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INTRODUCTION

The STS-87 Flight Plan is the Flight Data File article that contains the on—orbit timeline.
It does not contain the detailed timelines that are covered in the Ascent, Post Insertion,
Rendezvous, EVA Checklist, Deorbit Prep, and Entry Checklists. For continuity, the
summary level timeline includes the entire flight.

This on—orbit timeline satisfies the objectives specified in the Fiight Definition and
Requirements Directive and the requirements of the STS—87 Flight Requirements
Document. The Flight Plan, as part of the Flight Data File, meets the specifications of
the Flight Cycle version of the STS—-87 Flight Initialization Data Pack.

The flight profile used for this Flight Plan is for a launch date of November 19, 1997, at
19:46 GMT. Orbiter inertial attitudes are expressed relative to a Mean of 1950 (M50)
reference frame.

J8C-22359, Crew Scheduling Constraints (Appendix K, CPMP), Basic, Rev B, January

1992 has been used to build the timelines contained in this Flight Plan. An Appendix K
waiver for sleep shifting has been approved.
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OVERVIEW
TIMELINE
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I N B T D I .
ORBIT ! I 8 I 8 1 B I 8 I Ho BIAS ZLV :: v O} 0 ¥ 0 G 0 06 G
ATT -ZLV, -XVY i § BIAS -XLV, +ZVV
AADSF OV
MEPHISTO OV SEEBECK (71-91)
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|- ME
FD11 SLEEP POST SLEEP MGBX (PEP) OFF DUTY PRE SLEEP SLEEP
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SUNMMARY

TIMELINE
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LT  UlR posT nserTIoN [SIRIST(ISEPHIGCLY |OA]  yen rus /0 |8 RS bers PRE SLEEP SLEEP
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ACTIVITIES PRIOR TO 0/02:30 ARE IN THE ASCENT AND
POST INSERTION CHECKLISTS.
IN A -ZLV -XVV ATTITUDE UPON ENTERING THE FLT PLN.

THE ORBITER SHOULD BE

(ORB OPS, GNC)
PRIORITY PWRDN GRP B
(ORB PKT, PRIOR PWRDN)

PGSC/BIA SEYUP
{PL OPS, GAS)

]

1 EZ ACTIVITIES:

t
>
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(=]
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)|

CREW SYS)
A OPS (ORB OPS,CREW SYS) (15 MIN)

CS 1(2)_CONEIG (ORE OPS, ECLS)

Config Sys 1 (5 min/2 Cmn)
(ORB OPS, ECLS)

NaSBE/LHP ACTIVATION
(PL OPS, )

L L B DL B B R LS B

TGDE ACL LK (PL OPS, GAS)
PGSC SETUP
setup STS PGSCs

LHex ACT (PL OPS, LRex)
IDGE ACT (PL OPS.IIDBE)

[ SIAEPATR (D1)
\  R/AUTO/VERN (03:00) Init MWR
Eq - S TRK (ORB OPS)
T< MNYR (TRK}+ZLVY.-XVV

YR BV-5

£ - =0 OM=180

7 AJAUTO/VERN (03:20) Init TRK
P

I (ORE OPS, GNC)

(PL OPS, SAM3)

SOLSE ACTIVATION
(PL OPS, SOLSE)

HRIU SELFTEST
(PL OPS, SOLSE)

Update PGSC Locker Stowage
with disk carried on board

(PL OPS, GAS) -

I"|"]"1

NOTES

UPLINK
TIPS TEST
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(PL OPS, CUE)
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AADSF _DEACT
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container(s) and attach
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L17 Check MCIU filter screen
JGDE _JNITIATE
(PL OPS, GAS)

MS2

(PORS, ON-

LOAD FLIGHT SPEC DAPS
(FLT PLAN, DAP TABLES)

ABL PORT RMS HTR (two)-AUTO
LOAD FLIGHT SPECIFIC DAPS
(FLT PLAN, DAP TABLES)

G-036 ACTIVATION
(PL OPS, GAS) [

MEAL

MEAL
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ELQ ALT
(ORB 0PS, EPS)
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{PPOV)
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< TRIM 1 (0/07:29)
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F
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A/AUTO/VERN Init TRK

E(SaNED pels
(BIOMED, PCIS)
W/RED ]SOLATORSl

ERG/PCIS S
{BIOMED, PCIS)
W/RED ISOLATORS
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LI I

IV_(TDRE}
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T T T
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~ MNVR PAD
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| ] (RNDZ, ENDZ T00LS) (RNDZ, ENDZ TO0LS) [
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n ] 1l C/0 (RADZ, sz LoDLs T3 HHL C/0 (RNDZ, Bunz_mgm‘[mm),nsa I
b 23.00] RPOP OPS (RNDZ, RNDZ TOOLSS RPGP 0PS (RNDZ, RADZ TQOLS) [
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SLEEP

POST=SLEEP ACTIVITY
(ORB 0P5, CREW SY5)

Ta=2 BV=3 0M=0
A/AUTO/VERN (14/06:45) Init TRK

+
TG=4 BV=5 P=270 Y=0 (M=90
A/AUTO/VERN (14/13:30) Init MNVR

POST-SLEEP ACTIVITY
(ORB OPS, CREW $5YS)

MGBX

EDIS EZ ACTIVITIES:
CPA _OPS §0RB OPS,
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STS
(ORB OPS, CHEW SYS)
RAD _STOW/DEPLOY
{ORB 0PS, ECLS)
Stow STBD ﬁAD
BIOMED, SORB 0PS FS, QCA)
RGOHETER SETUP MCC

Inform MCC Exercise
start and stop

EINAL SHUTDOWN
(PL OPS, MGBX)

SQLSE HEALTH CK éPL 0PS, SOLSE)
Step 3 not req'

EILTER CLEANING
(1FM,SCHEDULED MAINTENANCE)

{ORB OPS, ECLS)
Initiate Supply Dump

SUPPLY /WASTE WA’
(ORB OPS, ECLS
Terminate Supply Dump

CUE

(PL OPS, CUL)

(PL OPS, CUE)

BPAC POLLINATION
(PL OPS, CUE)
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OCAC STOW
(ORB OPS, EFEH_SIS)

PGt STOW
stow STS PGSCs

OCA DEACT
gons 0PS, OCA)
PLOPS, )
kéﬁ%@gi%v,z:iif;:ii?if) )
(Possible MA - FREON LOOP)

LANDING-1 COMM_C/Q
(ORB OPS, COMM/INST)

~ TEWPTHECK (PL OPS, SPARTAN)

- +
(ORB OPS, RCS)
(2 Cmn)

< TRIM 5

(ORB OPS, COMM/INST)

TG=2 BV=3  OM=90

(tb-

CABIN iONFIG/STON
ICH} A11)

A/AUTO/VERN (14/23:30) Init-TRK

PRE-SLEEP ACTIVITY
(ORB OPS, (REW SYS)

06 VUHF MODE - OFF

PRIVATE MEDICAL CONF
(ALL)

MGBX

CUE

(PTOPSS LUE)

PGFE_STATUS CHECK
(PL OPS, CUE)

NOTES

UPDATE
ORBITAL
MNVR PAD
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STS

POST-SLEEP ACTIVITY
(ORB OPS, CREW SYS)

06  VUHF MODE - OFF
PRIVATE MEDICAL CONF
(ALL) \

(ORB PKT,

Red MET Bnd location on bottle
PRIORITY PWRUP. GRP B

PRIOR PWRDN)

REENTRY CONFIG
(PL OPS, SPARTAN)

SEAT INST A/L C/0

AADSE _DEACT
(PL OPS, AADSF)

IDGE DEACT (PL OPS, IDGE)
MEPH DEACT (PL OPS, MEPHISTO)
CHeX DEACT (PL OPS, CHeX)
SAMS 1,2 DEACT {(PL OPS, SAMS)

SQLSE _DEACT
(PL OPS, SOLSE)

V{O0P 2 - ICH (tb
{Possible MA - FREON LOOP)

(BIOMED,
(MS1,M52)
TGT BV=5 ‘84 Y=0_  OM=50
A/AUTO/VERN (15/11 21) INIT MNVR

‘I&%%L'OPS, )

D50 331)

MGBX Cut

PRE-DEORBIT PREP ACTIVITIES:

|

AIRLOCK CLOSEQUT
REMOVE Toose items stored in Airlock.
PERFORM AIRLOCK ENT & SW VERIF

0/Q PREP, ENL S LISLACRIE
Q:éc_smu (ORE_OPS, CREW SYS) ‘

Fill drink containers with H20 per
PMC instructions

Go to DEORBIT PREP at 15/11:34 MET
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DAP TABLE

STS-87 GENERIC DAP A CONFIGURATIONS

ITEM#[ Af A2 A3 A4 A5 A6
PRI
ROT RATE 10 0.2000{ 0.4000| 0.2000| 0.5000| 0.2000} 0.2000
ATT DB 1 5.00 1.00 1.00 3.00 5.00 5.00
RATE DB 12 0.20 0.20 0.20 0.20 0.20 0.20
ROT PLS 13 0.10 0.10 0.10 0.10 0.10 0.10
COMP 14 .000 .000 .000 .000 000 .000
P OPTION 15 ALL ALL ALL ALL ALL TAIL
Y OPTION 16 ALL ALL TAIL ALL ALL TAIL
TRAN PLS 17 0.10 0.10 0.10 0.10 0.10 0.10
ALT
RATE DB 18 0.200 0.200 0.200 0.200 0.070 0.070
JET OPT 19 ALL ALL ALL ALL ALL TAIL
# JETS 20 2 2 2 2 1 1
ON TIME 21 0.08 0.08 0.08 0.08 0.08 0.08
DELAY 22 0.00 0.00 0.00 0.00 0.00 0.00
VERN
ROT RATE 23 0.2000| 0.4000| 0.0080| 0.2000{ 0.2000 ] 0.2000
ATT DB 24 1.000 | 1.000 | 0.070 | 1.000 | 1.000 | 1.000
RATE DB 25 .020 020 010 .020 020 .020
ROT PLS 26 .010 010 .010 .010 .010 010
COMP 27 .000 .000 .000 .000 .000 .000
CNTIL. ACC 28 0 0 0 0 0 0
PURPOSE NOMINAL [PTC GG PRE/ LOSSOF [LOSS OF
POST | VERN | VERN
DEPLOY | (N/T) (TAIL
ONLY)




15 4

NIJ/Z8/N1d 1714

STS-87 FLIGHT SPECIFIC DAP A CONFIGURATIONS

ITEM # A7 A8 Ag A10 At Al2
PRI
ROT RATE 10(50) | 0.2000( 0.2000 | 0.7000 0.1000 0.1000 0.1000
ATT DB 11(51) | 2.00 2.00 3.00 3.00 3.00 3.00
RATE DB 12(52) | 0.20 0.20 0.20 0.20 0.20 0.20
ROT PLS 13(3) | 0.10 | 0.10 | gog 0.04 0.04 0.10
COMP 14(54) [ .000 | .000 .000 .000 .000 .000
P OPTION 15(55) | ALL ALL ALL ALL ALL ALL
Y OPTION 16(56) | ALL ALL ALL ALL ALL ALL
TRAN PLS 17(57) | 0.10 0.05 0.01 0.05 0.01 0.10
ALT
RATE DB 18(58) | 0.100 | 0.100 | 0.200 0.200 0.200 0.070
JET OPT 19(59) | ALL ALL ALL ALL ALL TAIL
# JETS 20(60) 2 2 2 2 2 1
ON TIME 21(61) | 0.08 | 0.08 0.08 0.08 0.08 0.08
DELAY 22(62) | 0.00 0.00 3.60 4.50 5.10 1.00
VERN
ROT RATE 23(63) | 0.2000| 0.2000 | 0.2000 0.2000 0.2000 0.2000
ATT DB 24(64) | 1.000 | 1.000 3.000 3.000 3.000 1.000
RATE DB 25(65) .020 .020 200 .200 .200 020
ROT PLS 26(668) | .010 | .010 010 010 010 .010
COMP 27(67) | .000 | .000 '000 000 "000 .000
CNTL ACC 28(68) 0 0 2 1 1 0
PURPOSE RNDZ PROXOPS |SPARTAN  |RELEASE  [VGS/ARMS  [USMP
LOW CAPTURE POSN 5-156 |LOSS OF
HOVER EXT PARK VERNS
VGS,AMS  [VGS, RMS
POSN 14, 16| ACQ POSN

Note: BOLD/ITALICS = not|-Loaded




NI4/28/NTd 114

STS-87 GENERIC DAP B CONFIGURATIONS

ITEM# | B1 B2 B3 B4 B5
PRI
ROT RATE 30 0.5000 | 0.2000| 0.2000 | 0.2000| 0.2000
ATT DB 31 3.00 | 3.00 | 3.00 0.30 | 3.00
RATE DB 32 0.20 0.20 0.20 0.20 0.20
ROT PLS 33 0.04 0.04 0.04 0.04 0.40
COMP 34 .000 | .000 | .000 | .000 .000
P OPTION 35 ALL TAIL ALL TAIL TAIL
Y OPTION 36 ALL TAIL ALL TAIL TAIL
TRAN PLS 37 0.10 0.02 0.02 0.02 0.02
ALT
RATE DB 38 0.200 0.070 0.070 0.200 0.200
JET OPT 39 ALL TAIL ALL ALL ALL
# JETS 40 2 1 1 2 2
ON TIME 41 0.08 0.08 0.08 0.08 0.08
DELAY 42 0.00 0.00 0.00 0.00 0.00
VERN
ROT RATE 43 0.2000 | 0.2000| 0.2000 | 0.0080| 0.0160
ATT DB 44 1.000 1.000 1.000 0.100 0.033
RATE DB 45 020 .020 .020 .010 .020
ROT PLS 46 002 .002 .002 .002 .002
COMP 47 .000 .000 .000 .000 .000
CNTLACC 48 0 0 0 0 0
PURPOSE NOMINAL |LOSS OF [LOSS OF COAS
OMS& | VERN | VERN CAL
RCS (TAIL | (N&T)
BURNS | ONLY)




NId/28/N1d 114

STS-87 FLIGHT SPECIFIC DAP B CONFIGURATIONS

ITEM # B7 B8 BS B10
PRI
ROT RATE 30(50) 0.5000 | 0.2000 0.0500 0.0500
ATT DB 31(51) | 2.00 2.00 1.00 1.00
RATE DB 32(52) | 0.20 0.20 0.20 0.20
ROT PLS 33(53) | 0.04 0.04 0.04 0.04
COMP 34(54) 000 000 000 .000
P OPTION 35(55) ALL ALL ALL ALL
Y OPTION 36(56) ALL ALL ALL ALL
TRAN PLS 37(57) | 0.05 0.01 0.01 0.02
ALT
RATE DB 38(58) | 0.100 | 0.100 0.100 0.100
JETOPT 39(59) ALL ALL ALL ALL
#JETS 40(60) 2 2 2 2
ON TIME 41(61) | 0.08 0.08 0.08 0.08
DELAY 42(62) | 0.00 0.00 4.50 0.00
VERN
ROT RATE 43(63) | 0.2000( 0.2000 | 0.0160 0.0050
ATT DB 44(64) | 1.000 | 1.000 | 1.000 0.100
RATE DB 45(65) .020 020 .020 .020
ROT PLS 46(66) .002 .002 .002 .002
COMP 47(67) .000 .000 .000 .000
CNTL ACC 48(68) 0 0 1 0
PURPOSE RNDZ PROX OPS [SPARTAN SOLSE
DEADBAND | LIMB SCAN
COLLAPSE

Note: BOLD/ITALICS = not |-Loaded




NIZ/L8/N1d L4

DAP  PURPOSE

A1 — NOMINAL

A2 - PTC

A3 - GG

A4 — PRE/POST DEPLOY

A5 — LOSS OF VERN
(NOSE & TAIL)

A6 — LOSS OF VERN
(TAIL ONLY)

A7 - RENDEZVOUS

A8 - PROXOPS

A9 — SPARTAN LOW
HOVER
VGS, RMS POSN
1-4, 16

A10 - RELEASE
CAPTURE
EXT PARK
VGS, RMS ACQ
POSN

A1l VGS/RMS POSN
5-15

A12  USMP
LOSS OF VERNS

CNT ACC

DAP
B1
B2
B3

B4
B5
B7
B8
B9

B10 -

0 UNLOADED
1 SPARTAN RELEASE/CAPTURE/EXT PARK/VGS FOV TESTS 5-15
2  SPARTAN LOW HOVER/VGS FOV TESTS 14
3-5 NOT USED

PURPOSE

NOMINAL

OMS & RCS BURNS

LOSS OF VERN
(TAIL. ONLY)

LOSS OF VERN
(NOSE & TAIL)

COAS CAL
RENDEZVOUS
PROX OPS
SPARTAN DB
COLLAPSE
SOLSE LIMB SCAN

UNIV PTG

TGTID

I

Orbiting Vehicle

2 Earth ctr

3 Earth tgt

Input LAT (£ 90)

LON (+ 180, + = East)
ALT (~-3444.0 to 20000.0 nm)

4 Sun ctr
5 Celestial tgt
input RA (0-359.99)

DEG (4 90)

11-110 Nav Stars

BODY VECT

*nput OM —

1 +X*

2 —X¥

3 -Z*

4 -Y Star Tracker*

5 Optional

Input P (0-359.99)
Y (270-359.99,0-20)
OM (0-359.99)

MON AXIS
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ATTITUDE
TIMELINE

Attitude Timeline

M¥ET/GMT MNVR OPTION DAP E/S8 |REF ATT/REMARKS EVENT
1
000/01:00:00 MET|STS 87 Final
Launch
Nov 15, 1997
323/20:46:00 GMT|323/1%:46:00 2
2
000/01:12:00 MET|TGT=2 Al RATE 0.2000 | EARTH|LVLHE R= 0.00 -ZLYV -XVV
27:00 BV=3 AUTO |DB AT 1.000 |R 360 P=180.00
P= 90.00 VERN|DB RT 0.020 |P %0 ¥= 0.00 |LHP/NaSBE Act
323/20:58:00 GMT Y= 0.00
21:13:00 OM= 0.00
3
000/03:00:00 MET|]INRTL R= 68.00 Al RATE 0.2000 SUN |Star Pair D1 IMU ALIGN
13:20 MNVR P=278.00 AUTO|!DB AT 1,000 R 159 -¥:26
¥=279.00 VERN|{DE RT 0.020 |F 46 -~Z:38 PAIR AOQOS= 03:05
323/22:46:00 GMT LOS= 03:46
59:20
4
000/03:20:00 MET|TGT=2 Al RATE 0.2000|EARTH|LVLE R=180.00 [+ZLV -XVV
25:11 BV=5 AUTO DB AT 1.000 |R 180 P=180.00
P=270.00 VERN|DB RT 0,020 P 30 Y= 0.00 H20 PRODUCTION
323/23:06:00 GMT Y= 0,00
11:11 CM=180.00
5
000/07:29:00 MET Al RATE 0.2000|EARTH|LVLE R=180.00 |RCS TRIM 1
LVLE|DB AT 1.000 |R 180 |HOLD P=180.00 [RCS +X
VERN|DB RT 0.020 |P 30 ¥= 0.00 |Retrograde
324/03:15:00 GMT TV Roll = 0
TIG = 0/07:29
6
000/07:35:00 MET|TGT=2 Al RATE 0.2000 | EARTHE|LVLH R= 0.00 ~ZLV -XVV
50:00 BV=3 AUTO|DB AT 1.000 |R O P=180.00
P= 50.00 VERN|DB RT 0.020 [P 90 Y= 0.00
324/03:21:00 GMT Y= 0.00
36:00 oM= g.00
7
000/20:20:00 MET{TGT=2 Al RATE 0.2000|EARTH|LVLHE R= 0.00 |-XLV +ZVV
27:30 BV=2 AUTO|DR AT 1.000 |R 98 P= 50.00
P=180.00 VERN|DE RT 0.020 [P 180 Y= 0.00 FES OFF
324/16:06:00 GMT ¥= 0.00
13:30 oM= 0.00
8
001/00:00:00 MET|INRTL R=204.04 Al RATE 0.2000 SUN |DAP AS FOR RMS |DPLY ATT
14:56 MNVR P=201.79 AUTO |[DB AT 1.000 |R 270 UNBERTH
Y«316.96 VERN |DB RT 0.020 [P 38 |DAPS Al0/BY9 FOR
324/19:46:00 GMT RELEASE
20:00:56
DAPS A9,A10/BS
9
001/01:05:00 MET|INRTL R=304.04 b= RATE 0.0160 SUN DB COLLAPSE
MNVR P=201.7% AUTO|DB AT 1.000 |R 270
¥=318.96 VERN|DB RT 0.020 |P 38
324/20:51:00 GMT
D1 - 10:00 DAP A to A7
10
001/01:14:15 MET BS RATE 0.0160| SUN {INRTL R=304.04 |SPARTAN RELEASE
FREE|DB AT 1.000 |R 270|HOLD P=201.79 |Rel Window:
VERN|DB RT 0.020 |P 38 ¥=318.96 |Op Noom - 9 min
324/21:00:15 GMT Cl Noon+ 5 min
D1 - 00:45 Rel Open 01:15
11
001/01:16:00 MET|INRTL R=304.00 BS RATE ©0.2000] soy SK POST RELEASE
13 8 MNVR P=202.00 AUTO|DB AT 1.000 |R 2740
¥=319.00 VERN|DB RT 9.020 |P 38
324/21:02:00 GMT
01
DAP B TO BS
12
001/01:21:00 MET A7 RATE 0.2000| SUN |INRTL R=304.00 |SEP 1
INRT|DBE AT 1.000 R 270 |HOLD P=202.00
VERN|{DB RT 0.020 [P 38 ¥=319.00 |When R > 400f¢t
324/21:07:00 GMT XU OUTPUT - HI
PET+00:06 DAP B to B7
we*x ALL ATTITUDES IN MEAN OF 1350 #+* 5-2 FLT PLN/87/FIN

w** DYR EULER SEQUENCE

L8 ]



titude Timeline

MET/GMT MNVR QPTION DAP E/S {REF ATT/REMARKS EVENT
13
001/01:34:00 MET|TGT=2 A7 RATE 0.2000Q |EARTH|{LVLE R=180.00 |Bias +3ZLV -XVV
37:22 BV=5 AUTO|DB AT 1.000 |R 180 P=170.00
BP=260.00 VERN|DB RT 0.020 P 100 Y= 0.00 SEP 2 BURN ATT
324/21:20:00 GMT Y= 0.00
23:22 OM=180.00
PET+00:19
14
001/0L:50:30 MET A7 RATE 0.2000|EARTH|LVLHE R=180.00 |SEpr 2
LVLE|DB AT 1.000 |R 180|HOLD P=170.00 |RCS +X
VERN|DB RT 0.020 |P 100 ¥= 0.00 {1 £fps retro
324/21:36:30 GMT
PET+00:36 TIG = 1/01:53
1s
001/01:55:00 MET|TGT=2 B7 RATE {0.5000|EARTE|LVLE = 0.00 -Z TREK OM=(
02:01:00 BVe5S AUTC|DB AT 2.00 R 180 P= 30.00 KU MODE - COMM
P=240.00 ALT |DB RT 0.200 |P 120 Y= 0.00 |TX/PI HEALTH CK
324/21:41:00 GMT Y= 0.00 (2:08 - 2:42)
47:00 OM= ©0.00
PET+00:40 IN ATT: A/VERN
16
001/02:02:00 MET|LVLE FREE ROTATION A7 RATE 0.2000 LVLE = 0.00 ~Z TRK OM=0(
ROTR ABOUT +Y AXIS LVLE|DB AT 1.000 P= 30.00
RATE=0.016 VERN|DB RT 0.020 Y= 0,00
324/21:48:00 GMT
17
001/03:02:00 MET A7 RATE 0.2000|EARTHE|LVLH Rs= 0.00 NC-1
LVLH|DB AT 1.000 [R 180 |HOLD = 87.60 XLV +2VV
VERN|DB RT 0.020 [P 178 ¥s 0.00 |Multiaxis
324/22:48:00 GMT 2 fps posigrade
18
001/03:05:00 MET|TGT=2 Al RATE O0.2000|FEARTE|LVLE R= 0.00 ~XLV +ZVV
12 BV=2 AUTC|DB AT 1.000 [R 278 = 90.00 5 ORBITS TX/PI
P=130.00 VERN|DB RT 0.020 [P 180 Y= 0.00 |AOS~ SS- 17 min
324/22:51:00 GMT Y= 0.00 LOS~ 88 + % min .
12 OM= 0.00
F¥)
001/09:34:00 MET NC-2
-XLV +ZVV
Multiaxis
325/05:20:00 GMT 1l £ps retro
20
001/11:00:00 MET|TGT=2 Al RATE O0.2000}EARTE|LVLHE R= 0.00 -ZLV -XVV
07:30 BV=3 AUTC|DB AT 1.000 (R O Px=180.00
P= 90.00 VERN|DB RT 0.020 [P 50 ¥= 0.00
325/06:46:00 GMT ¥= 0.00
53:30 OM= 0.00
21
001/20:00:00 MET|TGT=2 Al RATE 0.2000}EARTH|LVLHE R= 0.00 -ZLV +YVV
07:30 BV=3 AUTC|DB AT 1.000 R 360 P=180.00
P= 30.00 VERN|DB RT 0.020 [P 90 ¥= 50.00 CHeX Attitude
325/15:46:00 GMT Y= 0.00 Sensitivity
53:30 OM=270.00
22
001/21:00:00 MET|TGT=2 Al RATE O0.2000|EARTE|LVLHE R=291.01 [BIAS -XLV -¥VV
13:40 BV=5 AUTC|{DB AT 1.000 |R 25 P= 92.05 |GG
P=177.40 VERN|D3 RT 0.020 P 177 ¥=358.00 CHeX Attitude
325/16:46:00 GMT Y= 1.20 Sensitivity
59:40 OM= 69.00
23
001/22:00:00 MET|TGT=2 Al RATE 0.2000|EARTH|LVLH Rs= 0.00 -XLV +ZVV
05:45 BV=2 AUTO|[DB AT 1.000 [R O P= 90.00
P=180.00 VERN|DB RT 0.020 P 180 ¥= 0.00 CHeX Att Thrstr
325/17:46:00 GMT ¥= 0.00 Sansitivity
51:45 o= 0.00
24
002/02:00:00 MET|TGT=2 Al RATE 0,2000|EBARTE|LVLE R= 0.00 -ZLV -XVV
07:30 BV=3 AUTO|DB AT 1.000 |R 360 P=180.400
P= 50.00 VERN|DB RT 0.020 P S0 ¥= 0.00
325/21:46:00 GMT ¥= 0.00
53:30 O¥= 0.00
*#+ ALL ATTITUDES IN MEAN OF 19850 w«=» 5-3 FLT PLN/87/FIN

w##** PYR EULER SEQUENCE

LE 2



Attitude Timeline

MET/GMT MNVR OPTION DAP E/S IREF ATT/REMARKS EVENT
25
002/04:45:00 MET|TGT=2 Al RATE 0.2000 | EARTE{LVLE R= 0.00 |Waste Dump
49:10 BV=3 AUTO|DBE AT 1.000 |R © P=180.00
P= 50.00 VERN|DB RT 0,020 |P 30 Y= 50.00 |[Bias -ZLV +YVV
326/00:31:00 GMT Y= 0.00
35:10 0M=310.00
26
002/07:10:00 MET|TGT=2 Al RATE 0.2000|EARTH|LVLH R= 0.00 |-2LV -XVV
14:10 BV=3 AUTO|DB AT 1.000 |R 360 P=180.00
P= 90.00 VERN|DB RT 0.9020 |P 50 Y= 0.00
326/02:56:00 GMT Y= 0.00
03:00:10 oM= 0.00
27
002/09:35:00 MET NC-3
Multiaxis
326/05:21:00 GMT 1.4 f£ps posi
002/11:45:00 MET|TGT=2 Al RATE 0.2000|EARTH|LVLHE R= 0.00 |MEPHISTO
51:55 BV=5S AUTO|DB-AT 1.000 |R O P= 97.00
P=173.00 VERN|[DE RT 0.020 |P 173 ¥= 0.00 |[Bias -XLV +ZVV
326/07:31:00 GMT ¥= 0.00
37:55 oM= 0.00
29
002/22:10:00 MET|INRTL R=118.00 A7 RATE 0.2000| SOUN |TIG = 2/22:26 NC-4
13:09 MNVR P=189%.00 AUTO|DB AT 1.000 |R 122 RCS +X
¥=353,00 VERN|DB RT 0.020 |P» 58 5.9 fps posi
326/17:56:00 GMT TV Roll 0
55:09
T - 02:59
30
002/22:28:00 MET|TGT=2 B7 RATE 0.5000|EARTH|LVLE = 0.00 -Z TGT TREK
29:23 BV=2 AUTQO|DB AT 2.00 R 180 P= 90.00 |LVLE EQUIV
P=180.00 PRI |DB RT 0.20 P 180 ¥= 0,00
326/18:14:00 GMT ¥= 0.00 KU MODE - RDR
15:23 OM= 0.00
31
002/23:10:00 MET|TGT=2 A7 RATE G.2000] EARTE|LVLHE R= 0.400 -Z TGT TREK
50 BV=5 ATUTO|DB AT 1.00C {R 360 P=100.00
P=170.00 VERN|DB RT 0.020 P 170 Y= 6.00 LVLH EQUIV
326/18:56:00 GMT ¥= 0.00
50 OM= 0.00
32
002/23:45:00 MET|TGT=2 A7 RATE {.2000|EARTH|LVLHE = 0.00 |-2 TGT TRK
50 BV=2 AUTO|DB AT 1.000 |R 49 P= 90.00
P=160.00 VERN|DB RT 0.020 [P 180 ¥= 0.00 |LVLHE EQUIV
326/19:31:00 GNMT Y= 0.00
50 OM= 0.00
33
003/00:00:00 MET|LVLE FREE ROTATION A7 RATE 0.2000 LVLE R= 0.00 |-2Z TGT TRX
ROTR ABOUT +Y AXIS LVLE|DB AT 1.000 P= 90.00
RATE=0.020 VERN|DB RT 0.020 = Q.00 |LVLH EQUIV
326/19:46:00 GMT
34
003/00:29:00 MET B7 RATE ©0.2000|EARTH|LVLH = 0.08 |weCC
LVLH|DEB AT 1.000 RO HOLD P=124.80 RCS Multi Axis
VERN|RPE RT 0.020 [P 145 Y= 0.00 {0 £fps
326/20:15:00 GMT
Ti - 00:56 TIG = 3/00:29
35
003/00:30:00 MET|LVLH FREE ROTATION A7 RATE 0.2000 LVLE R= 0.00 |-2 TGT TRK
ROTR ABOUT +Y¥ AXIS LVLE|DB AT 1.000 P=124.80
RATE=0.064 VERN|DB RT 0.020 Y= 0.00 |LVLE EQUIV
326/20:16:00 GMT
36
003/01:00:00 MET|LVLH FREE ROTATION A7 RATE 0.2000 LVLE R= 0.00 -2 TGT TRK
ROTR ABOUT +Y AXIS LVLE|DB AT 1.000 P=240.00
RATE=0.017 VERN|DE RT 0.020 Y= 0.00 |LVLE EQUIV
326/20:46:00 GMT
#%* ALL ATTITUDES IN MEAN OF 1950 %=w 5-4 FLT PLN/87/FIN

ws* PYR EULER SEQUENCE

L2 2]



Attitude Timeline
MET /GMT MNVE OPTION DAP E/S |REF ATT/REMARKS EVENT
37
003/01:10:00 MET|INRTL R=143.00 B7 RATE 0.2000]| SUN |Prel TIG Ti
19:51 MNVR P=142.00 AUTO|DB AT 1.000 |R 12%| 03/01:25:00 TV Roll 180
Y= 55.00 VERN|DB RT 0.020 [P 108 Retrograde
326/20:56:00 GMT
21:05:51
38
003/01:29:00 MET|TGT=2 B7 RATE O0.5000|EARTE|LVLE R= 0.00 |-2 TGT TRK
3i:04 BV=1 AUTO|DB AT 2.00 R 76 P=270.00
P= 0.00 PRI |DB RT 0.20 PO ¥= 0.00 |LVLH EQUIV
326/21:15:00 GMT = 0.00
17:04 OM= 0.00
a9
002/01:35:00 MET|[LVLEH FREE ROTATION A7 RATE (0.2000 LVLE R= 0.00 ~Z TGT TRK
ROTR ABOUT +Y AXIS LVLH|DE AT 1.000 P=270.00
RATE=0.010 VERN|DB RT 0.020 Y= 0.00 LVLH EQUIV
326/21:21:00 GMT
40
003/02:10:00 MET|LVLH FREE ROTATION A7 RATE 0.2000 LVLE R= 0.00 -Z TGT TRK
ROTR ABOUT +¥Y AXIS LVLE|DE AT 1.000 P=291.00
RATE=0.033 VERN|DB RT 0.020 ¥= 0.00 |LVLH EQUIV
326/21:56:00 GMT
41
003/02:40:00 MET|TGT=2 B7 RATE 0.2000| EARTH|LVLE R= 0.00 |ESTABLISH RBAR
48 BV=5S AUTO|DB AT 1.000 |R 180 P= 0.00
P=270.00 VERN|DB RT 0.020 P 90 T= 0.00 |MAN TRAJ CNTL
326/22:26:00 GMT ¥= 0.00
48 OM= 0.00
DAP AB/BS
42
003/03:10:00 MET|TGT=2 A8 RATE 0.2000|EARTE|LVLE R= 0.00 |VGS POS PITCH
11:15 BV=5 AUTO|DB AT 1.000 |R 180 P= 15.00
P=255.00 VERN|DB RT 0.020 |P 105 Y= 0.00 FOV Ops Step 1
326/22:56:00 GMT ¥= 0.00 Pitch up 15 deg
57:15 OM= 0.00
43
003/03:12:00 MET|TGT=2 A8 RATE 0.2000[/EARTE|LVLE R= 0.00 |VES NEG PITCH
14:3¢0 BV=6 AUTO|DB AT 1.000 |R 180 =345.00
P=285.00 VERN|DB RT 0.020 |P 75 Y= G.00 FOV Ops Step 2
326/22:58:00 GMT ¥= 0.00 Pitch dn 15 deg
23:00:30 OM= 0.00
44
003/03:15:00 MET|TGT=2 A8 RATE 0.2000} EARTE|LVLE R= ¢.00 }|VGS RETURN +2ZLV
16:15 BV=5 ATTO|DB AT 1.000 |R 1BO P= 0.00
P=270.00 VERN|DB RT 0.020 [P 90 ¥= 0.00 [FOV Ops Step 3
326/23:01:00 GMT Y= 0.00
02:15 OM= 0.00
45
003/03:17:00 MET|TGT=2 A8 RATE O0.2000|EARTE|LVLE Rx340.00 |VGS NEG ROLL
13:40 BV=5 AUTO|DPB AT 1.00C |R 200 P= 0,00
P=270.00 VERN|DB RT 0.020 |P 50 = 0.00 FOV Ops Step 5
326/23:03:00 GMT ¥Y=340.00 20 deg mpeg xocll
04:40 oM= 0.00
46
003/03:20:00 MET|TGT=2 A8 RATE 0.2000|EARTH|{LVLE Ra= 20.00 |VGS POS ROLL
23:20 BV=5 AUTO|DB AT 1.000 |R 160 P= 0.00
P=270.00 VERN|DB RT 0.020 P 50 = 0.00 FOV Ops Step &
326/223:06:00 GMT Y= 20.00 20 deg pos roll
0%:20 OM= 0.00
47
003/03:25:00 MET|TGT=2 A8 RATE 0.2000|EARTH|LVLE R= 0.00 |VGS RETURN +ZLV
26:40 BV=5 AUTO|DBE AT 1.000 |R 180 = 0.00
P=270.00 VERN |DB RT (0.020 P 90 = 0.00 FOV Ops Step 7
326/23:11:00 GMT Y= 0.00
12:40 OM= 0.00
48
003/04:20:00 MET Prior to 118ft |[When R - 80 £t
Beta Cnly -S5deg|RR loszes lock
KU MODE - COMM
327/00:06:00 GMT
*#%% ALL ATTITUDES IN MEAN OF 1950 **= 5-5 FLT PLN/87/FIN

*x* PYR EULER SEQUENCE

LER




Attitude Timeline

MET{GMT MNVR OPTION DAP E/S RE¥ ATT/REMARKS EVENT
49 —
003/04:44:00 MET|Post Capture: Post Capture SPARTAN GRAPPLE
DAP: Al10(BS8) Beta 21 4+ mask
-10<AZ<100
327/00:30:00 GMT -85<EL<-10
50
003/04:55:00 MET|TGT=2 AlQ0 |RATE 0.2000|EARTE|LVLE R= 0.00 |VGS/RMS SETUP
05:10:00 BV=3 AUTO|DB AT 3.000 |R O P=180.00
P= 90.00 VERN|DB RT 0.200 [P SO ¥= 90.00 |-ZLV +¥YVV
327/00:41:00 GMT Y= 0.090 Noae South
56:00 OM=270.00
51
003/05:20:00 MET|INRTL BV=5S AlQ0 |RATE 0.2000 INRTL R=326,16 |[VGS ROTOR
RCTR P=180.00 AUTO|DEB AT 3.000 P=100.23
Y= 0.00 VERN|DB RT 0.200 ¥=333.21 -X ROLL
327/00:56:00 GMT
VGS DAPS:A9,All
52
003/08:20:00 MET|TGT=2 Al0 |RATE 0.2000 { EARTH|LVLE R= 0.00 SPARTAN BERTH
03 BV=3 AUTC|DB AT 3.000 |R 360 P=180.00
P= 350.00 VERN|DB RT 0.200 [P 90 = 50.00 |-ZLV +YVV
327/03:56:00 GMT ¥=0.00
03 OM=270.00
DAP: A9
53
003/08:40:00 METI{TGT=2 Al RATE 0.2000}EARTH|LVLE R= 0.00 |-ZLV -XVV
47:30 BV=3 AUTC|DE AT 1.000 (R 360 P=180.00
P= 50.00 VERN|DEB RT 0.020 [P 90 Y= 0.00
327/04:26:00 GMT Y= 0.00
33:30 OM= 0.00
54
003/10:25:00 MET Post Burn: RCS TRIM 2
Depleoy Stbkd Rad
Multiaxis
327/06:12:00 GMT
58
003/13:30:00 MET|TGT=2 Al2 |RATE 0.2000)EARTH|LVLE R=180.00 |AADSF
45:00 BVaS AUTC|DB AT 1.000 |R 360 P= 10.00 Bias =-ZLV +XVV
P=100.00 VERN|DB RT 0.020 |P 100 ¥= 0.00
327/09:16:00 GMT Y= 0.00
31:00 OM=180.00
DAP: Al2(B1l)
56
003/22:00:00 MET|TGT=2 Al2 |RATE 0.2000|EARTHE|LVLE R= 0.00 |MEPHISTO
15: 00 BV=a5S AUTO|DE AT 1.000 R 360 P= 97.00
P=173.00 VERN|D2 RT 0.020 |P 173 ¥= 0.00 |Bias -XLV +2VV
327/17:46:00 GMT Y= 0.00
18:01:00 CHM= 0.00
57
004/10:30:00 MET|TGT=2 Al2 |RATE 0.2000jEARTH|LVLE R= 0.00 |-ZLV -XVV
36:55 BV=3 AUTC|DB AT 1.000 |R 360 P=180.00
P= 90.00 VERN|DB RT 0.020 |P $0 ¥= 0.00
328/06:16:00 GMT Y= 0.00
22:55 CM= 0.00
58
004/13:45:00 MET|TGT=2 Al2 |RATE 0.2000|EARTH|LVLE R=180.00 {AADSF
14:00:00 BV=5 AUTC|DB AT 1.000 |R @ P= 10.00 Bias -ZLV +XVV
P=100.00 VERN|DB RT 0.020 |P 100 ¥= 0.00
328/09:31:00 GMT Y= 0.00
46:00 OM=180.00
5%
005/00:30:00 MET|TGT=2 Al2 RATE 0.2000 |EARTE|LVLE R= 0.00 EVA -2LV -XVV
45:00 BV=3 AUTC|DB AT 1.000 |R O P=180,00
P= 90.00 VERN|DB RT 0.020 |P 8C ¥= 0.00 |{Stow Stbd Rad
328/20:16:00 GMT Y= 0.00
31i:00 OM= 0.00
60
005/08:45:00 MET|TGT=2 Al2 |RATE 0.2000}EARTH|LVLE R=180.00 |SPRINT
59:1¢0 BV=a3 AUTO|DB AT 1.000 (R O P= 0.00 BIAS -ZLV +XVV
P= 90.00 VERN|DB RT 0.020 P S0C ¥Y=350.00
329/04:31:00 GMT| Y= 0.00 KU Optimize OM o
45:10 OM=170.00
#¢* ALL ATTITUDES IN MEAN OF 1950 ##w 5-6 FLT PLN/87/FIN

*a% PYR EULER SEQUENCE

L2 23




Attitude Timeline

MET/GMT MNVR OPTICN DAP E/S |REF ATT/REMARKS EVENT
61
005/11:45:00 MET|TGT=2 Al2 |RATE 0.2000|BARTH|LVLE R= 0.00 |[MEPHISTO
59:23 BV=35 AUTO|DB AT 1.000 |R 360 P= 97.00
P=173.00 VERN|DB RT 0.020 |P 173 Y= 0.00 Bias -XLV +2ZVV
329/07:31:00 GMT = 0.00
45:23 OM= 0.00
62
007/04:45:00 MET|TGT=2 Al2 |RATE 0.2000|EARTH|LVLH =R= 0.00 |RCS TRIM 3
52:45 BV=5 AUTO|DB AT 1.000 [R © P=130.00 |+X Retrograde
P= B80.00 VERN |DB RT 0.020 [P 80 ¥= 0.00
331/00:32:00 GMT ¥= 0.00 Deploy Stbd Rad
38:45 OM= 0.00
63
007/05:05:00 MET|TGT=2 Al2 RATE 0.2000}EARTH|LVLH R=180.00 |AADSF
20:00 BV=5 AUTO |DB AT 1.000 |R 360 P= 10.00 |Bias -ZLV +XVV
P=100.00 VERN|DB RT 0.020 |P 100 ¥= 0.00
331/00:51:00 GMT ¥= 0.00
01:06:00 OM=180.00
64
010/04:45:00 MET|TGT=2 AlZ |RATE 0.2000{EARTH|LVLHE R= 0.00 |MEPHISTO
05:00:00 BV=5 AUTO|DR AT 1.000 |R O P= 97.00
P=173.00 VERN|DB RT 0.020 |P 173 ¥= 0.00 |Bias «XLV +2VV
334/00:31:00 GMT ¥= 0.00
46:00 OM=  0.00
65
011/19:40:00 MET|TGT=2 Al RATE 0.2000|EARTE|LVLE R=180.00 RCS TRIM 4
55:00 BV=5 AUTO(DEB AT 1.000 [R O P=350.00 [Bias -ZLV +XVV
P= 80.00 VERN[DE RT 0.020 [P 80 ¥= 0.00 |+X Posigrade
335/15:26:00 GMT Y= 0,00
41:00 OM=180.00
66
011/20:00:00 MET|TGT=2 Al2 |RATE 0.2000|EARTH|LVLH R=180.00 |AADSF
0l:40 BV=5 AUTO DB AT 1.000 |R © P= 10.00 |Bias -ZLV +XVV
P=100.00 VERN|[DE RT 0.020 |P 100 Y= c.00
335/15:46:00 GMT Y= 0.00
47:40 CM=180.00
67
012/07:00:00 MET|TGT=2 Al2 |RATE 0.2000|EARTH|LVLH R= 0.00 |MEPHISTO
15:00 BVaS AUTO |DB AT 1.000 |R 360 P= 57.00
P=173.00 VERN |DE RT 0.020 |P 173 ¥= 0.00 |Bias -XLV +ZVV
336/02:46:00 GMT ¥= 0.00
03:01:00 OM= 0.00
68
012/15:30:00 MET|TGT=2 Al2 |RATE 0.2000|EARTH|LVLE R= 0.00 |SOLSE SETUP
37:32 BV=3 AUTO|DB AT 1.000 (R 285 P=104.70 |LIMB SCAN
P= 90.00 VERN|DB RT 0.020 |P 90 ¥=2270.00 [BIAS -YLV +2VV
336/11:16:00 GMT ¥Y=284.,70
23:31 OM= 90.00
69
012/16:15:00 MET|TGT=2 B10 |[RATE 0.0050]EARTH|LVLE R= 0.00 DB CCLLAFSE
BV=5 AUTO |DB AT 0.100 (R 285 P=104.70 |SOLSE LIMB SCAN
P= 50,00 VERN|DB RT 0.020 [P 90 ¥=270.00 [BIAS -YLV +2ZVV
336/12:01:00 GMT ¥Y=2B4,70
OM= 90.00
70
012/16:25:00 MET|{TGT=2 810 |RATE 0.0050|EARTE(LVLE R= 0.00 |LIMB SCAN
31:40 BV=S AUTO |[DB AT 0.100 |R 287 P=106.70
P= 90.00 VERN |DB RT 0.020 |P 50 Y=270.00 |BIAS -YLV +ZVV
336/12:11:00 GMT Y=286.70
17:40 OM= $0.00
71
012/16:32:00 MET|TGT=2 Bl0 |RATE 0.0050|EARTH|LVLE R= 0.00 |RETURN
38:40 BV=5 AUTO|DB AT 0.100 |R 285 P=104.70
P= %0.00 VERN{DB RT 0.020 |P 390 Y¥Y=270.00 |BIAS -YLV +3VV
336/12:18:00 GMT Y=284.70
24:40 OM= 950.00
72
012/16:39:00 MET|TGT=2 Bl0 |RATE C.0050|EARTE|({LVLE R= 0.00 |LIMB SCAN
45:40 BV=5 AUTC|DB AT 0.100 |R 287 P=106.70
Px 50.00 VERN|DB RT 0.020 [P 90 ¥=270.00 [BIAS -YLV +ZVV
336/12:25:00 GMT ¥=286.70
31:40 OM= 90.00
**%* ALL ATTITUDES IN MEAN OF 1950 ##w 5-7 FLT PLXN/87/FIN

**% PYR EULER SEQUENCE

W



Attitude Timeline

MET/GMT MNVR OPTION DAP E/S !REF ATT/REMARKS EVENT
73
012/16:46:00 MET|TGT=2 Bl0 |RATE 0.0050|EARTE]JLVLE R= 0.00 |RETURN
52:40 BV=5 AUTO|DE AT 0.100 |R 285 ‘P=104.70
P= 50.00 VERN|DB RT 0.020 |P 80 ¥=270.00 |BIAS -YLV +2VV
336/12:32:00 GMT ¥Y=284.70
38:40 OM= 90.00
74
012/16:53:00 MET|TGT=2 B10 |RATE O0.0050|EARTH|LVLE R= 0.00 |LIMB SCAN
59:40 BV=5 AUTO|DB AT 0.100 |R 287 P=106.70
P= 90.00 VERN|DB RT 0.020 |P 9C ¥=270.00 |BIAS -YLV +2ZVV
336/12:39:00 GMT ¥=286.,70
45:40 OM= 50.00
75
012/17:00:00 MET|TGT=2 Bl0O RATE 0.0050 |EARTE|LVLH R= 0.00 RETURN
06:40 BV=5 AUTO!DB AT 0.100 }R 285 P=104.70
F= 90.Q0 VERN|DB RT 0.020 P 90 ¥=270.00 BIAS -YLV +ZVV
336/12:46:00 GMT ¥=284.70
52:40 OM= 30.00
76 .
012/17:07:00 MET|TGT=2 B10 |RATE O0.0050|BARTH|LVLH R= 0.00 |LIMB SCAN
13:40 BV=5 AUTO|DB AT 0.100 |R 287 P=106.70
P= 950.00 VERN|DB RT 0.020 |P S0 ¥=270.00 |BIAS -YLV +ZVV
336/12:53:00 GMT ¥=286.70
59:40 OM= %0.00
77
012/17:25:00 MET|TGT=2 AlZ |RATE 0.2000|BARTH|LVLE R= 0.00 [MEPEISTO
32:32 BV=5 ATUTO|DB AT 1.000 |R O = 97.00 |Bias -ZXLV +2VV
P=173.00 VERN|DB RT 0.020 |P 173 Y= 0.00
336/13:11:00 GMT ¥= 0.00
18:32 OM= 0.00
78
012/20:10:00 MET|TGT=2 Al2 |RATE 0.2000|EARTE|LVLE R=180.00 |AADSF
25:00 BV=5 AUTO|DB AT 1.000 |[R O Ps 10.00 |Bias -ZLV +XVV
P=100.00 VERN|DB RT 0.020 P 100 Y= 0.00
336/15:56:00 GMT ¥= 0.00
16:11:00 OM=180.00
79
013/14:00:00 MET|TGT=2 Al2 |RATE 0.2000]|EARTE|LVLE R= 0.00 |[SOLSE LIMB VIEW
09:44 BV=5 AUTO|DB AT 1.000 |R 286 P=105.70
P= 90.00 VERN|DB RT 0.020 |P 90 ¥=270.00 |BIAS -YLV +ZVV
337/09:46:00 GMT ¥a2285.70
55:44 OM= 90.00
80
013/18:40:00 MET|TGT=2 Al2 |RATE 0.2000]|EARTH|LVLE R= 0,00 |-ZLV -XVV
49:17 BV=3 AUTO|DB AT 1.000 |[R 360 P=180.00
P= 90.00 VERN|DB RT 0.020 |P 90 ¥= 0.00
337/14:26:00 GMT Y= Q.00
35:17 OM= 0.00
81
013/22:30:00 MET|TGT=2 AlZ |RATE 0.2000|EARTH|LVLHE R=180.00 |AADSF
45:00 BV=5S AUTC|DB AT 1.000 |[R 360 P= 10.00 Bias -ZLV +XVV
P=100.00 VERN|DB RT 0.020 P 1400 ¥T= 0.00
337/18:16:00 GMT ¥= 0.00
31:00 O¥=180.00
82
014/06:45:00 MET|TGT=2 Al2 |RATE 0.2000 | EARTH|LVLE R= 0.00 -ZLV -XVV
07:00:00 BV=3 AUTO|DB AT 1.000 (R 360 P=180.00
P= 90.00 VERN|DB RT 0.020 [P 380 ¥= 0.00 |[Stow rads
338/02:31:00 GMT ¥= 0.00
46:00 OM= 0.00
B3
014/13:30:00 MET|TGT=4 RA= 250.087 |Al2 |RATE 0.2000]{ SUN |INRTL R= 97.15 [+ZSI
37:55 BV=5 DEC= -22.181S|AUTO|DB AT 1.000 {R 180 P=115.26
P=270.00 VERN|DB RT 0.020 |P 30 Y= 28.68
338/09:16:00 GMT Y= 0.00
23:55 OM= 50.00
84
014/18:33:00 MET Ku Stow 18:40 RCS TRIM
Placeholder
338/14:19:00 OGMT EOM Croasrange
*+* ALL ATTITUDES IN MEAN OF 195( #+=* 5-8 FLT PLN/87/FIN

*++« PYR EULER SEQUENCE

LA 2



Attitude Timeline

MET/GMT MNVR COPTION DAP E/S |REF ATT/REMARKS EVENT
85
014/23:30:00 MET|TGT=2 Al RATE 0.2000|EARTH|LVLE R= 0.00 ~ZLV -YVV
43:19 BV=3 AUTO|{DB AT 1.000 |R 0O P=180.400
P= 90.00 VERN|DB RT 0,020 |P 90 ¥=270.00
338/19:16:00 GMT ¥= 0.00
29:19 OM= 90.00
86
015/11:21:00 MET|TGT=4 RA= 251.056 |al RATE 0.2000| SUN |INRTL R=256.54 ~XSI COLDSOAXR
27:48 BV=5 DEC= -22.303S|AUTO|DB AT 1.000 |R 180 P=310.28
P=184,00 VERN DB RT 0.020 |P 1768 Y= 64.96
339/07:07:00 GMT ¥= 0.00
13:43 OM= 90.00
87
015/12:38:00 MET{INRTL R= 86.00 Al RATE 0.2000]| SUN |IMU Pair D/O IMU ALIGN
50:39 MNVR P=252,00 AUTO|DB AT 5.00 R 157 -Y: 37
¥= 14.00 PRI |DB RT 0.20 P 118| -2: 13
335/08:24:00 GMT
36:39
88
015/12:56:00 MET!|INRTL R=177.00 Bl RATE 0.5000 SUN |Verif Pair D/O IMU VERIF
59:18 MNVR P=279.00 AUTO|DB AT 3.00 R 79 ~Y: 18
Y=324.00 PRI |DB RT 0.20 P 80 -Z: 41
339/08:42:00 GMT
45:18
89
015/13:11:00 MET|IXRTL R=157.00 TRN |RATE 0.5000| suN COMM
13:27 MNVR P=284.00 AUTO|PB AT 3.50 R 30
Y= 35,00 PRI |DB RT 0.290 P 150
339/08:57:00 GMT
59:27
$0
015/15:21:00 MET|INRTL R= 66.00 TRN |RATE 0.5000| SUN |Prel TIG DEORBIT BURN
25:18 MNVR P=185.00 AUTO|DB AT 3.500 |[R 136] 15/15:36:00 TV Roll 180
¥=2957.00 VERN|DB RT 0.200 [P 26
339/11:07:00 GMT
11:18
*++ ALL ATTITUDES IN MEAN OF 1950 &« 5-3 PLT PLN/87/FIN
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TIMELINE
STS-87 MDF TIMELINE
000/00 01 0 qS 04 0 08 07 08 OP 10 11 12 . ﬁ3 14 lf 16 17 HB 19 ZP ﬁl 22 001
MET PEVEL L AT Y I S I Y I i e i s i i mey ot eedan bl bonbeaoabaednalsn
A
FD1 I MEAL |V 1580 PRE SLEEP SLEEP POST SLEEP ELF
ﬁ INSERTION} ACT c/0 ¢/0 ACTIVITIES
T ¢
ot bt b bbb bttt Lot Lo Dt L ptvlotobdolotolotedn e bbb b b pbnlante
DAY/NIGHT
e f-=ZLV -XVV | FARY vV
ATTITUDE | ’ KU COMM—
AAUSF INTT——TF2 —J—TURN/TEMP_RAMP —
MEPHISTO CLD OUTGAS (stqlif ] HOT OUTGAS (stq Z) { HEATUP (stg 3)
CHeX J———INITIAE ] DELAY } HEATER CAL ——]
TDGE = MELT/FREEZE PT { DENDRITIC GROWTH
AP HTR— k TEST 3 + TEST 4
PGRP B PWRDN
NOTES
001/00 01 0 4] 04 i} 06 a7 0 09 10 11 1 1 14 16 17 1 19 0 21 22 002
MET Day 001 i1l ll!llﬁlhl|3II|IIlllllllsllllllll|Il|rl|IIFI!'IIIIIIHIHIII Illllﬁl“lﬂl]lllllllI]]5H|HIHIII|H||I]BH|II ulnzllliulnlu t||;|2|3|I|l
H
b
FD2 3 WCI ACTIVITIES PEP ACTIVITIES PRE SLEEP SLEEP POST SLEEP FCS C/OFOE:
'—v‘—v—v—vm
] H 2 hr sampie é F
*
bttt bbb bt bt e Lol s bt b g pdubeto b bted e bt bt o Ll Tmiam
DAY/NIGHT
T KU COMM BIAS XLV, +ZVV
ATTITUDE BIAS -ZLV. +XVV ’ BIAS -ZLV. +XVV
AADSF —+———S0LN DIFFUSION FZza PROCESSING SOLN GIFFUSION F2b_PROCESSING
WEPHIRTO HEATUP (stq 3 ] SEEBECK
CHeX —WIDE G_DATA i HI RES DATA (10}
TDGE DENDRITIC GROWTH
LHP TEST 1
“ELF ACTIVITIES
*MGBX SHTDWN
NOTES
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STS-87 MDF TIMELINE

002/00 Ot 02 4 0|5 06 07 08 10 11 1 1I3 14 15 16 17 IF 19 20 21 ZF 2|3 003
MET Day 002 Tl dadobindn Dt bl vl bt b bee]be b Do e ot Lo D b i i N m 1plie
SEAT
FD 3 EXERCISE | MEAL | OFF | CABIN sToM I,:'/SLT PRE SLEEP SLEEP POST SLEEP |  DEORBIT PREP
/0
Locbeet b bt bt o L pelebbad ot nlli|n|u|1|i||1||l||||||||||||||l||||1|||I|||ui|||||ﬁ|lu!|||lll||[|l|||
1l
ORB%gHT
F—BIAS -ZLV, +XVW—] BIAS -ZtV, +XVV b=-XS1- — COMM—
ATTITUDE ’ XLV, +ZVY ’ LY, YW g
ARDST F2c SEED — SOLK DIFFUSION i F2¢ PROCESSING FURN COOL-—————————F4
MEPHISTO SEEBECK I PELTIER | ONCH/CE |
? Eé HI TEMP DATA (1} t SERDRTTIE R HI RTSE DATA (8} { _
) QQTH 1
LHP TEST 1 i — EST 2
DysMp DEACT
NOTES
003700 01 0 004
MET Day 003 [yylialertus |2:I| ﬁli|;|||||||5|:I||!||l|||||IH|B||IHlulnhllululuﬁlIuﬁlluhliulu!llInlnlninﬁrll'h'!:a it '|I'=[2HI;|2!3|HH
pp LT
ER |t A i
D4 0El D¢
g {9 I '8
] I * N |i'*
T . 1 ﬁlu ' ] ] 1 . . N . R N R R
o Lidthboedh 1|}||||||t|l|||||?||||l|||l||||l|||it|l||||||||}|lllllllllllsllllllrlltll|I|||11l1||1|I||Illlllllilllllllxlllll|1!|||1||||I|||||I:
DRBIT -
ATTITUDE | ENT
AADSF
MEPHISTO
LHeX
1DGE
LHP
* EDW “EDW B/U
NOTES
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NOTES

FLIGHT PLAN NOTES
(CONSTRAINTS AND GUIDELINES)

FLIGHT DESCRIPTION

Orbiter: OV102/Columbia
Inclination: 28.45°
Insertion Altitude: 150 nm
Duration: 16 + 2 days

CREW

STS-87
CDR - Kevin Kregel

PLT - Steve Lindsey (RMS2,1V)
MS1 - Kalpana Chawla (RMS1)
MS2 - Winston Scoit (EV1)
MS3 - Takao Doi (EV2)

PS1 - Leonid Kadenyuk

COMMUNICATIONS

TDRS Support:
East (41° W), West (174° W), Z (85° E)

Backup Real-Time TV: Goldstone - GDS(GDX),
Merritt Island - MIL(MLX)

Contingency GSTDN:

(MLX#), Bermuda ~ BDA(BDX#), Goldstone - GDS(GDX*), and Dryden - DFRC
Contingency RTS:
Hawaii (HTS), Guam (GTS), Vandenburg (VTS), Diego Garcia (DGS)

*UHF capability
Lead time for site callup: GSTDN - 2 hr

PAYLOADS
1. UNITED STATES MICROGRAVITY PAYLOAD - 4 (USMP-4)

The USMP-4 payload consists of two Multipurpose Equipment Support
Structures (MPESSSs) with supporting subsystems, two bridge structures, six
payload bay experiments, and Middeck Glovebox (MGBX). The six payload
bay experiments are as follows:

a. Advanced Automated Directional Solidification Furnace {AADSF) -
AADSF is a furnace designed to grow high quality crystals for
electro-optical materials, as well as produce alloys and metals. ltis a
multizone—type furnace capable of establishing very steep thermal
gradients as well as long isothermally heated regions.

b. Material Pour L'Etude Des Phenomenes Interessant La Solidification Sur
Terre Et En Orbite (MEPHISTO) - MEPHISTO is a sophisticated furnace
that will perform fundamental studies of different parameters which
influence crystalline growth, such as the thermal gradient, the solidification
rate, and the characteristics of the solidified sample in microgravity.
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¢. Isothermal Dendritic Growth Experiment (IDGE) - IDGE’s goal is to
develop and verify a mathematical model relating dendrite growth rates
and tip radii to tip undercooling. The materials studied are transparent,
crystalline organics whose behavior mimics that of pure metal and metal
alloy systems.

d. Confined Helium Experiment (CHeX) - CHeX will measure the effect of
the proximity of walls on the transition from normal to super fluid (lambda
transition) in liquid helium.

e. Space Acceleration Measurement System (SAMS) - SAMS is capable of
measuring, storing, and downlinking large blocks of acceleration data in
the 0 to 100 Hertz frequency range. SAMS provides acceleration
measurements in support of MEPHISTO, AADSF, and IDGE.

f.  Orbital Acceleration Research Experiment (OARE) - QOARE will measure
low frequency accelerations along the orbiter’s principal axes and provide
near real-time downlink of acceleration data.

The Microgravity Glovebox (MGBX) is a facility designed for materials science
and biological science experiment handling. The MGBX facility is installed in
the middeck and provides an enclosed working area for experiment
manipuiation and observation. The three MGBX experiments are:

a. Particle Enguliment and Pushing by Soliditying interfaces (PEP) - The
PEP experiment will improve the understanding of the physics associated
with solidification ot mixtures of liquid metal/ceramic particies.

b. Wetting Characteristics of Immiscibles (WCI) - WCI will investigate the
influence of alloy/ampoule wetting characteristics on the segregation of
immiscible liquids during microgravity processing.

¢. Enclosed Laminar Flames (ELF) - The ELF experiment will study the flow
characteristics of laminar flames in microgravity.

. SPARTAN-201 (SP-201)

SP-201 will carry two instruments that will study the Sun. The Ultraviolet
Coronal Spectrometer {(UCS) from the Smithsonian Astrophysical Observatory
and a White Light Coronograph (WLC) from the High Altitude Observatory will
examine the physics of the solar wind acceleration region during a free-flight

period of approximately two days duration. SP-201 has three secondary
experiments:

a. Technology Experiment Augmenting Spartan (TEXAS) - TEXASisa
Goddard Space Flight Center (GSFC) Radio Frequency (RF)
communications experiment which will provide flight experience for
components baselined on future Spartan missions, and a real-time
communications and control link with the primary SP-201 experiments.
The link for this Spartan mission will provide fine pointing adjustment to the
WLC based on solar images downlinked real time.

b. Video Guidance Sensor (VGS) - VGSis a George C. Marshall Space

Flight Center (MSFC) laser guidance system which will test a key
component of the Automated Rendezvous and Capture (AR&C) system.
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c. Spartan Auxiliary Mounting Plate (SPAM) - SPAMis a test of a small
equipment mounting plate which will provide a mounting location for small
experiments or auxiliary equipment on the Spartan Flight Support
Structure (SFSS). SPAM is passive and requires no crew interaction.

. EVADEVELOPMENT FLIGHT TEST - 05 (EDFT-05)

The EDFT-05’s main objective is to demonstrate International Space Station
(1SS) on-orbit, end-to-end EVA assembly and maintenance operations. A
secondary objective is expanding the EVA experience base for the ground and
flight crews. A single EVA is planned for STS-87.

. COLLABORATIVE UKRAINIAN EXPERIMENT (CUE)

The CUE will study the effects of microgravity on plant growth and is composed
of a group of experiments flown in the middeck. The experiments have been
selected from investigators in the Ukraine and the United States as a model for
scientific coilaboration between the two countries. CUE wiil be supported by
an Ukrainian Payload Specialist (PS) and will use the MGBX facility to harvest
CUE samples.

. LOOP HEAT PIPE (LHP) FLIGHT EXPERIMENT

The LHP will test advanced thermal energy management technology,
validating technology readiness for the LHP to be incorporated into an
upcoming commercial spacecraft application. It is mounted in a standard
unsealed 5-cubic foot Hitchhiker (HH) canister on the starboard side of the

PLB and will share avionics with the Sodium Sulfur Battery Experiment
(NaSBE).

. SODIUM SULFUR BATTERY EXPERIMENT (NaSBE)

The NaSBE will characterize the performance of four 40 amp-hour
sodium-sulfur battery cells. Itis installed in a Hitchhiker (HH) canister on the
starboard side of the PLB and will share avionics with the LHP.

- SHUTTLE OZONE LIMB SOUNDING EXPERIMENT {SOLSE)

The SOLSE will perform limb and Earth viewing observations to determine the
altitude distribution of ozone in an attempt to understand its behavior and
quantitative changes in the composition of our atmosphere.

. GET-AWAY SPECIAL PAYLOAD 036 (G-036)

The G-036 studies the effects of microgravity on the formation of concrete and
on a sample of asphalt.

. TURBULENT GAS JET DIFFUSION FLAMES (TGDF)
The TGDF will gain an understanding of the fundamental characteristics of

transitional and turbulent gas jet diffusion fiames under microgravity
conditions.
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D. RISKMITIGATION EXPERIMENTS (RMEs)

1. IN-SUIT DOPPLER ULTRASOUND FOR DETERMINING THE RISK OF
DECOMPRESSION SICKNESS DURING EXTRAVEHICULAR ACTIVITIES
(RME 1309)

RME 1309 will use an In-Suit Doppler System to evaluate the possibility of
reduced prebreath requirements for EVA, without compromising operational
safety of increasing the risk of decompression sickness (DCS) to astronauts.

2. AUTONOMOUS EVA ROBOTIC CAMERA/SPRINT FLIGHT TEST
(AERCAM/Sprint) (RME 1323)

AERCAM/Sprint will demonstrate that a free flying camera platform can be
designed to augment on-orbit operations for both the orbiter and space
station.

E. ON-ORBIT DETAILED SUPPLEMENTAL OBJECTIVES (DSOs)
1. EDUCATION TV (DSO 802)
Two live educational events, one with an American school and one with an
Ukrainian school will be scheduled using the CUE experiment as the focus of
discussion. Five events using USMP as the focus will be recorded for playback
during the mission, but will not be live, interactive events.

2. LES AND SUSTAINED WEIGHTLESSNESS ON EGRESS LOCOMOTION
(DSO 331)

Instrumentation will be donned prior to entering the Deorbit Prep Checklist so
that egress biomedical data may be recorded for post flight analysis.
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2800

NIJ/Z8/N1d 1714

(Adoo peonpai)

CUE CARD
CONFIGURATION

TOP

STS-87 GENERIC DAP A CONFIGURATIONS

ITEM # Al A2 A3 Ad A5 A8
PRI
ROT RATE 10 0.2000 | ©.4009| 0.2000{ 0.5000| 0.2000}| 0.2000
ATT DB 11 5.00 1.00 1,00 3.00 5.00 5.00
RATE DB 12 0.20 6.20 0.20 0.20 0,20 0.20
ROTPLS 13 0.10 0.10 0.10 0.10 0.10 0.10
COMP 14 .000 .000 .000 .000 .000 .000
P OPTION 15 ALL ALL ALL ALL ALL TAIL
Y OPTION 16 ALL ALL TAIL ALL ALL TAIL
TRAN PLS 17 0.10 0.10 0.10 0.10 0.10 0.10
ALT
RATE DB 18 0.200 0.200 0.200 0.200 0.070 0.070
JET OPT 19 ALL ALL ALL ALL AlLL TAIL
# JETS 20 2 2 2 2 1 1
ON TIME 21 0.08 0.08 0.08 0.08 0.08 0.08
DELAY 22 0.00 0.00 0.00 0.00 0.00 0.00
VERN
RCT RATE 23 0.2000 | 0.4000| 0.0080| 0.26C0 | 0.2000| 0.2000
ATT DB’ 24 1.000 | 1.000 | 0.070 | 1.000 }{ 1.000 | 1.000
RATE DB 25 .020 .020 .010 020 020 .020
ROTPLS 26 .010 010 .010 010 .010 .010
COMP 27 .000 .000 .000 .000 .000 .000
CNTL ACC 28 o 0 0 0 0 0
PURPOSE NOMINAL [PTC GG PRE/ LOSSOF |LOSS OF
POST | VERN { VERN
DEPLOY | (NT) (TAIL
ONLY)
) ] ] o _ i i i ) i FLT PLN-18/87/0/8
HINGE
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TOP
HINGED AT BOTTOM OF
‘STS-87 GENERIC DAP A CONFIGURATIONS’

STS-87 FLIGHT SPECIFIC DAP A CONFIGURATIONS

ITEM # A7 A8 A9 A10 All At2
PRI
ROT RATE 10(50) | 0.2000] 0.2000| 0.1000 0.1000 0.1000 0.1000
ATTDB 11(51) | 2.00 2.00 3.00 3.00 3.00 3.00
RATE DB 12(52) | 0.20 0.20 0.20 0.20 0.20 0.20
ROT PLS 13(63) | 0.10 | 0.10 | g04 0.04 0.04 0.10
COMP 14(54) .000 .000 .000 .000 000 .000
P OPTION 15(68) 1 ALL ALL ALL ALL ALL AtL
Y OPTION 16(56) | ALL ALL ALL ALL ALL ALL
TRAN PLS 17(567) | 0.10 0.05 0.01 0.05 0.01 0.10
ALT
RATE DB 18(58) | 0.100 | 0.100 | 0.200 0.200 0.200 0.070
JET OPT 19(59) | ALL ALL ALL ALL ALL TAIL
# JETS 20(60) 2 2 2 2 2 1
ON TIME 21(61) | 0.08 0.08 0.08 0.08 0.08 0.08
DELAY 22(62) | 0.00 0.00 3.60 4.50 5.10 1.00
VERN
ROT RATE 23(63) | 0.2000] 0.2000| 0.2000 0.2000 0.2000 0.2000
ATTDB 24(64) { 1.000 | 1.000 | 3.000 3.000 3.000 1.000
RATE DB 25(65) .020 .020 .200 200 200 .020
ROTPLS 26(66) .010 .010 .010 010 .010 .010
compP 27(67) 000 .000 .000 .000 .000 .000
CNTL ACC 28(68) 0 ] 2 1 7 0
PURPOSE RNDZ PROX SPARTAN '|RELEASE VGS/RMS USMP
OPS LOW CAPTURE POSN 5-15 |LOSS OF
HOVER EXT PARK VERNS
VGS, RMS VGS/AMS
POSN 1-4, 16] ACQ POSN

Note: BOLD/ITALICS = notl-lLoaded

FLT PLN-1aa/87/0/B l



ATNO 3sSn av4d

800

NId/L8/N1d 114

(Adoo paonpai)

TOP

STS-87 GENERIC DAP B CONFIGURATIONS

ITEM # B1 B2 B3 B4 B5
PRI
ROT RATE 30 0.5000| 0.2000| 0.2000( 0.2000| 0.2000
ATTDB 31 3.00 3.00 3.00 0.30 3.00
RATE DB 32 0.20 0.20 0.20 0.20 0.20
ROT PLS 33 0.04 0.04 0.04 0.04 0.40
COMP 34 .000 000 .000 .000 .000
P OPTION 35 ALL TAIL ALL TAIL TAIL
Y OPTION 36 ALL TAIL ALL TAIL TAIL
TRAN PLS 37 c.10 0.02 0.02 0.02 0.02
ALT
RATE DB 38 0.200 0.070 0.070 0.200 0.200
JET OPT 39 ALL TAIL ALL ALL ALL
# JETS 40 2 1 1 2 2
ON TIME 41 0.08 0.08 0.08 0.08 0.08
DELAY 42 0.00 0.00 0.00 0.00 0.00
VERN
ROT RATE 43 0.20001 0.2000]| 0.2000| 0.0080| 0.0160
ATT DB 44 1.000 1.000 1.000 0.100 0.033
RATE DB 45 .020 .020 020 010 .020
ROT PLS 46 002 002 .002 002 .002
COMP 47 .000 000 .000 .000 000
CNTL ACC 48 0 0 0 0 0
PURPOSE NOMINAL [LOSS OF |LOSS OF COAS
OMS & VERN VERN CAL
RCS (TAIL (N&T)
BURNS CNLY)
i ) L ) i ) ) ) ) ] ____FLT PLN-1b/87/0/B |
HINGE |
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TOP
HINGED BOTTOM OF
‘STS-87 GENERIC DAP B CONFIGURATIONS'

— . — . —— — . E—  f— . — i — i w— — — O — . —  — — — - ——

STS-87 FLIGHT SPECIFIC DAP B CONFIGURATIONS

ITEM# | B7 B8 BS B10
PRI
ROT RATE 30(50) | 0.5000| 0.2000 | 0.0500 | 0.0500
ATT DB 31(51) | 200 | 2.00 1.00 1.00
RATE DB 32(52) | 0.20 | 0.20 0.20 0.20
ROT PLS 33(53) | 0.04 | 0.04 0.04 0.04
COMP 34(54) .000 .000 .000 .000
P OPTION 35(55) { ALL | ALL ALL ALL
Y OPTION 36(56) | ALL | ALL ALL ALL
TRAN PLS 37(57) | 0.06 | 0.01 0.01 0.02
ALT
RATE DB 3s(se) | 0.700 | 0.100 | 0.100 0.100
JET OPT 39(59) | ALL | ALL ALL ALL
# JETS 40(60) 2 2 2 2
ON TIME 41(61) | 0.08 | 0.08 0.08 0.08
DELAY 42(62) { 0.00 | 0.00 4.50 0.00
VERN
ROT RATE 43(63) | 0.2000| 0.2000 | 0.0760 | 0.0050
ATT DB 44(64) | 1.000 | 1.000 | 1.000 0.100
RATE DB 45(65) | .020 | .020 .020 .020
ROT PLS 46(66) | .002 | .o002 .002 .002
COMP a7(67){ .000 | .o00 .000 .000
CNTL ACC 48(68) 0 0 1 0
PURPOSE RNDZ PROX OPS |SPARTAN SOLSE
DEADBAND | LIMB
COLLAPSE | SCAN

Note: BOLD/ATALICS = notl-Loaded
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