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1. SCOPE

This document reports the in-flight commissionirgghaties performed on GIADA experiment in
the night between 3 and 4 April 2004 @ ESOC.

2. APPLICABILITY

This report is applicable to GIADA FS model on libahe Rosetta S/C now flying @ about
11000Km from earth. The Rosetta S/C has been |laghftom Kourou on 2 March 2004. The data
have been retrieved from DDS by means of the PIkétation located @ PISA in ESOC.

GIADA IWS software configuration is GES 4.2.1 pl&sSOConverter v1.1.1, GIADA in flight
software configuration is 2.3 plus four additiopatches (one to update the context file).
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3. DOCUMENTS

The relevant issues shall be those in effect ommhission of this document.

3.1. APPLICABLE DOCUMENTS

The following documents form part of, or must badé conjunction with, this specification.

AD1 ROSETTA Experiment Interface document - Part A R®FERS-3001/EID A

ROSETTA GIADA Experiment Interface document RO-EST-RS-3009/EIDB

AD2 Part B
AD3 Flight Control Procedure RO-ESC-PL-5000
AD4 GIADA Flight Spare User Manual GIA-GAL-MA-007 Issze

|| This Document contains proprietary information of Galileo Avionica, a Finmeccanica Company. All Rights reserved.




@ Galileo Avionica

GIADA

Doc : GIA-GAL-RP-517
Issue: 2

Date: 10/05/2004
Page: 120of 88

3.2. REFERENCE DOCUMENTS

None
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4. ABBREVIATIONS AND ACRONYMS

ADP
AFT
AlV
ALS
BT
ccs
EGSE
EMC
ESA
FFT
GA
GDS
GIADA
GSE
H/W
HK
IAA
INAF-OAC
IPA
IS
IST
IWS
KAL
LCL
LFT
MBS
NA
OBCP
0G

P

PM

Acceptance Data Package
Abbreviated Functional Tests
Assembly, Integration and Verification
Alenia Spazio

Bench Test

Central Checkout Equipment
Electrical Ground Support Equipment
Electromagnetic Compatibility
European Space Agency

Full Functional Tests

Galileo Avionica

Grain Detection System

Grain Impact Analyser and Dust Accumulator
Ground Support Equipment
Hardware

House Keeping

Instituto de Astrofisica de Andalucia — Granada (E
INAF - Osservatorio Astronomico di Capodimonte apili (1)
Isoprophilic Alcohol

Impact Sensor

Integrated System Test

Instrument Workstation

Keep Alive Line

Latch Current Limiter

Limited Functional Tests

Micro Balance Sensor

Not Applicable

On Board Control Procedure

Officine Galileo

Principal Investigator

Progress Meeting
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PSU
QM
siC
s/
SIW
SIS
SPT
TBC
TBD
TC
™
UPa

Power Supply Unit

Qualification Model

Spacecraft

GIADA Sub-system (i.e. IS or GDS or MBS)
Software

Spacecraft Interface Simulator
Specific Performance test

To Be Confirmed

To Be Defined

Telecommand

Telemetry

Universita Parthenope — Napoli (1)

|| This Document contains proprietary information of Galileo Avionica, a Finmeccanica Company. All Rights reserved.




Doc : GIA-GAL-RP-517

@ Galileo Avionica G IADA 523682:120/05/2004

Page: 150f 88

5. DESCRIPTION OF ACTIVITIES

The activity was performed in ESOC during the nigétween 3 and 4 April 2004, according to the
commissioning plan provided by ESA/ESOC.

The GIADA team (PI, INAF-OAC, UPa, IAA, GA and ISlpcated in the PISA room with the
support of the ESOC people located in the RMOC r@r&ESOC, have started the activities @
22:00 o’clock local.

The S/C was oriented before the beginning of th&s da the requested configuration with +X
oriented towards the sun.

TM is expected to start at 20.34 UTC (so 22:34 llticae), while TC is expected to start at 21.21
UTC. GIADA commissioning start is expected at 22100C, while the end of commanding is
expected for 7.54 UTC of 4 April. It is foreseemttaround 6.55 UTC GIADA activities shall end.
A debriefing is expected to take place just aftdivities end.

The TM set-up foresees that Service 1, 6 and 20cewhe on VC1 (Service 1 has high priority wrt.
other data to down-link), while TM-HK will come meal time on VCO. Delay on data coming from
VCL1 (not GIADA) is expected for the first 2 hoursaztivity.

Commands have been sent one-by-one by hand. Thégotsees to perform all the nominal FCPs.
At the end of the test, the GIADA switch ON with(ghorter) patches (instead of 3) shall be
repeated. One-minute delay is expected (2 waysjptatransmission.
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5.1. FCPLIST

The following table lists all the used FCP durihg GAIDA commissioning as well as the expected
duration and time start.

Procedure Notes TC time from Time from start
Number FOP
GIADA_FCP_001 Switch GIADA on main, patch CF withfaldt, patch SW] 1020” 0-11
(one patch at a time) and dump
GIADA FCP_ 020 Functional test: go to NORMAL, S/S, @ffiable TM, S/Son] 30'01” 11'-41
GIADA_FCP_060 Go to SAFE, dump memory CF, switch ©BCP [close] € 41-47
cover OBCP with heaters 6+4 on, go to SAFE, Report
context, Reset VD .... switch off]
GIADA_FCP_002 Switch GIADA on redundant, patch CRhwdefault, patc 10'20” 47'-58’
SW (one patch at a time)
GIADA FCP_ 030 Dump memory CF, time to check val@sto COVER 20’ 58-1h18’
GIADA_FCP_040 Activate FB OBCP [arm FB, activate FB]ime to checlq 40’ 1h18’-1h58’
what happened
GIADA_FCP_090 Cover opening OBCP [arm cover, open rcauith heaterd 5’ 1h58’-2h03’
5+6+4 on]
Go to SAFE mode Go to SAFE - 2h03’
GIADA FCP_020 Functional test: go to NORMAL, S/S, effiable TM, S/S onj] 30'01” 2h03’-2h33’
GIADA_FCP_100 Self interference test: Cal. GDSx2,. €@k2, Cal MBSx2,] 1h06'40” 2h33’-3h40’
GDS Off, Cal I1Sx2, Cal MBSx2, IS Off, Cal MBSx2, IS On,
GDS On
GIADA_FCP_055 MBS heating: GDS Off, IS Off, Enablei IM, Set MBS} 55'03" 3h40’-4h35’
read=25 s, Heat MBSx5, Set MBS read=300 s
Go to SAFE Mode Go to SAFE - 4h36’
GIADA_FCP_030 Go to COVER 30" 4h37’
GIADA FCP 070 Close cover OBCP [arm cover, close cowttr heaters on] 5 4h42’
GIADA_FCP_060 Go to SAFE, dump memory CF, switch ©BCP [close] 601" 4h48’
cover OBCP with heaters 6+4 on, go to SAFE, Report
context, Reset VD .... switch off] r
END of nominal commissioning_; plan
TBD name Switch on with different sequences of S\éhpes ?
GIADA_FCP_060 Go to SAFE, dump memory CF, switch@ECP 6’
[Close cover OBCP with heaters 6+4 on, go to SAFE,
Report context, Reset VD .... switch off]
PASS END

Table 1 GIADA Flight Control Procedure (Commissionng)

|| This Document contains proprietary information of Galileo Avionica, a Finmeccanica Company. All Rights reserved.




@ Galileo Avionica

Doc : GIA-GAL-RP-517
Issue: 2

Date: 10/05/2004
Page: 170f 88

GIADA

6.

6.1.

6.1.1.

COMMISSIONG TEST REPORT

COMMISSIONING FIRST PART - MAIN I/F

ACTIVITIES LOG

The following activities have been performed inwgsEice

UTC

Description

3 Apr 2004 - 21:00

Beginning of activity

3 Apr 2004 - 21:48

TRP of GIADA: 17 deg

3 Apr 2004 - 22:02

Loading of 1st sequence

3 Apr 2004 - 22:03

AGDFOO01A: first sequence withrgmeter NO to previoy
context file -GIADA Main line

3 Apr 2004 - 22:04

Start GIADA ON OBCP

3 Apr 2004 - 22:05

GIADA ON

3 Apr 2004 - 22:06

1st HK received

3 Apr 2004 - 22:08

GIADA HK data checked: all OKGo ahead with patches
CF

of

3 Apr 2004 - 22:10

1st memory dump received

3 Apr 2004 - 22:11

Go ahead with the other nompaéthing of SW

3 Apr 2004 - 22:13

Events arrive twice on VCO ar@1Vv

3 Apr 2004 - 22:14

PS (Main Electronics) Tempemigr21.93 deg C

3 Apr 2004 - 22:16

Note: number of patches is F HEX n. 4 Dumps of patch
arrive as expected

[
(7]

3 Apr 2004 - 22:17

All dumps received - GIADA norain

3 Apr 2004 - 22:21

Go on with GIADA Go to Normal E®

3 Apr 2004 - 22:23

GIADA in Normal

3 Apr 2004 - 22:24

Laser ON

3 Apr 2004 - 22:24

Laser ON Medium power

3 Apr 2004 - 22:27

IS Status 40713

3 Apr 2004 - 22:29

No SCI data are received asT™ClIs disabled: nominal

3 Apr 2004 - 22:30

Next step: GIADA GDS switch OFF

3 Apr 2004 - 22:31

Next step: put IS off - GDS QEEeived

3 Apr 2004 - 22:32

Next step: put MBS OFF + Ené@ TM - IS OFF received
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uTC Description

3 Apr 2004 - 22:34 MBS OFF

3 Apr 2004 - 22:34 SCI TM Enabled

3 Apr 2004 - 22:34 Set MBS ON

3 Apr 2004 - 22:36 MBS ON - SCI packet received

3 Apr 2004 - 22:36 MBS cal at switch ON - the pdakeeceived - Send IS ON

3 Apr 2004 - 22:39 IS ON - SCI TM received (IRQ mc. is nominal) - Go ahead
with GDS ON commanding

3 Apr 2004 - 22:41 GDS ON

3 Apr 2004 - 22:42 Laser ON - SCI TM packets reicgjv

3 Apr 2004 - 22:42 Of course SCI TM arrives whesels are ON
3 Apr 2004 - 22:43 Go to Safe mode

3 Apr 2004 - 22:45 GIADA in Safe

3 Apr 2004 - 22:45 Next TC is for Dump of CF

3 Apr 2004 - 22:47 Memory dump OK - GIADA switch BF

3 Apr 2004 - 22:50 Note: the GIADA switch OFF ind&ks also the cover close
(nominal)

3 Apr 2004 - 22:52 22:51:22 GIADA is OFF - we wéor a few minutes before
starting the next sequence AGDF0O02A

At the Start-up, the GIADA TRP resulted about 177@. better follow the commissioning, it has

been decided to send manually each command congpitb&ri-light Control Procedures and to wait
its TM results, instead of to load and thus exeeaut®matically each FCP. This policy has been
applied to each payload.

The GIADA switch-on procedure was applied selectimg Main I/F and without the Context File
stored in SSMM (being the first switch-on, no datare previously stored into SSMM). The
Instrument Main I/F was successfully powered-omigans of the GIADA POWER-ON OBCP the
3 of April 2004 @ 22:05:30.537094 (UTC time), whicbrresponds to a SCET Time of about
39650713 sec.

The first received TM packet was the nominal evERIAC Error during S/W Start and Dump’,
which was received with unsynchronised SCET. The:n donnection test report (17,2) and the
‘GIADA in Safe mode’ were successfully receivedisTlast Event was received with synchronised
SCET Time. Afterwards, the first HK report was rged (default HK rate is 40s).
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After completion of the power-on, as expected,fits¢ patch (regarding the Context File) was sent,
as well as the other three required software patcAd have been nominally received and
successfully dumped to ground via service 6,6.e8silt of the Context File patch, GIADA HK rate

was changed to 10s rate.

The next FCP (GIADA_FCP_020) was started and GIA®%Aered in NORMAL mode. All the
sub-systems were switched on and as expected, vibiet EStart Switch Lasers ON OBCP’ was
received. Automatically the lasers were switchedsgrthe OBCP. No science TM was received,
being it disabled by default. After that, each sybtem was switched-off and science TM was
enabled. Then one S/S at time was switched-on againder to receive the expected Calibration
packet. The first was the MBS, then IS and findBpS and lasers. Calibration data were as
expected (refer to section 6.1.3). A flood of SceeffM packets was received due to the internal
stray-light, being the cover is closed.

After having checked the GIADA housekeeping signdlsvas decided to power-off GIADA by
means of the GIADA_FCP_060 in which GIADA goestfie SAFE mode, it dumps to ground the
Context File and it is switched-off by means of tekeevant OBCP. The On-board procedure runs
the CLOSE_COVER_OBCP (with heaters Cover and Mbtgaiters Off) and then, at the end, puts
again GIADA in SAFE mode, stores the Context Filethe SSMM (by means of the Report
Context File Service), resets the Virtual Disk &ndlly it switches-off the instrument. GIADA was
successfully switched OFF @ 22:49:46.689370 (SCiale).
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6.1.2. HOUSEKEEPING DATA ANALYSIS

The Housekeeping data show a correct behavioudSD& along the first switch-on of Main I/F.
The following pictures have been taken from the d#tabase.

HK temperature & curr consumption (MAIN)
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Time (SCET)
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Temperature (C)

Figure 1 Frangibolt, IS and Power Supply temperatues and +5V£15V Currents (MAIN)
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SUB-SYSTEMS STATUS
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Figure 2 GIADA in Normal Mode — S/S power-on and dfsequence (MAIN)
Laser & MBS Temperature (MAIN)
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Figure 3 Laser and MBS temperatures (MAIN)
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Dust Flux

MAXIMUM DUST_FLUX INDICATION
(MAIN)
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Figure 4 Dust-Flux Monitor (valid only when the ISsub-system is ON) - MAIN

LASER MONITORS (MAIN)
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Figure 5 Laser Light Monitors (MAIN)
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Cover Report during Close operation, but Frangibolt in place
(MAIN)
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Figure 6 Cover Report (Cover close operation, but fangibolt installed) - MAIN

As we can see in the pictures above, the GIADA egrpt behaved correctly along the test, the
Cover remained locked after the Rosetta launch. clmeent consumption and the Power Supply
temperature are in the expected range. The Powsplystemperature increases from 15°C (TRP @
power-on) up to 30°C at the end of the test. Thieiperature is still around the TRP, because the
cover is closed and the IS power dissipation de¢gproduce so much heating contribution (sensor
remained on for short time). The Lasers were pigsvitched-on and their temperatures increased
from the TRP of about 10 °C (at about 30°C). The MBS, after switch-on, show a temperature
close to the TRP (about 20°C). No missing packat® libeen found in the TM (Figure 7).

50

Source Sequence Count (Housekeping - Main)

Figure 7 Housekeeping Packet reception (MAIN)

|| This Document contains proprietary information of Galileo Avionica, a Finmeccanica Company. All Rights reserved.




Doc : GIA-GAL-RP-517

@ Galileo Avionica G IADA :;zijee::120/05/2004

Page: 24of 88

6.1.3. ENGINEERING EVALUATION ON SENSOR DATA

6.1.3.1. IS SUB-SYSTEM

The detection thresholds of each channel are sBdrwv (Context file updated via memory load
command). After the™ IS power-on (when the Science TM is enabled) Ghbbration data have
been successfully received. As we can see in tlanving pictures, the behaviour of five channels
is fully satisfactory (Channel E did not detectcgirthe Gain is set to Low) after four Stimuli of
10V. The channel outputs measured before start statiulus is nominally close to OV (the five
channels are below —14mV, while the standard dewvias below 60mV). Only three unexpected
detections are observed during the test. They mapien the Laser relays have been switch-on (it
was expected, as it has been already observed mmd)r Only the %' and 4" stimuli are
meaningful, as expected and already known aftegronnd calibration of the IS sensor. No major
discrepancies are found in the calibration datarfokl voltage and detection time).

Piezo Calibration (MAIN)
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Figure 8 IS Calibration — Channel Voltage (MAIN)
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Piezo Calibration (MAIN)
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Figure 9 IS Calibration — Channel Detection Time (MAIN)
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6.1.3.2. GDS SUB-SYSTEM

The detection thresholds of each channel are sabdat 0.8V (Context file updated via memory
load command). After the"2GDS power-on (when the Science TM was enabled)Célibration
data have been successfully received. The left gttt channels show an average noise of
0.1+0.2V and a standard deviation below 50mV. As sosrthe Lasers have reached medium
power, a flood of GDS events (especially on Letirutel) have been received due to internal stray-
light, as the cover is closed. As we can see infollewing picture, the left channel receives a
higher internal stray-light.

LEFT SCATTERED LIGHT
(MAIN)

——LEFT
—#—RIGHT

Voltage (V)
N
N

0 T T T T 0
39652800 39652850 39652900 39652950 39653000 39653050

Time (SCET)

Figure 10 GDS Detection (Left and Right Receivers)MAIN
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6.1.3.3. MBS SUB-SYSTEM

After the 29 MBS power-on (when the Science TM was enabled),fitre MBS sensor data are
correctly received (reading repetition time is 300¢o0 major differences are found in frequency
reading.

MBS Frequency & Temperature
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Figure 11 MBS Frequencies and Temperature (MAIN)
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6.1.3.4. HOUSEKEEPING SIGNALS ON SCIENCE PACKETS

LASER LIGHT MONITORS & TEMPERATURES and IS TEMPERAT URE
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Figure 12 Laser Light Monitors and Laser & IS tempeaatures (MAIN)
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6.2.

6.2.1. ACTIVITIES LOG

SECOND PART - REDUNDANT

The following activities have been performed inwsstce

utTC

Description

3 Apr 2004 - 22:57

22:57:50 we go on with sequehG®F002A

3 Apr 2004 - 22:58

The parameter for the CF is &%

3 Apr 2004 - 22:58

We go on th&Redundant line

3 Apr 2004 - 22:58

TRP of GIADA is 14.5deg C

3 Apr 2004 - 23:01

GIADA in ON on the Redundantlin

3 Apr 2004 - 23:02

Start with Patching of CF

3 Apr 2004 - 23:06

Warning on Missing Patches iswal due to change of line fro|
Main to Red

m

3 Apr 2004 - 23:12

All patched uploaded and dunegeived

3 Apr 2004 - 23:13

Next TC is for DUMP of memory

3 Apr 2004 - 23:18

Check of dumped data: all ok

3 Apr 2004 - 23:23

Go ahead: GIADA to Cover Mode

3 Apr 2004 - 23:27

Start with GIADA activate Frabgit TRP Temp @ 14 deg
(20 min ago)

C

3 Apr 2004 - 23:31

The FB temperature rises upltd°C - current rises and bac

nominal

3 Apr 2004 - 23:35

Next sequence is Cover Open

3 Apr 2004 - 23:38

Cover Open executed Now checton@over report

3 Apr 2004 - 23:51

Note: the Cover Report shows that the Cover Closedasses

from 1 to O to 1 again (nominal) while the Cover Ogn
remains at 1 (while it should go to O towards theral of the
open process) - We decide to repeat the Cover Op&BCP

D

3 Apr 2004 - 23:54

Now the OPEN Reed Switch goes to Closedhis is nominal +

the cover is OPEN

4 Apr 2004 - 0:05

The Reed Switch has reached the OPEN position EHd@motor
steps(+ the 170 of the first trial).

4 Apr 2004 - 0:05

Go to SAFE

4 Apr 2004 - 0:07

GIADA in Safe
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uTC Description

4 Apr 2004 - 0:12 | GIADA in Normal with Laser ON

4 Apr 2004 - 0:15 | Set GDS OFF

4 Apr 2004 - 0:17

GDS OFF — TC to put IS OFF

4 Apr 2004 - 0:20

MBS set OFF - SCI TM enabled -td@ut MBS ON

4 Apr 2004 - 0:21

4 Apr 2004 - 0:22

MBS ON at 00:22:10 - TC to puQ8l

4 Apr 2004 - 0:27

IS and GDS ON

4 Apr 2004 - 0:28

GDS is now ON at Medium power28000

4 Apr 2004 - 0:39

We start now the FCP_100

4 Apr 2004 - 0:41

The TC's are sent one-by-one

4 Apr 2004 - 1:16

All steps performed nominally

4 Apr 2004 - 1:22

Now we start the new proceduf@R¥o55) to heat the MBS's

4 Apr 2004 - 1:26

We decide to send the SCI TM &naven if it is alread
enabled: the rejection is expected

4 Apr 2004 - 1:28

Rejected as expected

4 Apr 2004 - 1:31

Heating of the 1st MBS

4 Apr 2004 - 1:40

MBS1 heating off

4 Apr 2004 - 1:42

Heating of MBS2

4 Apr 2004 - 1:50

MBS2 Heating OFF

4 Apr 2004 - 1:53

Heating of MBS3

4 Apr 2004 - 2:06

Heating of MBS4

4 Apr 2004 - 2:14

Heating of MBS5

4 Apr 2004 - 2:25

MBS5 OFF

4 Apr 2004 - 2:30

Procedure completed

4 Apr 2004 - 2:31

Start of FCP_030: Go to Cover ®lod

4 Apr 2004 - 2:33

We are in Cover Mode

4 Apr 2004 - 2:34

Next step is to close the cover

4 Apr 2004 - 2:37

Cover closed

4 Apr 2004 - 2:43

Cover Report checked: nominal

4 Apr 2004 - 2:50

Reading of IS T is stable around °C - GIADA switch OFF

started

4 Apr 2004 - 2:52

GIADA in SAFE

4 Apr 2004 - 2:57

GIADA switch OFF
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uTC Description
4 Apr 2004 - 2:59 GIADA is OFF

4 Apr 2004 - 3:01 | The nominal Commissioning of GIADIis completed
successfully

The GIADA switch-on procedure was applied selectihg Redundant I/F and with the option
Context File already stored in SSMM (being this"astvitch-on and CF was stored into SSMM at
the power-off of the previous test). The Instrumeas successfully powered-on by means of the
GIADA POWER-ON OBCP procedure th& 8f April 2004 @ about 23:00:30.994256 (UTC time)
which corresponds to a (received) SCET Time of aB8654017sNote that it seems the SCET

is about 14s in delay with respect to the UTC time.

The first TM packet was the ‘GIADA in Safe mode’esw, which was received with a synchronised
SCET time. The two expected events (‘EDAC ErrorimyrS/W Start and Dump’ and the
‘Connection test report’) have been received unssordsed and thus are inserted in the log file in
accordance to the (ground station) reconstructe@ tfie, which is less precise having the packets
unsynchronised time tag. Afterwards, the first Hipart was received (default HK rate is 403)e
GIADA power-on was successfully completed

After completion of the power-on, as expected,fitst patch (regarding the Context File) was sent
as well as the other three required software patchAk them have been nominally received and
successfully dumped to ground via service 6,6.e5s1lt of the Context File patch loading, GIADA
HK rate changes to 10s rate.

Then GIADA entered in Cover mode, waiting for therkgibolt activation. The internal (Power
Supply and IS) and the external (Frangibolt) terapees were checked and the go ahead for the
Frangibolt activation was provided by running tredevant OBCP procedure. The ‘Cover and
Frangibolt Heaters’ were first powered-on for 3@s éhen the Frangibolt temperature reached the
limit (about 108°C) to stop the Frangibolt heatifige Frangibolt was successfully activated.

Now the open cover was attempted with the heaterd’be ‘Cover and Frangibolt Heaters’ were
first powered-on for 30s and then the cover washopnlikely, the opening operation was not
sufficient to reach the ‘open’ cover positi@@pen reed switch’ shall be activated, but the HK
TM does not indicate i). Therefore, it was decided to review the Coveore (received after
completion of cover operation) to check in detawbich was the reed switches status during the
movement. In the report, it was seen that the cpassed from the ‘Close’ position and stopped its
movement before reaching the final ‘Open’ positiGADA team decided to repeat &*2ime the
cover open operation and check again the resuterAhis 29 attempt, the cover successfully
reached the ‘open’ position, as it was indicatethenhousekeeping telemetry.

GIADA entered in Safe mode @ about 00:04:57 (UTEthe 4" April. The next FCP (FCP-020)
was started and GIADA entered in NORMAL mode. Al tsub-systems were switched on and as
expected. The event ‘Start Switch Lasers ON OBC®&S neceived and, automatically, the lasers
were switched-on by the OBCP procedure. No sciéiidewas received, being it disabled by
default.
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Then each S/S were switched-off and science TMemabled. Finally, each S/S was switched-on

separately (first the MBS then the IS and finalhe tGDS with Lasers) and (as expected) the
relevant Calibration packet were received. At B@bwer-on, the event ‘Hardware error in IS event

detection circuitry. No IRQ received’ was receivédthis is a known problem that happens all the

times @ IS power-on, when the science TM is enablé® same event has been already seen
during on-ground testing.

In order to verify the self interference of each-system with respect to each other, the FCP-100 it
was executed, where the sub-systems calibrationepeated in different sub-system on/off
conditions:

* After sub-systems switch-on, the GDS, the IS amdNHBS calibrations were repeated
twice.

» After GDS sub-system switch-off, the IS and the M&flibrations were repeated again
twice.

» After IS switch-off, only MBS calibration was reped twice.
At the end, the IS and GDS sub-systems were svdtoneagain and calibration reports received.

As last step in the commissioning, the MBS hea(ifGP-055 procedure) was executed, having
before switched-off both IS and GDS sub-systems.

Detailed reporting on sensors data during the abestas done in the following sections.

After MBS heating completion, GIADA is entered iaf€ mode waiting for cover closing. GIADA
was commanded in Cover mode and then the covéedtar close (GIADA_FCP_070). The Cover
close operation started with ‘Cover and Motor Hesitewitched-off.The close cover operation
run successfully.

Few minutes after, it was decided to power-off GRABy means of the nominal GIADA_FCP_060
procedure, in which GIADA goes first to SAFE modejumps to ground the Context File and it is
switched-off by means of the relevant OBCP.

The On-board procedure runs first the CLOSE_COVERCP (with Cover and Motor Heaters
Off) and then, at the end, puts again GIADA in SAR&de, commands the storing the Context File
in the SSMM (by means of the Report Context Filevige), resets the Virtual Disk and finally it
switches-off the instrument. The last received Hi€ket was time-tag with 02:58:20.510371 (UTC
Time) corresponding to 39668286.511719 s (SCET Time
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6.2.2. HOUSEKEEPING DATA ANALYSIS

6.2.2.1. GENERAL

As we can see in the following pictures, the GIABRperiment behaved correctly along the test.
The current consumption and the Power Supply teatper are in the expected range. In Figure 13,
the first three peaks (atll5V) appear when the internal heaters are activdueitg the Frangibolt
and the two following cover open operations. The three peaks (on +5V) are when the MBS
heaters are switched-on during the MBS heating. Htweer supply temperature increases of about
20°C from the power-on and reaches its maximuno{&8°C) when GIADA is in Normal mode
with all sub-systems and Lasers switched on. Théef8perature has two different behaviours:
when the IS sub-system is switched-off, the tempesadecreases even below 10°C (the sensors is
looking to deep space); after the IS sensor isched-on, the temperature increases above 15°C
(the sensor power dissipation heats-up the senseif). The Lasers have been properly switched-
on (from minimum to nominal power) and their tengiares increase up to 15°C (less than the
maximum temperature that is reached during theiguevtest on Main Interface with the cover
closed). The laser monitor signals, which are priiaal to the laser light output, are little above
the last measurements, which have been taken @oldngfore launch (end of November). This is
due to the temperatures, which are below the testyres reported in the test done on-ground. They
are similar with those acquired in the TV test dgron ground test campaign in 2002 (refer to
Figure 17). Figure 18 shows the temperatures ofileeMBS. After the sub-system switch-on, the
temperatures are little above the TRP (in the rafh§eto 30°C). During the heating, the
temperatures increase to a maximum temperatur®@.aHowever, each MBS unit has different
behaviour:

- The MBS1 temperature increases from 25 to 6@&Tdf 35°C)
- The MBS2 temperature increases from 23 to 58.3Caf 35°C)
- The MBS3 temperature increases from 19 to 57.%Caf 38°C)
- The MBS4 temperature increases from 25 to 5&Tdf 29°C)
- The MBS5 temperature increases from 31 to 5IXTCdf 20°C)

During the test, no missing packets have been fauige reception of HK TM (refer to Figure 19,
in which the source sequence count of HK packehasotonically increasing from 0 to 1412).
Figure 20 reports the Dust Flux number when GIABAn Normal mode and the IS sub-system is
switched-on. The dust flux is different from O (whiis the expected value when dust is not present,
as now foreseen) only for few minutes after thetdwon or off of the MBS, or GDS or Laser
power relays. This behaviour is quite similar te time found during on-ground testing (refer to the
User Manual): at the time of the sub-system povedayr on or off, the IS performs a ‘ghost
detection’ and thus Dust Flux becomes differeninfiie expected value (i.e. 0). Figure 21 shows
the status of the two reed-switches from the GIAAer on until the power-off, as extracted from
the HK TM packet, which are sampled with repetittone of 10s. As we can see, when GIADA
was in Normal mode, the cover remained open leaiadsIADA sub-systems looking at the deep
space. Taking into account the Spacecraft oriemtatpractically the sun did not illuminate the
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internal GIADA sub-systems such as GDS and IS. filieeMBS baffles are illuminated from one
direction (-X Axis of GIADA reference) since theyedocated above the GIADA balcony while the
cover is open. No direct sun illumination is fores®n the MBS field of view.

Current consumption
during test (REDUNDANT)
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Figure 13 Current consumption on +5V 15V power supplies (REDUNDANT)
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IS & PS temperature during test (REDUNDANT)
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Figure 14 IS and Power Supply temperatures along thtest (REDUNDANT)

GDS & LASER MONITORS (REDUNDANT)
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Figure 15 Laser Light Monitors (REDUNDANT)
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GDS & LASER TEMPERATURE
(REDUNDANT)
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Figure 16 Lasers Temperatures (REDUNDANT)

|| This Document contains proprietary information of Galileo Avionica, a Finmeccanica Company. All Rights reserved.




Doc : GIA-GAL-RP-517

Issue: 2
G IA DA Date: 10/05/2004

Page: 370f 88

Q
2
o
0
Z
)
2
0
Q

(Al epmdwy
o P in i o o] o™ — i
o =] = ] [= [=] :.i =} q? DE
E T
ok
- :
$ 8
5
=
= g
5 3
E
*
: :
[
2
2
q = g
S E
o =
£ E|,
= & i
£ 0y L
g |3
g :
= 2
£
: :
Ui ]
: ; :
< <3
=
g 8 § 8 ®& 2 © g g

[0.) esnyesadure

Figure 17 Laser light monitors during TV cycle (COLD to HOT transition on Main)
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MBS Temperatures
(Redundant)
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Figure 18 MBS temperatures along the test (REDUNDAN)
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Figure 19 Source Sequence Count for HK TM packetiREDUNDANT)
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DUST FLUX
(REDUNDANT)
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Figure 20 Dust Flux along the test (REDUNDANT)

OPEN and CLOSED Reed Switch position (REDUNDANT)
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Figure 21 Status of Reed switches as extracted froAousekeeping TM (REDUNDANT)
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6.2.2.2. FRANGIBOLT ACTIVATION

During the Frangibolt heating the temperature iases above 100°C, which is the temperature
limit at which the Frangibolt can be activated. ekfthat, the Frangibolt power is automatically
switched-off by the on-board software and the tewmupee slowly decreases.

FRANGIBOLT TEMPERATURE
before and after activation
(REDUNDANT)
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Figure 22 Frangibolt temperature during Activation (REDUNDANT)

The IS temperature is shown in Figure 23, befork &fter the cover was opened. The temperature
decreases, being the IS sensor now radiativelyledwpith the deep space.
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IS TEMPERATURE
before and after FB activation
(REDUNDANT)
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Figure 23 IS temperature before and after FB activaon, but IS Off (REDUNDANT)

In the two above figures, there are three pointshich the temperature suddenly jumps to a value
lower or higher than expected. This is due to adkmbehaviour of electronics reading circuitry of
the Frangibolt and IS temperature sensors wheGIABA heaters are switched-on.
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6.2.2.3. COVER OPEN OPERATIONS

After the first cover open attempt, the cover re=iinot completely open, as shown in the Figure
25, in which the status of the two reed-switcheseorted. The figure is extracted from the cover
report, which is received on-ground at the comgpiewf the operation. The correct behaviour is
when in the same figure it shall appear the sequehthe following conditions:

» The reed switch (named RW_CLOSE) that indicatesQbeer-Close position is activated
after the start of opening operation and for atshwmber of steps (expected value 29 steps).

» The reed switch (named RW_OPEN), which indicatesGbver-Open position, is activated
after the first reed switch steps (expected nundfesteps is about 125) and remains
permanently in this status.

Mechanical
Interface
between Cover _
and Supportis GIADA cover
made by rubber
material

WTE 21

GIADA cover
support

Figure 24 GIADA with Cover is closed Configuration

In the Figure 25, only the first condition is readhwhile the second does not appear. This means
that the cover was not completely open: it movenfiits closed position but it did not reach its
final open position. In the first part of the mowemh, it seems that the cover needs more steps to
reach the activation of the RW_CLOSE: 40 steps watipect to the < 10 expected. This could be
due to the possibility that the cover was unlikslyick’ to the GIADA support (refer to GIADA
close configuration in Figure 24). Then the coveaved and the ‘close reed switch’ activated, as
expected, for 29 steps. Unfortunately the covemsenot reaching the final open position, even
after 100 steps.
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Cover OPEN (First attempt)
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Figure 25 Reed switches Status during the™iCover Open operation (REDUNDANT)

At the end of discussion, a new cover open operatias decided to attempt. The second cover
report, which was received after the completiothef operation, is show in the Figure 26. After 93
steps, the reed switch that indicates the ‘opesitjpm was finally activated and cover reached the
open position. Therefore, a total of 193 steps weessary to reach the final position, that isuabo
70 steps more than the nominal expected value hwhigs experienced during the on-ground tests.
This, again, could be due to the possibility that ¢over was unlikely ‘stuck’ to the GIADA support
and, being the motor torque small, the stepper miotose several steps before winnning the
situation and reaching the final position.

Cover OPEN (Second attempt)

3,9

3.4

| !
2,9 SW=3 means switch activated
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19

Switch status
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Figure 26 Reed switches Status during th€'2Cover Open operation (REDUNDANT)
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6.2.2.4. COVER CLOSE OPERATIONS

After the completion of the tests on the REDUNDAMNTerface, the cover was successfully closed
by ground command. Figure 27 reports the correpiesgce of the two reed-switches. As expected:

= The reed switch (named RW_OPEN), which indicatesGbver-Open position, is activated
for a small number of steps (about 14 steps) aad temains not active for all remaining
movement.

» The reed switch (named RW_CLOSE), which indicates Cover-Close position, is

activated after 127 steps for 27 steps and finalches the not-activated status that means
the cover is close to the closed position.

COVER CLOSE from Open to close position
(REDUNDANT)

3,9

3.4 1

291 SW=3 means switch activated
SW=2 means switch not activated
2,4 1

19

Switch status

SW=1 means switch activated

14 SW=0 means switch not activated
0,9 1 /

/ |

0,1

0 20 40 60 80 100 120 140 160 180

Time (count)

[~+—RW_OPEN —=— RW_CLOSED |

Figure 27 Reed switches Status during Cover Clos@eration (REDUNDANT)

During the power-off, GIADA cover is automaticatfiosed by the OBCP (Close Cover) despite its
real position. Since the cover was already closkd, new close cover operation resulted (as
expected) in a continuous cover bunching over thesicsupport. This is the reason of the shown
status of the two reed-switches in Figure 28, incWtihe reed switch indicating the Cover-Open
position remains always not active and the othacts/e several time. In fact, after a bunch on the
cover support, the cover returns back and the seatth indicating the Cover-Close position is

newly activated. Considering its last status arel mfovement direction, the cover results closed
when the reed switch passes from activated to ctotaded condition.
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COVER CLOSE during switch-off (cover was already cl  osed)

(REDUNDANT)
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Figure 28 Reed switches Status during Cover Clos@eration @ power-off (REDUNDANT)
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6.2.3. ENGINEERING EVALUATION ON SENSOR DATA

The science TM has been correctly received and issimg packets have been observed. Figure 29
shows the SSC of TM packets when GIADA is in Normmalde and science TM is enabled. The
maximum flood of TM packets (typically 1 packet g¥80s) was after the lasers were switched on.
In this condition, several GDS ‘ghost detectiong’ loeft receiver were found with a rate of 1
detection every second. This is due to the levéhefinternal stray-light (background noise), which
is caused by a contamination problem on the intesptics parts. The problem was found during
the storage and pre-launch test campaign in Kounotlnis condition, the internal stray-light result

in the order of the Left receiver detection thragh&emark: the internal stray-light level remained
the same even after a cleaning procedure was dppti¢he optics parts.
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Figure 29 Science TM packet Source Sequence CouREDUNDANT)

To avoid future flood of events, the detection threhold on Context File should be changed

|| This Document contains proprietary information of Galileo Avionica, a Finmeccanica Company. All Rights reserved. ||




Doc : GIA-GAL-RP-517

@ Galileo Avionica G IADA 523682:120/05/2004

Page: 470f 88

6.2.3.1. IS SUB-SYSTEM

Soon after the sub-system power on, the detectiogsholds of each channel are set to 50mV
(Context file updated via memory load command). Renge/Gain configuration is the one
reported in the following Table 2:

GAIN
RANGE
PZTA | PZTB | PZTC |PZTD| PZTE
Low High High High High Low

Table 2 Range/Gain configuration (REDUNDANT)

After the 2% IS power-on, the Science TM was enabled and tterral Calibration data were
successfully received. Along the test, the Inte@alibration command was repeated several times
and in different conditions (e.g., GDS or/and MB#tshed-on or off) in order to verify the sub-
system interference with the others.

IS CALIBRATION

(REDUNDANT)
5 3,5
4 - ___
34
f=
2
S [ ] [ N ] [ N ] [ ]
S
T
[$)
2 L _______
1 b o _______
. 2 . s mCo—————
‘
OA—J o x, I . . . g ’ o — 0
39658000,0 39658500,0 39659000,0 39659500,0 39660000,0 39660500,0 39661000,0 39661500,0 39662000,0 39662500,0 39663000,0
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
Time (SCET s)
\ ® CAL_VO —— GDS_STATUS LASER_STATUS —— MBS_STATUS —x—IS_STATUS \

Figure 30 IS Calibration wrt Sub-system switch-on/& (REDUNDANT)

Figure 30 shows the sequence of the IS calibrattent' is done at IS power-on, th&%nd the %

are done when the lasers are on, the following &m® repeated when lasers (and GDS) are
switched-off (only MBS are remained on) and thet lage at the last IS power-on. The first
calibration is performed with four stimuli and 1@#muli level, while the others are done with
eight stimuli and 9.6V stimuli level. Before thedtof each internal calibration, GIADA measures
the electronics noise of each channel. The follgwliable 3 reports the mean and the standard
deviation:
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PZTA PZTB PZTC PZTD PZTE

CALIB MEAN | STD | MEAN | STD | MEAN | STD | MEAN | STD | MEAN | STD
1St | -0,0135 0,0638-00106 0 0001 O -0,0106 0,03480,0135 0

ond 00077 0  -0,0077 0,0348-0,0019 0,0435 -0,0106 0,0638 -0,0164 0,0638
3d | -0,0106 0,0609-0,0077 0 | -0,001¢ 0,0551-0,0106 0,0435 -0,0135 0,0348
4 -0,0106 0,034 -0,0106 0,0435 -0,0019 0,0667 -0,0106 0,0493 -0,0135 0

5th  -0,0135 0,0551-0,0106 00493 0,001 0 | -0,0106 0,0435:0,0135 O

gh  -0,0106 0,0435-0,0106 0,0609 0,001 0  -0,0106 0,0435-0,0135 O

Table 3 IS channel outputs prior Internal Calibration (REDUNDANT)

As we can see, the channel outputs have a low medae (below of 10mV, negative value means
channel output close to = 0V) and a noise level3@close to the detection thresholds. The noise
levels are compatible with those measured withMlaén interface and also those observed during

on-ground test campaign.

Figure 31 to Figure 37 show the results of thenit®rnal calibrations. No detections are seen on
Channel-E; this is completely expected since tranohl gain is set to Low Gain. According to the
section 5.2.2.1 oAD4, only the 3% 4" 6" and & stimuli (that are marked in the figure with 153,
and 7 respectively) are meaningful, except for @& response, for which the voltage/delay time
measurements are not stable along the six diffend@tnal calibrations, the other channels (A, B

and D) show a reproducible calibration data set.
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CHANNEL A - 9.6/10V CALIBRATION PULSES

(REDUNDANT)
9
L - —-—-—- R e
L} [ f [
sl - - _____*_ . *~ ...~ . ____® _ ____
75
7 * 1st Calib
> 2nd Calib
5 )
B 65 m 3rd Cal,b
= 4th Calib
Q.
<E( X 5th Calib
T @ 6th Calib
R e
s
*
| | | L
45
4 T
-1 0 1 2 3 4 5 6 7 8
Number of stimuli
Figure 31 IS Calibration - Channel A Amplitude (REDUNDANT)
CHANNEL B - 9.6/10V CALIBRATION PULSES
(REDUNDANT)
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Figure 32 IS Calibration - Channel B Amplitude (REDUNDANT)
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CHANNEL B - 9.6/10V CALIBRATION PULSES

(REDUNDANT)
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Figure 33 IS Calibration - Channel B Delay Time (REDPUNDANT)
CHANNEL C - 9.6/10V CALIBRATION PULSES
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Figure 34 IS Calibration - Channel C Amplitude (REDUNDANT)
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CHANNEL C - 9.6/10V CALIBRATION PULSES

(REDUNDANT)
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Figure 35 IS Calibration - Channel C Delay Time (REDPUNDANT)
CHANNEL D - 9.6/10V CALIBRATION PULSES
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Figure 36 IS Calibration - Channel D Amplitude (REDUNDANT)
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CHANNEL D - 9.6/10V CALIBRATION PULSES
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Figure 37 IS Calibration - Channel D Delay Amplitude (REDUNDANT)

IS Internal Calibration - Channels Outputs
(when stimuli falls from maximum to 0V)
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Figure 38 IS Calibration — A, B, C and D Amplitudewhen stimuli fall to OV (REDUNDANT)
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IS Internal Calibration - Channels Outputs
(when stimuli falls from maximum to 0V)
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Figure 39 IS Calibration — A, B, C & D delay time when stimuli falls to OV (REDUNDANT)

Figure 38 compares the measured amplitude of tlobaBnels (except the E channel) during the six
internal calibrations. Only the channels output wilee stimuli falls to OV are reported in this
figure. As we can see, Channel-C is confirmed tattle during the six calibrations (the amplitude
varies from 1.5V to 3V), while the other channels quite stable even if the amplitudes depend
slightly on the IS temperature (e.g., Channel Areases of 0.33V when temperature increases of
about 3.5°C). This most probably is due to a colibdm of several causes: the stimuli amplitude,
the channel peak detector error, the mechanica\bedr of the IS plate, etc.

Figure 39 shows the measured delay time of thén#hmels (except channel A, for which the delay
time is always 0). This variation (except for Chalr@) is in the order of the time resolution (1 bit

3 us). The Channel-C should be observed during theé G2&DA operations and in case its
behaviour is confirmed, it is suggested to incre#ise detection threshold to improve the
reproducibility and stability of its detection.

Only eight unexpected detections (ghost eventsphserved during the test. Seven are normal IS
detection, while the last one is a combined IS+Giggction. They are observed when the GDS
and Laser power relays have been switch-on or refie( to Figure 40). This behaviour was
expected, since already observed during on groesiihg (refer to UM). The Table 4 shows the
output voltage and delay time of the five channBks.we can see the voltage measured after the
detections is below the detection thresholds (5QniM¥ means that the noise levels (induced by
power relays on or off) are very low and in anyechglow those observed during the on-ground
testing.

|| This Document contains proprietary information of Galileo Avionica, a Finmeccanica Company. All Rights reserved. ||




Doc : GIA-GAL-RP-517

@ Galileo Avionica G IADA 523682:120/05/2004

Page: 54of 88
EVENT TIME AMPL | TIME AMPL | TIME AMPL | TIME PZTD &
PZTA PZTB PZTC
(SCET) M | () M | (ps) M | (ps) PZTE
39659092,15 ' Detected 0,030 0 Non-detectad - - Non-detected - - Non-detected
39659092,16 = Detected 0,044 0 Non-detected - - Non-detected - - Non-detected
39659158,14 | Detected 0,036 0 Non-detectad - - Non-detected - - Non-detected
39660781,16 Detected 0,047 0 Detected 0,042 45 Non-detected - - Non-detected
39662002,14 = Detected 0,039 0 Non-detectad - - Detected 0,027 15 Non-detected
39662002,15 = Detected 0,044 0 Non-detected - - Non-detected - - Non-detected

39662068,15 Detected 0,044 36 Detected 0,05 0 Non-detected - - Non-detected
Table 4 IS ‘ghost detections’ (REDUNDANT)

IS GHOST DETECTIONS
(REDUNDANT)

Ghost Detections

0 - —f ; T T T ; i s -0
39658000 39658500 39659000 39659500 39660000 39660500 39661000 39661500 39662000 39662500 39663000
Time (SCET s)

‘ ® PZTDET —=— GDS_STATUS LASER_STATUS ‘

Figure 40 IS Ghost detection wrt GDS/Laser switch4o/'off (REDUNDANT)

In conclusion the IS sensor behaviour does notrikpa the other sub-systems (in particular GDS
and Laser), except at their power-on/off (i.e., wilee power relays are turned on or off). In this

condition some ‘ghost detections’ can be observedexpected, the performance of the sensor
depends slightly on the temperature, which is meakjust after the detection so that output can be
corrected.
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IS Temperature (Normal Science)
Redundant
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Figure 41 IS temperature (REDUNDANT)
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6.2.3.2. GDS SUB-SYSTEM

The detection thresholds of Left and Right chanmedge set to about 0.8V (Context file updated
via memory load command at GIADA power-on).

After the 29 GDS power-on, the Science TM was enabled andrtieenial Calibration TM packet
was successfully received.

GDS CALIBRATION
(REDUNDANT)

12

L i R i

04 ‘
39658900 39659900 39660900 39661900
EVENT Time (SCET s)

‘ LASER_STATUS GDS CALIB —e— GDS_STATUS —&—IS_STATUS ‘

Figure 42 GDS Calibration Time & sub-system powertatus (REDUNDANT)

The Figure 42 shows the sequence of the GDS ctitibga the i was done at GDS power-on
(Lasers are off), the"2and the % calibrations were performed when the lasers weitelsed-on
and the last one was done at the last GDS powérasers are off).

When the lasers are switched-off (i.e. tfieahd 4" set of data in Figure 43), the noise level of the
Left and Right channels show an average of 1%V and a standard deviationof3below
40mV. These values represent the electronics mevet at the output of the two channels. They are
in the same order of those measured during on-gréest campaign. When the lasers are switched-
on (i.e. the 2 and ¥ set of data in Figure 43), the output level of tedt and Right channels
reports a direct measure of the internal straytligicombination with the electronics noise. Insthi
case the Left channel has a higher average thaRigh (Left=0.67V and Right=0.24V) while the
standard deviations ¢3 are almost the same (<50mV). This condition wesady found during the
storage and pre-launch test campaign in Kourou.ifiteenal stray-light (in combination with the
electronics noise) is of the same order of mageititthe Left receiver detection threshold. Finally
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the Figure 44 shows the laser light monitor and lds®r temperature at the time of the GDS
calibration.

GDS Calibration (Left & Right mean and STD)

08
¢ ¢

L i
e
i
S 044
]
£
<

02t~ - * -

[ s |
0 ; ; ; ; ‘ ‘
39659000 39659500 39660000 39660500 39661000 39661500 39662000 39662500

Time (SCET s)

\0 MEAN_LEFT MSTD_LEFT = MEAN_RIGHT mSTD_RIGHT \

Figure 43 GDS Calibration (Left & Right mean valueand STD) (REDUNDANT)

GDS Calibration (Lasers Light & Temperature)
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Figure 44 GDS Calibration - Lasers Light Monitor & Temperatures (REDUNDANT)
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In summary, as soon as the Lasers have reachechalopower, the internal stray-light, due to
contamination problem, has produced several ‘ghestctions’ on Left channel. The next two
figures show the detections on Left and Right nezrsi and their relevant amplitudes.

GDS SCATTERED LIGHT

(REDUNDANT)
8 10
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Figure 45 GDS Scattered Light (Left and Right Receiers) (REDUNDANT)

GDS SCATTERED LIGHT
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Figure 46 Amplitude of ‘ghost detections’ on Left eceiver (REDUNDANT)
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Two ‘detections’ types can be distinguished:

* The first, in which the detections amplitude isttodé order of 0.8V (Left channel); these
are ‘ghost detections’ due to the high level of thirnal stray-light (contamination
problem). The noise level is confirmed of the sader than that found before launch
(refer to Figure 47). In order to minimise thesenbers of detections (and thus the data
rate and production), the detection threshold df t@nnel should be increased at least at
1V. It is suggested to keep under control thisasitun and only after a consolidated
behaviour, update the value in the context file.

GDS Left & Right output levels (last test prior the

1,2

1,
08 L T
0 1§ '] Ll
R L
Ly

0,6 4

Signal (V)

0,4

0,2

launch)
nangte ]
l.“;“. "ﬁ

0

;
28391600
SCET (s)

T
28391400 28391500

o Right m Left

T
28391700 28391800

Figure 47 GDS Left & Right output levels measured por the launch

* The second type, in which the detections amplitigd®,9375V on Left and Right
receivers. These detections were sporadic andafgeseven. The amplitude of 6,9375V,
means saturation. The first and fifth detectionppemed when laser power relay was
switched-on and off: they are ‘ghost detectiondieTremaining detections seem not
related to a particular GIADA internal activity ¢e. an internal calibration, a relay
switch-on/off, etc.) and therefore can be suppdsesl’ detections. Unfortunately this
conclusion cannot be practically demonstrated. Sdience team, if needed, will perform

further analysis.
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GDS GHOST DETECTION
(REDUNDANT)
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Figure 48 GDS Left & Right detections with amplitude above 7V (REDUNDANT)
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6.2.3.3. MBS SUB-SYSTEM NORMAL ACQUISITION AND HEATING MODE

After the 29 MBS sub-system power-on, the Science TM is enadfetthe MBS calibration packet
is received. Along the test, the MBS Calibratiomooand is repeated several times and in different
conditions (e.g., IS or/and GDS switched-on or wffdrder to verify the sub-system behaviour.

MBS Sub-system Calibration data
(REDUNDANT)

B0

e e
E T e e

I e e

Temperature (T)
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Time (SCET s)

|# MB2_TEMP = MB3_TEMP ~ MB4_TEMP @ MB5_TEMP ¢ MBL_TEMP @ ADC_TEMP |

Figure 49 MBS Sub-system Calibration Data (REDUNDAN)

The figure shows no interference of the MBS temjpees reading with respect the status (on or
off) of the other sub-systems. The last value & MBS5 temperature seems incoherent with
respect to the others (T above 50°C), but thisues t the execution of the calibration close to the
MBS5 heating.

After the first Calibration, the MBS normal scienaequisition starts @ repetition time of 300s.
Before heating, the MBS reading repetition timehanged to 25s. In the following sections, it is
reported the frequency variation against tempeeafir each of the five MBS prior and during the
heating. As we can see, when the temperature sese@due to MBS heating), the frequency
changes (the negative or positive variation depemdthe frequency - temperature curve, which is
different for each unit). Then, when the tempemattgturns to the initial condition, it returns to

approximately the initial value. These two curvee different because of the typical MBS

hystheresis mechanism. Anyhow, it is expected thatinitial and final frequency values be the
same.
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6.2.3.3.1. MBSI1 Reading

The frequency value after the completion of thetihgaand when the temperature is returned to its
initial condition has approximately the same vahafore the start of the heating. The frequency

shift, which is calculated from the figure of threquency wrt. temperature during heating, is ptbtte

in Figure 52. The frequency shift results outside ¢€xpected range: it is within the range -10/+5

Hz/°C (nominal expected rangei8 Hz/°C).

Remarks: This discrepancy is a known behaviour of the MBB, which was already detected

during on-ground test campaign, when the MBS teatper changes too fast (temperature

gradient > 1°C/minute), as during heating proce®s. MBS1, adt of 30°C is reached after 200s;

this means a thermal gradient of about 9°C/minagewe can see in Figure 53

MBS1 READING
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Figure 50 MBS1 Frequency wrt temperature in NormalAcquisition and heating
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GIADA

Frequency (Hz)

Figure 51 MBS1 (normal science) Frequency and tempature wrt time (REDUNDANT)
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Figure 52 MBS1 Frequency shift (REDUNDANT)
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MBS1 Frequency and Temperature during heating
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Figure 53 Frequency and Temperature during MBS1 heiing (REDUNDANT)
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6.2.3.3.2.

MBS2 reading

The first frequency reading of the MBS2, in the Pisicket during heating, jumps to a not-expected
value (the expected value is about 2544 Hz in datihg TM packet, while the first value was 3972
Hz). This is a known behaviour and already happemedyround. The value has been simple
discarded from the data elaboration, as indicatedeADA4.

As seen on MBS1, the frequency value after heatuiggn the temperature is returned to its initial
condition, has almost the same value as beforstéineof the heating (th&Frequency is less than 3
Hz). For MBS2, the frequency shift remains inside ¢xpected range3 Hz/°C).

MBS2 READING
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Figure 54 MBS2 Frequency wrt temperature in NormalAcquisition and heating
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MBS2 Frequency and Temperature
(Redundant)
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Figure 55 MBS2 Frequency and temperature wrt time REDUNDANT)
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Figure 56 MBS2 Frequency shift (REDUNDANT)
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MBS2 Frequency and Temperature during heating
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Figure 57 Frequency and Temperature during MBS2 heiing (REDUNDANT)

|| This Document contains proprietary information of Galileo Avionica, a Finmeccanica Company. All Rights reserved.




Doc : GIA-GAL-RP-517

@ Galileo Avionica G IADA :DSZ;Jee::120/05/2004

Page: 68of 88

6.2.3.3.3. MBS3 reading

As reported in Figure 58, the frequency value aftex completion of the heating, when the
temperature is returned to its initial conditios,different from the value before the start of the
heating (measuredFrequency is about 11Hz). For MBS3, the frequenuft sesults inside the
expected ranget8 Hz/°C).

MBS3 READING
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Figure 58 MBS3 Frequency wrt temperature in NormalAcquisition and heating
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MBS3 Frequency and Temperature
(Redundant)
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Figure 59 MBS3 Frequency and temperature wrt time REDUNDANT)
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Figure 60 MBS3 Frequency shift (REDUNDANT)
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MBS3 Frequency and Temperature during heating
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Figure 61 Frequency and Temperature during MBS3 heiing (REDUNDANT)
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6.2.3.3.4. MBS4 reading

As seen on MBS3, the frequency value after the ¢etiop of the heating, when the temperature is
returned to its initial condition, is different frothe value before the start of the heating (meakur
AFrequency is about 18Hz). For MBS4, the frequemdfy gesults almost inside the expected range
(-1/+4 Hz/°C respect th3 Hz/°C).

MBS4 READING
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Figure 62 MBS4 Frequency wrt temperature in NormalAcquisition and heating
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MBS4 Frequency and Temperature

(Redundant)
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Figure 63 MBS4 Frequency and temperature wrt time REDUNDANT)
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MBS4 Frequency and Temperature during heating
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Figure 65 Frequency and Temperature during MBS4 heiing (REDUNDANT)
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6.2.3.3.5. MBS5 Reading

As seen on MBS3 and MBS4, the frequency value #iecompletion of the heating and when the
temperature is returned to its initial conditiom slightly different from the value before the star
the heating (measuresFrequency is below of 6Hz). For MBS5, the frequeslift results almost
inside the expected range (-1/+4 Hz/°C respetBtbiz/°C).

MBS5 READING
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Figure 66 MBS5 Frequency wrt temperature in NormalAcquisition and heating
(REDUNDANT)
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MBSS5 Frequency and Temperature
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Figure 68 MBS4 Frequency shift (REDUNDANT)
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MBS5 Frequency and Temperature during heating
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Figure 69 Frequency and Temperature during MBS5 heiing (REDUNDANT)
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6.2.3.4. HOUSEKEEPING SIGNALS ON SCIENCE PACKETS

Laser Light Monitor (Normal Science)
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Figure 70 Laser lights monitor (Normal science packt) (REDUNDANT)

Laser & IS Temperatures (Normal Science)
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Figure 71 IS and Lasers temperatures (Normal scieecpacket) (REDUNDANT)
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6.3. THIRD PART — MAIN BUT SIX PATCHES INSTEADE OF THREE

6.3.1. ACTIVITIES LOG

The following activities have been performed inwsstce

uTC Description

4 Apr 2004 - 3:02 | The next step is to switch ON now GIADA with thew packing
of patches The full sequence is sent with the prepared gmin

4 Apr 2004 - 3:03 This switch on is done on the Mai

4 Apr 2004 - 3:13 | Now the patches statusi§: correct as 7 times 1 (1111111) is the
number of uploaded patches

4 Apr 2004 - 3:14 All Dumps are received

4 Apr 2004 - 3:20 It is decided to go ahead acogrdo the nominal procedure. The
first step is Go to Safe although we are alreadysafie mode:
failure message is expected

4 Apr 2004 - 3:27 GIADA is switched OFF
4 Apr 2004 - 3:31 Check of Cover Report: nominal
4 Apr 2004 - 3:31 GIADA Commissioning completed cegsfully

The purpose of the test is to validate on flightdelahe new power-on procedure that will be used
in a MTP (Mission Timeline Procedure), during trexncommissioning block in October ‘04. In-
fact during this part of commissioning, the instents will be powered-on by MTP instead of
‘command stack’, i.e. a single command or a siegl@mand block is loaded in ‘real-time’ into S/C
for next execution. The main difference, between fihevious power-on procedure (that has been
used during the two previous GIADA power-on) ane tlew one, is the length of the memory patch
command that in MTP scenario are shorter than vhisntype runs through command stack. This
means that the number of patches increases byuwilitteeespect to the previous number (i.e. four).

The GIADA switch-on procedure was applied selectimg Main I/F and with the option Context
File already stored in SSMM (being this 4 8witch-on and CF was stored into SSMM at the
power-off procedure of the previous test). Therlnsent was successfully powered-on by means of
the GIADA POWER-ON OBCP procedure th® df April 2004 @ about 03:04:22.998764 (UTC
time) which corresponds to a SCET Time of aboutc8849.000000 sec.

The first TM packet was the normal progress ev&iADA in Safe mode’, which was received
with synchronised SCET time. Note that, being p@desff with the reset of Virtual disk, the
‘EDAC Error during S/W Start and Dump’ event is ifas expected) received. The next packet was
a synchronised HK report (default HK rate is 40%) a ‘connection test report’ event. This means
the GIADA power-on was successfully completed.
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After completion of the power-on, the first patcagarding the Context File) was sent and its dump
report was successfully received.

Then six patches were sent and twenty-three sugeesgmory dumps (via service 6,6) received.
The content of memory dumps have been compared twéhsame packet received during the
REDUNDANT I/F power-on.As we can see in section 6.3.2.2, the conclusionthiat the new
power-on procedure is fully validated As expected, after the Context File patch, GIABR rate
was changed to 10s rate.

Few minutes after, it has been decided to power®RDA by means of the nominal
GIADA_FCP_060 procedure, in which GIADA goes fitst SAFE mode (at this time, since
GIADA was already in Safe mode, an Acceptance FaiReport has been received: ‘Command can
not be executed in the actual operation mode’'Junps to ground the Context File and it is
switched-off by means of the relevant OBCP.

The On-board procedure runs first the CLOSE_COVERCP (with Cover and Motor Heaters
Off) and then, at the end, puts again GIADA in SAR&Bde, commands the storing the Context File
in the SSMM (by means of the Report Context Filevige), resets the Virtual Disk and finally it
switches-off the instrument. The last received HiCket was time-tag with 03:25:52.694474 (UTC
Time) corresponding to 39669938.695312 (SCET Time).
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6.3.2. MEMORY PATCHES ANALYSIS

6.3.2.1. CONTEXT FILE COMPARE

This following text is the content of the dump meaynof the Context File patch during the previous
Redundant I/F power-on.

HEADER_START

CREATION_TIME=2004-04-03T23:04:45Z

USER=cosim0

HEADER_END

I

/I Generated by 'GIADA_EGSE_SW'

I

MP_START

PROC_ID=5A

MEM_ID=51

NUM_BLOCKS=01

I

/I Block N. 1

START_ADDRESS=0000903A

NUM_WORDS=004

DATA=0000,1E00,0000,A105,A105,1E00,0000,6406,5802003200,AB00,AB00,7800,0000,7800,
0000,03AF,1416,AFF5,DDFD,0000,0000 A0®00,0F9F,B81A,0000,3500,0500,0505,0505,
100E,0000,04F8,009F,4B0OA,00F8,2C0100©809,6801,0000,100E,0000,6 D1A,CE1D,C719,
0000,0000,0000,0000,3C00,0000,0A00@&0D0,0000,0000,0000,0000,0100,2800,2800,
0000,0000,0000,0000,DFC6

MP_END

The next is the same is the same dump, but acqdinédg the 2* Main power-on. No differences
are seen comparing the two images.

HEADER_START

CREATION_TIME=2004-04-04T03:07:34Z

USER=cosim0

HEADER_END

I

/I Generated by 'GIADA_EGSE_SW''

I

MP_START

PROC_ID=5A

MEM_ID=51

NUM_BLOCKS=01

I

/I Block N. 1

START_ADDRESS=0000903A

NUM_WORDS=0045

DATA=0000,1E00,0000,A105,A105,1E00,0000,6406,58020,3200,AB00,AB00,7800,0000,7800,
0000,03AF,1416,AFF5,DDFD,0000,0000,100E,0089F,B81A,0000,3500,0500,0505,0505,
100E,0000,04F8,009F,4B0A,00F8,2C01,0000,F81H,,0000,100E,0000,6 D1A,CE1D,C719,
0000,0000,0000,0000,3C00,0000,0A00,0000,Z8W®,0000,0000,0000,0100,2800,2800,
0000,0000,0000,0000,DFC6

MP_END
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6.3.2.2. SOFTWARE PATCHES COMPARE

The success criterion is to compare the memory durapeived before and after the procedure
modification; if they are the same it means theosdcset of the memory patches has been fully
validated.

As example, the first comparison is shown: theofsihg is the content of the first dump memory
received during the previous Redundant I/F power-on

HEADER_START

CREATION_TIME=2004-04-04T03:11:51Z

USER=cosim0

HEADER_END

1

/I Generated by 'GIADA_EGSE_SW''

1

MP_START

PROC_ID=5A

MEM_ID=51

NUM_BLOCKS=01

1

/I Block N. 1

START_ADDRESS=00006A72

NUM_WORDS=003

DATA=558B,EC83,EC06,8B5E,048B,4706,8108,D3E8,B4®%,3,06B6,0003,E203,C289,46FE,C746,
FC00,00C7,46FA,0000,8B5E,048B,5702,8B47,048%58946,FA8B,46 FC,8B56,FA3B,060E,
DA72,0D77,063B,160C,DA76,05B8,0100,EB1D,8B4B3B,56 FA,3B06,0EDA,750F,3B16,0CDA,
7509,8B46,FE3B,060A,DA73,E033,C08B,E55D,C3B8

MP_END

The next is the same dump, but acquired durin@t#ain power-on.

HEADER_START

CREATION_TIME=2004-04-03T723:09:27Z

USER=cosim0

HEADER_END

I

/I Generated by 'GIADA_EGSE_SW'

I

MP_START

PROC_ID=5A

MEM_ID=51

NUM_BLOCKS=01

/i

/I Block N. 1

START_ADDRESS=00006A72

NUM_WORDS=003'

DATA=558B,EC83,EC06,8B5E,048B,4706,8108,D3ES8,B4®%,38,06B6,00D3,E203,C289,46FE,C746,
FCO00,00C7,46FA,0000,8B5E,048B,5702,8B47,048(58946,FA8B,46 FC,8B56,FA3B,060E,
DA72,0D77,063B,160C,DA76,05B8,0100,EB1D,8B483B,56FA,3B06,0EDA,750F,3B16,0CDA,
7509,8B46,FE3B,060A,DA73,E033,C08B,E55D,C3B8

MP_END
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No differences are seen comparing the two images.cfiterion has been applied to all the dumps
and again no differences have been fouhlde conclusion is that the modified power-on
procedure is fully validated.
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6.3.3. HOUSEKEEPING DATA ANALYSIS

6.3.3.1. GENERAL

As we can see in the following pictures, the GIABRperiment behaved correctly along the test.
The current consumption and the Power Supply teatypes are in the expected range. The Power
supply temperature increases of about 5°C fronptiveer-on and reaches its steady state @ about
18°C, being GIADA always in Safe mode with all ssystems switched off. The IS temperature
remains stable around 8°C being the sensors alemitshed-off. In Safe mode, the Lasers and
MBS remains off and the relevant temperatures ateread. No missing HK packets have been
observed during the test.

GIADA Current consumption
(MAIN 2nd Power-on)
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Figure 72 Current consumption on +5V 15V power supplies (MAIN 2 power-on)
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IS and Power Supply Temperatures
(MAIN 2nd power-on)
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Figure 73 IS and Power Supply temperatures along thtest (MAIN 2 power-on)
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Figure 74 Frangibolt Temperatures (MAIN 2" power-on)
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OPEN & CLOSED Reed switches STAUS (MAIN 2nd Poerr-o n)

Reed Switches Status (1 means activated)
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Figure 75 Status of Reed switches as extracted froAbusekeeping TM (MAIN 2" power-on)
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GIADA

6.3.3.2.

During the power-off operation, GIADA cover is antatically closed by the OBCP (Close Cover)
despite its real position. Since the cover wasadlyeclosed, the new close cover operation resulted
(as expected) in a continuous cover bunching dwecover support. This is the reason of the status
of the two reed-switches shown in Figure 76, inclhihe reed switch indicating the Cover-Open
position remains always not active and the othercis/ated several time. In fact, after a bunch on
the cover support, the cover returns back andeéé switch indicating the Cover-Close position is
newly activated. Considering its last status areattual movement direction, the cover results at
the end in closed position when the reed switclsgmfrom activated to not-activated condition.

COVER CLOSE OPERATIONS

Cover CLOSE during GIADA switch-off

(MAIN 2nd power-on)
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Figure 76 Reed switches Status - Cover Close opemat @ power-off (MAIN 2" power-on)

o L]

60 8 120 140 160

Time (count)

[~#—RW_OPEN —=— RW_CLOSED |

180

|| This Document contains proprietary information of Galileo Avionica, a Finmeccanica Company. All Rights reserved.




@ Galileo Avionica G IADA 523682:120/05/2004

Doc : GIA-GAL-RP-517

Page: 870f 88

7. CONCLUSION

The GIADA commissioning can be sub-divided in thnegin sections:

The first, in which the Main I/F has been succdistommissioned. No anomalies have
been detected along the test on GIADA with protectiover closed.

The second, in which the Redundant I/F and thernatedetection sub-systems have
been commissioned. The Frangibolt device has betvated and the protective cover
has been successfully unlocked. The protective rcaas fully open at the"2 attempt
(most probably the reason is due to possible cstieking, refer to section 6.2.2.3) and
was closed without any problem. The sub-systems bahaved correctly and no major
discrepancies were found. A more refined controth&f acquired data will require a
more detailed comparison with those taken duringmmuind calibration and test,

The last, in which a new procedure (seven pataistead of the nominal four) has been
successfully validated for next GIADA in-flight tes

More in general, the following points will be codsred as part of the next in-flight data analysis

and tests:

The following two points are raised on UTC time:tag

« The UTC time of a synchronised packet is aboutdréster than the packet SCET
time.

« The UTC time of unsynchronised packet (reconstdi@ed assigned by ground
segment) is about 2.8s delayed with respect toofhstnchronised packet.

The explanation of these two delays has to be checked with ESOC Control Centre.

The GIADA internal stray-light is definitely higheéhan the detection threshold of the
Left receiver, but it has not changiedm the last test performed in Kourou. The pdssib
recovery action to avoid the on-ground receptioa 8§bod of ‘GDS ghost events’ (when
the cover is open) is to increase the detectiogstiold on Left receivelt is suggested
to_wait the completion of the next commissioning &s, in_particular _the ‘stray-
light' test, to decide the new detection threshold

For the Cover open operation; it is suggested toitoothe operation during the next in-
flight test. In case of a systematic behaviour. (nember of steps to open greater then
those to close the cover), it is suggested to mothie ‘number of step to open’
parameter in the Context File.

The internal GIADA temperatures seem in the nomiaage, even when the cover was
open for few hours. However, since the cover isauohpletely closed (few millimetres
above the GIADA support), it is suggestedmonitor the TRP to see if its value is
changed (decreased) from the date of the commissioning.

The behaviour of the MBS is nominal. It is suggédste monitor the variation of the
reading frequencies with respect the temperaturagithe next tests.
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* The Dust flux indication was, as expected, clos@ (pe. no IS detection) except during
the sub-systems power-on/off, during which, in aage, it was always below 4 units.
The Dust Flux indication will be monitored durirfgetnext in-flight test.

* IS internal calibration on Channel A, B, D and Es hhasulted stable and repeatable,
while on Channel C the measurements were not cdehplgatisfactory (the delay time
and amplitude were not stable). It is suggestednguhe nest commissioning phase, to
repeat several times the IS calibration with dédférdetection thresholds on channel C,

to check the behaviour of the channel.

The final point refers to a needed optimisation innumber and size of the Memory Load
Command to upload the software patchesThis optimisation has to be done in the future when
new patches should be necessary, to avoid as naupbssible the loose of memory space in the
patch storing area (NVRAM). In-fact, using the npawer-on procedure (refer to section 63,
commands are needed instead of theee commands, as foreseen in the original power-on

procedure. Therefore in the present configuratimw( power-on procedure), it will remain only 57

free areas in NVRAM (to store new software patchesgpect to the 60 with the original power-on
procedure.To perform this optimisation the maximum number of words for each Memory

Load Command must be known (action to ESOC Missio&ontrol Centre).

|| This Document contains proprietary information of Galileo Avionica, a Finmeccanica Company. All Rights reserved.




