamp.

b. During OPS-8, the AA compensated data is downlisted incorrectly in FP32,
rather than G's as in OPS-1 and 3. Since the MOC converts the downlist
data from G's to FPSZ, the OPS-8 data in FPSZ is multiplied by 32.174
and displayed incorrectly on the ground.

%o |



The OPS-8 f1ight software release 20 (FLT 9) will change the AR
downlisted data to G's, per CR 39946.

2. §T5-2 & ST5-3 data comparison

AR performance for both 5T5-2 and 3 was nominal, and the data compared
favorably.

B. Llessons Learned

System performance was nominal, requiring no change in system operations.

C. Recommendations for Subsequent Activities.

1. LCC Limit Changes:  Mane recommended

2. Flight Rule Changes: Mone required

3. SMS Parameter/Model Changes: None recommended
4. Console or MCC Procedure Changes:

a. Cansole procedure was implemented to transition from ASCENT to ORBIT
MCC operations limit sense at MECO. This was done to support
monitoring of OMS engine positions. This requires a MED input during
prelaunch and MEDinput after transition to 0PS 2 for AA operational
ORBIT 1imit sensing.

b. The MCC ASCENT operational limit sensing for AA lateral selected
scceleration is changed by MED inputs from +0.3 to +5.0 FPS2. This
change is necessary to maintain the event light off during nominal
gperating conditions. The GRC Data Pack requirements will be revised
to reflect this change for ST5-5.

¢. Perform SCP 3.2.16 (GM&C SYS. CNSL. H/B} to change 88 calibration
curve to correctly display the OPS-8 self test data in FPSZ2 for MCC
real time display and post data analysis.

5..0Data Retrieval Adequacy:
With MDRF submitts during the mission, data retrieval was excellent.

2.5.2



AERO ACTUATORS

PERFORMANCE

A1 aero actuators performed normally for all phases. There were several
questions, as to why the elevon changed positions during OP5-2 while the
ASA's and Hyd were off. This is a normal sccurrence as described in the
following analysis.

&

thalysis of Eleven Position Changes in OPS-Z.

Operation of the Hyd circulation pumps with the ASA's off will generally
cause the elevon to drive to a hard stop. 0Once an inbalance is established
in the servo values {with no command to position it) Lhere is enough to
move the elevon actuator. The inbalance may be in either directdion,

Lhus the elevon could move positive or negative,

=]

Hyd circulation pump pressure 1is approximately 300 nsi, which is nat high
enough to switch the Hyd switching values to the aleyan. This being

the case, only circulation pump pressures to the standby 2 systems

can get thru the switching values and drive the actuators - The

standby 2 system to the four elevons are:

Hyd Sys 2 - Right inboard
- Left outhoard

Hyd Sys 3 - Right cutboard
- Left inboard

System 1 circulation pump will not drive the actuators.

The Body Flap, Rudder and Speedbrake are not affected by circulatian
pump operations as they have Hvd actuated brakes, which are not released at
the low circulation pump pressure.

Comparison of dates STS-3 actuator signatures were very similar to 5T5-2.

LESSONS LEARMED - MNOME.

Recommendations for Subsequent Activity.

1.
2
3s

LCC Limit Changes - MOME.

Flight Rule Changes - MONE

SMS Parameter/Model changes -Same comment from 5TS-2. The 5MS
outputs the Secondary Delta Pressure with a reverse sign to the
actual vehicle. This needs to be Tixed.

Console or MCC changes - MOME.

Data retrieval - MOME

Fiatial



A

AIR DATA SYSTEM (ADTA)

Perfarmance

The ADTA performance during major mode 304 and 305 was nominal. The
flight data was reviewed with no discrepancies noted. The major
operational functions of the ADTA system are listed below:

89:15:58:21 ADTA. PROBE DEPLOYED MACH 3.1 HPC 94.5K
53:22 ADTA GOOD FLAG OM  MACH 3.1 HPC 94.5K
58:58 DATA ENABLED TO G&C MACH 2.5 HPC 85.9K
59:06 DATA OQUTPUT TO GAC MACH 2.4 HPC B83.7K

The ADTA data from the OPS-8 sensor self test satisfied the BITE and
1imit test requirements in the PDP section 3, and in the 50D , volumn
1, table 3.4.5.1-2. The same ADTA's have been on all three flights.
The units for ADTA 1, 2, 3 and 4 were S/N 411, S/N 414, S/N 412, and
S/N 410 respectively.

1. System Changes %o prevent Anomalies

a, LCC Timit changes for STS5-3 & SUBS

Air data probe stow redline:
1 of 2 deploy events equal "0" and 1 of 2 stow events equal "1" for
each probe are manditory. Visual backup for proper stow may be
utilized.

b. Software change

To prevent false alarms and failures, the ST5-3 ADTA RM same-side
trip levels were revised by CR 39521 to compensate for the trans-
ducer drift rate biases expected thru 5T5-3, 4, and 5 flights.

2. 5TS-2 & 5T5-3 data Comparison

ADTA performance for both STS-2 and STS-3 was nominal and the data
compared favorably.

Lessons Learned

Systems operation and performance was nominal. There are no recommen-
dations to enhance vehicle or ground system operations.

Recommendations for Subsequent Activities

. LCC Timit changes:  NONE

. Flight Rule changes: MOME

SMS Parameter/Model changes:  NONE
. Console or MCC Procedure changes:

5o By

a. The MCC Orbit & Entry event 1ight operational Timit sensing for
ADTA 1/3 and 2/3 delta pressures are changed by MED inputs from
0.025 to 0.05 IN HG. The change is necessary to cover the expected
ADTA pressure transducer bias drift during STS-3 through 5 missions.



The ADTA RM  thresholds were adijusted for the transducer bias
drift by CR 39521. The GNC Data Pack will reflect this
change for STS-4.

. Data Retrieval:

With pre-planned MDRF requirements and MDRF submittal during
the mission, data retrival was excellent.

3.8.2
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A.

T

ASCENT TVC ACTUATORS

Performance

SRBE Actuators

The system functioned as advertised throughout the prescribed period
of operation. SRB slew occurred at 81:15:59:36 with nominal tilt
and rock actuator responses. The maximum secondary delta pressure
recorded during this period was 440 PSI. Between SRB and slew and
SRE separation channels 1 through 4 of each tilt and rock actuator
of the left and right SRE's gradually increased to a maximum valye
with only minor deviations to this schedule. The highest secondary
delta pressure noted was -84/ P35l occurring at 15 second prior to
SRE separation on the right 5RE, channel 2 tilt axis. A history of
these pressures is recorder n table I

. SSME Actuators

SSME also performed as expected with no noted anomalies. There were
two jtems, however, which bear mentioning. These items are (1} pitch
nscillations as main engines are commanded to the stow position and
(?) a slightly high secondary delta pressure after eight minutes of
flight. During STS-1 and STS-2 excessive oscillations (.59 peak to
peak and .62 peak to peak respectively) were noted while the main
engines were being commanded to their dump position. STS-3 oscil-
lations during this time compared very favorable only, 3.79 peak to
peak. Also during previous flights there were jet firings associated
with the excessive pitch rate oscillations; one firing during 575-1
and six firings during STS-2. However, during 5T5=3 there were no
jet firings during this period since the oscillation never approached
the pitch rate limits. CR 3936DA, scheduled for version 19, S5T5-5
implementation will change the actuator movement rate and increment
from 1HZ and 19/step to 12.5 HZ and .080/step. This action should
reduce if not entirely eliminate the oscillations. Motice that the
rate of engine movement is the same in both cases, 10/sec. The olher
item worth describing is a high secondary delta pressure on the cenler
main engine channel 4 pitch axis. Between MECD and ME stow the
secondary delta pressure an the channel 4 pitch axis was observed to
climb at a faster rate, and achieve a higher value than any other
secandary delta pressure. The highest value noted was -1126 psi1 at
871:16:00:18. Had this value reached -1175PSI, the redundant channel
equalization in ATVC 4 would have come into play to hold the pressure
at -1175PS1. Since the same situation was encountered on previous
f1ights, no serious anomaly is seen to exist here. See table IIfor
pressure history.
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Lessons Learned

The SRE actuators have proven themselves through three flights.
Al though no circumstances have arisen to cause RM to bypass a
channel, these actuators are reliable at least under the circum-
stances noted.

The SSME Actuator Pitch escillations should be expected on 5T5-4
while the main engines are being commanded to the dump position.

The magnitude of these oscillations should be between 3.79 and &9
peak to peak depending on how many jet firing are required to

maintain the pitch rate within its deadband. Expect these oscil-
lations to cease with 5TS-5. Also expect higher than average
secondary delta pressure on channel 4 pitch axis of the center
main engine actuator.

Hecommendations

1. LCC limit changes - none.

2. Flight rule changes - none.

3. 5SMS parameter/model changes - one SMS problem which was identified
prior to 5T5-1 should be fixed as soon as possible. This is the
problem that the SRB actuators cannot be bypassed because the channel
override remains on. This override is reset normally when the pre-
launch actuator slew test is run. This test is not done in the SMS.
Better training would be provided if this problem was corrected.

4. Console or MCC procedure changes - none.

5. Data retrieval adequacy - none.
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L SRB

ROCK TILT
1 2 3 4 1 s 3 i
SEB SLEW | 60 247 ] 121 135 82 121 130
81:15:59:36
B1:16:01:00 | -860 =210 130 -250 242 -119 207 -293
SRB SEP
81:16:03:15 | 158 -378 268 -457 407 -365 317 -512
R _SRB
ROCK TILT
1 2 3 1 2 3 4
SRB SLEW
811 5:58+35 =40 -55 ~ 60 -125 120 0 335 25
81:16:01:00 120 -548 120 -365 390 -6d6H 240 -304
SRB SEP
81:16:03:15 120 -585 292 -512 427 - 847 240 -292
AT1 pressures in psi
TABLE 1
3:8.3




£ ME

PITCH YV
1 2 3 a4 1 p 3 4
LIFT GFF
81:16-00-00 335 24 168 -503 144 -48 216 =479
S5RB. SEP
81 :hela:15 335 -04 335 -h49g 192 =72 216 ~527
MECO
B1:16:08:34| 479 44 240 -743 144 0 263 -503
SLEM
Bl:16:08:45 Bd7 48 168 -886 48 0 192 -383
ET SEF
81:16:08:51 a0 1] 31 -1078 48 0 263 =479
BT:16:13:37 743 24 359 -1162 96 0 335 -55]
81:16:13:41 479 144 383 -B86 936 -2 287 -4749
L ME
PITCH Y AL
1 2 3 i 1 z 3 4
LIFT OFF 2410 -216 263 -359 120 -383 407 -216
81:16:00:00
3RB SEP
81:16:03:15 | 168 -192 407 =431 168 ~-359 +335 -240
MECI
81:16:08:34 168 -144 407 -4749 216 -287 359 -3519
SLEW
B1:16:08:45 | 240 -263 383 -335 263 =311 335 -335
ET SEP
B1:16:08:51 287 =503 B2y -3356 263 -354 431 -383
81:16:13:4] 120 -3 RO3 -333 120 =407 503 - 263
A1l pressures™in psi
TABLE 11




E ME

PITCH VAW

1 2 3 f 1 2 & 4
LIFT OFF
B1:16:00:00 | 144 -168 3N -287 24 -7z 0 0
SRE SEP
81:16:03:15 | 144 -46 263 -287 36 0 0 -144
MECT
81:16:08:34 | 335 -2 168 =359 | 192 -96 144 - 240
81:16:08:47 | 144 144 ] -503 | 216 -96 144 =311
81:16:13:41 407 -48 311 -623 | 168 -48 72 -168

A1l pressures 1in

psi

TABLE II con't

3
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COAS

A. Performance

The performance of the COAS, in both the +X and the =2
locations, was good. As far as dccuracy, in the +X, the
result was only a .11 degrees delta between the new I=~load
(changed from that on STS+«1 and 2, see enclosed comparison
data table), and the STS«3 cal vector. The new I=load was
almost exactly the vector recorded on STS=2, Thus, the
delta from STS~3 to S5TS#l was .20 degrees. Similarly, the
COAS accuracy in the ~Z location was remarkable. No
calibration had been done on the =2 prior to ST5=3, but two
cals were done on separate days for this flight. fThus, some
data for comparison was available. The resulting delta from
the I=load to the first cal bias vector was .47 degrees and
from the I~load to the second cal bilas vector was .58
degrees. However, the delta between the two recorded cal
bias vectors was only .15 degrees. This compares with the
accuracy available in the +X location. This repeatability
indicates that ascent and entry forces do not harm the
accuracy of the instrument. Similarly, the repeated action
of removal and reinstallation of the unit appears to have a
negligable effect,

For the =2 cals, we were in different thermal attitudes
(nose-sun first, then top~sun). Thermal effects appear to
be small at these attitudes by the resultant vectors.

l. Analysis of problems « none.

2. Comparison data = see enclosed table,
Lessons Learned

The system performs better than anticipated and the
repeatability is remarkable.

Recommendations

l. LCC limit changes = none.
2. Flight rule changes = none.
3. BSMS changes = none.

4. Procedure changes

3 M T



As is obvious from the =Z data in the table, the I-
loaded bias vector is not the best available.

However, a guess as to which vector is more correct
would be just thate-=~a guess. We recommend that an FTO
be made for STS«4 to cal the COAS in the -Z.
Considering the larger delta (.15 degrees) and the
change in thermal conditions, it is advisable to get
one more cal test,

5. Console changes = none,

6. Data retrieval adequacy = none.
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CONTROLLERS (RHE/THC/RPTA/SBIC)

Perlormance

The rotational hand controller (RHC), translation hand controller (THC)
rudder pedal transducer assembly (RPTA}, and speedbrake thrust controller
(SBTC) systems performed salisfactory throughout the mission with no
anomalies noted. The units on 5T5-3% were as follows: CDR RHC S/N 9,

PLT RHC S/N 2, AFT RHC S/N B, FWD THC S/N 2, AFT THC S/N 3, CDR SBTC S/N 5,
PLT SBTC S/N &, CDR RPTA 5/N 5 and PLT RPTA S/N 4.

1. Anomalies

Mo anomalies were noted during the 515-3 mission.

i
.

5T5-1 vs 515=-2 ws 5T5-3:

a. 1L was noted during 575-1 that there was a possible problem with
transienls when the controller power switches were cycled. UWhen
power was turned ofl on the RHC, it was possible to inadvertently
downmode the DAP. Also, when controller power swilches were turned
on, the THC could cause transient jeb Fire commands. Between 575-1
and 515-2 on-orbit DAF deadband values were adjusted. The crew
did nobt report any on-orbit DAP inadvertent Firing; however, Lhere
were transient Firing inm traps DAP. Mo bransient firing were reported
on 515-3 Tor either the on-orbit DAP or trans DAP. Rockwell is still
working on @ hardware design change to insure resolution of Lransient
Firing resulting from contreller power switch eycles.

b. Similar RHC + roll trim B contact failures reported on 515-2 did
not occur on 515-3.  The Cicoil Wire vs New England Wite issue is
sLill active with its slatus unchanged from Lhe 515-2 post mission
eloseout teport.

c. 1t was noted during the RMS/PRCS wnloaded test-part 1| that when
the crew made & + roll input to the AFT RHC, a small -YAW input was
also presenl. A more indepth explanation ecan be found in Lhe OREIT
DAF portion of this report. No hardware or software deficiencies
are anbicipated.

Lessons Learned - NONE

Recommendations for Subsequent Activities

L. LECC limil changes - NONE

Z, Flight tule changes - NONE

4. 5M5 parameter/model changes - follow the possible hardware design
change proposed by Rockwell to overcome bransient firings (2.(a) ).

. Console or MCC procedure changes - NONE

. Data retrieval adequacy - NONE

o
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DEDICATED DISPLAYS

Performance
The dedicated displays covered in this report include the ADI's, AMI's,
AVVI's, HS1's and the SPI. The performance of these displays cannot be
evaluated by ground personnel since there is no "feedback" from the
displays on TLM. During the 0PS-8 FCS check-out, the crew performed

the DD check-out as per the procedure on page 3-16 of the 5T5-3 DEORBIT
PREP, SEC 3-12 checklist. The DD check-out was performed during LOS

with no report of any anomolies during the flight or during the crew
past-mission debriefings. A look at the THRIFT data (1 sample per minute)
post mission indicated the following:

GMT 87:14:16:16.0 LOW TEST
87:14:21:16.0 HIGH TEST
87:14:22:16.0 FLAG TEST
87:14:23:16.0  OFF

The TLM data had all the correct test values for all the analog data and
the control words for the flag test.

1. ANOMALIES

During the STS-2 de-briefing, the crew reported that the Accel,
Mach/Vel, and EAS tapes appeared to drive slower than normal on

the AMI display. Subsequent investigation revealed that the flight
hardware was operating at the correct rates, but the SMS is being
driven at higher rates. The 5T5-3 crew was briefed on this pre-flight
and an SSR (Simulation Support Requirement) #422 dated 2/1/82 was
prepared to fix the SMS.

LESSONS LEARNED - MONE

RECOMMENDATIONS FOR SUBSEQUENT ACTIVITIES

LCC Limit changes: MONE

Flight Rule changes:  NONE

SMS Parameter/Model changes: MONE
Console or MCC Procedure changes: MONE
Data Retrival Adeguacy: NONE

h o Gl DD
or & % 0w
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MU
A Perfgrman%g

The units installed in slots 1, 2, and 3, respectvely, were 5/N 18, S/N
11, and S/N 12 {no change from 515-2). All IMU operakions alloved a 24~
hour warmup period before commanding operate.

Similar to S515-2 preflight testing, IMU 3 demonstrated higher drift rates
than IMUs 1 and 2 during prellight. During CDDT and @ special L-10 day
hangar calibration rum, IMU 3 deilted ab & .05 - .06 deg/hr rate about
the X-axis. While on the pad, the X axis of IMU 3 points predominantly
up (opposite the G vector), which is the axis abaul which drifts can

nol be measured with the accelerometers. The community has concluded
Lhal IMU 3 has a higher drift aboul Che UP axis which won't be calibrated
out during prelaunch cals. The observed drift summed high in comparison
with IMUs 1 and 2, but in realilty the UP axis drift was only 20 for IMY
3. The launch day drift on IMU 3 was much smaller, which matches its
performance during 515-2 launch day ops.

During Lhe Flight, the IMUs performed well in both abtliltude and velocity
charnels, wilth a lew minor execptions. The gyros required constant bias
updates to zero the drifts, bul Lhe updates were small for bhe most
part. The table below lists the times and Lorquing angles of the 18
alignments perflormed on 5T5-3.

ALLGNMENT TORQUING ANGLES (DEG)

IMU 1 My 2 1Hy 3

TIME (MET) X Y i X Y zZ " ¥ Y
0:06:40:00 L4 -.08 -.09 -.10 .09 .14 =l RS = a
0:10:34:20 GO0 =G #al =09 <07 D4 -.06 .09 -.10
0:22:01:40 02 =03 =89 ol BE 210 .04 .19 =.33
1:10:14:00 * .00 .00 .00 -.20 -.04 .08 =;0F =01 =07
1:22:30:00 ** .23 32 Gl =l uBR=sln 01 .17 -.36
2:09:30:00 ** .16 149 .03 =09 .05 .19 =0z .11 =47
2:21:13:00 ** JAl -.03 .19 -.17 .06 .14 .02 .04 L4
3:07:35:00 ** .08 -.o1 .13 -.15 .09 .11 02 .09 3
3:23:40:00 ** = o FIL 06 .17 -.11 .04 -.01 01 -.01 .08
4:20:36:00 ** g L0 .08 -.13 .00 -.06 02 .05 .08
5:09:03:12 o k| O I8 =17 —iB2 =1l - 03 .09 17
5:21:02:11 .01 A5 27 =Pl DT 33 =13 205 49
6:08:57:00 03 06 07 =07 L15-—01 =05 =08 ~.81
6:18:48:00 .09 A1 -9 .01 .19 .09 21 2¥E =EB
7:00:40:00 A L A = 38 «x@% B @1l .05 .08 =,02
7:05:54:00 i =01 =01 =zl =407 =01 09 =080 W08 =gl
7:17:24:00 .05 09 =28 =12 —0% .19 AP RBE =g
7:21:21:00 S A5 =03 @y 0Rs.0E =, 01 .07 .03
# JMU/IMU ALIGNMENT IN LIEU OF STAR ALIGN — T#U 1 USED AS REFERENCE

** STAR OF OPPORTUNLITY ALIGNMENT

Using the above Lorquing angles drifts were computed and are listed below.

R



IMU DRIFT RATES (DEG/HR}

MU 1 1My 2 THU 3

T IHE X ¥ 7 5 y 7 X ¥ /
 0:10:34:20  .000 .020 - .026 023,018 -.010  .015  —.023  .026
0:23:17:34 -.002 .003  .025 .038  .000 -.009 .003 -.017  .029
,1:22:30:00 -.019 -.0i8 -.0L3 .014  .000  .00B -.001 -.0l4  .029
$2:09:16330 -.017 -.017 -.005 .008  -.004 -.012 -.001 -.008  ,047
’3:07:09:00 -.009 .000 -.008 .014 -.004 -.0l§ .00l -.013 -.006
3:20:07:00  .000 -.002 -.012 .006 -.006  .000 .002  .00Z  -.004
4:11:45:00 -.002 -.007 -.005 .003 -.002  .002 -.001 -.00% —.0O0B
5:09:03:12 -.009 -.005 —.008 .0l4  .002  .009  .002  -.007  -.0l4
;5=1a=52:a1 0 0 0 0 0 0 1] 0 -.%&
5:2%:49:00 -.001 -.004 -.023 018 .006  .028 .01l -.004 -.012
6:06:57:00 -.003 -.002 -.001 .002 -.017 -.006 -.003 -.006  .009
T6120:25:00 -.009 —.011 .009  -.001 -.009 -.009 -.021 -.012 .028
,7:05:54:00 .002 .002 .03l .01%  .002 -.017 .017 -.017  .0O2
7:1B:40:00 -.004 —.008  .024 .010 .004 -.017 .006 -.010  .0O3

!
Uplinked Lo underlined axes based on align data at 0:22:01:40.
FUplinkcd Lo underlined axes, Dased on star of opportunity data at 2:05:57:00.

3 -
Uplinked Lo underlined axes. Dased on star of opportunily dabta at 3:06:21:00.
Due to previous data, only used -.012 for ZZ, and -.01 For 3Y.

jiUplinkcd Lo underlined axes. Dased of star of opportunily dala alb 3:15:17:00.
JUplinkud to 37 only. Used relative data. Update performed during crew sleep.

& oo . o
Uplinked to underlined axes. UOriginally updated only 1Z and 2X ab 5:23:49:00.
Performed second uplink abt 6:05:06:55 Lo updale Lhe rest of the axes, All
updates based on align dala ab 5:21:02:11.

7 )
Uplinked to underlined axes. Based on align data at 6:18:45:00.

8
Uplinked to underlined axes. Based on align data at V:17:24:00.

By examining the above drift rales, one can see some changes in platform
characleristics, either due to altitude changes, time, ur possibly resolver
instabilities. After reviewing graphs of the drifts versus Lhe differing
thermal attitudes for 5T5-3, it appears that inertial attitude changes

may be contributors but are not totally responsible For the varying drift
characteristics. Some axes were fairly stable after the initial compensation
was performed, bul others varied widely bthroughoul the flight. As re-

ported in the 575-2 posl Flight report, this phenomenon is still being
investigated and is not underslood at this point.

Unlike the platform drift performance, the accelerometers were very
stable with one exception; the X-Y accelerometer on IMU 3 shifted
approximalely 350ug 14 1/2 hours inteo the mission. This anomaly will be
discussed further in the problem analysis section of this report.

Listed below are the acceleromeler biases measured during the flight.
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ACCELEROMETER BIAS (MICRO-G)

MY 1 IM 2 iMy 3
UPLINK TIME X ki 7 X ¥ i X ¥ i
D:04:37:00 35 =15 21 15 =16 40 6 -0 17
0:15:00:00 2 -2 -9 75 5 371 383 3
2:05:57:00 0 w1 <2 ~4 -0 -z ] -10 50
5:09:44:00 -7 -4 =12 -15 =13 o -5 e
631229135 <2 4 =13 i 12 6 -4 5 49

Only the underlined axes were updated.

Some oscillations in the biases are apparent, but these are fairly small
and didn't present any problem Lo RM or NAV.

1. Problem Analysis
a. LGyro Deift Variations

As stated belore, this problem is nol fully understood, but
certainly causes problems in trying Lo compensate for gyro
drifts. After 5715-2, the predominant thinking was Lhat the
variations were due bto orientation sensitivilies; i,e, vhen
inertial attitude changes occur, the gimbal angles change,

and the result is that the drift characteristics change. With
this flight, though, plots of drifts versus attitude changes
don't totally support bhis theory.

A second possibility for the variations observed is Lhal
variations in NAY base Lemperatures caused deflections in the
NAY base, and thereby resulted in variations in the drift rates.
Looking at NAV base temps and plotting them against drift
characteristics, the plols do not supporl Lhis theory.

A third possibility, and one Lhat needs Ffurther investigation,
is that the resolvers are nol as linear as we had thought. It
is poussible that the resolvers do riok read Lhe correct angles at
certain gibmal angles. Harmonic errors in the resoluvers are a
vell known phenomenon, and maybe the harmonic oscillations are
the errors we observed. The resolver angles in a common [rame
are beiny plotted versus Lime to investigate this possibility.
It is likely thal we are seeing a combination of orientation
sensitivily and some resolver errors that are not understood.

IMU % ¥-Y Accelsrometer S5hift

R

Az previously stated, at approximately 0:14:30:00, the X-Y accelerometer
an IMU 3 produced a level bias shift of =321 ug in the X axis and 383 ug
in Lhe ¥ axis. This shiflk represenls a 6-7 sigma change in acceleromeler
bias. Once the pew bias was compensated, however, Lhe inslrument remained
sbtable Tor the remainder of Lhe Flighl.

Similar failures have ceccurred during lab testing. One of the Failures
was isolated to particle contamination in the acceleromebter itself while
anobther failure was isolated to a 1OV regulator. The 1OV regulator failure
is a triaxial-type failure, unlike the two axis shift observed on 5T5-3.
The likely cause of the shift, then is thought to be particle contamination

iR B
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in the X-Y acceleromeler. The bias shift occurred early in the flight
(0:La:30:00) and remained ab Lhe nev level Tor Lhe remainder of the
flight. The shift is of sufficient concern, however, Lhat 5/N 12 has
been removed and replaced with a spare IMU, 5/N la.

2. Comparison of 5T75-3 Data with Previous Flight Data

515-3 Flew the same [MUs as 5T5-2, but 575-1 had a different IMU 3.
Other changes were the method of computing acceleromeler bilases,
and the method of gathering star data Tor aligmments. For 575-1,
we had specific call-ocuts in Lhe CAP for acceleromeler calibrations
where the vehicle had Lo be in free drift for approximately six
minutes of site coverage. We gathered data and ran an off-line
HP28345 program to compule the bias. For 575-2, we deleted the call-
out in the CAP and gathered data over one rev to negate the effects
of jet firings and vents. We then ran the off-line program to
compute the bias and compared il with the new null bias comp on our
display. After 515-2 and sims for 575-3, we Telt comfortable with
the null bias comps and used them exclusively for ST5-3.

Hecause of the thermal attitudes on 515-3, we felt that we would be sweeping
enough sky with the star trackers to warranl Leaving both trackers powered
for the entire flighL. As a result, several sets of stars of opportunity
vere gathered and a few of these sels were used to align the IMUs, starting
with the alignment at 1:10:14:00. The aligoment interval was the same for
515-2 and 5T5-3 (approximately 12 hrs) vice the B hour interval for $TS-1.

With the exception of the X-Y accelerometer shifl on IHU 3, the
performance on 575-3 is nearly identical to Lhe previous two flights,
With the longer flight on 515-3, the gyros and accelerometers re-
gquired more updates, but the updates vere lhe same order of

magnitude as the updates on the First two flights. The accelerometers
continue Lo be, For the most part, very stable. The gyros, however,
drift due bto some unknown error source and the resolvers, il appears,
are varying in accuracy as a function of attitude. On the whole,
though, the platforms are stable and performed well. The small
variations in performance required "tweaks" on the platforms,

which were easily accomplished by bias updates.

In an attempl Lo compare the TMU performance during enlry, Lhe
misalignments just prior to landing are shoun below.

575-1
X ¥ Z RSS
MU 1/2 L6 -.12 -.05 14
Mg 173 .01 -.01 —.07 L0700 1k 1
MU 2/3 =05 12 -.02 .13 COORDINATES
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S ¥ z R55
MU 1/2 05 <O .01 06
MU 1/3 .83 04 .04 04 MU 3
My 2/3 -.02 .00 03 .04  COORDINATES
315-3
X b P R55
My 172 —.03 -.03 05 07
IMU L/3 -.01 - .04 -.03 05 1IMU 1
IMl 273 07 ~.01 -.ug L0  COORDIMATES

The misalignmenls Tor 515-1 were somewhal larger Lhan Lhe next
two flights, which likely reflects increasing overall skill at
compensating the platforms. The entry alignment was performed
at TIG = 1 hr 50 min lor all three lNlights,

Lessons Learned

The 5752 post Flight report stated thal IMUs were being updabed Loo
Frequently and wpdales should nol be performed unless the drifts exceed
.02 deg/hr. ECxperience on this flight, however, has shown that in
stable inertial attitudes (i.e., nose-sun, tail-sun}, the I[MUg can be
compensated such Lhat the drift rates are on the order of 10~ deg/hr.
The .02 deg/hr rule is still a good guideline to follow if the attitudes
are constantly changing. But if not, then with good, consistent
measurements, Lthe drift can be virtually eliminated by updating the

bias compensabion terms.

Recommendations lor Subseguent Flighls

1. LCC Limit Changes - MNone.
2. Flight Hule Changes - None,
3. SHS Changes - Mone.

4, Console Procedure Changes - None.

Lo
.

Data Retriewval Adeguency - The hardeopy system continues Lo be a
Lhorn in our side. The copiss are at best difficult to read and al
worsk indisbinguishable,

S kES



MSBLS

A.  Performance

Performance evaluation during the self-test portion of the FCS check-out
showed no bias errors as all data fell within the specified self-test
values. The following table provides the actual self-test values and the
corresponding self-test limits.

T WSBLS (Sw) | 1(6/12) | 2(2076) RV
CActual 3.00 3.00 . 3.00
tha(des) |15 L —
Actual ___=3.00 | -3.00 -3.00
_’E”_fidﬁg_:'i “Limit ) -3.0040.1 MS——
_ Actual 15.13 | 15.13 15.13
Range Limit 15.240.2
e e L T
: Actual 6.00 j 6.00 | 6.00
Elevation o B e e
(deg) Limit == 6.0+0.1 O

During the EHEPE_ hase, elevation began locking on at about 15.7nm (based
on TACAN data) with an ejevation angle of 29.5%. A1l MLS were locked on

in range by 13.7nm and azimuth by 13.3nm. Lock-on occurred approximately
0.5 nm sooner than on STS-1 and ST5-2. Once Jlocked on solidly, MLS data
was incorporated into NAV at approximately 11 nm in range (89:16:03:07 GMT).

The transient loss of Tock occurring on the first two flights was not as
apparent on $T5-3; There appeared to be a very stable lock-on condition
throughout the entry phase.

B. Lessons Learned: MNone

C. Recommendations

LCC Limit Changes: NONE

Flight Rules Changes: MOMNE

SM5/Model Changes: MOME

Console/Mcc procedure changes:  NOME

Data Retrieval System: Adequate for MLS post mission evaluation.

L o (N e PN T B B T
P T
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OMs TYEC

Performance

The first OMS TVC event of importance was the prelaunch gimbal check,
for this flight performed at 81:07:42:27 GMT, 8H 18M 335 'before launch.
The strip chart recorders are the anly source of data in OPS 9 for the
drive check rates and, unfortunately, it was this Time that marked the
beginning of endless problems with the recorders for the entire mission.
The drive rates were indeterminant from the real time data and had to
he calculated from playback.

When the playback data was finally obtained the drive rates were calcula-
ted and all, extend and retract, were found to be very close to 5 deg/sec,
passing the LCC with no problems. The right pitch actuator was a new one
of the modified type installed Jan 28, 1982 when the old actuator failed

a drive check performed Jan 25, 1982.

As a result of the decision to Taunch with TVC powered of f and also some
funnies generated by changing the EM threshold and fail counter, it was
decided a week before launch that the engines could not be more than .4°
(deadzone) from the OPS 1 stow positions for launch to protect against
engine movenent exceeding the .7° threshold and powering up the TVC,
possibly in secondary. This was a real time call accomplished via a TPC
readout in hexadecimal of the position parameters obtained from DFE
following the gimbal check. This information revealed that the left yaw
position exceeded the 4% deadzone and the call was made at the Cape to
use the ramp function via the LPS to drive back to ithe stow position., 1t
did not return to the stow position after the gimbal check due to primary-
secondary channel interaction. The ramp function was performed at 81:10:
25 driving only the left yaw actuator to its stow position & making OMS
TVC go for Taunch.

Phase 1 = fAscent

With TVC powered off, the no-back device in the actuators was relied
upon to hold the engine bells in position until MM 104, which is what
they were designed for, However, since this was the first flight with
no TVC power it had not been confirmed whether they could do the job
or nat. Ultimately Phase I (MM 101-103) was nominal and there is now
great faith in the MNo-back (seeing is believing).

oMs 1

Moding to 104 occurred at 81: 16:09:02 GMT, 96 seconds before OMS1 ,

putting the engines at their I-Loaded trim positions. At ignition,
81:16:10:33 GMT, the left & right pitch are commanded down, left pitch

to 1.24° from zero and right pitch 3.25° from zero, to take out a plus

roll rate of “30/s. Hawever, the MPS dump also starts at ignition so

that 4 seconds after this initial maneuver the left pitch is commanded

down to counteract the imposed minus roll and the right yaw 1is commaded
out to counteract the minus yaw followed by the right pitch going down

to reverse the whole procedure. This is a familier event after heing
viewed on STS-1&2 and is caused by the MPS LHZ dump out the port side above
the wing starting at 960 1bs and decreasing to a negligable amount in 12 sec.

S



Tts signature is characterized by a minus roll from plume impingment on
the wing and a minus yaw in the direction of the thrust vector. After
this the burn was nominal lasting 94 seconds,achieving a M total of
157.8 fi/sec.

The post OMS 1 gimbal check was performed at 81:16:18:00 GMT and revealed
no problems. The recorders were functional and the drive rates were
determined to be nominal.

OMs 2
The OMS 2 burn was executed at 81:16:40:50 GMT approximately 30 minutes

after OMS 1. It was a nominal burn, duration time 89 seconds and a total
w of 150 ft/sec. The post OMS 2 gimbal check was alsa nominal .

OPS 2 Burn & Gimbal Check

This burn satisfied DTD 344 OMS EWGINE PERFORMAMCE the purpose of which

was to demonstrate the capability of an OMS engine to restart under zero- G,
hard vacuum, worst case engine conditions. The attitude was nose-to-sun
and the requirements were a 2.1 second LOMS burn followed by a 240 secand
coast period and then a LOMS restart and burn for 10 seconds.

The trim positions for the left engine were pitch 1% and yaw 4.67° which

is thru the c.g. The right engine remained in its post OMS 2 trim
configurations. The first part of the DTO occurved at 86;22:00 GMT and
lasted ? seconds. The second part was at 86:22:04:04 and lasted 14 seconds.
Control was good; attitude errors were less than 19 and except for a low
sample rate on the data because it was 0pS 2 everything was nominal. There
was a gimbal check prior to the OPS 2 burn and one immediately following,
both of which showed good drive rates.

Deprbit Gimbal Checks

There were two deorbit gimbal checks as a result of the last minute decision
to delay entry one day. The first was at 88:17:43:32 GMT approximately ten
minutes before the decision to delay and forty minutes hefore the burn was
ccheduled. Tt was done at Bermuda ADS so that it could be seen veal time.
The second one was done at 89:14:16, an hour before the burn, at Buckhorn
A0S. Both gimbal checks showed nominal performance.

Deorbit Burn

The deorbit burn was at 89:15:13:30 at YAR and the crew reported it went well.
Duration time was 2ZM35S with minus residuals. &V total was approximately
253ft/sec.

1. Anomalies - no anomalies were noted

2. Comparison of 5T5-1,2,43
The orhiter flew with a new actuator this mission as a result of a test
dane at ¥SC Jan 25, 1982 when the right pitch actuator drove at a rate

below spec. The new actuator is a modified version with three designs
implemented.
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The actuators were not intended to be replaced until STS5-5. The
actuator replaced had caused problems on 5T5-2 on which it had
been a replacement for the original on 575-1. 0On those two Fﬁights
the problem had been diagnosed to be the clearance between the rotor
% stator being too small and causing friction. This problem did not
manifest itself on this flight and the hardware changes will be
implemented in ST5-5 as scheduled.

There were six gimbal checks on this flight ([twice as many as §TS-142)
due to the fuel cell problem on ST5-2 for which we were very power-
cancious and the extra gimbal check as a result of delaying entry one
day.

A11 the gimbal checks were nominal; all the burns achieved their targetls.
Lessons Learned - none

Fecommendations

LCC LIMIT CHAMGBES - The range for the OMS stow position in the Launch
Commit Criteria (min and max of redline F1t Caontrol Sec. 6.9.10} needs
to be tightened as a result of changing the RM threshold from T 40 29
(CR 39897 OMS RM MM 101-103). This will be done by Jay Vernon in E&D.
Flight Rule Changes - none

5MS Parameter/Model Changes - none

consale ar MCC Procedure Changes - none
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RADAR ALTIMETER

Performance

Performance evaluation of the RAs during the FCS checkout showed no
bias errors as all data fell within the specified self-test limits

of 1000 ft + 100 ft. The actual self-test values seen were 1017 ft
for RA 1 (S/N5) and 1009 Tt for RA 2 (S5/N 11).

During the entry phase, RA 2 locked on above 5000 ft in altitude
(5240 ft) similiar to S5TS-1. RA 1 locked on considerably later at
an altitude of 4425 ft. Once acquired, both altimeters remained
valid and locked on throughout landing. Contrary to 5T5-1, they
never lost lock when the nosegear came down at 89:16:04:41 GMT.
During that period, until touchdown, the data did not indicate any
interference with the gear.

Lessons Learned

Apparently the modifications made to the RAs flown on this flight
alleviated the problem of the interference from the nosegear.

Having site coverage during Blackout, the RAs were seen to be Tocked
on with an average output reading of 4.3 f£ (RA 1) and 5.4 ft (RAZ).
1t is believed that this may have been caused by the RAs locking onto
the plasma generated by the heat of the vehicle during re-entry.

Recommendations:

1. LCC Limit Changes: MOMNE

2. Flight Rules Changes:  NONE

3. SMS/Model Changes: MOME

4, Console/MCC procedure changes: MOMNE

5. Data Retrieval System: Adequate for RA post mission evaluation.
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Orbiter Rate Gyro System (RGA)

A. Performance

The ORBITER RGA performance was nominal throughout the mission. The
data was nominal and no SMRD talkbacks were noted, The RGA data from
the OPS 8 sensor self test satisfied the bias, BITE, and Timit test
reguirements in the PDP, section 3, and in the SODB, volumn 1, table
3.4.5.1-2. The same RGA 1, 2, 3, and 4 (S/N-14, 15, 16, 17 respectively)
have flown on STS 1, 2 & 3.

ST5-3 OPS 8 RGA SELF TEST DATA

ROLL PITCH VAW

RGA BIAS  LIMITS  BIAS LIMITS  BIAS  LIMITS
1 0.00 0.00+0.35 -0.04 0.00:0.19  0.00 0.00+0.19
2 0.00 0.00+0.35  0.00 0.00:0.19 -0.04 0.00+0.19
3 -0.08  0.00+0.35  0.00 0.00£0.19  0.00 0.000.19
4 -0.08  0.00+0.35 -0.04 0.00=0.19 -0.04  0.00+0.19
RGA

HIGH  ROLL PITCH YA

TEST  DATA  LIMITS _ DATA LIMITS  DATA ___ LIMITS
1 20.16  +20.0+1.12 10.08 +10.0:0.56 10.16 +10.0+0.56
2 20.08  +20.0+1.12 10.08 +10.0:0.56 10.12 +10.0+0.56
3 20.00 +20.0#1.12 10.04 +10.0:0.56  9.96 +10.040.56
A 19.76  +20.0:1.12  9.96  +10.0:0.56  9.92 +10.0+0.56
RGA

LOW

TEST B . }
1 -19.84 -20.0¢1.12 -10.20 -10.0+0.56 -10.16 -10.0+0.56
2 -19.92  -20.0+1.12 -10.12 -10.0#0.56 -10.16 -10.0+0.56
3 -20.00 -20.0+1.12 -10.08 -10.0:0.56 -10.04 -10.0+0.56
4 -20.08 -20.041.12 -10.04 -10.00.56 -10.04 -10.0+0.56

1. Analysis of problems
Mo problems were noted

2. 5T5-2 & 5T5-3 data comparison

The STS-3 ORBITER RGA performance and data were comparable to STS-2

B. Lessons Learned

There are no recommendations to enhance vehicle or ground systems operations.

C. Recommendations for Subsequent Activities

1. LCC Limit changes: Mo Tlimit changes recommended.
2. Flight Rules changes: MNo flight rule changes required.
3. 5M5 Parameter/Model changes: RGA motor failure (NO SPIN} capability to
be added to OPS 8, effective STS-7.
4. Console or MCC procedure changes: No new console or MCC procedure required.
5. Data Retrieval Adequacy: Data retrieval was adequate and timely.
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SRB RATE GYROS (SRB RGA)

Performance

The SRB RGA performance during SRB first stage (102) was nominal. The
data was nominal and no SMRD talkbacks were noted.

1.

&

Analysis of Problems:

During $TS-3 dry CDDT at KSC on 2/19/82, the LEFT SRB RGA #3 yaw gyro
failed to reach sync speed (SMRD flag displayed) during power up at
T-02H 0OM. The RGA S/N 43 was replaced with S/N-38. The RGA 5/N 43
wWas yreturned to Morthrup where the failure was isolated to a broken
pover lead at the Gyro Motor. The RGA S/N 38 is the first SRB RGA to
be reused. 1t was the STS-1 LEFT SRB RGA #3.

5TS-2 & S75-3 Data Comparison:

ST5-3 SRB RGA performance was Comparable to 5T5-2.

Lessons Learned

System performance was nominal, requiring no change in system operations.

Recommendations for Subseqguent Activities

(S R =S S

LCC Limit Changes: NONE

Flight Rules Changes: NOME

M5 Parameter/Model Changes: MOME
Console or MCC Procedure Changes: NONE
Data Retrieval : Adeguate
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STAR TRACKERS

The -¥ and -Z Star Trackers (ST) performed nominally as expected. For the
manual aligrnment executed at 0/10:34:20, stars 49 acguired by the - 5T

and 60 acquired by the -Y ST were used. Star 60, ENIF is the dimmest star
in the nav star catalog and was positioned 30° from the sun. The -¥ 57
acquired momentarily then Toss acquisition for a while anly to reacquire
again. The ST specification dictates that the 5T will track the dimmest
star 30° away from the sun. From a performance standpoint then the ST was
acquiring under worst case conditions and errors for all alignments did not
exceed .02 deg. Table 1 shows ST related data that was used for all IMU
alignments and corresponding attitudes.

Figure 1 shows temperature sensor location (view H-H) in the IMU/Star Tracker
cayity. The colored in sguares represent those measurements that were
available on TLM. Figures 2,3,4 show temperatures sensed and are plotted with
time (MET). The 24 hour thermal test was successful and did not produce any
performance degration. The temperature band startrackers operated in for the
entire flight was between 80°F and 100°F ({see figure 2). Self test was
performed and passed successfully.

Target suppress logic inhibited the acquisition of star of opportunity data
approxiamately &7 of the 167 hours of on-orbit time. The 100 hours of non-
target suppress operation time produced good star data to execute 6 star of
opportunity alignments of the 17 total star aligns. These star of opportunity
alignments greatly helped the timeline and propellant, hoth of which are
critical commodities.

Star of opportunity demonstrated that by using the same star pair produced
torguing angles that were consistent and a true measure of drift. ODifferent
star pairs generated torgqueing angles that were incansistent due to gimbal
position errors. A good example of the same star pair evaluation was the nose
sun attitude for 73 hours, which produce consistent torguing angles and accurate
drift measurements. The variations of torguing angles between same star pairs
and different star pairs has also heen observed in long duration sims. See
Table 1 for data.

1. ANOMALIES

Both the -Z and =Y ST revealed hardware bites aqain for STS5-3. Ref "5T5-2
GNC Post Flight Report' pages 21.2, 21.3 for mechanization of the logic that
drives each bite. The following is a summary of the bites that occurred each
flight day.
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These bites were observed when data was available, thus the above data lacks the
occurances during Los. The presence of these bites however did not affect system
performance. & recommendation was made post 5T5-2 Lo suppress the "GE2 STRE"
message. This message was driven by the presence of these bites. A software
change was made thereby inhibiting the DPS fault pages to he filled with 5T fault
summary messages.

2. COMPARISON OF STS-2 AND STS-3

Star of opportunity was the biggest difference between STS-2 and 5T5-3. The

auto ST Mode (Item 3,4) acquired acceptable star pairs to align the IMU's

thereby saving time and consumables. 5T5-3 demonstrated that star of opportunity
proved Ttself to be a very valuable capability.

LESSONS_LEARNED

When the crew executes an ops transition or an ops mode recall spec's 021 and 022
cease processing.  This means that star fable activity is inhibited and torquing angle
data is not displayed. Without this data, star of opportunity data cannot be assessed.
To relieve this condition all the crew has to do is mode the star trackers to star
track {Item 3,4) on spec 022 and call up spec 021 and resume, These procedures have
been implemented in the FDF for STS-4.

RECOMMENDATIONS

1. There are no launch commit criteria violations with the star trackers since Lhey
are not required for launch.
2. Flight Rule changes - The present rule dictate that at least one star tracker
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Will be powered for the entire flight. A change was made to have both star trackers
(-Y,-Z) powered for the entire flight to accommodatestar of opportunity and a real
time decision would be made to power off either star tracker should the on-orbit
attitude prove unfavorable for stars of opportunity.

3.Logic should be added to the star tracker math model in the sms to simulate target
suppress. This will give a real world enviromment during star tracker operations,

since the fix is not planned until pelease 19 software. The model community has been
informed of this request. Star tracker door open times in the SM5 should be &
seconds to match the real world.

4.Consale or MCC procedures changes - none

5.The data retrieval system was adequate Faor post Tlight analysis.

3.19.3



mnog
A AS

ot

g7 = ”E_
T EZ 4410 Ny
6% 3 A cuyls

bl -

YA

e

90"

I a

o i

1 =

MGEI_

wPoT

Doﬂ.ﬁw.hm 0

MNOE
ny.L

vigd

Y mwm =
& T6H 1410 9NV
T % 9E SUY (S

Al—

g9

IV

£~

50

or -

g ¢ f

1o

£E0

OO 4E f1 ' O

NS
Tyl

V1G4

NI &7 =37
TEL 4310 TNy
Iy %H.ﬁmxjm

hil—

s

¢

S0

19

£ G

B0~

£0_

Qo

ﬁﬁ“hm” Al O

oS
Tyl

Vit

TS 17
.MJWNIEE m__i
wm. um_h...w Syl

O

T

9’

To-

Tl -

EQ~

1Q"

oa

@o, l7! 7l a

as
el

100

75k Suyls

go’—

P L

7a-

Taf

o

A0 "—

19—

£O —~

Qo

[0 Bo! 71, ©

Mmos
Mgl

viDo

NCaEET,
T AI7_4410 9w
mMm HE SHYIS

sO

—

19—

Q!

Qg

LQ .

RO

Qg

19

gt

co 9s* 11.0

|.J_.|«

—T#& 11a ué
@9 ¥ & SHYLS

10~

(@

QG-

AT A

10'-

fary

“4a'-

10’

nnhmm.h_cﬁ.. @)

1o

@ =
/78 4410 ONY
O 355 suvis

Ql'—

La

20"

LQ

Q1 -

gt

ca’

oa'hgial, O

P

Iy 87 = v

TLE 4410 INY
=/ % m_mm_ﬂ_hn

g0

S0

il —

90~

9 ~

O —

19"~

00,77;80, O

] 17

E.rm.lgl._E N
H A hh GdYls

|9 -

._., (7 —

# B e

Qar

19"

L9

1O

oo B

"]

-

o-

i

@ =
T5° b8 4410 ONY

LS ¥SS CUYIS

#l

Q-

ho

Bl

ol "

LO —

80

I~

Q0! 0490 0

H43 ONY

JANLTLLY

55344dN5 13341

30N80LY NYW/00S [g4q2%{ o0 |woag T2 ¥|n00

{ %

SAYYWIY

€4 MM

2 (I

Ty NI

I F79HL

"3.19. 4




{#

h w._.llk m_..,L =
= R AT = 3T . . ke : - . : 02 ] o B R TS
e A7 wm &85 i1 ony| 79— 1@ | /@~ | 30~ | g9 bt g0 | 0@ | & P EEET
T/ § DL Suyis
O] AN e | pel i g0 (A0 PO | 20’ [vo | €0~ s om0
est A= | e [£ee7 1310 9wy 2 S Tl - 00,70 EL"
el s | S£ 9 F/ suvis
r == 4 . " 7 3
it 0.5 B .W..rmﬂ;\m.d_g JHH L~ 0@ | CQ €Q | |OL | @/ | Q@' | B9~ | IO 9y, 15.¢;:0
L < uwn&.@ bLE Suyls
F; = z v S
oy 2 lﬁl.@.&mln_n_mﬂ uwm QO - |1Q - aQr T o 20 — co TO '~ Qg op:ee BE Q@
el S | SE % SASuvIS .
oE = - i * " ' ¥ T
NOS 0 o] SEN 410 | pOL | 91" | op- | bh = | BT~ | E9=| TO' | of ;10,580
Tyl W % SUYIS
@ =3y . . . : : s .
= a dlmﬂ..tg avy| SE-| pIT |29 @1 ee) o5t | 9| W~ | TOlpg Ay
o s uﬁw%ﬁ
Hﬂ..\ ] - . . r — - ot . L . ...
e P2 B w 10Ny BE | T/T | TO=| €0 | HQ7 | Sh~ | 90| £2-| 19— .g000: 0
X224 < w 99 E SHYLS 3
T 7 = v i : . ; .- : . : : 2
S| A & | ZEZ ygmaone] £2 =] B/ | A9 197 | 00" | EH | BYL | SO Q07 ool O
el S 1725 vk quyis : -
I G . : . : : 5 : : :
e [ gl l = 7 mM:a UM_M L Q" TQ=| 19° €9 b —| 9= T9- | Tq=ps.p0 bl ¥
i S| =7 » 92 quvis |
Nos L P T = . . . T o
ivet] A7) S | Z£4 4410 onv =T~ 49 i 2 to L7 s S 80 2 00:es 91 ¥
s | 28 %_&F suvls
7 =Y : : : > ] . : . = :
ros| A= | o ,TEWWMMQ i T/ -] =0 1@~ Jo* | sQ QL' —| 30| V0= BO'— |go'c0 9] ;0
el s |77 9L quvis
= I= — | tn
g|3|5(8 i A X Z A X z A X :
m — o=
18|72 SAUYWIY
i = Eg MWl _ Zu NI Ty (Wl 134
B = :
ﬂ m Lo _m‘r
= FHe) Z78E L

Wil



.. iy s 3
- b Gisnd i
T, =W _ cQ* (YO’ fo’ Yo 0o | lo* m,w.‘x__
7 e ¢ 1 g0 > — | Y9~ Foat e
YO A= 8 | TEZ yuta owy] S9 | A9 | E 0o [T
j2son s |DE 9 A/ suvls Y cr .
. x| VI AL = Ay ; 3 s or'.l oo’ = 9/ . z oozl /
To’| Me S [£722 amaovw| 26| 41 4 | - @
o s |37 W—.ux SH¥LS

NG =y . T PP P =1 ef” 4 i il e v 2t S
YOS Al gl TEF ad1a owy| AET~] &S / & ) # te oo
= S| Al %5 SuYlS

: o2y Fees 704 o | ot eqgr Q' | HI’ - oY _| oo ole i QA oc.E5/ e/ S
Sl 3T Mt pEery aws-an-owE : .
I oL EFF TN 5Ty .

WG =yl - ; . . 3 L] QO | QO | £9 o0 ar:dor]
ovos| j- | 2| B EZ yqra o] Q17— | €97 | €9 Tl € i
2L S | 22 ¥ 3£ Suvis :

“ATH BE = Y : ; : o . . T§ go- g @a’ Jrigol!
MOS| A & ZEE asa o] ©9 | 19 ey = 1@ bl | &9 00!lr.89
el 3 S - SHYIS :

LT =Y : q ; ' Q" t s 1o+ | oo’ @90/
wos| x=| o | ZE8 g oy Q= Q9" Qo [ Q' | ¥ bl Pt 09,85 /79
L s| &/ ¥9£ SHYIS e

gl =l g Lo L eos! ot o] prool ogr | ron ao/tri90 ./
YOSV A S| T aa1a owv ‘
716L S| EF v EE s . : : =

: vt =W ge-l oo | go- o | Fa: LIt €G! Q' 1 12 —gg 08 007
TONAT| 8| ZETE 1410 0w | )
YL S| Tl » JEoyuylg ;

M ES = 3y : , " , - AR M - BESS - @ REE U e vl ha |
ot e | &l ZzeZ ey @ =) TA 1 TA-| ga- | Iq £ o iokik
74 S | EF 9 BEsuvis

A = 3V —1 99 |19 [ TO-TO | g)—| £Q'| 09" | ¥TI9=~ | 0015 :80" ]
iy ol B R
T — | w1 A b o

z 15815 8 z _ A X z A X Z
28|52 SHUVWIY
- = =
TR |e m € MW Zu MWI Te MWl 13d
A o _
HE #%) T 77861
n
&

3./9. 6



. b b o4 4
- MM“m m .\U = |.m....|... ._ =i ' i d ‘ ¥ ’ 1
vosl | el1FZes a0 ovy| &% | €09 | HO7 | 002 | €O | S9—| §0'| g0 00" | 90, sg10:E
Sy 5 ) £ Syyls _
| | 8 T i ow| 9@ | £91 | /9= | €0 | 90" | 90" | €0’ [¢a'L| (0" | woisziovit
{250 A7 9T supis| i .
v ng ¥.! m ﬁ%ﬂmmﬂujﬂﬂ _‘_Q___ ..Wﬁu ._\ﬁ.:.l. |n.wd..,_|l m.ﬂ.mll o' .mm_nu,.l =Tyl \mw_nw. ﬁu.nu_unn.lﬂ ..H.am.uh_ﬁﬂ
g s | T7 ¥ 7% suyls
oS ZIVOT =5y [a: .7 CoO*i o= Qo Q9" x el ' s : 4
| g|FEE 4410 any| ! . |o 42" | €O joetah CCIE
Py s | 34 9E & suvls
woc) 2 mqﬂnmlmw,‘hww“mw gum_w,_ﬂ [Oo°_ 1 09 | [Q—| ool ho '~ €O €A% JoL 09 jgoge v
ElG S | g g A syvls
N |\ T Z7 = I s ' J .
noe | - ' f J ' ¥ ' ¥ re ;
Lo Z % € A 97 4410 9Ny .uwn__ .}Q €a il 20 Ll - .._...;1 M (1 00 ‘g /(T &
i ¢l &7 pTEquylsg
i p= ﬂﬂw@;gmmmuumw Q" | AU~ =9’ —| ©9' | €9= SAT Qe (9 o0ighigliC
=50 1] S | FE€ 9ok suvls
il L 0 o T\ DE 3 ek e (9= bl sarl pa| sar| b)'| U potogiboir
AN S| _Z7 772 quyis : - .
o g v S =38 Lh -~ Q- g ! Q' o e Q- 2 [ : . :
ol AT B | T EZ 1410 9vy| g 9 _ \! = b h. i - e
=R = \u\www.u\ w.ﬁﬂw-.l.mwm..__u__.u_.m
L 8 ﬂﬁmﬁwﬁ“-uum cr'~y 9/ (1e- 9l | 89 Lo €O 4! h!" 10000807
i S| €T ¥ 92 suvls
: 2 =3 ) _ . . | . 2 _ h
£ o | TEZ 10 avy| 5S¢ —| 79 1 bR g 90= | 49 €l €1? |00/ @S0! T
=Y S | AT 9%k quvis
o= I= - w
2|3 |z|s z A X - S X Z A X :
m| S |8z _
z s |2 SUYWIY
e | € NI % Nl Ts Ml 134
B = g
= -0
m = £ve) T FIGEL
fl
=

2 /9,7



-
5

¥

I
i
L

TS = Y - ) _ ' w
VOF \..I m_”w im_umji:._ I 69! co!' |£Q'- Ha! lo! 82— | ga' | €9 10'~ oot t51lE
= 3y : . " . . 2 ! : . 1 ¢
PeS A~ 8 Ialmd.uI:E g P97 | 99 (9~ (€9 00"t HO'—| 69 | HO 09" oo poistit
oy * | B4 FEE SHYIS
T, =W ; ; A . . : »
VeS| J-| 8 | B S uma avy| B9 | O |01 40| 007 40| S0' | <0 | 10-poilS!E/IE
EXCh| S | €7 % I< suvis
n.txw.v.ﬁux =IO . i i e . a
posl )= | g | 7747 _sta sy S9° | £0* | €O0° | |9 €0 €4y 9Q S0 I0<lpo 5 €11 £
250 5| 55 ¥ £/ 5uiis
Q\H‘T‘i = Oy i il , ' i " B
oSl p 1 G | TR yga ow] LO! [ Q0! | et €= 19— KO~ g | hO' | 09" jporop eyt
o \ s | 5%y SHYIS . :
iy of = 3v Q- # B P b g g o i t . i
M.HM 2 r.,.wlqwm.lim.,\_.& 6 F9* £Q — | £ € Q | o [0 '~ 00, 68! 11
m mqhm
S \rl 2 7T 4410 ui.__ 93" o0 4 jo! €| £Q'— Qg €9+ | ¢ o telok 0ALE§IE
5y S Ium\.wlﬁ ELSHY 1S _
M..I._ ' i’ - ! L Fi i
19 bror @r j..w.#:g Y €0 | bO | €A (i o' | SI'~| &l (0~ $Q 005 LOYE
psory R W TRSIVARS i
: Ay Tf = 3¥ ] __nu..;l. ] ! r ¢ ) ¢ ¥ N - 3
aes| AT 8 I.m..mﬁl%:q aw| 79 ( _ﬂ S hO el'- m. S §0 1ogilei90is
2500 = M 71 SuviS
v - ; :
T 2 jl.._,:ﬁ oy €07 | 907 | Q91 | bOT | (o | pl'=| pO7 | €O~ SO 00340500
el 5| TE ¥ Alsuvis
wwww wm = 3V » ¥ i L4
oS | 2L 727 110 u_,.,.,,q €0 cQr | €0 07| £ 0 A40'—| 9Q |10 | €97 jo000 (to'g
298Ky S 1. T3F W Erauvis
T = — | w
zl2lz|s z A X Z A X Z A X
— (2] T
m — ™ =
2|18 |,z SHUYWIY -
2| £y Zy NI Ts MWI 134
2|8 ;
22 [ = ’
2|8 Fe) F FIE
3

_

3. AF



f

319, 7

L09) T 7794/

3 f,.! —af mw.?f:w i ._ i
o @ =
vosl | o |2 e ©0 | wor| €97 |10w [ €or | oo [ o | ho | gor |earasita ik
TNy 2187 wer s
WIWEL = ; 4 i , :
il Q [E7E5 i a] (@°—| Q07 | ®0°| €a’ | (07 | £0'—~| €' | 0Q' | (0° |00'5e L0
2590 s | A7 M__.uwx SUYLS ]
NS Q .ﬂﬂf&h%uﬂ | @ OQ' | oo 19—~ o Q9 00! Q' lo: Qe!0l'Q .k
i S | FT 954 suvls .
IR = Y 2 5 . T
R Q| o ES 4410 my] £/ | SQ' | €0'-| 9Q Kol (0 | 29~ (0" | Q' |00/0/):q0if
2537 s | 7 ¥ P£ YIS .
..v.wh _._Nur =y 2 g " Q' : 4 3 4 3 i .
o= |75 5 ja ony| 897 [ 1= (00 [ 19— hQ | (1'«| L' | 90 | [0 -polapieT S
Sy S mm ) Gm. SUY1S .
oS 2 dulnwﬂ|m m\IEuJ”H /@ | foL | [ef (Q'= 1 fav| ¢l = A1 La’ 19 10Q.5]:el
ikl S| TSF 3 5E qunis |
i il < o = 3V J i ] 1 o i i
e 'y % Jml.nthﬂ.ma gyl LA | @9 [ 19! SQ' | 89" | Q@ —| ¢l 90’ | 00 |0 LOITE
Chlald 5 | T€l 39 suyls .
os| - | o $&HEJHH bO' 1 @9 | ) [ tAL| A0 | 80’1 LI'| Lo | Q9 imygiop:E
ki 133 % .\r.rm ZSHylS _ | . .
. AT E = Iy ; ) ) .
Sl il el Bz g ow] P9 | PR [T SS9 [ 400 | 89— 0} S50 1 Q07 | gque i bliE
e S| ZT »A% oyy)s . o
I A = 7 _ 7 : :
P3| o | TP Jaow| 697 [ 0Q1 | Q' [€Q'= A" | 8O- S|' | 90 1 Q0 o eany e
2500 < Hﬂ,.. @ EESYYIS .
M.__ﬂ : ¥ L] = n N i e ¥
i oy 3 ..med.witmm gy 897 | €= €O~ TO |ar | Ql'~| I 9 19 | ooiheisl
i 5 |9 ¢ A7 suyls
I= = = Ly
13 1%|8 z A X 4 A X Z A X S
m SRS _
Zl& ] = SAYYWIY
S - € NI 2% Wl T MWl 134
0 )
m | 2
LN £
¥y ™



¥

S0

N - i) o v
- AT AL = 37 ; ; r 5 ' _ ;
Mg 2 T L7 44T ONy 40 .mO (O h__..&n.... e 00 .\M.G‘ La! u~._Q. wu_“u._.ﬁhu...ﬂﬁu\.»\w
S S R
A 18 Jlmxﬁwﬁwéumwm_ L2 | A0 f@- _ma...lm e 0 ¢ el : O oo L0 00 A
Ll 5128 w54 awvis| B s ke
os PIW DZ = g9y 1_.___.“@ : ¢ / _
o | 7S5 4410 ony| £Q° S A R Qr | (86— Q* | LA | TQ" 122070/
290 3| BF 584 siis b ; L eo T 1 |
ros o= ) €0'—i (¥ | & A . 4
3 < 1410 o] @ Q' | @ -1 L& Q' Q’ | ga' | £q° she T hO
20| A % TOF WA suvis = _ | 2o b5 O
VS I OE = aq| . : ; ' i _
NN S | BB g ow| 897 | AQ 19" 29— (O | €Q! | h9* | QI' | €0° iz 540
Prery S| o€ aluwumm_iq
WM\ﬂrHr = 137 . 4 = 1 P p 1
mﬁm A" M S77Z 1310 9N (@—=] hO it i Q- Q' | 49 §9 €A \oohl  bolh
e Wl g v ; :
i o | 5:0Z 1410 owyj €9’ Q' |[SQ'—| 2@ | 5@ | 99| SU T <@ | £9 Ty le by
| ST P Fe ¥ mm .w:_:_ m \J § in o/ 94 ﬂ% s
W, = av ; ' : . P r ’
. 2| TE6 aaw| 19" [ 58" €9~ (a (C B@ =] 1@~ =50 10" poise Loy
kil 4 m.a Wﬁ@\i{_z * : S
NOS Vadi et al 1 =) | ’ i i | ¥ | ' P '
uw = ¥5 141 N % | Q. % €a H»OL | £0 a (0" \oa g1 99 & .
<oy m i‘mm:iﬂh 2 ) Q..- e nw W .ﬂr
— |__gqm H Er g S—— " " g ; .
o Y mm % 10 vy (O | O |1~ 90 @ 1€ = (O~} €Q° (9 10h " ho 'k
PRy § Jnﬁn.\.mﬂ_:; _cﬂ DT
tog ..\ﬁ.ﬁ_wummumw ) ~ [ '~ oI _._ o 1 2 ' 1 ___ a :
. g lE%s 10 owy| ! & < [07 | O = €21 | I 00* |02 !H01h0 ! h
i AN /A AL
S It ey |
& =il == z A X z A X z A X 3 : - w
™M — 1 -
216 |0 |E SHUYWIY | |
21 € Ml % I Ta I 13¢ h
15 Fued T F7GHL



ms b Lo G
[ Has a7 = a7 T, ) =
el BT| 2| EFZ uita oy SO A0Y 00 | gO | RO /1y 50" | £0' | Lo’ maq.ﬂm.%rw
JU I”M\:ﬁ, VAL aYis s
- \nwu._.nﬁ = Mﬂ.._. ] » £ ¥ I - ‘
(s 2 EL 1410 avy| OF O 10 |90 — L9~ @]~ Q" | €O SO | pepe b0 S
val S| PE w47 supis| | :
- ” @ =99 o c0 e ....Q ca’ co" w0 .o. — 1 .
= . "£F 1410 9Ny — , % et - > @0" Tl EO miagi0@'S5
S 2 ;m.mtum.ﬁﬁlﬂ; I : . 02722
.|.q ' i f W F
2% 21 s ‘e 10 [@'_ 10 = |o'~ A0°_| €O (O~ | ca’ jooleg!00. S
2000y s i . .
/NS = % = 3V OO [Q _nm Q'- | ga: e i a £ar
1470 90 . == ol Tl 0085 1 ECE
Eigld m T % 9% :_.___r___n. . _ m.m._,m bl
| TIWEA .
. 5 P e g iy ' ¥ 10 ' ’ Py
5 ﬁaw \ﬁ I FE<F 1410 oy ¥0 ' | SO e 79 S £l - _..meH ol el QT £ QWQ% Ny
o S | SA 24T qvls i . o
i~ bz = v . ar + gt o ' ‘ § . R
mj.. s QI EEL sqyaow| 897 | S 00 A= | 1O L gl | LQF] Ql' | €07 be’Sh. b/ h W
S5 S| AC 3 €€ suvis . _
SFH 7L =3y ' T . ‘ :
Bl Sl TFE g §97 | HOY |00 | 10~ | HO Lo~ | bO' 1 b9 (07 (o0/0%€ ! bt
sl S| 27 ¥Ee quvig _ i
-.Iﬂ.._:__:._ﬂxﬂ.x =Y : z : i 7 : .
n.m._ﬁu_“:ﬂ SN ! SHYLS . .
Ve 8= =y P ) ] 5 ] : .
.M.u‘..u.m \fi. M ._.al_n“ . qu..m..Hl_./._ DAY Qi i. w&_ﬂ. ﬁ,.ﬂ....._ |ﬂG_ i _m,..ﬂ....q 1T.nu_ - hu__‘n“. __.UD .m._ﬂ_ ﬁMQ\.tmw% ...\a\.ﬁ.__uuv
280 | XF g Erouvis _
\..r\.\..u..__\n..% = 1_....”_.. T . 3 s i iy L] L :
Ve QL ZPE a1 owy] 9 Q' | ho'—| 907 | 10 €£0'= 090 29 Tar (ogheldllh
500y 5 FT 0 TE s m
2 Z 1218 7 A ¥ - A ¥ | :
&3 — =g L z A ¥ :
m = 0= |
518 1lal= SAYTWIY |
2l € NI & MWl Tp (Wl 13d |
o o ' :
m i dai r -
|5 wo) T 77961
*



b £ i v 3
.lc ]]Iqq-ﬂll- 2 JI_._ ] ¢
rres w“qﬁwmltaruﬂ Q' | 49| 0" ||0~ |TC" | €o— | o0 | jor_| 10'-|eerr. /eiL
o 94 )4 TJE WaZ oy "
T e = a3 : _ ' i ' i 4 Y-y
&ﬂn sk~ Hmw lﬁ!m.:._ﬁ_ I ﬂ._ﬁ.u_q ﬁou (O’ IM._,.U_.__II ﬂ.ﬂvn m.ﬂ.__. mnu.l. Im_ﬁu r_n...p..nu..ll.u Qﬁuqﬁ.wﬁuxmh
2L W= v 9] civis . ~
k. (o] = a7 . ¥ " : . 2 i .
vosl | 1 ZET g aw| A9L| €L (Lo bI' | SOL| €l 36| bo' | SO° LSAIATLIIL
ke I | _ A 9k vl S
.\‘\Mﬂ\.ﬂﬂ.” = ﬂ._ i F i r e . i 2
o f21d .w. 707 Ja owe| 19-| 60+ [ O | bo' 1 10U ol gjL{l0on | (o 0 As 1 S9L,
S| S &4 SuvlS
v T = g , _ ; . ' . ! T
=14 S| ZZE 110 awy] €O= | €9 | §9— | 50" | €0 | o/ 10 TOL | €O 100%€ 5ai L
. S {_® EC suyls
TS = 3y, . . ; ol L alu b ilets b e @
2ud S | ZZe7 gy Q| 99" L9~ 20" 1 qop s el _~ 2R @@ p9:L
S ISE P s
2L ¥ njza-h RO-| 80" | 50—~ " oo | +@'=| M=j 99| €9 g0 00 L
.ﬂ EX 9 9l q 9l s TE :
12 aeg .ﬂ i]m_\ma..l._hﬂ._ T %.ﬁn = -] e bQ mu__ | O Lo - (1 LQ ﬁﬁ.%\w..wq.d
% 7% & suvis = g i
- Jll...:...mu.| = =0 . : x 4 , i X .
o | vos v i awd Q=] $0*[SO'—i 10— | s Lo -1 Lo 2 9 00:L5:8019
ol e 9 &k cuvis o i
jor oS AT sarg owel bh | SO jel— [TE~= (e~ | [E- | (e | SO Q' | 1o AT .S
dd 4 T 9 hrSUYLs .
s g ; ; t_ ' 2 i : .
7.5 olie] .m... 7 L B V=€~ e | gite | HC A R ART-CH Y2
J2 N ZZ 55 s
Z|13 |2 |8 z A X Z A X | 1 A X : “
= _ _
=3 =l R SAUVHIY
M ﬁnlu S MW (I Nm_m I ._..m_m [l _ 13d
= e
2|2 #90) T 77941

B A AP




[urn[zoes] HEI5KN | owie [ asvacvar

r EEITIARD 'Fi{‘:?URE 1

‘WAIN ENGINE
COMTEOLLER

4::: Fo a1}

e G ]
EAIT S ¥ (H0 2] EaTYIo4{PE I}

I:/- B4 T MBS {maE)

HarTraoz(nE
F'?
BOTIIO [ 1) -Cfgtr rriowing
k!_ FI T PO T

H
= {_*l_h l-fHIll [ 1 : !
prea e 1) [
. VIEW F-F YIITHIE  ynTadig 'ﬂ‘:‘i
o - =3 T T A
MAT SAnDE | | WM e
k] 8 & L G L b i‘q
] i
| § rIl YATHTI
':l ENG ®1 L VFEW H' H ]
1 ; | ; N SoaLE /
b‘?\tt_.ﬁ I: —Efrrasad
Enrviza 4

u-""'\-.\_\__
L [DL\ i C/ 2
e |
T Tk ]

ST ;‘jzp —-13“_“—— | | 280" W
4iTEI2 . - iz :
gursy VIEW K=K {(2em vigw pior) w_gﬁnﬂ?
7 gl E S Mt e R _!.w.rrw_m
] HAT BAnos | 4t rvzl;‘],, i
b i | |~ rrazaa /—Ed.'T'P:;R1 i
i
H H A T al
kS, LOT, & kS
aw K-} { | * 5 &
K !
i ] |
198 ENG #2 N \ VTITROTe *
i : B WRIT RO e H AT MEASUREATHT ouLY
" ;J:E;'rzﬂ ~|
E4rTRz23 2
R | \\o L STAR TRACKER EBoor AMND

:ﬁ ";;E;;;_h COMPARTMENT TEMPESATIRE
5—-—-__ —rase MEASULEMENTS
WIEW (=L fzig viEw H-M) S

AT Vi Ew g“G

WAIT# A

WA TT LT

[Pedr se08 Incwnl
WRITIaL)

(BFED Se0s poEEErE)

WEAFTFZAN

i FeEST
[ AOTEaey
TO S3M8 CowFRoLLER)

i i
i
=7
waFTiioa

VIITD 20 (o H.)

AR DATA PR

LH. SHOWN - RH OPPOSITE

VIEW B-8  IEW T
. T FABE by b | [T Tl T] I FHTIT T ommempan | e
KING INBCARD - PORT SiDE - TRATIGH |
: Gt [ S oo o v et . St e |
s EEEE
Ao o A ST Tiar] MAIN PROPULSION STSTEM,
. Ancuuan o | STAR TRACKER, PURGE, AND
- E TR r:w W OACECIRCREY | APR | T Al R D.A T4 -D.?GB c
R e KOTED SUTH ¥ EMPERATIIEE MELSUREEMENTS
ATHEEMLL \/f mww-m:ﬁiwm
7./9./3 FlsAS-TA-Tcs-I-8)




FIGURE 2

.. = T

£~

05—

L

049, 14

l

A0l

{5
&
bes LU S [ D

&y



e e

£ ILET LA s o=
J SOOELIEN
{18 LT it 3o HEiH |

L ]
1A
=
A
L |
o
o
=
=3
3
[
()
.

3
3

iy

Ll

Li.

X iy, Y |

S o B it B
Fold 4 b5

i,

A et S L o Ry |_...|.wm_”_.__ﬂ..,_,w.mﬁ__u. A mlﬂ.wh__....,:,__.ﬂ.._:u:.
Pzl i3 e A 7 ; i L

et I o R RS 1 o

L i B Tk T *F T I | T 1 1 ] —l T I i 1 - T T I T i T
"l | ! Eh !
5V AVH 2 Aalld
rpre P B (N | B A A
| | | [Tt — | [ ol E i g 1,.._\:r~,_|.
. = = 0 0 gy 20/
1| L MM =51 % bl




(GHAnH: ML I8

Mz

0ok
|

s |

£

RS ERS wSS

bin

(el pa g ¥ o N

4G

sl el

vl

i

i

st

BT R B B
¥

|
|

3,19.76



SWITCHES

Performance

GHC. switch performance during 5T5-3 was nominal. There were no
hardware failures and no reported anomolies.

Lessons Learned - NOMNE

Recommondations

LCC Limit changes - NOMWE
Flight Rule changes - NOME
SMS changes - recommend SMS provide capability to fail individual
witch contacts,
onsole changes - NGNE
. Data Retrieval - NONE

I Lo R
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TACAM

Performance - With Entry to Morthrup presenting a new trajectory and
terrain, in comparison with the Edwards entries on STS-1 and 5TS-2,

it was difficult to predict expected TACAN performance. However,

with numerous mountain ranges along the groundirack we did anticipate
a problem with erractic bearing data due to reflected signals as was
evident during STS-1. Unlike the twe previous missions, blockout exit
occurred at Mach=14, some 4.5 minutes prior to initial solid TACAN
reception. (TACAN Range data is actually prohibited above Mach=10 via
Post Selection filtering).

TACAN | PARAMETER LOCK-ON ALT. | ANTENRA | REMARKS
w2 Bearing 149,500' Lower Approx. Mach=9
#3 L 149,500 Lower 1 sec. after Brg.
52
#1 " 149,000' Upper 7T ! -
§9 Range 148, 000" lower 15 " 4 i
#3 ! 143,000 Lowear I " L !
#l 3 134,000 Upper 70 " H ¥

On previous missions Range lock-ons occurred within seconds of one
another. A possible reasan for the Tate Tock-on of Range #3, and
especially Ranage #1, may be the vehicle attitude during this period.

A positive vehicle roll existed, which would be unfavorable for TACAN's
#3 and #1, upper or lower antennas, due to polarization effects; the
only antenna that would benefit from a positive roll is w2 lower, as
its polarization angle is 30° CCW at zero vehicle roll. Bearing 1
actually lost lock (after 55 seconds of solid lock-on) when TACAN #1
ewitched to its lawer antennas, due to a short period of no-range lock.
At that point the lower antenna #) was approaching a 90" polarization
angle (vehicle roll reached +50%).

Following 3 minutes of solid bearing data (from 3 units) bearing #2
began to exhibit sporadic 409 glitches. At approximately 102,000 ft.
(vehicle roll angle of -47%) Brg 42 output 14 consecutive data points
that exceeded the 6% RM 1imit, with an M failure correctly declared
after the tenth cycle. The vehicle attitude represented a highly
unfavorable condition for the lower antenna #2 polarization angle,
making TACAN #2 vulnerable to 40° glitches. (As a matter of fact, Range
42 eventually lost lock and TACAN #2 was switched to its uEper antennal

However, the first 7 outputs were not of the 40P category but rather
random values. This suggests a possible interference received from the
ground station via a reflected signal off of local mountain ranges.

R B |



During STS-1, bearing #2 was failed in exactly the same manner, while
on its lower antenna, and at approximately the same vehicle attitude.
On the other hand, STS-2 TACAN's were all selected to their upper
antennas (due to a late power-on condition}. As the upper antennas
appear to be somewhat less sensitive to signal reflections off of the
terrain, it has been suggested that the crew manually select the upper
antennas (at least for LRU's #1 and #2). However, that would sacrifice
our auto-antenna switching scheme and thereby compromise the Range
parameters in attempting to eliminate a bearing annoyance. Due to the
extreme down-weighting of TACAN bearing data in the Hav equations, it
is unlikely this solution will be employed.

For the remainder of the Entry phase all TACAN's exhibited good hearing
data, with only sporadic groups of 400 glitches (as many as 7 consecutive
outputs). An interesting phenomenon occurred at approximately 15K ft.
when all 3 TACAN's exhibited the same 409 bearing glitch for 5 averlapping
seconds. The Selection Filter output the erroneous value for those 5
ceconds: however, the post selection filter inhibited use of the bad data,

as it differed from the previously selected data h% more than 4.50 (had
this difference persisted for 10 seconds, it would have been sent to NAY

with a satisfactory Data Good flag, at which time the NAV EDIT function

would have to inhibit its use?. The vehicle attitude at that point was
~350 position roll and a pitch down of ~12° (just coming off of the HAL) .

A CR has been proposed which should minimize the occurrence of bearing
Failures due to transient glitchs (multiple of 40°), by inhibiting FDIR
during this recognizable condition. Another proposed CR will inhibit
hearing data into RM whenever Range lock-on is lost. These CR's would
have avoided the transient bearing failures that occurred on 5T3-1 and
ST5-3.

OPS 8 SELF-TEST

| TACAN AZIMUTH RANGE
(LIMITS) (177.5 to 182.5) (0.0 to 0.5)
1 s/n 65 179.7 0.00
2 s/n 34 179.5 0.00
3 s/n 64 179.7 0.05

The OPS & TACAN Self-Test was performed with no visible problems.

Llessons Learned - DTO 4379 "Dn-Orbit TACAN NAVIGATION" appeared to

be highly successful from a hirdware standpoint, in as much as numerous
TACAN lock-ons occurred around the world. The ability to generate an
adequate On-hoard Mav State is yet to be determined .

Fecommendations -

1. LCC Limit Changes - None
2. Flight Rules Changes - None

Fidl L2
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SMS Parameter/Model Changes - Integrated MCC Simulators to Morthrup
were somewhat unrealistic, mainly due to the actual early exit from
blackout and subseqguent timing of TACAN lock-ons.

Console or MCC Procedure Changes - A new TACAN timetag was employed
during this mission, as recommended by MPAD personnel (prior to
incorporation of a new TACAN timetag algorithm). Our Radar/Range

plot indicated an initial Range error at acquisition of approximately
0.2 NM {which is a vast improvement over previous missions). However,
this error remained between 0.20 and 0.15 MM for the entire Entry
phase, for all units; this would suggest an error in the expected
location of the TACAN mobile station (069X). A preliminary look at
on-orbhit range data to Morthrup suggests a possible station bias (of
similar magnitude and direction). IFf this is substantiated, then the

TACAN timetag used for 5TS5-3 could be considered more than adequate,
possible eliminating any need for a TACAN alsnrithm,

Data Retrieval Adequacy - We received excellent MDRF response from the
Data Retrieval personnel with regard to Entry data requests (all requested
data was received by noon on the day following touchdown).

One minor coordination problem encountered during the mission was that of
being notified that our requested playback was in progress (too late),
rather than receiving prior warning. In some cases data at the beginning
of a playback was missed, requiring a subsequent playback request, which
caused some inconveniences. In the same vein, running playbacks during
n0S periods essentially wastes the playback effort.

3.2%..3



April 1, 1982 STS-3 ANOMALY LIST-FINAL

LR ———————SSS SRS S e B E el 5t e e

| ANomALY | TIFE | DESCRIPTICH/IMPACT/RESOLUTICN ' | STATUS I

FRO-82 e1/2122 COR REPORTED THAT #CS STOFPED WORKING CLOSED
WHILE EEING USEL - MQTOR STCPPED
RUNNING. NOTFD TNAT CE CON PANEL MLAGE
{WCS CONTRCLLER/SLINGELR MN A) WAS OPEN.
WCS SLINGER WON'T CPERATE IN FECES EPEED
SELFCTION (leCrF RPNM) RUT DOFS OPERATE AT
ABOUT 60 RPN IM THE EMESIE SPEED SELECTIOR
[NORMAL IS 25¢ EP¥). SUSPECT USEC EMESIS
EAG MAY BE CAUCHT OnN THE SLINMGER TINES
WEICH SwWEEPS THE DBEBRIS SCREEEN. PLAW IS
TO ORERATE WCS WITH SLINGER AT EMESIS
SPEEC FOR REMAINLCER OF FLIGHT.

o e i e —— e e ey e S

FAO-63 g4/£212 INTERICE DAC FILM MAGAZINE END-CP-FILM CLOSED
INDICATORE LICET DID ¥OT ILLUMINATE WHCN
CAMNISTER WAS EMPTY. NOW USING ANOTHER
FILM MAGRIIMNE.

| FAO-C4 A5/EE51 LEMONADE EEVERMZE COMNTAINER FAILURE. CLOSED
| CREW REPORTS THAT THIS IS THE THIRD

CONTAIWMER THAT IS BROKEW CM THE TOP LEEFT

SICE BELOW TUF VALVE. HNO FURTHER CREW

ACTICN,

CHNC-F1 o S12428 Ivy 3 xFY ACCTL OUTPUT HADR A LARGE JUMP CLOSED
(APPROX A - SI0NA) FRONM PREVICUS VALUE.
b UPLI¥E OF ACCFLEIRATICN BIRAS COMPENWEATED
FOR THIS JUMP.

INCO-01 BC/ES15 FECEIVER A BITE 0Ox THE DFI PCM RECOLRDER. CLCEED
SEVERAL TINMES CURI®G HI-EXFFLE START, THE
BITE EIT B TO ZERD. (THIS INFICATIOXN
HAE EEEN SEFN OM STE-2 AND IS NCT FELIEVED
“” * T EE A PRCELEM).

=0 I
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T s ; FLIGHT TEST PROBLEM REPORT —NO. -43

Statement of problem: Evaiuation of high winds aloft on "wave-off" day and landing with
a high touchdown velocity, a lateral offset error, and a pitchup during derotation.

AT T T T T M L TR T s s

T T I T

1 scussion: . .
Winds aleft: Although the "wave-off"™ on the seventh day was based on excessive surface
winds, the winds aloft were also excessive. It was doubtful that the planned approach
geametry with the extreme winds above 25,000 feet would have provided a manageable
energy situation. Simulations have been conducted to evaluate procedures and system
capability for accommodating various extreme wind conditions. The result is a set of
placards that relate the wind magnitude and direction to the direction of the heading
alignment turn. This will insure that the resulting trajectory is within the vehicle
energy management capability.

Touchdown velocity: The velocity at touchdown was about 225 knots estimated air speed
rather then the desired 195 knots. At crew takeover from autoland, the airspeed was

6 knots greater than nominal. Simulations indicate that autoland would have flown the
vehicle to touchdown at 201 knots. The planned Tate takeover from autoland did not
provide sufficient time for the pilot to feel the vehicle response. Attempts to make
some minor trajectory adjustments resulted in a touchdown soconer than intended at a
higher than planned airspeed. Future flight procedures will plan_the takeover prior to
preflare or let the autoland go to touchdown.

Offset error: The landing offset, some 28 feet to the right of the runway centerline,
was a known problem with the MSBLS antenna system and is acceptable for lakebed
landings. A hardware modification to the ground antennas will be made prior to S5TS-5
to eliminate the offset.

Derotation pitchup: This problem was aggravated by the high landing velocity. The

derotation after main gear touchdown was allowed to start at too high an airspeed and
required the pilot to £ry to stop it at too Tow a pitch angle. The rapidly changing
elevator trim requirements made it difficult to avoid over-controlling in this
situation. The way to avoid it is to concentrate immediately after touchdown on keeping
the nose up until the vehicle slows to 180 knots, Flight procedures will be more
explicit for ST5-4 and the SMS simulation of this sftuation is being improved to providd
better crew training.

{ M3BLS antenna system and is acceptable for Takebed landings. The pitchup during
| derotation resulted from starting the pitchover above 180 knots where over-controlling

Conclusions: The actual "wave-off' was based On excessive surface winas, but a
"wave-off" due to excessive winds aloft was also required, The planned late takeover
from autoland did not allow the pilot time to get the feel of the vehicle, resulting

in a premature touchdown at high speed. The landing offset was a known probiem with the

is difficult to avoid once the nose drops below about 3 degrees.

1 updated, and more specific crew training provided in the derotation meneuver, especially
{ for high-speed landings.

Lorrective action: The new wind placards wiil be adopted for Si1s-4 and subsequent
flights. On future missions, manual takeover from autoland will not be planned

between start of preflare and touchdown. MSBLS antennas are being modified prior to
5T5-5 to eliminate the lateral offset error. Procedures will be more explicit, the SMS
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