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Acronyms 
AD   Applicable Document  
AIV   Assembly, Integration and Verification  
ASW   Application SoftWare  
AVM   Avionics Verification Model  
BEM   Back End Module (LFI)  
BEU   Back End Unit (LFI)  
BIN, bin  Binary  
BOL   Begin of Life  
CCE   Central Check-out Equipment  
CCS   Central Check-out System  
CDMS  Command and Data Management Subsystem  
CDMU  Central Data Management Unit  
CQM   Cryogenic Qualification Model  
CSL   Centre Spatial de Liege  
CTE   Coefficient of thermal expansion  
DAE   Data Acquisition Electronics (LFI)  
DC   Direct Current  
DMS   Documentation Management System  
DPC  Data Processing Centre 
DPU   (Data (or Digital) processing Unit  
DTCP  Daily Telecommunication Period 
ECR   Engineering Change Request  
EE   End to End test  
EGSE   Electrical Ground Support Equipment  
EMC   Electro-Magnetic Compatibility  
EMI   Electro-Magnetic Interference  
EOL   End of Life  
EPS   Electrical Power Subsystem  
ESA   European Space Agency  
ESD   Electro Static Discharge  
ESOC   European Space Operations Centre  
ESTEC  European Space Technology and Research Centre  
FDIR  Failure Detection, Isolation and Recovery 
FEM   Front End Module (LFI)  
FEU   Front End Unit (LFI)  
FM   Flight Model  
FMECA  Failure-Modes, Effects and Criticality Analysis  
FOP   Flight Operations Plan  
FPU   Focal Plane Unit  
FS   Flight Spare  
FTS    File Transfer System  
GS   Ground Segment  
H/W   Hardware 
HC  Healthcheck  
HFI   High Frequency Instrument (Planck)  
HK   House Keeping (data)  
ICD   Interface Control Document  
ICWG   Instrument Coordination Working Group  
ID   Identifier  
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IID   Instrument Interface Document  
IID-B   Instrument Interface Document - part B 
ILT   Instrument Level Test  
IOM   Instrument Operations Manager  
IOT   Instrument Operations Team  
IST   Integrated System Test  
JPL   Jet Propulsion Laboratory  
JT   Joule Thompson  
kbps   kilobits per second  
LCL   Latch Current Limiter  
LFI   Low Frequency Instrument (Planck)  
LGA   Low Gain Antenna  
LL   Low Limit  
LPSC   Laboratoire Physic Subatomic et Cosmologie  
Mbps   Megabits per second  
MGSE  Mechanical Ground Support Equipment  
MLI   Multilayer Insulation  
MOC   Mission Operations Centre  
N/A, n.a.  Not Applicable  
NaN   Not a Number  
NCR   Non Conformance Report  
NRT   Near-Real-Time  
OBCP   On-Board Control Procedure  
OBSM  On-Board Software Maintenance  
OD  Operational Day 
OIRD   Operations Interface Requirements Document  
OM   (DPC software) Operations Model  
OOL   Out-of-Limits  
PGSSG  Planck Ground Segment System Group  
PID   Proportional, Integral, Derivative active control  
PLFEU  Planck LFI Front End Unit (FEU)  
PLM   Payload Module  
PM   Project Manager  
PPLM   Planck Payload Module  
PSO  Planck Science Office 
QA   Quality Assurance  
QLA   Quick Look Analysis (software)  
RD   Reference Document  
RFW   Request for Waiver  
RT   Real Time  
RTA   Real-Time Analysis  
S/C   Spacecraft  
S/W   Software  
SC  SpaceCraft 
SCC   Sorption Cooler Compressor  
SCCE   Sorption Cooler Cold End  
SCE   Sorption Cooler Electronics  
SCOE   Special Check-out Equipment  
SCOS   Spacecraft Control and Operations System  
SCP   Sorption Cooler Pipes  
SCS   Sorption Cooler Subsystem (Planck)  
SFT   Short Functional Test  
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SID   Structure Identifier  
SPACON  SPAcecraft CONtroller  
SR   Secondary Reflector  
SS   Stainless Steel  
ST   Science Team  
STM   Structural/Thermal Model  
SVM   SerVice Module  
SVT   System Validation Test  
TBC   To Be Confirmed  
TBD   To Be Defined  
TBS  To Be Specified 
TBW   To Be Written  
TC  TeleCommand 
TCS   Thermal Control System  
TID   Task Identifier  
TM   Telemetry  
TMM   Thermal Mathematical Model  
TMU   Thermo Mechanical Unit (Sorption cooler)  
TOD   Time-Ordered Data  
TOI   Time-Ordered Information  
TQL   Telemetry Quick-Look  
UM   User's Manual  
VG   V-Groove radiator  
WU   Warm Units  
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1. APPLICABLE AND REFERENCE DOCUMENTS 

1.1. APPLICABLE DOCUMENTS 
 
[AD1]  Herschel/Planck Instrument Interface document Part A  

SCI-PT-IIDA-04624 Issue 3.3 

[AD2]  Herschel/Planck Instrument Interface document Part B  
SCI-PT-IIDB-04142 Issue 3.1 

[AD3]  Herschel/Planck Instrument Interface document Part B  
SCI-PT-IIDB-04142 Issue 3.1, Annex 3, ICD 750800115 

[AD4]  Herschel/Planck Instrument Interface document Part A  
SCI-PT-IIDA-04624 Issue 3.3 Annex 10 

 
 

1.2. REFERENCE DOCUMENTS 
 
[RD1] Planck SCS User Manual 
 PL-LFI-PST-MA-002, Issue 1.0 

[RD2] Planck FM TV Test Sequence 8.02 

[RD3] Planck TV/TB Test Specification 
 H-P-3-ASP-TS-0893, Issue 3.0 

[RD4]  Planck Sorption Cooler Electronics MIB USER GUIDE 
 UM-PSCZ-600092-LPSC, Issue 1.0 Rev. 4.0 
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2. INTRODUCTION 
This document describes the test sequence and procedures of the Planck Sorption Cooler System 
planned for the thermal vacuum cryogenic test campaign at CSL. Each Chapter is dedicated to a 
specific Phase of the Test Campaign. For each Phase in which the SCS is operated is shown a 
summary of: 
 

• Rationale  

• Objective  

• Configuration of SVM and PLM needed   

• Thermal boundaries 

• Pass/fail criteria 

• Duration  

 
 

3. GENERAL REQUIREMENTS 

3.1. Responsibilities 
TAS-F is the test conductor and responsible for the test steps performed with the SCS.   
The SCS Operation Team (SCS OT) will witness and support TAS-F during tests execution in order 
to evaluate test results, assess pass/fail criteria and respond to any contingency that could arise. 
SCS Operation team will analyse offline the data for each test and produce report that will be 
integrated in a SCS Performance Verification test report. Each test will be reported by one TQL 
session file. 
 

3.2. Environmental Conditions 
All operations shall be conducted at ambient temperature, humidity, and pressure conditions in a 
class 100.000 environment or better in accordance with [AD2]. 
CLS Facility cryo-chamber shall be compliant to specification. 
 

3.3. Operational Constraints for PFM2 Test 
Main operational constraints for SCS testing are: 
 

• SCS database loaded in CCS 

• I-EGSE Connected to CCS and fully tested. 

• TQL machine is connected to I-EGSE and fully tested. 

• IOT on site 
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3.4. TV/TB SCS Test sequence 
The TV/TB Test Campaign will be performed in the CSL cryo-facility in thermal and general 
conditions that, for each test case, will be representative of flight. The main objective of the TV/TB 
tests is to verify the functionality and performances of SCS comparing results to previous ground 
test campaigns and acquiring data for System in-flight performance predictions. 
 
Up to date reference for SCS during the PFM2 test is summarized in the following table 
 

3.5. SCS Performance Requirements 
 

TMU Spec Requirement Value TM Mnemonic 

 Cold End T 
  17.5 K < LVHX1 < 19.02 K 
  17.5 K < LVHX2 < 22.50 K 

 SD028540 (LVHX1)
 SD029540 (LVHX2)

 Cold End T Fluctuations   
  ∆T @ LVHX1 < 450 mK 
  ∆T @ TSA < 100 mK 

 SD028540 (LVHX1)
 SD030540 (TSA) 

 Cooling Power 

  Cooling power @ LVHX1 > 190 mW  
  Cooling power @ LVHX2 > 646 mW  
  TSA dissipation = 150 mW 
  Total Cooling Power > 986 mW 

N/A 

  Input Power   TMU Input power < 426 W @ BOL N/A 

 
 

3.6. Data analysis 
 
SCS telemetry will be checked by SCS OT on-line. Full data processing will be performed off-line 
and reported in the test Final Report. 
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4. Phase PrTV-1 - Functional Tests pre-TV Activities  
 

4.1. PrTV-1-2-d SCS Warm Healthcheck N 
 

4.1.1. Objective 
To ensure that no damage occurred at the SCS during all activities (and in particular transportation 
to testing site) performed after last HealthCheck (HC). “Warm HC” is a reduced procedure with 
respect to the “full HC”, due to the fact that cold sensors and heaters cannot be checked in warm 
conditions for hardware safety reasons.  This HC will provide a reference baseline for the functional 
verifications to be performed at the end of test campaign. 
 

4.1.2. Initial configuration set-up 
 
The S/C shall be mounted inside the chamber but the door of the chamber will be left open to 
avoid heating problems. 
 

LFI HFI SCS SVM 
OFF OFF OFF ON 

 
 

4.1.3. Thermal environment 
 

Warm Radiator VGroove3 FPU 4K Cooler IF 
Ambient T Ambient T Ambient T Ambient T 

 
 

4.1.4. Test sequence 
 

Sequence Step Procedure Comments Time Duration 
Activate SCS SCS BOOT Switch On SCE 0:10 

Enter INIT Mode SCS INIT  0:05 
Enter READY Mode SCS READY SCS in Health Monitoring 0:05 

Load LUT (if needed) LUT UPLOAD LUT for N Warm HC 0:10 
Dump LUT LUT READ BACK Check loaded LUT 0:20 

Enter Healthcheck SCS HEALTHCHECK Start Automatic procedure 2:00 
    

Note: Procedures description and details are reported in Appendix 1 
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4.1.5. Constraints and others instrument configuration 
No mechanical or electrical integration activity should be performed during the test.  
 

4.1.6. Pass/Fail criteria 
The following criteria define the success of the test: 
 

• No unexpected event Packets 
• Sensors response as expected 
• Power consumption as expected [RD1] 
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5. Phase 1 – Final Check before Chamber Closure 
 
During Phase 1 the SCS is OFF 
 
 
 
 

6. Phase 2 – Pump Down 
 
During Phase 2 the SCS is OFF 
 
 
 
 

7. Phase 3 – Launch Simulation, Leak Checks, 4K Clr cleaning 
 
During Phase 3 the SCS is OFF 
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8. Phase 4 – Shrouds & PPLM Passive Cooling 
 
From Ph-4-01 to Ph-4-04 the SCS must be OFF for SVM thermal balance reasons. It may be 
possible to activate it part time at beginning of each sub-Phase. 
 
At the end of Phase 4-05 (Ph-4-05-e), the SCE shall be switched On in READY Health Monitoring, 
in order to monitor the remaining part of PLM cooldown. 
 

8.1.1. Objective 
Objective of this test is to start the SCE-N in READY Mode (Health Monitoring) to monitor SCS 
status during passive cooldown. 
 

8.1.2. Initial configuration set-up 
 
The S/C shall be mounted inside the chamber in vacuum and in the expected steady state cryo 
environment.  
 

LFI HFI SCS SVM 
OFF OFF OFF ON 

 

8.1.3. Thermal environment 
 

Warm Radiator VGroove3 FPU 4K Cooler IF 
Cold Case (TBC) Cold Case (TBC) TBC (Cooling down) TBC (Cooling down) 

 

8.1.4. Test sequence 
 

Sequence Step Procedure Comments Time Duration 
Activate SCE (BOOT Mode) SCS BOOT Switch On SCE 0:10 

Enter INIT SCS INIT  0:05 
Enter READY SCS READY  0:5 

Upload full LUT for Cold TB 
Case LUT UPLOAD If not already done in 

previous phase 0:10 

Dump LUT LUT READ BACK Check loaded LUT 0:20 

SCS Monitoring N/A SCS is in Health Monitoring 
part time TBD (part time) 

Note: Procedures description and details are reported in Appendix 1 
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8.1.5. Constraints and others instrument configuration 
 
No mechanical or electrical integration activity should be performed during the test 
 
 

8.1.6. Pass/Fail criteria 
The following criteria define the success of the test: 
 

• No unexpected event Packets 
• No unexpected sensor readings 

 
 

9. Phase 5 – Cryo Chain Active Cooling 
 

9.1. Phase 5-01 SCS Start-up 
 

9.1.1. Objective 
Objective of this test is to start the SCS-N and take it into Run Mode and Nominal Operations. 
 

9.1.2. Initial configuration set-up 
 
The S/C shall be mounted inside the chamber in vacuum and in the expected steady state cryo 
environment.  
 

LFI HFI SCS SVM 
OFF OFF ON ON 

 
 

9.1.3. Thermal environment 
 

Warm Radiator VGroove3 FPU 4K Cooler IF 
Cold TB Case T Cold TB Case T <100K <100K 

 

9.1.4. Test sequence 
SCS Cold Case LUT parameters will be set on the basis of actual thermal boundary conditions (see 
LUT Appendix).  
 
If SCE-N is already ON after Switch-On in Ph-4-05-e then the below reported sequence shall start 
from the “Enter to RUN” step. If, at the beginning of Ph5-01, the SCE-N is OFF then the whole 
sequence below shall be executed. 
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Sequence Step Procedure Comments Time Duration 

Activate SCE (BOOT Mode) SCS BOOT Switch ON SCE if not already 
ON from previous phase 0:10 

Enter INIT SCS INIT “ 0:05 
Enter READY SCS READY “ 0:05 

Upload full LUT for Cold TB 
Case LUT UPLOAD If not already done in 

previous phase 0:10 

Dump LUT LUT READ BACK Check loaded LUT 0:20 
Enter RUN SCS RUN Start Cooldown 0:05 

SCS enters Nominal NA Autonomous transition About 100:00 
Note: Procedures description and details are reported in Appendix 1 
 

9.1.5. Constraints and others instrument configuration 
 
No mechanical or electrical integration activity should be performed during the test 
 

9.1.6. Pass/Fail criteria 
The following criteria define the success of the test: 
 

• No unexpected event Packets 
• SCS shall enter RUN Mode 
• SCS shall enter Nominal Operations 
• SCS shall meet performance requirements 

 
 

9.2. Phase 5-02-e SCS parameters and TSA tuning 
 

9.2.1. Objective 
Objective of this test is to adjust the SCS operational parameters for nominal cooler performance in 
order to ensure optimal conditions for instruments test. In such a way, the cooler will perform in 
nominal conditions, meeting all requirements. This is a fundamental step for the whole cryo test, an 
out of balance SCS has a strong impact on the thermal status of other sub-systems and of the whole 
cryo test. 
 
It is important to note here that any activity during the test campaign that can thermally 
unbalance the SVM, PLM or SCS itself might require new or frequent SCS adjustment (tuning) 
iterations.  
 
This test is performed by optimizing cooler operational parameters in terms of input power and cycle 
time in order to produce required heat lift and cold end conditions as close as possible to balance. At 
the same time, TSA active control parameters will be adjusted relatively to all other parameters for 
optimized cold end absolute temperature and fluctuations. In such a way temperature oscillations at 
the LFI and HFI interfaces will be maintained below the required limits, reaching expected 
operational stable conditions for both instruments. 
In particular, the TSA has been tested during JPL ground test campaigns in a thermal environment 
not fully representative of the flight conditions. This will be the first time for a verification of the TSA 
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behaviour on the S/C, with the real instruments (and their dissipation) connected and with the 
satellite (and the relevant I/F’s) in TV conditions representative of flight. 
During TSA tuning, once stabilization has been reached with PID, the OpenLoop algorithm will be 
activated to verify its functionality and to check if its capability in achieving better stabilization. On 
the basis of test results, it will be decided whether both control systems (PID and OpenLoop) will be 
used together for the test campaign or not.   
 

9.2.2. Initial configuration set-up 
 
The S/C shall be mounted inside the chamber in vacuum and in the expected steady state cryo 
environment.  
 

LFI HFI SCS SVM 
ON (full load) ON ON (Nominal Ops) ON 

 

9.2.3. Thermal environment 
 

Warm Radiator VGroove3 FPU 4K Cooler IF 
Cold TB Case T Cold TB Case T 20K Nom. Stroke 

 
 

9.2.4. Test sequence 
 
The final stabilization has to be reached before starting Instruments testing. It should be performed 
with both instruments in nominal operating conditions and after 4K cooler switch ON. 
 

Sequence Step Procedure Comments Time Duration 
Upload “tuned” LUT LUT UPLOAD  0:10 

Enable TSA SC501530 Enable PID in LUT SW Section - 
Powers and times section SC502559  Cycle and Power are updated  

PID/OL section SC506559  PID/OL parameters are updated - 
Dump LUT Sections SC601530 Check LUT sections 0:20 

“ SC602559 “  
“ SC606559 “  
    

Wait for stability NA LFI MF thermal balancing 6:00 
Note: Procedures description and details are reported in Appendix 1 
 
From present test schedule, it results that the tuning process will be performed before 4K cooler 
transition to Nominal stroke. If this transition will induce a variation of the load dissipated on the SCS 
cold end by 50 mW or more, then it might be needed to perform an adjustment to SCS parameters 
in order to cope with this unbalance. This adjustment will be done at the end of LFI test, in order not 
to impact test data quality. 
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9.2.5. Constraints and others instrument configuration 
The expected full load form LFI and HFI should be applied. 
 

9.2.6. Pass/Fail criteria 
There are the following criteria for the success of the test: 
 

• No unexpected event Packets 
• SCS shall remain in Nominal Operations 
• SCS shall meet performance requirements 
• Peak-to-peak T fluctuations at the TSA stage shall be below 100 mK, while LVHX1 ∆T shall 

remain below 450 mK 
• TSA PID control power below 150 mW 

 
 
 
 

9.3. Phase 5-03 to Phase 5-99 
For the rest of Phase 5 SCS is run unperturbed into Nominal conditions.  
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10. Phase 6 – HFI Functional Testing 
 

10.1. Phase 6-01 to Phase 6-07 
During first part of Phase 6 SCS is run unperturbed into Nominal conditions.  
 

10.2. Phase 6-08 TSA failure test 
 

10.2.1. Objective 
This test shall verify the Instruments performance/behaviour in case of TSA failure, i.e. the impact 
on instruments performance of the raw unfiltered T fluctuations directly transmitted to the HFI (cryo-
chain and 4K load) and LFI (FPU). The TSA is a critical stage for the SCS performance. For this 
reason there is 100% redundancy in both SCS FM units. Nevertheless there might be contingency 
situations requiring cooler operations (for either a limited or extended period of time) without Cold 
End stabilization as in the case, for example, of a hardware failure. It is crucial to test the impact of a 
disabled TSA on both instruments and cryo-chain functionality: higher raw, uncontrolled T 
oscillations will be entirely transmitted trough the instruments interfaces.  
 
This test should be performed before SCS Heat Lift Measurement. 
 

10.2.2. Initial configuration set-up 
 
The S/C shall be mounted inside the chamber in vacuum and in the expected steady state cryo 
environment.  
 
 

LFI HFI SCS SVM 
ON ON ON (Nominal Ops) ON 

 
 

10.2.3. Thermal environment 
 

Warm Radiator VGroove3 FPU 4K Cooler IF 
Cold TB Case T Cold TB Case T 20K 20K 

 
 

10.2.4. Test sequence 
 
The TSA control algorithm is disabled in the LUT to simulate a failure. The immediate impact is a 
drop in the Cold End absolute T with an increase of the peak-to-peak fluctuations (and a resulting 
change in the spectral behaviour). As a slower effect, the TSA dissipated load is added to the extra 
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cooling power produced by the SCS: this will cause an increase of the liquid produced and 
accumulated in the cold end that, with time, going back up the return line can cause an appreciable 
extra increase in the peak-to-peak oscillations.    
 

Sequence Step Procedure Comments Time Duration 
Upload LUT  LUT UPLOAD  0:10 
Disable TSA SC501530 Disable PID in LUT SW Section - 
Dump LUT SC601530 Check LUT change 0:05 

Wait for instability NA Monitor Instrumental response 4:00 
Note: Procedures description and details are reported in Appendix 1 
 

10.2.5. Constraints and others instrument configuration 
 
The expected full load from LFI and HFI shall be applied. Both instruments shall be in their nominal 
science acquisition state.  
 

10.2.6. Pass/Fail criteria 
The following criteria define the success of the test: 
 

• No unexpected event Packets 
• SCS shall meet all performance requirements except cold end temperature fluctuations 

 
 
 

10.3. Phase 6-09 SCS Heat lift Measurement 
 

10.3.1. Objective 
The objective of this test is to measure the cooling power produced by the SCS in the Cold TB 
Case. This is a fundamental verification of cooler functional performance and LFI thermal behaviour: 
it will allow not only to measure SCS performance in terms of heat lift but also to provide an indirect 
estimation of the LFI passive dissipation (parasitics).    
 
This test should be performed after the TSA failure test. 
 
 

10.3.2. Initial configuration set-up 
 
The S/C shall be mounted inside the chamber in vacuum and in the expected steady state cryo 
environment.  
 

LFI HFI SCS SVM 
ON ON ON (Run Mode) ON 
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10.3.3. Thermal environment 
 

Warm Radiator VGroove3 FPU 4K Cooler IF 
Cold TB Case T Cold TB Case T 20K 20K 

 
 

10.3.4. Test sequence 
 

Test procedure:  
1. TSA stays OFF (from previous test) to measure LFI load on LVHX2 

 
2. Switch TSA on again and change TSA set-point, TTSA, to increase the heat load to the 

sorption cooler. Approximately 200 mK is 100 mW.  
 

3. Use the measurement of the TSA heater circuit current, ITSA, and the TSA heater resistance, 
~480 ohm, to check the transfer function between TTSA and the heat load applied to the 
sorption cooler. 

 
4. If dry-out of LVHX2 is observed before LVHX2 T stabilizes (usually takes about 30 min), then 

cooling power produced is confirmed. End of test. 
 

5. If no dry-out is noticed then increase TSA set-point by 100mK (that is about 50mW) and wait 
for the liquid to evaporate. 

 
6. Follow this procedure until LVHX2 dry-out is observed (usually from 3 to 4 steps are 

required). End of test. 
 

 
Sequence Step Procedure Comments Time Duration 

Upload new LUT LUT UPLOAD TSA PID set-point changes are used 
to perform such measurement 0:10 

Enable TSA SC501530 Enable TSA in LUT SW Section - 
PID section  SC506559 Set PID set-point - 

Dump LUT sections SC601530 Check LUT 0:10 
“ SC606559 “ - 

Wait for stabilization NA Cold End and Instrument IFs  - 
Check Cold End T NA Check stability/dry-out - 

If needed repeat step 1 - Several steps might be required Up to 6:00 
TSA tuning LUT upload LUT UPLOAD Go back to stable operations 0:10 

PID section  SC506559 Set PID parameters for TSA stability  
Dump LUT section SC606559 Check LUT 0:05 

Note: Procedures description and details are reported in Appendix 1 
 
At the end of the heat lift measurement, nominal stable conditions should be achieved back before 
starting instruments Autocompatibility Test. This might take up to 6.00 extra hours. 
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10.3.5. Constraints and others instrument configuration 
 
The expected full load form LFI and HFI must be applied. Both instruments shall be in their nominal 
science acquisition state. Thermal conditions of instruments and pre-cooling stages will be perturbed 
for the whole duration of this measurement.   

10.3.6. Pass/Fail criteria 
There are the following criteria for the success of the test: 
 

• No unexpected event Packets 
• SCS cooling power shall be compliant to requirement with a max error of 100mW 
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11. Phase 7 – EMC & Autocompatibility 
 

11.1. Phase 7-01 SCS Cycle time and Power small adjustment 
 

11.1.1. Objective 
SCS operations will be optimized to maximize cooler lifetime. The baseline operational scenario is 
requiring frequent (monthly or weekly) small adjustment steps of the cooler parameters. This test is 
intended to check possible effects on cooler balance and instruments performance of such small 
tuning iterations. 
Objective of this test is to change SCS tuning parameters (usually cycle time and input power) by 
the typical amount of a weekly tuning step (i.e. by about 10-20 s and few watts) to check cooler 
response and performance to this variation together with instrumental effects on scientific data. This 
test will allow to check and, possibly, quantify the effect of small cooler performance variations on 
instruments scientific output. 
 
Before starting this test SCS should be in stable Nominal operations, meeting all performance 
requirements. 

11.1.2. Initial configuration set-up 
 
The S/C shall be mounted inside the chamber in vacuum and in the expected steady state cryo 
environment.  
 

LFI HFI SCS SVM 
ON (Nominal) ON (Nominal) ON (Nominal Ops) ON 

 
 

11.1.3. Thermal environment 
 

Warm Radiator VGroove3 FPU 4K Cooler IF 
Cold TB Case T Cold TB Case T 20K 20K 

 
 

11.1.4. Test sequence 
 

Sequence Step Procedure Comments Time Duration 
Upload “tuned” LUT LUT UPLOAD  0:10 

Powers and times section SC502559  Cycle time and Power are updated  
Dump LUT Section SC602559 Check LUT 0:20 

Note: Procedures description and details are reported in Appendix 1 
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11.1.5. Constraints and others instrument configuration 
 
The expected full load form LFI and HFI must be applied. Both instruments shall be in their nominal 
science acquisition state. Cooler parameters tuning will be performed just before the beginning of 
the 24 hours HFI/LFI compatibility test (Phase 7-02) since instrumental effects should be monitored 
for at least a typical OD period. 
 

11.1.6. Pass/Fail criteria 
The following criteria define the success of the test: 
 

• No unexpected event Packets 
• SCS shall remain in Nominal Operations 
• SCS shall meet performance requirements 

 
Off-line scientific analysis of instrument data shall verify possible perturbations introduced by SCS 
adjustments and quantify their impact on data quality. 
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12. Phase 8 – SVM and S/C Warm Thermal Balance 
 

12.1. Phase 8-01-a SCS Warm LUT upload 

12.1.1. Objective 
 
Objective of this test is to verify SCS performance in Warm TB and TV conditions and its impact on 
SVM thermal balance. Major thermal interfaces will be taken up to worst case temperatures in order 
to check PPLM functionality in these conditions. SCS shall be verified in worst case, end of life, max 
dissipation case as it has been done in PFM1 Thermal Hot Case Test. LUT values for the Hot Case 
will be approximately the same (480s, 466W) as previous test. 
 
In such SCS worst and EOL operations case nominal required performance cannot be ensured. 
 

12.1.2. Initial configuration set-up 
 
The S/C shall be mounted inside the chamber in vacuum and in the expected steady state cryo 
environment.  
 

LFI HFI SCS SVM 
ON ON ON (Nominal Ops) ON 

 

12.1.3. Thermal environment 
 

Warm Radiator VGroove3 FPU 4K Cooler IF 
Warm TB Case T Warm TB Case T 20K 20K 

 

12.1.4. Test sequence 
 

Sequence Step Procedure Comments Time Duration 
Upload Warm LUT LUT UPLOAD  0:10 
Dump Warm LUT LUT DUMP Check loaded LUT by operators 0:20 

Wait for system stability NA Thermal equilibrium  6:00 
Note: Procedures description and details are reported in Appendix 1 
 
 

12.1.5. Constraints and others instrument configuration 
 
The expected full load form LFI and HFI should be applied. SVM shall be in stable Warm TB/TV test 
conditions. 
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12.1.6. Pass/Fail criteria 
There are the following criteria for the success of the test: 
 

• No unexpected event Packets 
• SCS shall be in Nominal Operations 
• SCS shall meet performance requirements 

 
 
 
 
 
 

12.2. Phase 8-02 to Phase 8-99 
 
For the rest of Phase 8 SCS is run into Nominal conditions  
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13. Phase 9 – HFI Dilution Cooler Testing 
 
In Phase 9 SCS is run unperturbed into Nominal Operations 
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14. Phase 10 – 4K Cooler Heat lift and Coolers Failure Tests 

14.1. Phase 10-05 SCS failure test and Switchover to SCS-R unit 

14.1.1. Objective 

14.1.1.1. Ph-10-5-a 
 
This phase shall verify the Instruments response and behaviour in case of SCS failure, i.e. the 
impact on instruments and cryo-chain FDIR of an unexpected SCS stop.  
A sudden SCS failure has an impact on the whole Planck cryo-chain and on mission timeline. If 
problem is not critical, the cooler might be restarted in the following (TBC) DTCP but the effects on 
the PPLM need to be evaluated, mainly in terms of: 

- SCCE T holding/relaxation time 

- Impact on 4K cooler  

- Impact on dilution cooler 

- LFI T transient  

- HFI T transient 

To perform this test the SCS shall be taken by TC to READY Mode (Health Monitoring) and its cycle 
shall be stopped. 
 
This test will provide fundamental info for correlation of transient PPLM TMM. 
 

14.1.1.2. Ph-10-5-b 
 
In order to complete SCE FM Redundant qualification on board the Planck S/C, a switchover from 
the Nominal Unit to the Redundant is planned during the execution of SCS N Failure Test.  
 
This SCE FM-R qualification is based on a simple switchover procedure down to the activation of 
SCE R and a short Healthcheck: 
 

• Shutdown SCS Nominal 

• Initialise SCS Redundant 

• GOTO READY MODE, enter Health Monitoring 

• SCS R Healthcheck (TBC) 

• Shutdown SCS Redundant 

• Initialise SCS Nominal 

• GOTO READY MODE 

• GOTO RUN Mode SCS N 
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On ground, the orientation of the second (redundant) cooler fixed by the test setup prevents the 
redundant cooler compressor elements (CE) from being activated. For this reason only a short 
Healthcheck procedure (no actual gas desorption) will be executed, including the check of cold end 
sensors and heaters (TBC). 
 
At the end of Phase 10-5, SCS N shall be restarted and taken to RUN Mode (Conditioning). 
Reaching Nominal stable conditions shall not be required to proceed with next Phase 11 (Transition 
to Safe Mode). Nominal cooler operations in RUN (Conditioning) at Restart should be limited to the 
shortest possible time before Phase 11 execution in order to minimize impact on system warm up. 
For this reason, Phase 11 should start as soon as coolers and instruments are taken back to their 
normal operational Mode. 
 

14.1.2. Initial configuration set-up 
 
The S/C shall be mounted inside the chamber in vacuum and in the expected steady state cryo 
environment.  
 

LFI HFI SCS SVM 
ON ON ON (Nominal Ops) ON 

 

14.1.3. Thermal environment 
 

Warm Radiator VGroove3 FPU 4K Cooler IF 
Warm TB Case T Warm TB Case T 20K 20K 

 

14.1.4. Test sequence 
 
The sequence of the two combined tests (Ph-10-05-a and b) can be described as follows. 
 

Sequence Step Procedure Comments Time 
Duration

Stop SCS N cycle  SCS READY SCS N is taken to READY Mode 0:00 
GOTO READY Mode  Enters Health Monitoring  
Monitor SCS N in READY N/A Monitor SCS N warm-up 3.30 
    

SCS N Switch OFF  SCS SHUTDOWN SCS-N Switch OFF process 
(A1.7) 0:05 

CDMS request for SCE-N LCL OFF    
Wait for Event Report from S/C  See Appendix for TM  
     
SCS R Activation    
SCS R into BOOT  SCS BOOT  0:15 
Transfer ASW (if not automatic)    
Wait for Event Report from S/C  See Appendix for TM  
     
SCS R into INIT  SCS INIT  0:05 
     
SCS R into READY SCS READY  0:05 
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SCS R HealthCheck SCS HEALTHCHECK Short HC with dedicated LUT 
(see A4.3) 0:45 

     

SCS R Switch OFF  SCS SHUTDOWN SCS-R Switch OFF process 
(A1.7) 0:05 

CDMS request for SCE-R LCL OFF    
Wait for Event Report from S/C  See Appendix for TM  
     
SCS N RESTART    
SCS N into BOOT  SCS BOOT  0:15 
Transfer ASW (if not automatic)    
Wait for Event Report from S/C  See Appendix for TM  
     
SCS N into INIT  SCS INIT  0:05 
     
SCS N into READY SCS READY  0:05 
Monitor SCS N in READY  Monitor SCS N warm-up (Part2) 0:40 
    
SCS N in Start-up again SCS RUN SCS N in RUN conditioning 0:05 
    
Note:  

- Procedures description and details are reported in Appendix 1 
- SCS-Redundant packets APID for Boot and Essential HK is 1665, for non-Essential and 

Diagnostic is 1667 
 
Total duration of combined Ph-10-05-a and b is 6:00 hours  
 

14.1.5. Constraints and others instrument configuration 
 
The expected full load form LFI and HFI shall be applied. Both instruments shall be in their nominal 
science acquisition state.  
 

14.1.6. Pass/Fail criteria 
There are the following criteria for the success of the test: 
 

• No unexpected event Packets in both SCS FM units 
• Switchover procedure correctly executed 
• No errors/failure detected in SCS R 
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15. Phase 11 – SVM Transition to Safe Mode 
 
In Phase 11, before transition to Safe Mode, SCS should be operated in RUN (Conditioning) for the 
shortest possible time in order to minimize impact on system warm. Nominal stable conditions shall 
not be required to proceed with this Phase. 
 
Power lines to SCS shall be switched off.  
 
SCS shall be restarted in RUN Mode at the end of test using the same Start-up procedure described 
in Chapter 9.1. No need of recovering nominal stable conditions before proceeding with next Test 
Phase. 
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16. Phase 12 – FPU & Reflectors Warm-up 
 

16.1. Phase 12-01-a & 12-05 SCS Shutdown (monitor of warm-up) 
 

16.1.1. Objective 
 
In this Phase the SCS will be shut-down to start the PPLM warm-up. This test shall verify the cooler   
behaviour during warm-up and will provide fundamental data for correlation of transient SCS TMM. 
For this reason, it is required to keep SCS in READY Mode (Health Monitoring) in  
Ph-12-01 in order to monitor SCS and PLM warm up until completion of Ph-12-04. 
 
At beginning of Ph-12-05 the SCE-N shall be deactivated and the SCS-N shall be finally OFF. 
 

16.1.2. Initial configuration set-up 
 
The S/C shall be mounted inside the chamber in vacuum and in the expected steady state cryo 
environment.  
 

LFI HFI SCS SVM 
OFF OFF ON (RUN Conditioning) ON 

 

16.1.3. Thermal environment 
 

Warm Radiator VGroove3 FPU 4K Cooler IF 
Warm TB Case T Warm TB Case T 20K 20K 

 

16.1.4. Test sequence 
 

Sequence Step Procedure Comments Time 
Duration 

Stop SCS N cycle  SCS READY SCS N is taken to READY Mode 0:00 
GOTO READY Mode  SCS N Enters Health Monitoring  

Monitor SCS N in READY N/A Monitor SCS N warm-up Until 
Ph-12-05 

    
SCS N into INIT  SCS INIT At beginning of Ph-12-05 0:05 
CDMS request for SCE LCL54 OFF  SCS-N Shutdown  
Wait for Event Report from S/C  See Appendix for TM  
Note: Procedures description and details are reported in Appendix 1 
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16.1.5. Constraints and others instrument configuration 
 
The instruments shall be both OFF.  
 
 

16.1.6. Pass/Fail criteria 
The following criteria define the success of the test: 
 

• No unexpected event Packets 
• SCS stable (No Errors) in Health Monitoring operations 
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17. Phase 13 – PPLM, Facility and SVM Warm-up 
 
During Phase 13 the SCS is OFF 
 
 
 
 

18. Phase 14 – Pressure Recovery and Chamber Opening 
 
During Phase 14 the SCS is OFF 
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19. Phase PsTV – Functional Checks after Tests  
 

19.1. PsTV-1-3 SCS Warm Healthcheck N 
 

19.1.1. Objective 
Objective of this phase is to verify that no damage occurred at the SCS during TV/TB test. Warm HC 
is a reduced procedure with respect to the full HC due to the fact that cold sensors and heaters 
cannot be checked in warm conditions.    
This HC will provide a reference baseline for future functional verifications. 

19.1.2. Initial configuration set-up 
 
The S/C shall be mounted inside the chamber but the door of the chamber will be left open to 
avoid heating problems. 
 

LFI HFI SCS SVM 
OFF OFF OFF ON 

 
 

19.1.3. Thermal environment 
 

Warm Radiator VGroove3 FPU 4K Cooler IF 
Ambient T Ambient T Ambient T Ambient T 

 
 

19.1.4. Test sequence 
 

Sequence Step Procedure Comments Time Duration 
Activate SCS SCS BOOT Switch On SCE 0:10 

Enter INIT Mode SCS INIT  0:05 
Enter READY Mode SCS READY  0:05 

Load LUT (if needed) LUT UPLOAD No LUT change is expected 0:10 
Dump LUT LUT DUMP Check Loaded LUT 0:20 

Enter Healthcheck SCS HEALTHCHECK Start Automatic procedure 2:00 
    

Note: Procedures description and details are reported in Appendix 1 
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19.1.5. Constraints and others instrument configuration 
 
No mechanical or electrical integration activity should be performed during the test.  
 

19.1.6. Pass/Fail criteria 
There are the following criteria for the success of the test: 
 

• No unexpected event Packets 
• Sensors response as expected 
• Power consumption as expected [RD1] 
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A. Appendix. SCS Operational Procedures 
 
 
 

A.1 Procedures Blocks (Level 2) 
 
These procedures are the building blocks for the Level 1 procedures that can be performed during 
CSL test campaign. Each one can be considered as a stand-alone micro-procedure but they are 
usually executed only as steps of transitions to Op Modes. They can be considered completed when 
the TM(5.1) event report for that Mode is received. 
 

A1.1 SCS BOOT 
 
Applicative Software (ASW) transfer can be performed automatically or by “manual” CMD (it 
depends on the lookup table settings). No TM(5.1) ID = 1 packet is generated by BOOT SW, so  
BOOT (and INIT) Mode entry can be verified by the operator in TM(3,25) and TM(3,26) sent by 
BSW.   
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A1.2 SCS INIT 
 
Transition into INIT Mode can happen only after: 

• 'GOTO INIT' TC from BOOT (or INIT or READY) Mode 

• ASW transfer (automatically or by command) in BOOT Mode has been completed 
 
It follows that the only way to enter INIT Mode is by sending the 'GOTO INIT' TC. This tele-
command is not accepted if ASW has not been previously transferred. 
No TM(5.1) ID = 2 packet is generated by BOOT SW, so  INIT Mode entry can be verified by the 
operator in TM(3,25) and TM(3,26) sent by BSW. Generation of TM(5.1) ID = 2 is performed by 
ASW, so transitions to INIT in ASW are correctly reported. 
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A1.3 SCS LUT Upload 
 
LUT upload is not mandatory. A LUT upload should be executed only if parameters need to be 
changed; if not the software uses the parameters stored in EEPROM. 
 

 
 
LUT Summary Tables 
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TC depends on the model of SCE used. 
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A1.4 SCS READY 
 
 
Reception of TM(5.1) ID = 3 ensures that the transition into READY (Health Monitor) Mode has been 
completed. 
 

 
 
 
Check TM Parameters & Limits in Appendix Table to see TMU and SCE parameters SMxxxxxx 
identification.  

A1.5 SCS RUN 
 
Reception of TM(5.1) ID = 6 ensures that the transition into RUN (Startup) Mode has been 
completed. 
 

 
 
Check TM Parameters & Limits in Appendix Table to see TMU and SCE parameters SMxxxxxx 
identification.  
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A1.6 SCS HEALTHCHECK 
 
 
Health Check (HC) procedure is entered by sending the “GOTO Health Check” tele-command from 
the Health Monitor state of READY Mode. During the HC process, a periodic diagnostic TM(3.26) 
“Health Check Diagnostic” is sent once a second reporting the test being performed and the 
previous tests status (since the start of the HC procedure). The result of the overall HC procedure is 
given on the last TM(3, 26) diagnostic sent following the automatic transition from HC back to 
READY Health Monitor.  
 
The Health Check procedure is fully automatic and at the end of the process the software 
autonomously returns into Health Monitor state. It is anyway possible to stop the HC procedure 
manually and return to Health Monitor state with the “GOTO READY Health Monitor” tele-command.  
 
The HC procedure parameters used for the system test are defined in the Lookup Table (Health 
Check procedure Section).  
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A1.7 SCS SHUTDOWN 

Even if a specific procedure for Shutdown has been implemented in the OBSW, SCS units for 
several reasons are usually switched OFF by a sequence of operations that can be summarized as 
follows:  

- going back to INIT Mode (high power 20A line is automatically disconnected)  

- perform an EEPROM test (required for CLS PFM2 test by ESA) 

- then manually disabling the relative LCL 

 
Detailed procedure is the following: 
 

 
 
Notes:  

- SCS-Redundant packets APID for Boot and Essential HK is 1665, for non-Essential and 
Diagnostic is 1667 

- TBC if EEPROM Test (step 3) must be performed at each Shutdown of both units 
 
Specific Shutdown Mode is anyway automatically reached if one of the following conditions is true: 

• both ADC reading chains are bad. 

• JT heaters H34 or H35 is always ON (detection in run mode only). 

• Electronics temperature reached the second level limit (detection in run mode only). 
 
Note: in all 3 cases, the “switch off” event is also sent to CDMS 
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A.2    Procedures (Level 1) 
 
 

A2.1 SCS ASW Initialization 
 
This Level 1 procedure can be used only to initialise the SCS, to perform diagnostic checks and/or 
to upload a new LUT. 
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A2.2 SCS Health Monitoring 
 
 
This Level 1 Procedure can be used to enter the SCS Monitoring state: the sorption cooler cannot 
be run but all its sensor lines can be monitored. 
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A2.3 SCS Healthcheck 
 
 
This Level 1 Procedure can be used to perform SCS Health Check: the completion of the process 
without errors ensures that all SCS subsystems are nominally functioning. 

 

 
 
 

A2.4 SCS Shutdown 
 
 
Execute SCS Switch OFF procedure (see A1.7 SCS SHUTDOWN) 
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A.3 ASW TM Parameters and Limits 
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A.4 PFM2 Test LookUpTable 
Most of LookUpTable (LUT) parameters must be set with reference to SCS thermal boundary 
conditions. Main operational parameters will be checked and changed in real time before or during 
the test campaign. For this reason, the following tables have been built on the basis of present 
predictions of testing conditions and should be considered as preliminary.  
 
All LUT parameters can be subject to changes due to environmental test conditions.  
 
Orange shaded values are LIKELY to be changed.  
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A4.1 LUT Software 
 

 
 
All LUT parameters can be changed due to variable test conditions.  
Values shaded in orange are LIKELY to be changed. 
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A4.2 LUT Powers & Times 
 

 
 
All LUT parameters can be changed due to variable test conditions.  
Values shaded in orange are LIKELY to be changed. 
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A4.3 LUT HealthCheck & Regeneration 
 
 

 
 
 

* LPSB T limit must be set to T17 reading before HC plus 0.5K 
** This value has to be set on the basis of the average of bed temperatures (T20 to T25) reading
*** This value has to be set on the basis of the average of bed pressures (P1 to P6) reading 

 
SCS-R Healthcheck will be performed only in Cryo conditions NOT at Ambient 
 
All LUT parameters can be changed due to variable test conditions.  
Values shaded in orange are LIKELY to be changed. 
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A4.4 LUT RUN Mode Transitions 
 

 
 
All LUT parameters can be changed due to variable test conditions.  
Values shaded in orange are LIKELY to be changed. 
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A4.5 LUT Faults 
 

 
 
All LUT parameters can be changed due to variable test conditions.  
Values shaded in orange are LIKELY to be changed. 
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A4.6 LUT PID 
 

 
 
All LUT parameters can be changed due to variable test conditions.  
Values shaded in orange are LIKELY to be changed. 
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A4.7 LUT Resistors 
 

 
 
All LUT parameters can be changed due to variable test conditions.  
Values shaded in orange are LIKELY to be changed. 
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A4.8 LUT Calibration 1 
 

 
 
All LUT parameters can be changed due to variable test conditions.  
Values shaded in orange are LIKELY to be changed. 
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A4.9 LUT Calibration 2 
 

 
 
All LUT parameters can be changed due to variable test conditions.  
Values shaded in orange are LIKELY to be changed. 
 
 
 
 
 
 
 


