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1 Scope 

 

1.1 Objective 

This test report describes the cool down  of the Herschel PFM cryostat to 4.2 K and the filling of the Herschel 
HTT following the procedure ref. RD 9 Red marked Herschel PFM Cool Down and Filling; HP-2-ASED-TP-
0082 . The filling and the cool down has been performed between the 9th February 2008 and the 5th March 
2008 starting after evacuation and successful leak test at ambient temperature. The main requirements are: 

 

1.2 FPU Requirements (acc. to AD 02) 

 
During cool down of the PFM including the FPU's the following requirements have to be regarded: 
Temperature gradients (cool-down & warm-up) 
The temperature gradient between any of the Herschel Instrument  
Interface (L0, L1, L2) shall not exceed the following limit: 
T <50K:   no requirements  
50K<T<80K: Gradient < 50K 
T > 80K:  Gradient < 35K 
 
Cool-down and warm-up speed: 5K/h above 50 K, no requirements below 50 K. 
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2 Documents 

2.1 Applicable Documents  

AD 1H-EPLM Environment and Test Requirements Specification, HP-2-ASED-SP-0004, issue 3 

AD 2 Herschel Instruments FPU Straps Temperature Gradients, H-P-100000-ASP-RD-0013 

AD 3 Helium Subsystem Safety Analysis, HP-2-ASED-AN-0002 

AD 4 PA Plan; HP-2-ASED-PL-0007 

 

 
2.2 Reference Documents  

RD 1 Doc. Identification Procedure and Doc. Management, HP-2-ASED-PR-0001, issue 3 

RD 2 CVV Evacuation and Leak test Procedure HP-2-ASED-TP-0071, issue 1 

RD 3 Description of the EPLM - FM Cryo Control Instrumentation, HP-2-ASED-TN-0048, issue 2 

RD 4 Herschel Cryostat Cover Handling and Operations Manual, HP-2-AAE-MA-0003, issue 4.0 

RD 5 Contamination Control Plan, HP-2-ASED-PL-0023 

RD 6 Helium Subsystem description; HP-2-ASED-RP-0034 

RD 7Herschel FM Cover Flushing; HP-2-ASED-TP-0106 

RD 8 Cryo-SCOE operations manual, HP-2-ABSP-MA-0001 

RD 9 Red marked Herschel PFM Cool Down and Filling; HP-2-ASED-TP-0082 

RD 10  HOT will not be used for SAT FM ground tests and launch autonomy; HP-2-ASED-RW-0009 
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3 Configuration  

3.1 Helium control system 

 

 

The Herschel Helium Control System is shown in Figure 3-1 

T101 T102

E201

P501

SV521

V503V501

S501

N511 N512

V103

V106

T112T111

P101
SV123

H101 H102

H103 H104

A101 -  A1XX

PPS111

RD124

E421 E441 E461

HTT

HOT

CVV

HS1 HS3

SV922

S101

N513

V504

T702, 703

T106,107

H502/
H503

Legend:  
A:  adsorber
E:  heat exchanger
H:  heater
HS:  heat shield 
L:  liquid level probe
N:  exhaust nozzle
P:  pressure sensor
PPS:  passive phase separator
RD:  rupture disc
S:  filter
SV:  safety valve
T:  temperature sensor
V:  valve
VG:  vacuum gauge

SV723

RD724

P701

SV921

T501

T504
T506

HS2

SV121

E601

Filling port

OBA

T105 T104

V505

V506

T507

T505

L101

L701

T701, 704

L702

L102

T103

H701 H702

V105V701

V104

V102

V702

VG901

VG902

H501

T502

V502

Non-CCU components 

P502

 

Figure 3-1: Helium subsystem flow diagram 

 

3.2 Principle of the cool down and filling with liquid helium 

The cool down of the cryostat is performed with GHe provided from a LHe-Dewar and heated to an adjustable 
temperature by a dedicated Helium heat exchanger (HEXA). At temperatures below ~80 K the HEXA has 
been removed and the LHe Dewar directly connected via the LHe transfer line to the filling port air lock for 
further cooling and liquid filling. 

 
After passing the HTT the flow continues through the OBA with the FPU's  and the thermal shields (see also 
Figure 3-1). The flow outlet at the CVV is the valve V502 where another line, with the first part vacuum 
isolated, is connected. This line is routed through an arrangement of mass flow meters, selectable by hand 
valves, and then finally vented to the atmosphere outside of the process facility.  
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The external vent line system is only used for pressure monitoring during this operation.  
The helium flow is controlled by varying the pressure difference in the system, either by the pressure inside 
the supply dewar or by valves in the filling or venting line. 

In order to maintain the high purity of the helium all parts of the connected volumes have been  flushed before 
cool down.  

Since cool down is performed with helium over ambient pressure, leak tightness of the various components is 
not mandatory except inside the CVV vacuum, where continuous leak detecting has been performed. 

The helium Dewars (see Figure 3-2) are equipped with a pressure indicator, a liquid level meter, combined 
with an adjustable pressure controller (Figure 3-3). 

 

 

Figure 3-2: 450 l helium dewar principle 
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Figure 3-3: dewars display 

 

3.3 Temperature determination of L0, L1, L2 and L3 

For PACS and SPIRE FPU's the main masses (housing ~70 kg) are thermally linked to the Level 1, which are 
connected to the level 1 cooling line by flexible links (designed for operational conditions). The cooling line is 
equipped with two Pt1000 (T238 and T239) temperature sensors capable to measure the range fro 20 to 370 
K. These sensors have been introduced because of the above requirements. In order to determine the L1 
temperature the flow through the vent line has to stop for one hour. The readings from T238 and T239 should 
show an average for Level 1 afterwards. 

The cooling line to the OBP, the level 2, has a good thermal connection to the plate carrying the housing of 
HIFI. The sensors T207, T255, T253 will be used for Level 2 determination.  

For Level 0 there is also no direct temperature measurement, but since the thermally good connected masses 
on FPU side are low, the HTT upper bulkhead temperature is representative. The PT1000 of the (closed) 
valves VT103 and VT106 are selected for L0 temperature determination. 
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Figure 3-4: Optical bench temperature sensors 

 

 

Figure 3-5: the two PT1000 sensors on the level 1 vent line on OBA shown w/o FPU's 

 

3.4 General Hardware Configuration 

The H/W configuration is given in the "As Built Configuration List" and the NCR's.  

 
3.5 Cryostat Configuration 

The cryostat status at start of cool down and filling  

• The He S/S is filled with GN2 or GHe at ambient pressure and ambient temperature 
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• Filling airlock with SV 121 is mounted 

• The safety unit with SV622 is connected 

• The SV922 is operational 

• Turbo pump 'A' (C0711) mounted to SV 921 airlock for continuous evacuation of the cryostat during 
cool down 

• 16 strap pretension measurement devices are mounted to the strap pre-tensioning devices strap 
pretensions shall be between 5 - 20 kN 

• the Cryo SCOE shall be operational and instrumentation connected 

• CVV vacuum is < 10-4 mbar  

• The cryostat cover cooling loop is connected to the transfer lines and a slight overpressure of 0,5 1,5 
bar GHe will be monitored with a pressure gauge. The cooling loop has been leak tested after 
integration into the cryostat, otherwise the test has to be performed before cool-down acc.  

 

 

Figure 3-6: Set-up principle during cool down and filling 
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Figure 3-7: set-up for cool down with HEXA 
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Figure 3-8: CVSE for cool down and filling 

 

Figure 3-9: Safety Unit 
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Figure 3-10: Flow Meter Unit 
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4 Test Overview / Execution / Results 

 

4.1 Test Execution Summary 

The cool down and filling was performed following the red marked procedure.  

The cool down and filling in coarse steps: 

 

Procedure 

Nr.  

 Activity comment 

5.1 Preparation of LHe 
Transfer Line 

Preparations 

 

Performed 

  Flushing of transfer line with GHe Performed 

5.2 Check of PLM Status Configuration check  Performed 

  Helium system flushed with GN2 or 
GHe  

performed 

  strap pretension 5 - 15 kN Strap pretension 
performed according 
procedure HP-2-ASED-
TP-0133 

  Isolation vacuum < 1 x 10-4 mbar 

 

7 E-6 mbar 

 

  SV922 installed Performed 

  Valve status check installation of 
safety unit with SV622 with line Y0621 

Performed 

  Installation of vent line Y0601/Y0602 Performed 

5.3 Installation of Auxiliary 
Lines and Components 

Evacuation of tubing via V 502, V 105 
and V 701 

Performed, V502 blind-
flanged 

  Leak test of He S/S performed 

5.4 Installation of transfer 
line 

Installation of transfer line in dewar  
and in HEXA 

 

Performed 

 

  Installation of transfer line in SV 121 
air lock 

Performed 

  Evacuation and purging of filling 
airlock 

Performed 

5.5 Evacuation and 
purging  

Evacuation and flushing of transfer 
line and air lock 

Evacuation and flushing with GHe of 
the He S/S 

Performed 

Measured internal 
pressure of 3.7E-7 mbar 

NCR 3952 raised, Leak 
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Procedure 

Nr.  

 Activity comment 

detected in the HOT 
area, HOT closed V 705 
and V105 closed 
(13.02.2008) 

   Procedure updated after 
Helium leak 

5.6 Cool down of the 
cryostat  

Initiation of flow 

 

Performed 

 

  Valve switching parameters Performed 

  Cool down to 50 K Performed 

  Insertion of transfer line directly into 
the filling port air lock (removal of 
HEXA) 

Performed 

 

  Cool down to 4.2 K Performed 

  Partly filling the HTT Performed 

  Thermalisation Performed 

  Continuous leak detecting on the CVV 
vacuum 

Performed 

 

5.10 Liquid helium filling Filling of the HOT after thermalisation Not performed 

  Filling of HTT  Performed 

  Mounting of flow meter after end of 
filling 

Performed 

  Venting via V 502 performed 

 

 
 

 

4.2 Test Result Summary 

The following final configuration was achieved: 

• HTT Temperature T= 4.29 K 

• HTT internal pressure  P= 1.042 bar 

• HTT Filling level   87,6 % 

• HOT Filling level 0% 

• Helium background < 6e-9 ml/sec  

• Strap pretension F=25,9±1 kN 
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The maximum temperatures gradients of the HTT and L1, L2 are shown in Figure 4-4 Figure 4-5. The 
instrumentation did not allow verifying the L0 temperatures at the instrument interfaces directly. The 
temperature sensor T 103, which is at the bottom of the HTT showed  temperature gradients 
significantly higher than the temperature sensors at the top of the HTT (VT 103 and VT 106) during the 
cool down, see Figure 4-5. For the verification of the requirement the values of VT 103 and VT 106 are 
used. 

• At a temperature T < 50 K; maximum temperature gradient  60 K ; no requirement 

• Temperature between 50 K < T< 80 K ; maximum temperature gradient < 50 K  ; requirement 
< 50 K 

• Temperature T > 80 K; maximum temperature gradient < 20 K; requirement < 35 K 

 

Cool-down and warm-up speed: 5K/h above 50 K, no requirements below 50 K. 

• 300 K to 80 K average gradient 1 K /h 

• 80 K to 50 K average gradient 2 K /h 

• Local peaks show higher cool down speed, but the temperature gradient is well within the 
requirements 

 

For the cryostat no specific temperature gradients are required. The following figures are given for 
information. 

The temperature gradient for the HOT is shown in Figure 4-1 

The temperature gradient for the HTT is shown in Figure 4-2 

The temperature gradient of the Thermal Shields is shown in Figure 4-3 

The temperatures of the Optical Bench are shown in Figure 4-6 

The temperatures of the Upper and Lower Spatial Frame are shown Figure 4-7 
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Figure 4-1 HOT Temperatures during Cool Down 

 

 

 

Figure 4-2 HTT Temperature during Cool Down 
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Figure 4-3 Temperature of the Thermal Shields during Cool Down 

 

 

Figure 4-4 HTT and L1 and L2 Temperatures during Cool Down 
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Figure 4-5 HTT Temperatures during Cool Down detail between the 23rd and the 24th. 

 

 

Figure 4-6 Optical Bench Temperature during Cool Down 
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Figure 4-7 Temperature of Upper and Lower Frame Work 

 

4.3 Open Work 

none 
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5 Procedure Variations 

Two procedure variation were raised . 

Procedure variation 1 

Reason for change: flushing of external vent line 

Date: 09.02.2008 

Test step changed: 5.5 

Change: 

In order to evacuate and flush the external vent line including the A frame (closed by the dear head) 
the valve V 501 shall be opened during 5.5.2 "Evacuation / Pressurization cycles". The valve V 501 
shall be closed before 5.6 " Cool down of cryostat". 

 

 

Procedure variation 2 

Reason for change: Leak rate too high; NCR 3952 

Date: 10.02.2009 

Test Step changed:  5.5.2.7 

Change: 

When the He S/S is evacuated <20 mbar: 

1. close V104,V105,V102;V702 (all internal) 

2. Flush the He S/S tubing with GHe from Dewar to  ~1 bar. Wait for 20 min, note leak rate 

3. Open V105 and V 702 and flush to ~1 bar, wait and note leak rate after 20 min. 

4. Open V102 and V 104 and flush to ~1 bar, wait and note leak rate after 20 min. Verification of 
HTT leak tightness, close V102 and V104 (HTT at 1 bar GHe), evacuate the He S/S including 
HOT until leak rate is below 1E10-8 mbar l/sec. Afterwards the He S/S + HOT will be kept 
under vacuum for further evacuation until next NRB. 
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6 Non-conformances 

One non-conformance was raised. 

NCR number: HP-121000-ASED-NC-3952 

Title: Leak rate of the He S/S higher than nominal. 

The Helium leak was localised in the area of the HOT. The NRB has decided to evacuate and to valve 
off the HOT. The HOT will consequently not be used during the launch autonomy. 

The NCR is closed, see also the RfW HOT will not be used for SAT FM ground tests and launch 
autonomy, HP-2-ASED-RW-0009; issue 1.1 
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7 Conclusion 

The cool down and filling of the PFM cryostat has been performed following the procedure including 
the two addressed procedure variations. The following final status was achieved  

• HTT Temperature T= 4.29 K 

• HTT internal pressure  P= 1.042 bar 

• HTT Filling level   87,6 % 

• HOT Filling level 0% 

• Helium background < 6e-9 ml/sec  

• Strap pretension F=25,9±1 kN 

All objectives as defined in the procedure were achieved. 

The temperature gradients and the cool down speed were within the Instrument requirements. 

One mayor non conformance, HP-121000-ASED-NC-3952, was raised during the test: Leak rate of 
the He S/S higher than nominal. The NRB has decided to evacuate and to valve off the HOT. The 
HOT will consequently not be used during the launch autonomy. This decision has a significant 
influence on the: 

• Launch preparation 

• Launch autonomy 

• LEOP phase 

• Lifetime 

• verification tests 

The NCR is closed. 

The cool down and filling has been performed successfully. 
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8 Annex 1: As-run Procedure (Filled out TP) 
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