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1 Overview 

The H-EPLM STM TB/TV test was performed in the period from 08.10.2005 to 09.11.2005 at the LSS 
facility in Noordwijk, NL. 

This document gives an overview of the tests performed and shall be used as input to the test 
evaluation and TMM correlation activities. In chapter 3, the measurements performed during the 
TB/TV test are summarized. Chapter 4 contains a listing of individual measurement events. The filled 
in test procedure, test log book, procedure variation sheets (PVS) and operation request sheets (ORS) 
are given in the annex. 

 

The as-run timeline of the test is described in the test conductor data sheet, see Table 1. The 48 hrs 
contingency included in the planning for TP5 was not needed, and the external equilibrium in TP7 was 
reached significantly faster than expected due to the boost heating performed with the CVV test 
heaters. The warm-up of the S/C in TP8 took more time than expected due to the limitation of 
applicable test heater power caused by unexpectedly high test harness temperatures. Additional HTT 
heat load measurements were performed in the frame of PVS 21. The actual test duration compares 
very well to the estimated duration. 

Table 1: Overall TB/TV test timeline (Test Conductor Data Sheet) 

H-EPLM STM TB/TV Test 
Actual 

Test Phase Estimated 
Duration (hrs) Date & Time of TP 

start (UTC) Duration (hrs) 

TP0: Initial phase - - - 
TP1: Launch Autonomy 79 08.10.2005 11:00 74.3 
TP2: LEOP 123 11.10.2005 13:20 114.3 
TP3: Rapid Cool-down 99 16.10.2005 07:40 128.0 
TP4: TV1 50 21.10.2005 15:40 48.9 
TP5: TB1 183 23.10.2005 16:37 146.6 
TP6: TV2 49 29.10.2005 19:15 59.5 
TP7: TB2 103 01.11.2005 06:45 70.3 
PVS 21 tests 32 (0)  *) 04.11.2005 05:00 39.0 (0)  *) 
TP8: Recovery to ambient 40 05.11.2005 20:00 82.5 
Test end - 09.11.2005 06:30 - 
Total Test Time 758 (726)  *)  763.5 (724.5)  *) 

*) Values in parentheses don’t include PVS 21 estimated / actual durations 
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2 Documentation 

 

2.1 Applicable Documents 

[AD1] Integrated Test Procedure for H-EPLM STM TB/TV Test, HP-2-ASED-TP-0056 Iss. 1.1 

[AD2] Instrumentation Plan for Thermal Testing of H-EPLM STM, HP-2-ASED-PL-0042 
 
 
 

2.2 Reference Documents 

[RD1] Test Prediction for H-EPLM STM TB/TV Test, HP-2-ASED-TN-0126 

[RD2] HOT Evacuation Test, HP-2-ASED-SD-0052 

[RD3] PPS Functional Check (via nozzles, without tilting), HP-2-ASED-SD-0054 

[RD4] TRR for HOT Evacuation Test, HP-2-ASED-MN-1065 

[RD5] TRR for the PPS functional test, HP-2-ASED-MN-1070 

[RD6] Delta TRR for PPS Performance And Ventline Pressure Drop Test In Combination With HOT 
Evacuation Test II, HP-2-ASED-MN-1072 

[RD7] PTR for HOT evacuation test, HP-2-ASED-MN-1069 

[RD8] 2nd HOT evacuation PTR, HP-2-ASED-MN-1077 

[RD9] PTR for PPS functional test (w/o tilting SD-0055), HP-2-ASED-MN-1071 

[RD10] PPS 2nd Ventline Pressure Test PTR, HP-2-ASED-MN-1078 

[RD11] NRB on the PPS 2 Vent Line Pressure Test (HP-2-ASED-SD-0060), HP-2-ASED-MN-1076 

[RD12] TRR for H-EPLM STM TB/TV Test, HP-2-ASED-MN-1074 

[RD13] H-EPLM STM TB/TV TRB for TP0 - Initial Check-Out, HP-2-ASED-MN-1083 

[RD14] H-EPLM STM TB/TV TRB for TP1 - Launch Autonomy, HP-2-ASED-MN-1091 

[RD15] H-EPLM STM TB/TV TRB for TP2 - LEOP, HP-2-ASED-MN-1084  

[RD16] H-EPLM STM TB/TV TRB for TP3 - Rapid Cool-down, HP-2-ASED-MN-1085  

[RD17] H-EPLM STM TB/TV TRB for TP4 - TV1, HP-2-ASED-MN-1086  

[RD18] H-EPLM STM TB/TV TRB for TP5 - TB1, HP-2-ASED-MN-1087  

[RD19] H-EPLM STM TB/TV TRB for TP6 - TV2, HP-2-ASED-MN-1088  

[RD20] H-EPLM STM TB/TV TRB for TP7 - TB2, HP-2-ASED-MN-1089  

[RD21] H-EPLM STM TB/TV TRB for TP8 - Recovery to Ambient, HP-2-ASED-MN-1090 
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[RD22] PTR for H-EPLM STM TB/TV TEST, HP-2-ASED-MN-1113 

[RD23] Herschel EPLM STM TB/TV Test LSS Facility Data Report, HP-2-ETS-RP-0001 

[RD24] Evaluation of H-EPLM STM TB/TV Test Results, HP-2-ASED-RP-0174 

[RD25] Evaluation of Instrument Thermal Interface Test Results, HP-2-ASED-RP-0180 

[RD26] Test Report of the Scientific Instrument Harness verification during TB/TV-Test, HP-2-ASED-
TR-0116 
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3 H-EPLM STM TB / TV Test 

In the following sections, the as-run test phases are described in detail, including plots of the main 
parameters measured. The main LSS facility and test equipment data are shown for the complete test 
in the following figures. Further details on the LSS parameters can be found in [RD23]. 

The achieved LSS temperature distribution requires an updated of the LSS TMM and GMM. Details 
are reported in [RD24]. 

A first overview of the external S/C temperatures throughout the test is given in Figure 6 and Figure 7. 
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Figure 1: LSS average shroud temperatures during test 
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Figure 2: LSS vacuum pressure during test 
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Figure 3: LSS gimbal stand tilt angles during test 
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Figure 4: Thermal Test Adapter temperatures during test 
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Figure 5: HSS-TCR (Infrared rig) temperatures during test 
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Figure 6: CVV average temperature during test 
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Figure 7: Telescope thermal dummy average temperature during test 
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3.1 TP 0 – Initial check-out 

Phase duration: 08.10.2005 11:00 to 11.10.2005 13:20 (74:30 hrs) 

During TP0, the spacecraft and the major part of the test equipment was installed in the LSS. The pre-
TB/TV tests described in the previous section were executed during TP0. 

Electrical check-outs of heaters and sensors handled by the facility Thermal Data Handling (TDH) 
system and by the Cryo-SCOE have been performed to the extent possible: 

• SCOE instrumentation was checked out. 3 “suspicious” sensors have been identified (MT203, 
T231, MT306); no no-goes for starting the test were encountered 

• TDH Instrumentation was checked out, with exception of HSS-TCR via final connections. All 
sensors and heaters ok. 

• On HSS-TCR (direct check before integration), all heaters were found ok, 3 out of 48 TCs 
were suspicious. 

• The IDAS system to be used for SIH check-out has been prepared, a first run has been 
performed and gave good results (all wires ok). 

• HACS setup was checked and found ok. Final harness routing had to be done after HSS-TCR 
installation.  

The last step of TP0 consisted in the final HTT top-up and the HOT refilling. With 97.04% filling level 
(average of the liquid level probe L101 and L102 readings) at a bath temperature of 1.83 K, the 
conditions reached within the HTT were well within the specified range. At a cold 100% HTT volume of 
2367 l and with the He density at 1.83 K, the total He mass in the HTT was 334.1 kg. 
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Figure 8: TP0 HTT temperatures 
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Figure 9: TP0 Tank filling levels 
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Figure 10: TP0 Thermal shield temperatures 

 

 

3.2 TP 1 – Launch Autonomy 

The TB/TV test was started on 08.10.2005 at 11:00 (UTC) after having reached the nominal initial 
conditions in the HTT and HOT. Removal of the CVSE and the LSS scaffolding was performed in the 
first part of TP 1. 

A unexpectedly large slope of the HTT temperature was detected on 09.10.2005, a quick glance 
comparison to predictions indicated a factor of ~4 on the HTT heat load. Procedure variations as 
described below were implemented with the goal to reduce the impact on the test progress. Due to 
these changes, the originally planned timeline for TP 1 was changed from 51 hrs with mass flow 
followed by 28 hrs without to 56 hrs with and 19 hrs without cooling of the shields. 

The tilting verification was performed on the 10.10.2005 between 13:25 and 13:55, when the S/C was 
tilted to up to +22.9°. The PPS outlet temperature dropped sharply when the PPS was immersed in 
the HTT liquid at 2.7° tilt angle. The remaining clearance between a hoisting bracket of the HSS-TCR 
and the LSS wall at 22.9° tilt angle was ~ 50 mm. Afterwards, the LSS was closed on 10.10.2005 at 
17:00. 

The heater H501 was operated under control of a script running on the SCOE which commanded a 
thermostatic on / off switching at 286 K / 299 K reading of the T502 control sensor, see Figure 16. 
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Figure 11: TP1 HTT and PPS temperatures  
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Figure 12: TP1 HOT temperatures (note the time axis zoom) 
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Figure 13: TP1 Level 1 interface temperatures  
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Figure 14: TP1 Optical Bench Plate and Shield temperatures  
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Figure 15: TP1 Thermal Shields temperatures  
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Figure 16: TP1 external tubing temperatures 
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Figure 17: TP1 mass flow rate and consumed He mass (vented from HOT) 
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Figure 18: TP1 heater powers (only active heaters are shown 

Doc. No:  HP-2-ASED-TR-0110  Page 24 
Issue: 1  

Date: 17.01.2006 File: HP-2-ASED-TR-0110_1_STM-TBTV-
Testreport.doc

 



EADS Astrium STM TBTV Test Report Herschel

 

08.10.
12:00

09.10.
00:00

09.10.
12:00

10.10.
00:00

10.10.
12:00

11.10.
00:00

11.10.
12:00

Time 

V102 V102

V103 V103

V104 V104

V105 V105

V106 V106

V701 V701

V702 V702

V501 V501

V503 V503

V504 V504

V505 V505

SPARE1 SPARE1

Valve drawer switched off, states unchanged

TP1_LA: Valve States closedopen

 

Figure 19: TP1 electromagnetic valve states 
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Figure 20: TP1 LSS chamber pressure 
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3.2.1 Procedure Variations 

PVS 1:  To investigate the cause for the high HTT heat load, several first steps were done, including 
the switching off of all heaters and the SCOE valve drawer. No impact was detected. 
Afterwards, the vent path from the HOT was changed from venting via V701 to venting via 
V702 and the filling port tubing to the OBA. A slight reduction of the temperature increase was 
found, and this venting path was kept. In addition, the impact on the HTT heat load with 
evacuated tubing was checked, but no significant influence was detected. 

PVS 2:  HOT rapid depletion: Oscillations in tubing were suspected as possible cause for HTT heat 
load, therefore it was decided to perform a LHe rapid depletion from the HOT, and to evacuate 
the HOT immediately after the liquid depletion. The launch delay simulation was thus carried 
out with evacuated HOT 

 

3.2.2 HOT evacuation sequence 

The pressure measurements taken during the HOT evacuation sequence are shown in Figure 21. The 
low pressure sensors CVSE_002 (large nozzle inlet), CVSE_003 (large nozzle outlet) and CVSE_005 
(small nozzle inlet) were connected to their respective measurement points via ~10 m long pressure 
pickup lines with 4 mm diameter tubes. The analogue pressure sensor P506, which has a 
comparatively large measurement volume, was connected in parallel to the CVSE_002 sensor. Due to 
this setup, the measurements taken by CVSE_002 and P506 are significantly delayed in time before 
the pressure at the sensor location reaches the value at the measurement point. This observation is 
confirmed by the excellent accordance between CVSE_002 and P506 measurements shown in Figure 
21.  

The correlation curve used for the P502 has to be corrected as an outcome of the calibration 
measurement performed in TP8, where the P502 reading was compared HTT saturated vapour 
pressure, and an offset of -2.97 mbar was detected at an absolute pressure of 16 mbar. The P502 
measurements corrected by 2.97 mbar as shown in Figure 21 show good agreement with the 
CVSE_005 data (which is also slightly delayed due to the long pressure pickup line).  

In measurements performed before the TB/TV test (see [RD7], [RD8]), a pressure difference of 
2.3 mbar was detected between the HOT and the P502 measurement location at the end of the HOT 
evacuation sequence. The criterion to reach the required 15 mbar in the HOT is therefore a P502 
reading of 12.7 mbar. When the corrected P502 data are used for the HOT evacuation evaluation, the 
measured time required to reach this pressure is 965 s (compared to an available time of ~1200 s 
during launch). 

The evacuation of the HOT (according to PVS2) was started on 11.10.2005 at 07:57:53, 12.7 mbar 
were reached at 08:13:58, see Figure 21. 
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Figure 21: Pressures during HOT evacuation 

 

3.3 TP 2 – Launch and Early Orbit Phase 

The PPS outlet valves were opened at HTT temperature 1.937 K. Due to a problem with the LSS 
motion system, immersion of the PPS was delayed by approx. 100 minutes. PPS startup was 
performed at T_HTT=1.94 K at 2.7° tilt angle (as expected from tilt verification measurement). The 
start-up was successful, giving a temperature difference of ~36mK at a mass flow rate of ~8 mg/s. 

Shortly (~15min) after opening of the PPS valves, an oscillation of the PPS outlet temperatures T111 
and T112 with constant amplitude (~5mK) was observed. Another oscillation was found on the mass 
flow rate. These oscillations still existed after PPS start-up. Further investigations were performed in 
the frame of PVS 3. 

During cool-down of the CVV, the HTT upper bulkhead temperature sensor T107 showed a significant 
increase which is assigned to the SV121 O-ring becoming leaky (on 11.10.05 18:30, CVV temperature 
~230K). The safety line leading from the Filling Port I/F to the LSS flange was evacuated to ~21mbar 
and was kept at that pressure until the end of the test. 

Daily adjustments of the tilt angle have been performed. Temperature response to tilt angle variations 
is visible on T107 (varying distance to liquid). 

SIH checks were performed every 2 hours. No problems identified. 

HACS measurements were performed as planned, preliminary evaluation of results showed good 
correlation to prediction. During switch on, a problem with changing signs of the rotation signal was 
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encountered which was assessed by ASED and TERMA, see NCR 1583. No impact on STM TB/TV 
test. 

Also in TP 2, the heat load to the HTT was considerably higher than predicted. Updated predictions 
with as-run initial values for the LEOP phase lead to 1.976 K peak temperature in the HTT. The 
difference between HTT heat load in measurement and prediction was decreasing during the LEOP 
phase from ~200mW at CVV ambient to ~100mW. 

Additional pressure drop measurements were performed at the end of TP2 with the vent path leading 
via the PPS or V104 and the big or the small nozzles. The PPS behaviour during the pressure drop 
measurements were not understood at first, but are clarified in the meantime by an offset in the sensor 
calibration. The T111 and T112 measurements recorded during the TB/TV test and reported here 
therefore have to be corrected by a negative offset. Proper operation of the PPS was shown at the 
end of TP 4, see Figure 44. 

The total consumed He mass during TP2 was 5.16 kg. 

 

3.3.1 Procedure Variations 

PVS 3  was defined to try to stop the oscillations by closing V105 and/or changing the venting path of 
the He. The T111/T112 oscillations were significantly reduced when the PPS valve V106 was 
opened and V103 closed, other changes in V105 and V702 states did not show an impact. 

PVS 4:  Evacuation of safety line due to leakage of SV121 
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Figure 22: TP2 HTT and PPS temperatures 
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Figure 23: TP2 HOT and lower SFW valves temperatures 
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Figure 24: TP2 Level 1 interface temperatures 
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Figure 25: TP2 optical bench plate and shield temperatures 
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Figure 26: TP2 thermal shields temperatures 
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Figure 27: TP2 CVV and external vent line temperatures 
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Figure 28: TP2 Telescope dummy temperatures 
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Figure 29: TP2 mass flow rate 
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Figure 30: TP2 HTT contents 
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Figure 31: TP2 valve states 
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Figure 32: TP2 LSS shroud temperatures during cool-down 
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Figure 33: TP2 Gimbal Stand tilt angle during LEOP phase 

 

 

3.4 TP 3 – Rapid Cool-Down 

The achievable mass flow rate via the test valve (bypassing the nozzles) was smaller than expected. 

The total consumed He mass in TP 3, calculated from CVSE_004 sensor integral, was 19.79 kg. 

 

3.4.1 Procedure Variations 

PVS 6: Assess impact of venting via V102 or V104 on HTT heat load, no significant impact detected. 

PVS 7: HTT completely closed at end of cool-down to accelerate shields warm-up and achieve 
reference measurement of HTT heat load. 

PVS 8: HOT forced cool-down: Opening all HOT valves did not have significant impact on HOT cool-
down rate 

PVS 9: SCOE powered off for 1 hour to exclude SCOE failure as reason for HTT heat load. No impact. 

PVS 10: PPS start-up and nozzle switching tests: Detection of sfHe film covering the HTT upper B/H. 
Unclear behavior of PPS and small mass flow rate leads to decision to vent through V106 
during TP4 
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Figure 34: TP3 HTT temperatures 
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Figure 35: TP3 HOT and lower SFW valve temperatures 
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Figure 36: TP3 OBA Level 1 temperatures 
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Figure 37: TP3 Thermal shields temperatures 
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Figure 38: TP3 CVV temperatures 
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Figure 39: TP3 Telescope dummy temperatures 
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Figure 40: TP3 mass flow rate 
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Figure 41: TP3 HTT contents 
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Figure 42: TP3 valve states 

 

 

3.5 TP 4 – TV Phase 1 

The MTD heaters were operated as planned during the TV phase 1, and sufficiently stable conditions 
have been reached within the predicted time frames. 

Without electrical dissipations, the vent line temperatures between sensors T234 and T235/T236 
increases by 1.3 K at 2.23 mg/s mass flow, indicating a parasitic heat load of ~15mW. 

During TP4, the HTT temperature increased from 1.713K to 1.738K, i.e. 14.4mK/day or ~160 mW total 
heat load (expected increase ~0K/day). 

The He consumption during TP4 was 0.427 kg. 

Evaluation of instrument interfaces is reported in [RD25]. 
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Figure 43: TP4 HTT temperatures 
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Figure 44: TP4 PPS operation and switching to 2mg/s 
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Figure 45: TP4 HOT and lower SFW valve temperatures 
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Figure 46: TP4 Temperatures during L0 heaters operation 
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Figure 47: TP4 OBA Level 1 temperatures 
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Figure 48: TP4 OBA Level 3 temperatures during L3 heater operation 
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Figure 49: TP4 PACS MTD heater power 
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Figure 50: TP4 SPIRE MTD heater power 
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Figure 51: TP4 HIFI MTD heater power 
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Figure 52: TP4 JFET MTD heater power 

Doc. No:  HP-2-ASED-TR-0110  Page 44 
Issue: 1  

Date: 17.01.2006 File: HP-2-ASED-TR-0110_1_STM-TBTV-
Testreport.doc

 



EADS Astrium STM TBTV Test Report Herschel

 

22.10.
00:00

22.10.
12:00

23.10.
00:00

23.10.
12:00

Time 

30

40

50

60

Te
m

pe
ra

tu
re

 [K
]

Correlation curve bend

PT1000_T421
PT1000_T422
PT1000_T423
PT1000_T424
PT1000_T441
PT1000_T442
PT1000_T443
PT1000_T444
PT1000_T461
PT1000_T462
PT1000_T463
PT1000_T464

TP4_TV1: Thermal Shields t4

 

Figure 53: TP4 Thermal shields temperatures 
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Figure 54: TP4 CVV temperatures 
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Figure 55: TP4 Telescope dummy temperatures 
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Figure 56: TP4 mass flow rate 
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Figure 57: TP4 HTT contents 
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Figure 58: TP4 valve states 
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3.5.1 Procedure Variations 

PVS 11: L0 MTD heaters operated in 2 power steps each, see Figure 46. 

PVS 12: Simulation of PPS switching from big to small nozzles, PPS operation confirmed, see Figure 
44. Measurement of pressure drop via V104 and small nozzles. 

 

 

3.6 TP 5 – TB Phase 1 

The balance phase 1 (TP5) procedure was redefined during the TP4 TRB (see HP-2-ASED-MN-
1086). Due to the high HTT heat load, a temperature drift of the HTT is accepted during the 
TB1phase, and the mass flow rate was regularly re-adjusted to 4.5mg/s. This approach is reflected in 
PVS 13. On the 28.10.2005, the decision was made to make no further corrections of the mass flow 
rate and to let it drift until the end of the phase. 

Without obvious cause, the L1 temperatures started to rise sharply against their previous trend at 
17:33 on 23.10.2005 (a few minutes after the HTT liquid level probes had been read out). At this time, 
the temperature in the middle of the L1 OBHCL (T235) began to oscillate, see Figure 62. The reason 
for this behaviour is unclear; a change in the heat transfer from gas to wall is considered a possible 
candidate. 

The HOT outlet valve V105 was closed at 12:25 on 24.10.2005. At the same time, a further increase in 
the OBHCL L1 temperatures was observed. Reason is unclear. 

Needle valve adjustments were performed regularly. A high sensitivity of the mass flow rate even to 
very small changes of the needle valve (NV) was observed. On 26.10.2005 at 20:20, the mass flow 
increased after closing the NV by 0.02 turns. In order to reduce the sensitivity of the NV, the TVQM3 
was closed and the NV was re-adjusted to come back to ~4.5 mg/s. 

The TDH temperature sensors (TCs) located on the TTAP which are used for the thermostatic heater 
control showed a significantly increased number of bad readings (slightly too low). The heater control 
was changed from thermostatic to fixed current in order to achieve stable TTAP temperatures even in 
case of a total failure of the TTAP TCs (all routed via the same connector). Covered by ASED NCR 
1595. 

Equilibrium conditions were reached as follows, see Figure 70 to Figure 74: 

• CVV: 24.10.2005 23:45 

• TS1: 29.10.2005 02:20 (26.10.2005 08:00, with over swing) 

• TS2: 29.10.2005 15:00 

• TS3: 29.10.2005 18:30; all stability criteria fulfilled. 

Details on temperature gradients are shown in [RD24]. 

The HTT temperature drift at this time was ~4.3mK/day, HOT drift -0.61K/day, mass flow rate 4.6mg/s. 

A total of 2.37 kg He were consumed during TP 5, the filling level decreased from 89.9% to 89.2%. 
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Figure 59: TP5 HTT temperatures 
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Figure 60: TP5 HOT and lower SFW valve temperatures 
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Figure 61: TP5 OBA Level 1 temperatures 

23.10.
17:24

23.10.
17:29

23.10.
17:34

23.10.
17:39

3.16

3.18

3.2

3.22

3.24

C100_T235

TP5_TB1:  OBHCL Temperatures, high resolution

23.10.
17:24

23.10.
17:29

23.10.
17:34

23.10.
17:39

Time 

2.55

2.6

2.65

2.7

C100_T233
C100_T234

 

Figure 62: TP5 OBA Level 1 temperature oscillations 
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Figure 63: TP5 OB plate and shield temperatures 
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Figure 64: TP5 Thermal shields temperatures 
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Figure 65: TP5 CVV temperatures 
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Figure 66: TP5 Telescope dummy temperatures 
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Figure 67: TP5 mass flow rate 
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Figure 68: TP5 HTT contents 
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Figure 69: TP5 valve states 
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Figure 70: TP5 Equilibrium check for HOT 
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Figure 71: TP5 Equilibrium check for Thermal Shield 1 
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Figure 72: TP5 Equilibrium check for Thermal Shield 2 
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Figure 73: TP5 Equilibrium check for Thermal Shield 3 
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Figure 74: TP5 Equilibrium check for CVV 
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3.6.1 Procedure Variations 

PVS 13 . Change of the thermal balance approach during TP5. 

 

 

3.7 TP 6 – TV Phase 2 

Since the beginning of the phase TP6, the temperature sensor T231 located on the L1 inlet could be 
read correctly due to a reconfiguration of the SCOE. 

The sequence of the MTD heater operation was reversed with respect to the ITP in order to get clearer 
signals, see PVS 14. 

The mass flow was drifting from ~4.63 to ~4.78 mg/s during TP6, no corrections were performed on 
the needle valve. 

MTD heating operations were performed as planned. Stability was reached in shorter times than 
planned (due to the comparatively high mass flow rate). 

No anomalies were detected during JFET heating. 

When the HIFI L1 heater was switched on, a response on all L1 vent line sensors (T231-T237) was 
observed, with the upstream sensors going to lower temperatures than before. This behaviour 
repeated during all L1 heating operations, most significantly on T231 when the PACS heaters were 
operated. Temperature oscillations were observed on T231 and T232. To further assess the 
phenomenon, the SPIRE L1 heater was switched on in addition to the PACS heaters, which caused a 
further decrease of the T231 and also of the PACS L1 vent line sensors T232- T235. The 
corresponding MTD sensors reacted as expected to this decrease. An oscillation was observed on the 
vent line temperatures (e.g. T231), which stopped when the SPIRE heater was switched on in 
addition, and the temperatures had reached a lower level. Individual temperature peaks, reaching 
about the previous level, simultaneously occurred on the L1 sensors without an obvious cause. The 
HIFI L1 heater was switched on in addition, but this showed no further impact. HIFI and SPIRE L1 
heaters were switched off again. These changes in the heating sequence are reflected in PVS 16. 

After the switch-off of the HIFI and SPIRE heaters, the downstream temperature decreased as 
expected. About 1 hr later, the T231 temperature suddenly increased by ~0.34 K, and a significant 
(~250 mK peak to peak) temperature oscillation started which was damped during ~8 min to ~25 mK. 
All other L1 vent line sensors reacted less sharply at the same time. After ~1 hour, the level before 
switching on SPIRE had been reached, which indicates a stable operation point. 

From this status, the V105 was opened to check a possible impact on the L1 temperatures. The 
reaction was a sharp decrease in L1 temperature, which can be explained by an increased mass flow 
from the HTT via OBA and shields to the HOT which had cooled down from 26.4 K to 21.3 K while it 
was closed. After this peak, the temperatures settled to values as achieved after SPIRE heating (i.e. 
before the unexplained rise). These valve switching operations are covered by PVS 15. 

At the end of TP6, the DLCMs were operated in two steps: 
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• DLCM heaters operated “by hand” 20W for 20sec, resulting in HTT temperature increase by 
~0.5mK (as expected); no impact on L1 temperatures (see PVS 17). 

• Normal DLCM operation performed 

A SCOE fatal error (assigned to operator error) occurred. Therefore a restart of the SCOE application 
and generation of new data files was necessary and the transition to TP7 in data handling was 
performed immediately. No other impact was observed. 
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Figure 75: TP6 HTT temperatures 
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Figure 76: TP6 HOT and lower SFW valve temperatures 
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Figure 77: TP6 OBA Level 1 temperatures 
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Figure 78: TP6 OBA Level 3 temperatures 
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Figure 79: TP6 MTD heater power 
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Figure 80: TP6 Thermal shields temperatures 
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Figure 81: TP6 Telescope dummy temperatures 
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Figure 82: TP6 mass flow rate 
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Figure 83: TP6 HTT contents 
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Figure 84: TP6 valve states 

 

3.7.1 Procedure Variations 

PVS 14 The sequence in which the MTD heaters are to be heated has been reversed in order to heat 
the most downstream locations first, and get a clearer response on the upstream heating 
afterwards. 

PVS 15 Check different valve switching configurations and impact on L1 temperatures 

PVS 16 Operate SPIRE and HIFI L1 heaters in addition to check impact on L1 temperatures 

PVS 17: Operate the DLCMs, first “by hand” in standard SCOE mode and then automatically 
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Figure 85: TP6 DLCM operation on 31.10.2005, 4 sec time resolution 
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Figure 86: TP6 DLCM temperatures during operations on 31.10.2005 
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Figure 87: TP6 DLCM heater power on 31.10.2005 

 

 

 

3.8 TP 7 – TB Phase 2 

Before the beginning of the planned TP7 operations, the following activities were performed: 

• Verification of correct PPS operation and impact on L1 temperatures (see PVS 18). The PPS 
was kept operating throughout TB2 phase to measure differences wrt TB1 phase. 

• LOU MTD heater switched to 7W, additional boost heating with TDH test heaters (2x20W) to 
raise LOU temperature by 28 K (as predicted). Heating performed before change of 
temperature set point for IR Rig, see PVS 19. 

The thermal balance phase TP7 was performed as planned for the external equilibrium, TTAP 
temperature was held constant at 273 K while the IR Rig was heated to 293 K. In order to accelerate 
the CVV warm-up to the expected steady-state conditions, the CVV test heaters were operated at 8% 
of the installed power for ~35 minutes and switched off afterwards (covered by PVS 20). After 
thermalization, the CVV temperatures were within the required equilibrium conditions of 0.29 K/day 
since 03.11.2005 21:10. 
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For the cryostat internal parts, a second point with stable conditions as been reached during the 
second balance phase ( with exception of 0.27 K/day on TS1 vs. 0.19 K/day required for TP5) which 
was not planned in the ITP. 

At the end of the stabilization phase, additional tests were performed to acquire more information on 
the HTT heat load cause. These tests are described in PVS21 to PVS24 as described below. 
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Figure 88: TP7 HTT temperatures 
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Figure 89: TP7 HOT and lower SFW valve temperatures 
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Figure 90: TP7 OBA Level 1 temperatures 
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Figure 91: TP7 heater powers (only active heaters are shown) 
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Figure 92: TP7 Thermal shields temperatures 
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Figure 93: TP7 CVV temperatures 
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Figure 94: TP7 Telescope dummy temperatures 
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Figure 95: TP7 TTAP temperatures 
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Figure 96: TP7 HSS-TCR (infrared rig) temperatures 

Doc. No:  HP-2-ASED-TR-0110  Page 70 
Issue: 1  

Date: 17.01.2006 File: HP-2-ASED-TR-0110_1_STM-TBTV-
Testreport.doc

 



EADS Astrium STM TBTV Test Report Herschel

 

01.11.
12:00

02.11.
12:00

03.11.
12:00

04.11.
12:00

05.11.
12:00

Time 

0

1

2

3

4

5

M
as

s 
flo

w
 [m

g/
s]

CVSE_004 TP7_TB2: Mass flow rate CVSE_004

 

Figure 97: TP7 mass flow rate 
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Figure 98: TP7 HTT contents 
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Figure 99: TP7 valve states 
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Figure 100: TP7 Equilibrium check for CVV 
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Figure 101: TP7 Equilibrium check for HOT 
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Figure 102: TP7 Equilibrium check for OBP 
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Figure 103: TP7 Equilibrium check for Thermal Shield 1 
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Figure 104: TP7 Equilibrium check for Thermal Shield 2 
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Figure 105: TP7 Equilibrium check for Thermal Shield 3 

 

3.8.1 Procedure Variations 

PVS 18  Verification of correct PPS operation and check of impact on L1 temperatures: V103 opened, 
drop in T231 observed. V104 closed, immediate dT over PPS shows correct operation. T231 
decreases to 1.885 K, downstream sensors follow. PACS L1 heaters switched on to 
3x10mW, all L1 sensors increase and show “normal” behaviour. S/C tilted to 16°, at 13° 
T111/112 drop sharply, mass flow increases to 6mg/s before adjustment with needle valve. 
The PPS was kept operating throughout TB2 phase to measure differences wrt TB1 phase 
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Figure 106: TP7 HTT and PPS temperatures during PVS 18 
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Figure 107: TP7 Level 1 temperatures during PVS 18 
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PVS 19 Start LOU heating before CVV heat-up with the goal to detect a possible impact on OBA 
temperatures. No measurable impact was detected. 

PVS 20 Boost heating of CVV, to accelerate transition to external steady-state 

PVS 21 Additional heat load tests at end of TP7. L1 temperatures were checked for oscillations using 
an oscilloscope. To connect the oscilloscope, the SCOE connector J02 had to be 
disconnected. 

1. Check of PPS valve configuration impact on Level 1 inlet temperature (T231) 

2. Check of HOT valve configuration impact on Level 1 inlet temperature (T231). 

3. Check impact of pumps on L1 oscillations (no impact observed) 

4. Check impact of HTT venting path on HTT heat load 

5. Repeat reference test with closed HTT and evacuated helium tubing 

PVS 22 Additional L0 heating test, performed during PVS21 to check whether the sfHe film covering 
the HTT upper bulkhead can be destroyed by heating of the L0 interfaces 

PVS 23 HTT heat load measurement with L0 heaters operating, performed during PVS22 to check 
the HTT heat load without sfHe film on the HTT upper bulkhead 

PVS 24 PACS and SPIRE L1 heaters simultaneous operation, performed during PVS21 to check the 
impact of additional downstream heating on the L1 inlet temperature 
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Figure 108: TP7 Level 1 temperatures during PVS 21 valve switching (steps 1 & 2) 
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Figure 109: TP7 HTT heat load measurements during PVS 21 (step 4 & 5) and PVS 22-23 
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Figure 110: TP7 Level 1 temperatures during PVS 24 
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3.9 TP 8 – Recovery to Ambient 

Since it was decided during the test that the HTT should be kept in superfluid conditions for additional 
tests to be performed after the TB/TV test, the configuration of the He subsystem during TP8 was 
changed to achieve high mass flow rates (V102 and V104 open, TVQM3 open, all external LHVs and 
pump inlet valves open). Covered by PVS 25. 

Warm-up of the S/C took longer than predicted due to unexpectedly high temperatures on the test 
heater harness. The maximum temperature was limited to 125°C in order to avoid outgassing. The 
TDH test heater power had therefore to be reduced throughout the phase. ASED NCR 1697. 

To accelerate the warm-up, the minimum temperature difference between the coldest CVV structure 
element (including LOU and LOR) and the LSS shrouds was reduced from -10K to 0K. 

When the CVV had reached 200K, the CVV temperature was kept (roughly) constant, and a heat load 
of 192 mW on the HTT was measured without mass flow (covered by PVS 25) 

Two heater circuits failed near the end of the phase, numbers 5 and 35 (foil heaters on CVV upper 
and lower bulkhead). ASED NCR was raised. 

The temperature of the shrouds were raised to ambient when the CVV/LOU/LOR minimum 
temperature had reached 0°C. For the PFM, the end of the warm-up sequence shall be changed in 
order to keep the S/C warmer than the shrouds up to ambient conditions (AI AAS-F). 

During the repressurization of the chamber, dry Nitrogen was inserted and a pressure of ~90mbar was 
held constant in order to check the integrity of the cryostat vacuum, and to warm up the telescope by 
convection (assisted by heating of the CVV upper bulkhead and the IR rig), covered by PVS 27. 

With the CVV and external tubing at ambient temperature, the pump inlet valves were closed and the 
pressure sensor P502 reading (13.75 mbar) was compared to the SVP of the HTT (16.72 mbar) to get 
an additional reference point for the calibration, indicating an offset of -2.97 mbar at 16 mbar, PVS 28. 

HTT contents at end of TP8 was 87.5% (LLP measurement). 

The HACS measurements are out of range with CVV at ambient temperature as expected. 

When the safety line was to be repressurized, it was noticed that the SV121 is not closed tightly, 
NC1698 

The overall duration of the Recovery phase until opening of the chamber was 82.5 hrs vs. 40 hrs 
expected. 
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Figure 111: TP8 HTT temperatures 
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Figure 112: TP8 HOT and lower SFW valve temperatures 

Doc. No:  HP-2-ASED-TR-0110  Page 80 
Issue: 1  

Date: 17.01.2006 File: HP-2-ASED-TR-0110_1_STM-TBTV-
Testreport.doc

 



EADS Astrium STM TBTV Test Report Herschel

 

06.11.
00:00

06.11.
12:00

07.11.
00:00

07.11.
12:00

08.11.
00:00

08.11.
12:00

09.11.
00:00

09.11.
12:00

10.11.
00:00

Time 

5

10

15

20

Te
m

pe
ra

tu
re

 [K
]

Sensors out of range

C100_T231
C100_T232
C100_T233
C100_T234
C100_T235
C100_T236
C100_T237
C100_T248

TP8_Recovery: OBA_Level_1 _T23 _T248

 

Figure 113: TP8 OBA Level 1 temperatures 
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Figure 114: TP8 Thermal shields temperatures 
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Figure 115: TP8 CVV temperatures 
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Figure 116: TP8 Telescope dummy temperatures 
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Figure 117: TP8 mass flow rate 
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Figure 118: TP8 HTT contents 
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Figure 119: TP8 valve states 
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Figure 120: TP8 SCOE heater powers 
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Figure 121: TP8 TDH heater powers on CVV and radiators 
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Figure 122: TP8 TDH heater powers on LOU housing 
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Figure 123: TP8 TDH total heater power 
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Figure 124: TP8 LSS shroud and external CVV minimum temperatures 
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Figure 125: TP8 LSS pressure 
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Figure 126: TP8 Infrared rig temperatures 
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Figure 127: TP8 TTAP temperatures 

3.9.1 Procedure Variations 

PVS 25 HTT heat load measurement at 200K CVV temperature: performed with closed HTT and 
subcooled thermal shields 

PVS 26 Hold at 100mbar LSS pressure: This hold was introduced to check for a possible major CVV 
leakage during LSS repressurization before the LSS is flooded with ambient (moist) air. 

PVS 27 Reduction of LSS shroud – CVV temperature difference: To accelerate the S/C warm-up, the 
maximum allowed LSS shoud temperature was increased to the CVV structure minimum 
temperature. This restriction was kept as long as the CVV structure minimum was below 
0°C. 

PVS 28 Reference measurement for P502 calibration and HTT heat load: With the CVV at 293K, the 
pump inlet valves were closed and stable reading of the P502 was achieved, giving a 
reference point for the sensor calibration by comparison to the HTT saturated vapour 
pressure. At the same time the HTT heat load (without mass flow) was determined. 

PVS 29: The repressurization of the safety line was performed only after chamber pressurization 
(since the SV121 safety plug was not tight). 
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4 Instrumentation and Sensor Anomalies 

4.1 Instrumentation 

The instrumentation as used during the test is reflected in the pictures given in the annex. For further 
details, refer to [AD2]. 

 

4.2 Anomalies 

Note that sensor engineering values are set to +/- 999.99 if the raw value acquired by the SCOE is out 
of the calibrated range for the respective sensor. 

 

 

4.2.1 Temperature Sensors 

Anomalies have been observed during the TB/TV test for the temperature sensors listed in the 
following Table 2: All major anomalies are traced in NCR 1595. 

 

Table 2: Temperature sensor anomalies 

Sensor 
acronym Sensor location Status 
MT203 TH-SPIRE-3, cooler evap L0 offset 

T111 PPS 
values > 4.3 K useless (invalid part of 
calibration curve up to 300 K implemented at 
beginning of test for C100 sensor) 

T112 PPS 
values > 4.3 K useless (invalid part of 
calibration curve up to 300 K implemented at 
beginning of test for C100 sensor) 

T231 L1 ventline channel connection corrected @ start of TP 6
(see NCR 1649) 

T339 Telescope not connected 
T501 External Ventline Failed during TP1 (11.10.2005) 
T652 Cryostat baffle not connected, NCR 1595 issued 
T901 CVV; -z side, top temporary noise/oscillation 
T903 CVV; -z side, bottom failed on 10.10.05, 8:35 
1005 CVV upper Cyl +Z temporary noise/oscillation 
1103 CVV upper Cyl -Y-Z temporary noise/oscillation 
1107 LOU Radiator mid -Z temporary noise/oscillation 
2011 lower -Y radiator temporary noise/oscillation 
2111 lower -Z radiator temporary noise/oscillation 
2201 upper +Y radiator temporary noise/oscillation 
2113, 2213 lower -Z radiator, lower +Y locations mixed up, noise 
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Sensor 
acronym Sensor location Status 

radiator 

2413 LOU Waveguide -Z near mid 
bracket temporary noise/oscillation 

2602 Harness profile 3800 -Z 
bottom temporary noise/oscillation 

2632 Harness profile 2900 -Y-Z 
bottom temporary noise/oscillation 

3263 PLM/SVM strut 26 (TMM 23) 
+Z bottom temporary noise/oscillation 

8301, 8511, 8312 HSS Thermal Control rig 
upper +Y temporary noise/oscillation/ offset 

8303 HSS Thermal Control rig 
upper -Y temporary noise/oscillation 

9301-9308 TTAP temporary noise/oscillation 
2612 Harness profile 4041 no data/not working 
1001 CVV  noise 
1003 CVV noise 
1100 CVV noise 
2004 -Y radiator noise 
2104 -Z radiator noise 
2202 CVV +Y radiator noise 
2203 CVV +Y radiator noise 
2204 CVV +Y radiator noise 

 

 

PT1000 calibration 

In general, the conversion of the Pt1000 raw values (voltages) to the engineering data (temperatures) 
is implemented in the SCOE using linear interpolation of the calibration curves. The sampling points 
for the linear interpolation have been selected in comparatively large steps for temperatures between 
20 K and 70 K as indicated by the vertical blue lines in Figure 128. Similar sampling points have been 
used for all PT1000 sensors with dedicated calibration, whereas the standard PT1000 calibration is 
used with significantly smaller sampling steps for the valve sensors (e.g. VT701). Due to the 
logarithmic behaviour of the T(R) relation for Pt1000 sensors, an error is induced by the large 
sampling point distance for the specifically calibrated Pt1000 sensors. Figure 128 shows as a red line 
the difference between the temperature values calculated for given resistance values based on the 
(VT701) standard calibration curve and the temperatures calculated for the same resistances based 
on the (T701) dedicated calibration curve. While an overall deviation between the two calibrations is 
expected (e.g. black curve), individual peaks appear between the interpolation sampling points for the 
T701 (indicated by vertical blue lines). These peaks are directly caused by the linear interpolation 
approach in the SCOE in combination with large temperature steps in the sampling points. A deviation 
of up to 0.8 K is therefore expected at 27 K, 0.4 K at 37 K, and 0.5 K at 53 K (as indicated by the 
difference between the black and red curves). This effect is visible as “sharp” bends in the T701 (and 
other Pt1000) measurements e.g. in Figure 35 on page 14. 
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Figure 128: Typical interpolation error in temperature conversion for PT1000 sensors 

The following Pt1000 sensors are not affected by this error (since a standard calibration curve with 
sufficiently small sampling point distance is used): 

• MT107, MT108, MT109, MT110, MT213, MT252, MT255, MT315,  

• T311, T312, T313, T314, T315, T316, T331, T332, T333, T334, T335, T336, T337, T338, 
T339, T340, T341, T342, T502, T507, T651, T652,  

• VT102, VT103, VT104, VT105, VT106, VT701, VT702 

 

 

 

4.2.2 Pressure Sensors 

The original calibration data of the low pressure sensor P502 reading the pressure near the inlet to the 
small nozzles on the external vent line have been re-checked at the end of the TB/TV test (during TP8, 
time stamp 08.11.2005 12:51 UTC), and an offset of -2.97 mbar has been observed at an absolute 
value of 16.7 mbar. The pressure reference for this cross check was the saturated vapour pressure of 
the HTT, the uncertainty of this reference is ±0.35 mbar (for a calibration error of ±6 mK of the DLCM 
sensors). This error has not been corrected for the pressure sensor readings shown in the current 
report. To calculate actual pressure values, the offset of 2.97 mbar has to be added to the P502 
readings as given here. 
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5 Non-Conformances 

The NCRs listed below were raised during the STM TB/TV test: 

 

Table 3: NCRs raised during the TB/TV test 

NCR Nr Item 
Identification 

NCR Title NRB I.Cl
ass 

C.Cl
ass 

Dispos
ition 

Status 

HP-120000-
ASED-NC-
1607 

- P-120000 
HERSCHEL 
EPLM  

STM-TV: Hick-up in 
He S/S 

INT Maj  As is Open 

HP-120000-
ASED-NC-
1609 

- 121000 PLM  STM-TV: High Heat 
Load to HTT after 
Rapid Cool Down 
Phase TP3 

CUST 
1 

Maj Maj Rework Open 

HP-120000-
ASED-NC-
1614 

- 121000 PLM  STM-TV: SPIRE-L1-
H1/2 heaters show 
no temperature 
response 

INT Min Min Modify Open 

HP-121000-
ASED-NC-
1553 

- 121000 PLM  STM-TV: PPS and 
ventline pressure 
drop test failed 

CUST 
1 

Maj  Rework Open 

HP-121000-
ASED-NC-
1568 

- 121000 PLM  STM-TV: HTT temp. 
increase too high,  
launch autonomy not 
succ. completed 

CUST 
1 

Maj Maj Rework Open 

HP-121000-
ASED-NC-
1595 

- 121000 PLM  STM-TV: Anomalies 
observed during STM 
TB/TV Test 

NO    Open 

HP-121000-
ASED-NC-
1623 

- 121000 PLM  STM-TV: PPS startup 
problems at end of 
TP3 

CUST 
1 

Maj Maj Rework Open 

HP-121000-
ASED-NC-
1697 

- 121000 PLM  STM-TV: CVV test 
heaters could not be 
operated at maximum 
power 

INT Min Min Rework Open 

HP-121000-
ASED-NC-
1698 

- 121000 PLM  STM-TV: SV 121 
leaky under cold 
conditions and at end 
of STM TB/TV test 

CUST 
1 

Maj Maj As is Closed 
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NCR Nr Item 
Identification 

NCR Title NRB I.Cl
ass 

C.Cl
ass 

Dispos
ition 

Status 

HP-142220-
ASED-NC-
1616 

- 142200 EPLM 
EGSE  

STM-TV: SPIRE 
MTD heater power 
not correctly 
monitored by PFM 
Cryo SCOE 

INT Min Min Rework Open 

HP-142410-
ASED-NC-
1583 

- 142410 LOU 
Alignment 
Camera  

STM-TV: 
Measurement 
problems detected 
during HACS 
operation 

INT Maj  Rework Open 
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6 Overview of Measurement Events 

6.1 HTT heat load 

In addition to the planned test phases, specific HTT heat load measurements have been performed as 
listed in Table 4. All of these measurements have been performed in transient conditions, i.e. the 
temperature drift of the HTT contents has been considered in the heat load calculation as well as the 
heat of vaporization and the heat taken up in the He gas in the ullage volume (which is very small 
throughout the test). The main parameters of the thermal environment of the HTT during these tests is 
described in Table 5. Further details can be found in the test description given in chapter 3, using the 
test phase and time stamp as given in Table 4. The measured inputs used for the heat load calculation 
are summarized in Table 6. For the calculation of the ullage heat, the upper HTT bulkhead 
temperature measurement T107 is used where appropriate. For comparison, specific snapshots of the 
transient TMM predictions with similar thermal environment as the measurements are gathered in 
Table 7.  

The objectives and first results of the individual measurements were as follows: 

No 1: First calculation of the HTT heat load during launch autonomy under nominal conditions to 
assess the HTT heat load due to the high observed HTT temperature drift. A HTT heat load of 
~450 mW was measured, compared to an expected value of ~83 mW. 

No 2: Trying to reduce the HTT heat load in order to reach nominal conditions for launch simulation, 
the vent path from the HOT was changed to venting via the HOT inlet valve V702 and thus via 
the Filling Port to the OBA. A significant reduction of the HTT heat load was observed. 

No 3: The mass flow was stopped and the helium system tubing (HST) was evacuated to a pressure 
below 1 mbar to assess whether oscillations in the He gas can be excluded from the possible 
heat load causes. The HTT heat load was reduced compared to the nominal vent path, but 
was higher than for the Filling Port vent path. 

No 4: Venting via the HTT inlet (V102) and outlet (V104) valves to reduce the heat load and achieve 
the highest possible mass flow rates for subcooling the thermal shields, this measurement is 
used for comparison to measurement No 5. 

No 5: With the coldest possible environment (Thermal Shields 1 TS1 temperature sensors out of 
measurement range, estimated temperature ~6K), the HTT was closed and the tubing 
evacuated to get an extreme reference case for the heat load.  

No 6: Venting via the passive phase separator (PPS) as for orbit configuration (but with the 
redundant PPS valve V103 closed) and close to nominal orbit mass flow rate, a heat load of 
~173 mW was measured compared to 53 mW predicted. 

No 7: Venting via the HTT outlet valve for ground operations with increased mass flow rate results in 
smaller HTT heat load 

No 8: Very similar to No 7 with similar heat load result 

No 9: Vent path changed to PPS and V103, no significant impact on heat load 

No 10: Reference measurement for PVS21 tests, venting via V104 with S/C tilt angle 16° 

Doc. No:  HP-2-ASED-TR-0110  Page 94 
Issue: 1  

Date: 17.01.2006 File: HP-2-ASED-TR-0110_1_STM-TBTV-
Testreport.doc

 



EADS Astrium STM TBTV Test Report Herschel

 

No 11: Vent path switched to V102 (i.e. via the Filling Port to the OBA). Significant reduction wrt 
No 10. 

No 12: Conditions similar to No 11 but without mass flow and with evacuated HST. The measured 
HTT heat load is between the V102 venting and the V104 venting cases (No 10 and 11). The 
shield temperatures rise throughout No 12 – No 14. 

No 13: Conditions as for No 12 but with He gas at HTT vapour pressure in HST, no mass flow. HTT 
heat load is similar to the V104 venting case (No 10). 

No 14: Repetition of No 12 with higher shield temperatures in order to decide whether a change in the 
HTT heat load as seen from No 12 to No 13 is caused by the temperature change of the HTT 
environment alone or by the evacuation of the HST. Measured heat load is higher than for No 
12 and 13. The evaluation does not show a significant impact of the HST pressure. 

No 15: HTT heat load measurement performed during the S/C warm-up at the end of the TB/TV test. 
The CVV temperature was kept approximately constant at ~200 K , and the HTT was closed, 
HST evacuated during the measurement. The measured heat load is ~200 mW, while 
~77 mW were expected from the predictions for a similar CVV but even higher thermal shield 
temperatures. 

No 16: With the CVV at ambient temperature and closed HTT, but with He gas in the tubing, the 
measured heat load is ~580 mW. With similar shield temperatures but higher CVV 
temperature, a heat load of 364 mW was expected from the transient TMM predictions. 

 

Table 4: HTT heat load measurements during TB/TV test 

No Timestamp Phase Vent 
path on 

HTT 

HTT 
temp 

mass 
flow 

Total 
heat 
load 

Remarks 

    K mg/s mW  

1 09.10.2005 
11:00 

TP1 V701 1.871 48 
(HOT) 

452 LA, venting from HOT 

2 09.10.2005 
15:00 

TP1 V702 1.876 48 
(HOT) 

236 LA, venting from HOT via V702 

3 10.10.2005 
12:30 

TP1 none 1.896 0 376 LA, no mass flow, tubing 
evacuated 

4 20.10.2005 
14:00 

TP3 V104 & 
V102 

1.699 23.10 215  

5 20.10.2005 
15:05 

TP3 none 1.699 0.00 150 HST evacuated 

6 22.10.2005 
12:00 

TP4 V106 1.725 2.27 173 Venting via PPS 

7 29.10.2005 TP5 V104 1.777 4.60 147 TB1 phase 
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No Timestamp Phase Vent 
path on 

HTT 

HTT 
temp 

mass 
flow 

Total 
heat 
load 

Remarks 

    K mg/s mW  
10:00 

8 31.10.2005 
22:00 

TP6 V104 1.791 4.97 152  

9 01.11.2005 
03:30 

TP6 V103 1.792 4.95 140  

10 05.11.2005 
06:00 

TP7 V104 1.804 5.42 141  

11 05.11.2005 
11:20 

TP7 V102 1.804 5.35 75 tilted and vertical, no difference 

12 05.11.2005 
15:15 

TP7 none 1.804 0 115 HST evacuated 

13 05.11.2005 
17:30 

TP7 none 1.805 0 138 17mbar in HST 

14 05.11.2005 
19:00 

TP7 none 1.806 0 145 HST evacuated 

15 06.11.2005 
11:10 

TP8 none 1.791 0 197 HST evacuated 

16 08.11.2005 
13:30 

TP8 none 1.807 0 580 HTT vapour pressure in HST, 
CVV at RT 

 

Table 5: Thermal environment during heat load measurements 

No T107 HOT OBP TS1 TS2 TS3 CVV 
 K K K K K K K 
1  4.4 8.5 24.3 80.9 139.9 292.2 
2  4.4 22.6 34.7 83.3 142.8 292.4 
3  4.3 18.8 45.7 102.0 164.1 292.2 
4 1.694 34.9 3.0 ~6 12.1 24.1 97.9 
5  34.7 6.2 16.6 16.5 28.3 97.9 
6  29.6 13.2 34.9 41.7 57.1 99.5 
7 1.771 21.8 9.5 34.6 51.8 71.1 101.2 
8 1.815 21.0 9.7 34.3 52.0 71.6 101.1 
9 1.793 20.9 8.5 34.0 52.0 71.6 101.1 

10 1.829 19.3 8.1 30.8 50.4 71.5 103.2 
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No T107 HOT OBP TS1 TS2 TS3 CVV 
 K K K K K K K 

11 1.828 19.2 14.0 30.9 50.3 71.4 103.2 
12  19.1 15.8 32.8 50.3 71.5 103.2 
13  19.2 17.0 34.8 50.8 72.0 103.3 
14  19.1 17.6 35.9 51.2 72.2 103.3 
15  18.5 12.4 31.0 46.0 75.5 196.8 
16  28.0 36.5 68.9 106.8 154.0 295.0 

 

Table 6: Measured inputs for HTT heat load calculation 

No 
HTT 
temp 

HTT 
drift 

mass 
flow 

HTT 
contents

Cp gas 
Latent 
Heat 

Cp 
liquid 

Evapo- 
rization 

ullage T drift 

 K mK/day mg/s kg [J/Kg-K] [J/Kg] [J/Kg-K] mW mW mW 
1 1.871 32.54 0 334.0 3591 23058 5875 0.0 0.0 451.7 
2 1.876 16.80 0 334.0 3641 23061 5879 0.0 0.0 236.5 
3 1.896 25.25 0 334.1 3847 23073 5895 0.0 0.0 375.6 
4 1.699 -39.69 23.10 309.6 2186 22787 5736 526.4 0.0 -310.9 
5 1.699 19.20 0.00 309.6 2186 22787 5736 0.0 0.0 150.4 
6 1.725 14.34 2.27 309.7 2363 22843 5757 51.9 0.0 121.4 
7 1.777 4.26 4.60 307.1 2750 22941 5799 105.6 0.0 41.6 
8 1.791 3.70 4.97 306.3 2866 22964 5830 114.1 0.8 37.6 
9 1.792 2.59 4.95 306.3 2871 22965 5812 113.7 0.2 26.3 

10 1.804 1.52 5.42 304.2 2971 22983 5842 124.6 1.0 15.9 
11 1.804 -4.67 5.35 304.1 2971 22983 5841 123.0 0.9 -48.8 
12 1.804 10.98 0 304.0 2967 22982 5821 0.0 0.0 114.7 
13 1.805 13.14 0 304.0 2976 22984 5822 0.0 0.0 137.6 
14 1.806 13.81 0 304.0 2984 22985 5823 0.0 0.0 145.0 
15 1.791 19.57 0 303.1 2864 22963 5811 0.0 0.0 196.6 
16 1.807 55.44 0 301.5 2999 22987 5824 0.0 0.0 580.3 

 

 

Table 7: Comparison of HTT heat load measurements with predictions 

No  vent HTT HTT 
drift mdot HOT OBP TS1 TS2 TS3 CVV heat 

load 
  path [K] [mK/d] [mg/s] [K] [K] [K] [K] [K] [K] [mW]

 Predicted V701 1.920 5.2 48 
(HOT) 4.2 11.3 22.6 62.2 146.8 293.0 83 

1 Measured V701 1.871 32.5 48 
(HOT) 4.4 8.5 24.3 80.9 139.9 292.2 452 
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No  vent HTT HTT 
drift mdot HOT OBP TS1 TS2 TS3 CVV heat 

load 
  path [K] [mK/d] [mg/s] [K] [K] [K] [K] [K] [K] [mW]

 Predicted  1.699 0.2 2.3 30.9 10.5 34.8 40.1 57.7 99.1 53 

6 Measured V106 1.725 14.3 2.3 29.6 13.2 34.9 41.7 57.1 99.5 173 

             

 Predicted  1.686 10.2 0.0 18.9 17.9 41.5 52.5 75.2 189.8 77 

15 Measured none 1.791 19.6 0.0 18.5 12.4 31.0 46.0 75.5 196.8 197 

             

 Predicted  1.715 44.0 0.0 23.9 37.9 69.7 91.7 156.2 322.4 364 

16 Measured none 1.807 55.4 0.0 28.0 36.5 68.9 106.8 154.0 295.0 580 

 

6.2 Instrument thermal interfaces 

Dedicated measurements of the performance of the instrument thermal interfaces on L0, L1, L2 and 
L3 were performed during the test, especially in phases 4 and 6. Evaluation of these measurements is 
ongoing, the results will be presented in a separate document [RD25]. That document also contains 
L0 test results obtained outside the LSS with the CVV tilted by 90°. 

 

6.3 DLCM 

DLCM measurements have been performed during the STM campaign as listed in Table 8. Evaluation 
of the measurement results is ongoing. As reference values, the HTT helium contents is shown in 
Figure 129 as calculated from the integrated (CVSE_004) mass flow measurements in comparison 
with liquid level probe measurements. Note that with a total offset correction of 0.8 kg over the 
complete test duration with a total He consumption of 33.9 kg, the integrated mass flow measurement 
and the liquid level probe readings match very well. 

Table 8: DLCM measurements overview 

Timestamp Phase HTT temperature DLCM heating 

  before after duration
Power 
setting 

  value [K] drift [K/d] value [K] drift [K/d] [s] [W] 
18.09.2005 14:51:31 Pre-TBTV 1.84904 0.066529 1.8515 0.050685 200 10 
23.10.2005 10:35:00 TP4 1.7384 0.014209 1.7438 0.013434 200 20 
31.10.2005 20:21:00 TP6 1.78616 0.003274 1.78663 0.001496 20 20 
31.10.2005 20:53:00 TP6 1.78667 0.001496 1.7913 0.001496 200 20 
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Figure 129: Integrated mass flow rate and level probe measurements 

6.4 Pressure Drop 

Dedicated pressure drop measurements of the helium system tubing have been performed during the 
TB/TV test as listed in Table 9. An evaluation of the test results will be given in [RD24]. 

Table 9: Pressure drop measurements overview 

  Vent path Temperatures [K] Pressure [hPa] mass flow [mg/s] 

Time 
stamp Phase HTT Nozzle HTT TS1 TS2 TS3 Nozz. P502 

meas

nozz 
inlet 
pred 

dev meas pred dev 

16.10.05 
05:55 TP2 V106 big 2.000 38 89 116 116 14.4 18.8 31% 14.8 14.1 -5% 

16.10.05 
06:24 TP2 V106 small 2.000 38 89 116 116 26.9 29.8 11% 4.6 3.5 -25%

16.10.05 
06:37 TP2 V104 small 2.000 38 89 116 116 26.9 30.7 14% 4.7 3.6 -24%

16.10.05 
07:40 TP2 V104 big 1.999 38 89 116 116 21.5 27.0 26% 24.4 20.2 -17%

23.10.05 
15:04 TP4 V106 big 1.745 38 48 63 99 7.4 6.8 -8% 6.3 5.5 -12%

23.10.05 
15:47 TP4 V104 small 1.745 38 48 63 99 12.6 13.2 5% 1.9 1.7 -13%

04.11.05 
11:50 TP7 V103/ 

V106 small 1.799 32 51 72 102 14.0 15.2 9% 2.3 1.9 -19%
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6.5 Check-out of Scientific Instrument Harness 

A 100% verification of the internal and external CVV Scientific Instrument Harness using „loops“ 
between the MTD cold units and the SVM connector brackets was performed. Measurement of the 
resistance of these loops was carried out during CVV cool-down and warm-up with IDAS. No problems 
were identified. A detailed description of the SIH check-out will be given in a dedicated document 
[RD26]. 

 

6.6 Alignment 

Alignment measurements using the HACS camera were performed throughout the test. The evaluation 
of the results is ongoing and will be reported in a dedicated document. 

 

6.7 Cleanliness 

Wipe tests and tape lifts were performed before and after the TB/TV test. No significant increase of the 
contamination level during the test has been observed. Details will be reported in a separate 
document. 
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7 Conclusion 

14 test objectives are to be fulfilled during this test campaign as defined in the Integrated Test 
Procedure [AD1]. At this stage, the evaluation of objectives can only be declared on the data gathered 
and preliminary evaluations. 

In this respect, data has been correctly recorded during the test to allow the objectives to be 
evaluated. Preliminary evaluation shows no outstanding issues for eleven objectives (no. 1, 2, 3, 5, 6, 
7, 8, 9, 10, 11 and 14). One objective remains open (10-cleanliness) awaiting completion of the 
analysis. 

One major objective (no. 4) related to mass flow compatibility with lifetime is not met. This objective is 
paramount to the mission success. Several possible origins have been identified (aluminium taping on 
LSFW/HTT struts, grounding wires on filling port, oscillations in He S/S). Other candidates may be 
found during analysis and complementary testing. Frequent NRB meetings with all parties have been 
held, and additional tests have been defined and performed during the TB/TV test. The NRB process 
is ongoing. 

The TB/TV test has been successfully completed 

With respect to the objectives, the STM TB/TV test is currently considered to be partially successful. 
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As-Run Integrated TB/TV Test Procedure 

 

Scanned_Docs\STM_TB-TV_ITP_as-run.pdf
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TB/TV Test Logbook  

 

Scanned_Docs\STM_TB-TV_LogBook.pdf
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Procedure Variations 

 

Scanned_Docs\Herschel-PVS.pdf
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Operation Requests 

 

Scanned_Docs\Herschel-ORS-compl.pdf
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Sensor and Heater Positions 

 

Scanned_Docs\Sensor_locations.pdf
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Figure 3.3.1: Component Distribution General Overview
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Figure 3.3.2: Component Distribution on OBA Ventline
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Cryostat Logbook  

 

Scanned_Docs\cryo-logbook_2005-09-02_till_2005-12-08.pdf
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Test Data Archives 

The data acquired during the STM TB/TV test are attached to the electronic distribution of this 
document as compressed (zip) archive files. 

 

Thermal Data Handling Files 

The data acquired by the LSS Thermal Data Handling system are gathered in the following files: 

 

Table 10: TDH data files 

Filename Remark 
herschel_eplm_fdh_1.CSV 
herschel_eplm_fdh_2.CSV 

Facility data 

herschel_eplm_power.CSV Measured power 
herschel_eplm_sensors_1.CSV 
herschel_eplm_sensors_2.CSV 

Sensor values 

herschel_eplm_setpoints_1.CSV 
herschel_eplm_setpoints_2.CSV 

Power setpoints 

 

 

SCOE Data Table Files 

The SCOE data acquired during the test are converted to engineering values in the SCOE and then 
written to table files. In these original table files, the mass flow rate value (sensor CVSE_004) has 
been corrected with respect to the measurement range set at the mass flow unit. In addition to the 
original table files, the heater powers have been calculated and are also distributed in the files called 
“localfile.txt-htrpowers.txt” for all phases where SCOE heaters were activated. 

The SCOE records all measured raw data and other events at a higher sampling rate (~2 sec) in 
recording files which can be used to extract dedicated information when necessary. These recording 
files require approx. 60 MB storage capacity per measurement day (when compressed). Due to the 
large size, these files are not distributed but can be made available by the Herschel documentation 
office on specific request. 

 

Table 11: SCOE data files 

Directory Filename 
0-Init 20051006-154944-PreTBTV_Eng_data.txt 
1-LA 20051008-105736-TBTV_TP1_LA_Eng_data.txt_local 
1-LA localfile.txt-htrpowers.txt 
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Directory Filename 
2-LEOP 20051013-141836-TBTV_TP2_LEOP_Eng_data.txt-merged 
3-Rapid_Cooldown 20051016-085928-TBTV_TP3_RCD_Eng_data-complete.txt 
3-Rapid_Cooldown localfile.txt-htrpowers.txt 
4-TV1 20051021-154233-TBTV_TP4_TV1_Eng_data.txt 
4-TV1 localfile.txt-htrpowers.txt 
5-TB1 20051023-171808-TBTV_TP5_TB1_Eng_data.txt 
5-TB1 localfile.txt-htrpowers.txt 
6-TV2 20051029-191814-TBTV_TP6_TV2_Eng_data.txt 
6-TV2 localfile.txt-htrpowers.txt 
7-TB2 20051104-184007-TBTV_TP7B_TB2_Eng_data.txt 
7-TB2 localfile.txt-htrpowers.txt 
8-Recovery 20051105-193559-TBTV_TP8_Recovery_Eng_data.txt 
8-Recovery localfile.txt-htrpowers.txt 

 

 

 

E N D   O F   D O C U M E N T 
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 Name Dep./Comp.  Name Dep./Comp. 
X Alberti von Mathias Dr. AOE22 X Schink Dietmar AED44 
X Barlage Bernhard AED11 X Schlosser Christian OTN/AOA54 
 Bayer Thomas AOA52  Schmidt Rudolf FAE22 
 Brune Holger AOA55  Schweickert Gunn AOE22 
 Edelhoff Dirk APS3  Steininger Eric AED32 
 Fehringer Alexander AOE13 X Stritter Rene AED11 

X Fricke Wolfgang Dr. AED 65  Suess Rudi AOA54 
 Geiger Hermann AOA52  Thörmer Klaus-Horst Dr. OTN/AED65 

X Gerner Willi AED11 X Wagner Klaus AOE22 
 Grasl Andreas OTN/AOA54 X Wietbrock Walter AET12 
 Grasshoff Brigitte AET12  Wöhler Hans AOE22 

X Hauser Armin AOE22  Wössner Ulrich ASE442 
 Hendry David Terma Resid.    
 Hengstler Reinhold AOA 5 X Alcatel ASP 

X Hinger Jürgen AOE22 X ESA/ESTEC ESA 
 Hofmann Rolf ASE442  Instruments:  

X Hohn Rüdiger AED65 X MPE (PACS) MPE 
 Hölzle Edgar Dr. AED44 X RAL (SPIRE) RAL 

X Huber Johann AOA52 X SRON (HIFI) SRON 
 Hund Walter ASE442  Subcontractors:  

X Idler Siegmund AED312  Air Liquide, Space Department AIR 
 Ilsen Stijn Terma Resid.  Air Liquide, Space Department AIRS 
 Ivády von András FAE22  Air Liquide, Orbital System AIRT 

X Jahn Gerd Dr.  AOE22  Alcatel Bell Space ABSP 
 Kalde Clemens APE3  Astrium Sub-Subsyst. & Equipment ASSE 
 Kameter Rudolf OTN/AOA54  Austrian Aerospace AAE 
 Kettner Bernhard AET42  Austrian Aerospace AAEM 
 Knoblauch August AET32  APCO Technologies S. A. APCO 

X Koelle Markus AOA53  Bieri Engineering B. V. BIER 
 Koppe Axel AED312  BOC Edwards BOCE 

X Kroeker Jürgen AED65  Dutch Space Solar Arrays DSSA 
X Kunz Oliver Dr. AOE22  EADS CASA Espacio CASA 
 Lamprecht Ernst OTN/ASI21  EADS CASA Espacio ECAS 
 Lang Jürgen ASE442  EADS Space Transportation ASIP 

X Langenstein Rolf AED15  Eurocopter ECD 
X Langfermann Michael AOA51 X European Test Services ETS 
 Mack Paul OTN/AOA54  HTS AG Zürich HTSZ 
 Maute Thomas AOA52  Linde LIND 
 Müller Jörg AOA52  Patria New Technologies Oy PANT 
 Müller Martin AOA53  Phoenix, Volkmarsen PHOE 
 Müller Ralf FAE22  Prototech AS PROT 
 Peltz Heinz-Willi AOE13  QMC Instruments Ltd. QMC 
 Pietroboni Karin AED65  Rembe, Brilon REMB 
 Platzer Wilhelm AED22  Rosemount Aerospace GmbH ROSE 
 Reichle Konrad AOA52  RYMSA, Radiación y Microondas 

S A
RYM 

 Reuß Friedhelm AED62  SENER Ingenieria SA SEN 
X Rühe Wolfgang AED6  Stöhr, Königsbrunn STOE 
X Runge Axel OTN/AOA54  Terma A/S, Herlev TER 
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