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Launch time

¢+ MetOp-A injection using Soyuz/ST

+ Launch site: Baikonur Cosmodrome, Kazakhstan

+ Launch date: Monday, July 17, 2006

+ Lift-off time: 19h 28mn 09.6s DMT*
¢ GMT DMT-3 hours = 16h 28mn 09.6s July 17, 2006
+ Paris time DMT-1 hour = 18h28mn 09.6s July 17, 2006
¢+ Moscow time DMT+1 hour =20h 28mn 09.6s July 17, 2006
+ Baikonur time DMT+3 hours =22h 28mn 09.6s July 17, 2006

*DMT : Moscow Decree Time (GMT + 3 hours)
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= Main flight events (1/2)

FLIGHT EVENT DMT UTC Time from lift-off Paris [Baikonur
h:mn:s [ h:mn:s sec | h:mn:is | h:mn:s | h:mn:s
Soyuz/ST ascent phase
Lift-off 19:28:10 | 16:28:10 0,00 00:00:00 | 18:28:10 | 22:28:10
1st stage separation 19:30:08 | 16:30:08 [ 118,20 | 00:01:58 | 18:30:08 | 22:30:08
Exit from shade 19:30:18 | 16:30:18 | 128,00 | 00:02:08 | 18:30:18 | 22:30:18
2nd stage separation 19:32:58 | 16:32:58 | 287,60 | 00:04:48 | 18:32:58 | 22:32:58
Aft section separation 19:32:58 | 16:32:58 | 288,08 | 00:04:48 | 18:32:58 | 22:32:58
Fairing separation 19:32:59 | 16:32:59 | 289,16 | 00:04:49 | 18:32:59 | 22:32:59
llird stage cut-off 19:36:56 | 16:36:56 | 525,81 | 00:08:46 | 18:36:56 | 22:36:56
Fregat + MetOp-A separation 19:36:59 | 16:36:59 | 529,11 | 00:08:49 | 18:36:59 | 22:36:59
First Fregat burn - injection to the transfer orbit
Start of pre-burn acceleration 19:37:04 | 16:37:04 | 534,11 | 00:08:54 | 18:37:04 | 22:37:04
Fregat main engine ignition 19:37:59 | 16:37:59 | 589,11 | 00:09:49 | 18:37:59 | 22:37:59
End of visibility from Russian stations 19:41:57 | 16:41:57 | 827,00 | 00:13:47 | 18:41:57 | 22:41:57
Fregat main engine cut-off 19:45:33 | 16:45:33 | 1042,57 | 00:17:23 | 18:45:33 | 22:45:33
Coast phase on the transfer orbit - "barbecue" mode
Coast phase start 19:45:43 | 16:45:43 | 1052,57 | 00:17:33 | 18:45:43 | 22:45:43
Attitude maneuver start 19:46:30 | 16:46:30 [ 1100,00 | 00:18:20 | 18:46:30 | 22:46:30
3-axis attitude start 19:48:30 | 16:48:30 | 1220,00 | 00:20:20 | 18:48:30 | 22:48:30
3-axis attitude end, attitude maneuver for the 2nd burn 20:27:40 | 17:27:40 | 3570,00 | 00:59:30 | 19:27:40 | 23:27:40
Second Fregat burn - injection to the separation orbit, MetOp-A separation
Start of pre-burn acceleration 20:30:07 | 17:30:07 | 3717,10 | 01:01:57 | 19:30:07 | 23:30:07
Fregat main engine ignition 20:31:02 | 17:31:02 | 3772,10 | 01:02:52 | 19:31:02 | 23:31:02
Entry to the shade 20:31:35 | 17:31:35 | 3805,00 | 01:03:25 | 19:31:35 | 23:31:35
Fregat main engine cut-off 20:31:54 | 17:31:54 | 3823,83 | 01:03:44 | 19:31:54 | 23:31:54
Beginning of attitude maneuver for MetOp-A separation | 20:31:55 | 17:31:55 | 3824,63 | 01:03:45 | 19:31:55 | 23:31:55
AOS by Kerguelen (elevation angle 5°) 20:36:20 | 17:36:20 | 4090,00 | 01:08:10 | 19:36:20 | 23:36:20
MetOp-A separation command 20:36:54 | 17:36:54 | 4123,93 | 01:08:44 | 19:36:54 | 23:36:54
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= Main flight events (2/2)

FLIGHT EVENT DMT uTC Time from lift-off Paris |Baikonur
h:mn:s | himn:s sec | h:min:s | h:mn:s | h:mn:s
Fregat second coast phase
Beginning of Fregat attitude maneuver for thermal mode | 20:37:00 | 17:37:00 | 4130,00 | 01:08:50 | 19:37:00 | 23:37:00
End of visibility from Kerguelen (elevation angle 5°) 20:49:16 | 17:49:16 | 4866,00 | 01:21:06 | 19:49:16 | 23:49:16
Exit from the shade 21:03:49 | 18:03:49 | 5739,00 | 01:35:39 | 20:03:49 | 00:03:49
AOS by Russian ground stations (elevation angle 5°) 21:04:52 | 18:04:52 | 5802,00 | 01:36:42 | 20:04:52 | 00:04:52
S/C contingency separation command 21:04:55 | 18:04:55 | 5805,10 | 01:36:45 | 20:04:55 | 00:04:55
MetOp-A separation confirmation 21:10:00 | 18:10:00 | 6110,00 | 01:41:50 | 20:10:00 | 00:10:00
Third Fregat burn - deorbitation to the reentry trajectory
Beginning of Fregat attitude maneuver 21:11:00 | 18:11:00 | 6170,00 | 01:42:50 | 20:11:00 | 00:11:00
Start of pre-burn acceleration 21:14:00 | 18:14:00 | 6350,00 | 01:45:50 | 20:14:00 | 00:14:00
Fregat main engine ignition 21:14:55 | 18:14:55 | 6405,00 | 01:46:45 | 20:14:55 | 00:14:55
Fregat main engine cut-off 21:15:15 | 18:15:15 | 6425,00 | 01:47:05 | 20:15:15 | 00:15:15
End of visibility from Russian stations 21:21:57 | 18:21:57 | 6827,00 | 01:53:47 | 20:21:57 | 00:21:57
Fregat atmosphere reentry 21:52:51 | 18:52:51 | 8681,00 | 02:24:41 | 20:52:51 | 00:52:51
Notes:

AOS - Acquisition of signal
GTS - Ground Tracking Station
LO - Lift-Off
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Time of report

Summarized launch preparation sequence (1/2)

DMT Before LO CopepxxaHue goknaga Contents of report
July 17, 2006

03:18:10 16:10:00 MpunbbiTve komaHabl No onepaunsim ¢ KC B ByHkep S/C Operation team arrival in bunker

09:23:10 10:05:00 KoHTponb cBA3wn. Network verifications

09:28:10 10:00:00 ["oToBHOCTL K nycky — 10 yac. Readiness for launch — 10 hours

09:28:10 10:00:00 FoToBHOCTL PB ®PEIAT K Havany paboT nyckoBOro AHS. Confirmation of FREGAT readiness for beginning of launch day activities

11:28:10 08:00:00 PacueTt PH 3aHan paboune mecta, npuctynun kK paboTte no rpacpmky nyckoBoro Launcher personnel begins operations according to the launch day schedule
OHS.

11:58:10 07:30:00 Hayatbl 3awutHble onepaunm no CY PB® Beginning of preliminary check-out of FREGAT Control System

12:23:10 07:05:00 [OTOBHOCTL K Nycky - 7 yac Readiness for launch — 7 hours

12:58:10 06:30:00 HayaTto koHTponbHoe BkntoyeHne TMU Pb® Beginning of FREGAT TM system verification

13:23:10 06:05:00 [OTOBHOCTL K nycky - 6 yac Readiness for launch — 6 hours

14:18:10 05:10:00 Hauat Habop cTtapToBoi rotoBHoCT PBE®. Beginning of FREGAT launch readiness setting

14:23:10 05:05:00 [oTOBHOCTbL K MycKy — 5 yac. AneKkTpomarHMTHas coBmecTuMocTb Ha CK B Readiness for launch — 5 hours. Electromagnetic environment is nominal
HopMme.

15:23:10 04:05:00 [oTOBHOCTL K Mycky — 4 yac. Mony4yeHbl METEOYCINOBUS B paioHe CTapTOBOWN Readiness for launch — 4 hours. Weather report is received. Temperature under
nosuumun. Temnepatypa nog 'O — Hopma the fairing is normal.

15:28:10 04:00:00 HauyaTo 3acenaHwue lNoc. Komuccun no sanpaske PH Beginning of the State Commission meeting for launcher fueling authorization

16:08:10 03:20:00 Hauara 3anpaska PH komnoHeHTamun Tonnuea. Beginning of Launch Vehicle fuelling with propellant components.

16:23:10 03:05:00 ["loTOBHOCTb K MycKy — 3 4ac Readiness for launch — 3 hours

16:42:50 02:45:20 Mony4yeHbl pesynbTaTthbl perucTpauun temnepatypbl nog MO The temperature measurements under the fairing are received

17:23:10 02:05:00 ["OTOBHOCTb K MycKy — 2 4ac Readiness for launch — 2 hours

17:58:10 01:30:00 Mony4eHbl pesynbTaTthl peructpauun temnepatypsl nog MO The temperature measurements under the fairing are received

18:18:10 01:10:00 PH 3anpaeneHa BceMu KOMNOHEHTaMu ToNuBea. Launch Vehicle is fuelled with all propellant components

18:23:10 01:05:00 loToBHOCTBL K NMycky — 1 4yac Readiness for launch — 1 hour

18:33:10 00:55:00 BkntoyeHue cuctembl Tenemetpumn TM1 ®perata Fregat Telemetry system TM4 switched ON
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Time of report

Summarized launch preparation sequence (2/2)

DMT Before LO CopepxaHue aoknaga Contents of report
July 17,2006

18:53:10 00:35:00 [oTOBHOCTbL K nycky — 30 MUHYT Readiness for launch — 30 mn

18:58:10 00:30:00 BkntoveHue cuctemsbl TenemeTpun TM6 ®dperaTta n cuctembl CNyTHUKOBOW Fregat Telemetry TM6 and Navigation ASN systems switched ON
HaBuraumm

18:58:10 00:30:00 Hauat otBog doepm ob6ecnyxkuBaHus. FotoBHocTs PH 1 BB k pa3ssegeHuto Beginning of servicing tower retraction. Launch Vehicle and Upper
depm obcnyKmBaHNs Composite readiness for servicing tower retraction

19:08:10 00:20:00 BknioyeHue cuctemsl POM ®perata FREGAT Tracking RDM system switched ON

19:08:10 00:20:00 Hoknag o rotoBHocT! — 15 MuH. O passegeHsl. NpoBeaeHoO BKNOYeHKE Readiness for launch — 15 mn. Servicing tower are retracted. Launcher TM
CUCTEMbI U3MEPEHUS U oueHKka napameTpos PH. system is switched ON

19:12:50 00:15:20 [oTOBHOCTBL K Mycky — 10 MUHYT. Readiness for launch — 10mn

19:17:10 00:11:00 «MPOTAXKA I» Tape advance I: Launch Vehicle Ground equipment telemetry recording ON

19:17:50 00:10:20 [oknag o rotoBHOCTN — 5 MUHYT. BeigaH curHan «fotoBHOCTb KIMY» Readiness for launch — 5 mn. Upper composite Readiness signal is

issued

19:22:00 00:06:10 [OTOBHOCTb K Nycky — 1 MUHYyTa Ready for launch at HO — 1 mn report

19:23:00 | 00:05:10 «KJTKOY HA CTAPT» Key on start

19:23:10 00:05:00 Mepexon Pb ®perat Ha 6opTOBOE NUTaHUE FREGAT transfer to onboard power supply

19:23:10 00:05:00 «MPOOYBKA» Purging

19:24:35 00:03:35 «MPOTAXKA I1» Tape advance II: Launch Vehicle On board telemetry recording ON

19:25:05 | 00:03:05 «KITHOY HA OPEHAX» Keyto the drainage

19:25:35 00:02:35 KomaHga Ha c6poc OTpbIBHbIX pa3beMoB BB. «HAOOYB» Upper Composite Umbilical "LLI0" drop off command. Pressurization

19:27:25 | 00:00:45 CUCTEMA KOHONLUNOHUPOBAHNA BbIKIMKOYEHA. « 3EMNA — BOPT» Air conditioning system is switched off. Ground-board

19:27:50 00:00:20 «MYCK», «BOPTOBOE NMMUTAHUE» Launch, "On-board power on"

19:27:53 00:00:17 «3AKUTAHUE», «KKWCNOPOO» Ignition, "Oxygen"

19:27:55 | 00:00:15 «MPEOBAPUTENbHAA CTYTEHb» Preliminary thrust level

19:28:03 00:00:07 «MPOMEXYTOYHAA CTYMNEHb» Intermediate thrustlevel

19:28:04 00:00:06 «OTM» Inertial platform release

19:28:07 | 00:00:03 «MTABHAA CTYTIEHb» Full thrustlevel

19:28:10 | +00:00:00 «MOABEM» (19:28:09.6 MDT, 16:28:09.6 UTC) Lift-off (19:28:09.6 MDT, 16:28:09.6 UTC)
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3 - Soyuz/ST ascent phase
Soyuz/ST flight phase description and timeline
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1 - Lift-off 00:00:00.00 | At the nose module separation %
Cmapm lMpu omdenenuu I'G

i \ 2 - End of vertical motion 00:00:08.00
\ Launcher performance 8440 kg
*
||

200

OKoHYaHUe 8epmuKanbHo20 08LXeHUS
< ™ 3 - First stage medium thrust 00:01:52.00 | Xapakmepucmura PH s
\ CpedHss msza | cmyneHu Inclination 98.72°
First/second stage separation 00:01:58.20 | Haknorerue

Omadenerue I/l cmyneHu Altitude 230 km
4 - Second stage cut-off 00:04:46.58 EE’CO’“? ,
Beikntoverue Y Il cmyneru s. velocity 6796 m/s

Altitude (km)
@
o

Second/third stage separation 00:04:47.60 | A0¢-ckopocmb

100 Omédenerue I/l cmyneru |
Aft section separation 00:04:48.08
OmdereHue x80cmoeoeo omeeKka
Fairing jettisoning 00:04:49.16
Cépoc O
5 - Third stage cut-off 00:08:45.80
BeiknoveHue Y Il cmyneHu
50 A 6 - Nose module separation 00:08:49.10 —

OmdeneHue 2onoeHozo bBrioka

U 200 400 600 800 1000 1200 1400 1600 1800
Relative distance (km)
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Coordinates B106N S48'W
Semimajor Axis Azimuth,  283°
Semimajor Axis Di

imension: 70 km
Semiminor Axis Dimension 50 km
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Soyuz/ST flight timeline (1/3)
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Time of report
DMT Flight time (s)
July 17, 2006

CopepxxaHue goknaga

Contents of report

19:28:10
19:28:20
19:28:30

19:28:40

19:28:50
19:29:00
19:29:10
19:29:20
19:29:30
19:29:40
19:29:50
19:30:00

19:30:10

19:30:20
19:30:30
19:30:40
19:30:50
19:31:00
19:31:10

Mpollen KOHTaKT nogbema
MapameTpbl cuctemsl ynpasnernus PH B Hopme
Osuratenu 1% n 21 ctyneHen paboTatoT yCTONUNBO

MapameTpbl KOHCTPYKUMK PH B Hopme

Crabunusauusi usgenus yctonumsasi

[asneHve B kamepax gsurarenen B Hopme

TaHrax, pbickaHue , BpalleHne B Hopme

MoneTt HopManbHbIN

MapameTpbl cuctemsl ynpasnexwms PH B Hopme
Osuratenu 11 n 2i ctyneHen paboTtaloT HOpMansHO
MapameTpbl KOHCTPYKUMK PH B Hopme

TaHrax, pbickaHue , BpalleHne B Hopme

EcTb BbIkntoueHneasuratenen 60KkoBbIX OOKOB.
Ectb oToeneHue 6okoBbix 6nokoB (118.20 c)

Crabunusaumsa nsgennsi yctondmsas
MapameTpbl kKOHCTPYKUMKU PH B HOopme
[BuraTtens 2ii cTyneHn pabotaeT HopMansHO
MapameTpbl cuctemol ynpasneHusa PH B Hopme
Crabunusaumsa nsgennsi yctondmsas

MapameTpbl KOHCTPYKUMKU PH B Hopme

"Lift-off" command passed
Launcher control system parameters are nominal
Engines of 1st and 2nd stages operate normally

Launcher structure parameters are nominal.
Roll maneuver completed

Launcher stabilization is nominal

Pressure in engines chambers are nominal
Pitch, Yaw and Roll are nominal

Flight is nominal

Launcher control system parameters are nominal
Engines of 1st and 2nd stages operate normally
Launcher structure parameters are nominal
Pitch, Yaw and Roll are nominal

Cut-off of lateral booster's engines.
Separation of lateral boosters (118.20 s)

Launcher stabilization is nominal

Launcher structure parameters are nominal
Engine of 2nd stage operates normally

Launcher control system parameters are nominal
Launcher stabilization is normal

Launcher structure parameters are nominal
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Soyuz/ST flight timeline (2/3)
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Time of report
DMT Flight time (s)
July 17, 2006

CopepxxaHue goknaga

Contents of report

19:31:20
19:31:30
19:31:40
19:31:50
19:32:00
19:32:10
19:32:20
19:32:30
19:32:40
19:32:50

19:33:00

19:33:10

19:33:20
19:33:30
19:33:40
19:33:50
19:34:00
19:34:10

19:34:20

19:34:30

Osuratens 2 ctyneHn pabotaeT HOpMarbHO

MapameTpbl CUCTEMbI yrIpaBreHns B HOpMe

MoneT HopmarnbHbIA

Crabunusaums n3genusa yctonumsas. Bpemsa Krl

OsuraTtens 2 ctyneHn pabotaeT HopMarbHO

TaHrax, pbiCckaHue , BpalleHve B HopMe

MapameTpbl KOHCTPYKUuM PH B HOpme

MoneT HopMarnbHbIA

MapameTpbl CUCTEMbI yNIpaBreHns B HOpMe

Mpoluen rapaHTUiHbIA HagayB 6aka okucnuTens 31 CTyneHn

EcTb 3anyck asuratenst 31 CTyneHu.
EcTb BbIkntoveHue apuratens 2 CTyneHu.
Crabunusauns n3genusa yctonymneas

EcTtob cbpoc naHenen xBocToBOro otceka (288.1 c).
EcTb cbpoc cTBOpok ronosHoro obtekatens (289.16 c)

Crabunusaums n3genua yctonymneas
MapameTpbl KOHCTPYKUun PH B HOpme
OeuraTtens 3n ctyneHu pabotaeT yCTONYMBO
MapameTpbl CUCTEMBI YNPaBRNEHUSI B HOPME
MoneT HopMarnbHbIA

TaHrax, pbickaHue , BpalleHne B HopMe

MapameTpbl KOHCTPYKUuuKn PH B HopMe.
Mpowwno Bkyymuposaxue Ay CO3 PB®.

Oeuratens 31 cTyneHn paboTaeT yCTON4YMNBO.

Engine of 2nd stage operates normally
Control system parameters are normal
Flight is normal

Launcher stabilization is normal. Lift-off time information.

Engine of 2nd stage operates normally

Pitch, Yaw and Roll are nominal

Launcher structure parameters are nominal

Flight is normal

Control system parameters are normal

Pressurization of 3rd stage oxidizer tank was performed

3rd stage engine started.
2nd stage engine cut-off confirmed.
2nd stage separation confirmed (287.6 s).

Separation of the aft section of 3rd stage (288.1 s).
Fairing separation accomplished (289.16 s)

Launcher stabilization is nominal

Launcher structure parameters are nominal
Engine of 3rd stage operates normally
Control system parameters are nominal
Flight is normal

Pitch, Yaw and Roll are nominal

Launcher structure parameters are nominal.
Fregat ACS depressurisation confirmed

Engine of 3rd stage operates normally.

—@. EUMETSA]—— ST-MTP-PDP-39 - MetOp-A Flight documentation, Edition 3




Soyuz/ST flight timeline (3/3)
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Time of report
DMT Flight time (s)
July 17, 2006

CopepxxaHue goknaga

Contents of report

19:34:40
19:34:50
19:35:00
19:35:10
19:35:20
19:35:30
19:35:40
19:35:50
19:36:00
19:36:10
19:36:20
19:36:30
19:36:40
19:36:50
19:37:00
19:37:05

MapameTpbl CUCTEMbI yrIpaBreHs B HOpMe
Crabunusauns n3genusa yctonumeas
MoneT HopmanbHbIf

TaHrax, pbickaHune, BpalleHne B Hopme
Osuratene 3n ctyneHn pabotaeTycTonumBo
Crabunusauns n3genusa yctonumneas
MoneT HopmanbHbIA

MapameTpbl kOHCTPYKUMM PH 1 PB B HopMme.
OeuraTtenb 3ii cTyneHn paboTaeTyCcToNYnBO
MapameTpbl CUCTEMbI YNIpaBeHUs B HOpMe
Crabunusaums nsgenusi yctondmeasi
MoneT HopmanbHbI

TaHrax, pbickaHue, BpalleHue B Hopme

Cuctema ynpasneHust paboTaeT LWTaTHO

EcTb BbIkntoveHve asuratens 3n ctynexm (525.8 c).

EcTb otaenexune tpetben ctynenn ot I'b (529.1 c¢)

Control system parameters are nominal
Launcher stabilization is normal

Flight is normal

Pitch, Yaw and Roll are nominal

Engine of 3rd stage operates normally

Launcher stabilization is normal

Flight is normal

LV and Fregat structure parameters are nominal.
Engine of 3rd stage operates normally

Control system parameters are nominal
Launcher stabilization is normal

Flight is normal

Pitch, Yaw and Roll are nominal

Control system is operating normally

Cut-off the 3rd stage engine (525.8 s)
Separation of the NM from third stage confirmed (529.1 s)
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Fregat separation

T 00:08:49.1
Altitude 230 km
Vi 6796 mis
0 - Local pitch 0.2°
Inclination 98.72°
NM mass 8440 kg

Fregat 1" burn

Tocs 00:08:54.1
j e, 00:09:49.1
Teivoe 00:17:22.6
Duration  00:07:33.46
W 1289.35 m/s
Fuel spending 2755 kg

Fregat 3" burn

] 01:45:50.0
j ooy 01:46:45.0
Teuicer 01:47:05.0
Duration 00:00:20.0
Altitude 828.4 km
AV 2294 mfs
Fuel spending 90 kg

Visibility from Russian p % (R .
ground tracking stations a3 ‘ 2 %

Transfer orbit

a 6858.86 km
e 0.04676
i 98.74°
RAAN 24077"
@ 94.50°
3-axis attitude

Start 00:20:20
End 00:59:30
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Separation orbit

T 17:36:53.5UTC
a 7188.64 km
[ 0.00245
i 98.74°
9] 75.20°
RAAM (2000 257.51°
) 107.80°

Tsan 01:08:43.93

METOP separation

Latitude 69.96°S

Longitude 82.71°E

Separation sequence

Taia 01:03:44.6

Fregat 2™ burn

Tics 01:01:57.1

j om—— 01:02.52.1
Texivoes 01:03:43.8

Duration ~ 00:00:51.7

Altitude, . 848.9 km

AV 182.1 m/s

Fuel spending 319 kg

Fregat re-entry

Altitude 100 km
Entry angle 213
V entry 8.03 km/s

Latitude  25.64°S

Longitude 145.22° W
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Fregat flight profile

3804

m Solar shade

| Visibility of Russian GTS
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Visibility of Russian GTS
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Fregat 1st burn Fregat 2nd burn

NM separation
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MetOp separation

Fregat 3rd burn




1. Sub-orbital trajectory

Orbit parameters

Fregat + MetOp-A separation time 529.11's

Altitude 230 km

Inclination 98.72°

Absolute velocity 6 796 m/s
First burn |

2.Transfer orbit

Tosc = 1052.57 s

Inclination 98.74°

Semi major axis 6858.9 km

Eccentricity 0.04676

Longitude of asc. node 75.20°

Argument of perigee 94.50°

Note: time is counted from lift-off
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Second burn

4. Fregat re-entry orbit

Re-entry time 8681 s
Re-entry coordinates

Latitude 25.64° S
Longitude 145.22° W
Re-entry altitude 100 km
Re-entry velocity 8.03 km/s
Re-entry azimuth -167.30°

1 Third burn

3. Separation orbit

Tosc = 4123.93 s

Inclination 98.74°
Semi major axis 7188.64 km
Eccentricity 0.00245
Longitude of asc. node 75.20°
Argument of perigee 107.80°
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Fregat flight path
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Freqgat flight timeline (1/4)

DMT Event / Operation

19:36:59
19:37:04
19:37:59
19:38:00
19:39:00
19:40:00
19:40:57
19:41:00
19:41:14
19:41:51
19:42:00
19:43:00
19:45:32
19:45:42
19:46:30
19:48:00
19:48:30
19:49:00
19:56:00
19:57:00
20:00:00
20:13:10
20:13:10
20:18:00

00:08:49
00:08:54
00:09:49
00:09:50
00:10:50
00:11:50
00:12:47
00:12:50
00:13:04
00:13:41
00:13:50
00:14:50
00:17:23
00:17:33
00:18:20
00:19:50
00:20:20
00:20:50
00:27:50
00:28:50
00:31:50
00:45:00
00:45:00
00:49:50

Main engine cut-off

3-axis attitude start

20:18:00
20:27:40

00:49:50

00:59:30

Fregat + MetOp A separation from Soyuz/ST 3rd stage
Start pre-burn acceleration
Main engine ignition / Transition to transfer orbit

Report

FCC report content
type P

FIRST FREGAT BURN - TRANSFER ORBIT

VOICE Confirmation of Fregat pre-burn acceleration start
VOICE Confirmation of Fregat main engine ignition
VOICE Fregat systems are nominal

End of RF visibility from Plesetsk GTS

VOICE End of visibility from Plesetsk GTS

End of RF visibility from Vorkuta GTS
End of RF visibility from Narian-Mar GTS. End of RF \isibility from Russian GTS

VOICE First summary report
VOICE End of visibility from Russian GTS

Injection into the transfer orbit, coast phase start
Attitude maneuver start

FGO  Precise lift-off time
VOICE First summary report update
FG2 Information about separation from Soyuz/ST
FG1 Precise fairing jettisoning time
FG3-1 Information about the first Fregat burn
FG7  MetOp-A separation orbit state vector (preliminary forecast)
FG6j  Separation orbit parameters (preliminary forecast)
VOICE  parameters of the unclosed orbit after MetOp-A + Fregat separation from
the 3rd stage
FM1 Unclosed orbit parameters

3-axis attitude end, attitude maneuver for the 2nd burn

Ground stations
o
= o )
X ©| =
e HHEET
g.{:OfE>s
NI EE
2ozl |s|S]| <
o|>|c|m|o )
-4 2] ©
X
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20:30:07
20:31:02
20:31:53
20:31:54
20:32:14
20:36:20
20:36:53
20:37:00
20:38:00

20:38:00
20:49:16
20:50:00
21:04:11
21:04:52
21:04:55
21:06:00
21:06:00
21:06:35
21:06:36
21:07:00
21:07:00

21:07:58
21:08:00
21:08:27
21:09:00
21:10:00
21:10:03
21:10:49
21:11:00
21:11:00
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01:01:57
01:02:52
01:03:44
01:03:45
01:04:04
01:08:10
01:08:44
01:08:50
01:09:50

01:09:50
01:21:06
01:21:50
01:36:01
01:36:42
01:36:45
01:37:50
01:37:50
01:38:25
01:38:26
01:38:50
01:38:50

01:39:48
01:39:50
01:40:17
01:40:50
01:41:50
01:41:53
01:42:39
01:42:50
01:42:50

Fregat flight timeline (2/4)

Report
type

Event / Operation FCC report content

SECOND FREGAT BURN - SEPARATION ORBIT - METOP-A SEPARATION
Start pre-burn acceleration
Main engine ignition / Transition to separation orbit
Main engine cut-off
Beginning of attitude maneuver for MetOp-A separation
Entry to the shade
AOS by Kerguelen
MetOp-A separation command
Beginning of Fregat attitude maneuver for thermal mode
FG6  Unclosed orbit parameters (after MetOp-A + Fregat separation from the 3rd
stage)
VOICE Beginning of visibility from Kerguelen (elevation 5°)

End of visibility from Kerguelen
VOICE End of visibility from Kerguelen
Fregat exit from the shade
Baikonur GTS AOS
MetOp-A contingency separation command
VOICE GTS Baikonur started reception and registration of Fregat TM data
VOICE TM DT mode: MetOp-A contingency separation command is issued
Schelkowo GTS AOS
Khimky (NPO-L) GTS AOS
VOICE GTS Schelkovo started reception and registration of Fregat TM data
VOICE GTS Khimky (NPO-L) started reception and registration of Fregat TM data
Fregat systems are nominal, Contingency MetOp-A separation command
is issued
Krasnoye Selo GTS AOS
VOICE GTS Krasnoye Selo started reception and registration of Fregat TM data
Plesetsk GTS AOS
VOICE GTS Plesetsk started reception and registration of Fregat TM data
VOICE MetOp-A separation confirmation
Narian-Mar GTS AOS
Vorkuta GTS AOS
Attitude maneuver start for the 3rd burn
VOICE GTS Narian-Mar started reception and registration of Fregat TM data

Ground statio

Plesetsk
Vorkuta
Narian-Mar

Baikonur
Schelkovo

Khimky
Krasnoye Selo
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Fregat flight timeline (3/4)

Ground stations

Report
type

Event / Operation FCC report content

DMT

Baikonur
Schelkovo

Krasnoye Selo

THIRD FREGAT BURN - RE-ENTRY TRAJECTORY
21:12:00 R VOICE GTS Vorkuta started reception and registration of Fregat TM data
21:14:00 | LER:EHDE Start of pre-burn acceleration

21:14:00 POk R LR VOICE Fregat started attitude maneuver for the 3rd burn
21:14:28 | LER:CHERBaikonur GTS LOS

21:14:55 kLR B Fregat main engine ignition - transfer to re-entry trajectory

21:15:00 R0k R-GHE VOICE Third Fregat burn is confirmed as nominal. Baikonur GTS LOS
21:15:15 | UkEYAiE | Fregat main engine cut-off

21:17:00 0k ECEH) VOICE The time of the 3rd Fregat ignition is nominal
21:18:00 |0k R R VOICE The 3rd Fregat cut-off is confirmed as nominal
21:19:00 [k HIE) VOICE Fregat was transferred to the re-entry trajectory
21:19:33 [ LkEk AR End of visibility from Schelkovo GTS

21:19:34 [ LkEHPZEIEnd of visibility from Khimky GTS

21:20:00 [0k BH BT VOICE GTS Schelkovo and Khimky LOS

21:20:53 [lkH7HEEEnd of visibility from Krasnoye Selo GTS

21:21:00 YA VOICE GTS Krasnoye Selo LOS

21:22:00 POkECER) VOICE Transfer orbit parameters

21:21:17 | UkEERIA|End of visibility from Plesetsk GTS

21:21:21 | ukEEHEN End of visibility from Vorkuta GTS

21:21:57 | UkEERTA|End of visibility from Narian-Mar GTS

21:22:00 [k HEEE) FM2  Transfer orbit parameters (forecast 0)

21:22:00 R FM3  MetOp-A separation orbit parameters (forecast 0)
21:23:00 |0k BTS00 VOICE Russian GTS completed reception of Fregat TM data
21:25:00 |0k B VOICE Information about the 3rd burn

21:26:00 TR VOICE Information about the 1st and 2nd burns

21:30:00 Ak ) VOICE MetOp-A separation time

21:35:00 PZH R FG9  Information on the MetOp-A separation

21:35:00 [ ZH ) FG3-2 Information about the 1st burn

21:35:10 Py FG4  Information about the 2nd burn

21:38:00 [rH R VOICE Information about the 3rd burn

21:43:00 P7AS) VOICE MetOp-A separation orbit parameters
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Time

DMT

21:43:00
21:43:10
21:43:10
21:43:10
21:48:00
21:48:00
21:48:00
21:48:00
21:52:51
21:54:00
22:08:00
22:08:00
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02:14:50
02:15:00
02:15:00
02:15:00
02:19:50
02:19:50
02:19:50
02:19:50
02:24:41
02:25:50
02:39:50
02:39:50

Fregat flight timeline (4/4)

Event / Operation

Fregat atmosphere re-entry

Report
type

VOICE
FG5
FM3
FM4
FG7
FG6;
FG6
FG8

VOICE
FM2
FG6

FCC report content

POST FLIGHT INFORMATION
Fregat atmosphere re-entry orbit parameters
Information on the 3rd Fregat burn - deorbitation
Fregat separation orbit parameters (forecast 1)
Fregat separation orbit parameters (forecast 1)
S/C separation orbit state vector (forecast 1)
Separation orbit parameters (forecast 1)
Fregat separation orbit parameters (forecast 1)
Attitude at separation (not issued in nominal case)

Fregat re-entry orbit parameters
Transfer orbit parameters (forecast 1)
Transfer orbit parameters (forecast 1)

Ground stations

Plesetsk
Vorkuta
Narian-Mar

Baikonur

Schelkovo

Khimky
Krasnoye Selo
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Signatures

Written by :

Verified by:

Name: Vladimir KOTINE
Function : Fregat FMC Manager
Date: July 15, 2006

Slgnature

f

Name: Luce FABREGUETTES
Function : MetOp Mission Manager
Date: July 15, 2006

Signature:

Quality :

: lﬁf
Authorized by :

Name: Jean-Yves MOALIC
Function : VP Quality
Date: July 15, 2006
Signature:

Name: Pascal CLAUDEL
Function : VP Technical
Date: July 15, 2006
Signature:

”“‘rﬂ*ﬂ“[

Name: Marc GROSHEITSCH
Function : VP Missions

Date: July 15, 2006
Signature:

/.
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