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1 Scope 

This test report summarises the results of the EMC RE and Auto-Compatibility tests 
performed on the Herschel S/C in the Maxwell anechoic chamber at ETS in Noordwijk. The 
tests were performed by ETS in accordance with the TAS-F test specification, [AD1], 
applying the ASED Test Procedure, [AD2]. The applicable test configuration was established 
with [AD3]. 

 

1.1 Document Overview 

In Annex 1 the ASED master AS-RUN Test Procedure can be found.  

Annex 2 shows a time record of all test events during RE and Auto-Compatibility Test. 

Annex 3 shows a step by step log of the RE test with reference to the relevant plots and 
including all procedure variations with justification for the variation. 

In Annex 4 is the RE test report from ETS. This report lists all the test results, measurement 
accuracies and plots and gives explanations to the test results.  

Annex 5 lists the Auto- Compatibility results. 

Annex 6 with the Functional AIT 'AS-RUN' procedures shows with which scripts the SVM and 
the instruments were set to the requested modes. Also the As Run for the Auto-Compatibility 
test is included in this annex. 

Annex 7 shows the SCOE and Flight skin connector configuration. 

Annex 8 gives a Session data re-patriation. 

Annex 9 shows NCR 4207 which was written to the safety loop 

  



 
Test Report Herschel 

 

Doc. No:  HP-2-ASED-TR-0254  Page 6
Issue: 1  

Date: 02.06.2008 File: HP-2-ASED-TR-0254_1.doc 

 

2 Documents 

2.1 Applicable documents 

The following documents of the latest issue in effect or as defined herein form a part of this 
document to the extent specified herein. 

 
AD1 H-P-2-ASP-TS-0819 HERSCHEL FM EMC Test Requirements Specification 

AD2 HP-2-ASED-TP-0180 HERSCHEL FM SAT RE / AutoComp EMC Test 
Procedure 

AD3 HP-2-ASED-PR-0116 Herschel EGSE, Satellite & Instrument Procedure for 
EMC Radiated Test 

AD4 HP-2-ASED-TP-0134 Leading Procedure for Herschel Integrated Satellite Test 

AD5 H-P-TASF-MN-10371 RE EMC Pre TRR Checkpoint  

AD6 H-P-TASF-MN-10xxx EMC debug checkpoint 

AD7 HP-2-ASED-MN-1546 PTR for SC EMC RE and Auto-Compatibility Test  
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3 Non-Conformances and Procedure Variations 

3.1 Summary of NCR's 

NCR 4207 was created after the safety loop triggered when switching back on transponder. 
See Annex 9 

 

3.2 Summary of Procedure Variations 

Page / Step numbers refer to AD 2 

 

• Page 10: The Cryo SCOE was not connected. This allowed closing the MLI at the Cryo 
skin connectors. According to cryo engineering, control by the Cryo SCOE was not 
required to operate the instruments according sect. 3.1.2 of AD2 during the Re / 
AutoComp test. 

• Page 11: After a Safety Loop of the BS SCOE Vbat was increased to 25.4 V and OVP to 
28,4 V. 

• Page 14: The S/C was turned by 90° counter clockwise in order to shorten the length of 
power cables in the chamber. This also allowed skipping sniff test in step 1.4. 

• Step 1.5: Antenna location for ambient test changed from P2 (SPIRE) to P1 (PACS). This 
was assumed to be the worst case location due to EGSE cable rooting and resulted from 
the previous procedure variation. 

• Steps 2.4.5 / 7: Notch Measurement was not performed as no S/C antennas are on the 
PACS side. 

• Steps 3.4.1 to 3: In two antenna positions P2 (extra height) tested. Due to the present of 
the SVM shield this extra position has been requested by TAS-F in order to measure the 
levels on the top side of this shield but limited to 200 MHZ.  

• Steps 4.4.1/4/7: Steps repeated with TX+TWTA ON in order to see the impact of the 
transmitting chain on RE results and particularly in the HIFI notch. 

• Steps 4.4.4/7: Steps repeated with HIFI+TX+TWTA OFF. With this test it was shown that 
the spikes in the HIFI notch during the first run of steps 4.4.4/7 were caused by HIFI itself 
and not by the S/C or other instruments. 

 

More details to procedure variations of AD 2 can be found in Annex 3, RE Test Log. 

 



 
Test Report Herschel 

 

Doc. No:  HP-2-ASED-TR-0254  Page 8
Issue: 1  

Date: 02.06.2008 File: HP-2-ASED-TR-0254_1.doc 

 

4 Test result overview 

4.1 RE Test result summary 

Table 4-1 provides an overview of the RE test results. The negative results of plot 18, 21, 22, 
and 23 are in the HIFI notch and were caused by HIFI itself what was demonstrated with plot 
25 and 26 where HIFI was OFF. All acquired test results are presented in Annex 4. 

 
Plot 
n° 

Freq 
range Polar Antenna pos S/C 

status Notable Results Comments 

1 10k-1G V PACS OFF Max noise level : 42 dBuV/m at 
2.5 MHz OK 

2 30M-1G H PACS OFF Max noise level : < 35 dBuV/m OK 

3 10k-1G V PACS SPIRE 
noisy 

Max noise level : 57 dBuV/m at 
3 MHz OK 

4 30M-1G H PACS SPIRE 
noisy 

Max noise level : 37 dBuV/m at 
40 MHz OK 

5 1G-18G V PACS SPIRE 
noisy 

Only one notable Emission 
due to TX at 8.467G OK 

6 1G-18G H PACS SPIRE 
noisy 

Only one notable Emission 
due to TX at 8.467G OK 

7 10k-
200M V SPIRE_extra SPIRE 

noisy 
Max noise level : 62 dBuV/m at 

3 MHz OK 

8 30M-
200M H SPIRE_extra SPIRE 

noisy Max noise level < 30 dBuV/m OK 

9 10k-1G V SPIRE_nom SPIRE 
noisy 

Max noise level : 60 dBuV/m at 
3 MHz OK 

10 30M-1G H SPIRE_nom SPIRE 
noisy Max noise level < 35 dBuV/m OK 

11 TC notch V SPIRE_nom SPIRE 
noisy No notable emission OK 

12 1G-18G V SPIRE_nom SPIRE 
noisy 

Only one notable Emission 
due to TX at 8.467G OK 

13 TC notch H SPIRE_nom SPIRE 
noisy No notable emission OK 

14 1G-18G H SPIRE_nom SPIRE 
noisy 

Only one notable Emission 
due to TX at 8.467G OK 

16 10k-1G V HIFI HIFI 
noisy 

Max noise level : 54 dBuV/m at 
2 MHz OK 

17 30M-1G H HIFI HIFI 
noisy Max noise level < 36 dBuV/m OK 

18 HIFI 
notch V HIFI HIFI 

noisy 

4 exceeding emissions 
23dBuV/m at 2.5G, 24/3.7G, 

28/5G, 21/6.6G 

NOK but in 
excess of < 
8dBuV/m, 

XPND OFF 

19 TC notch V HIFI HIFI 
noisy No notable emission OK, XPND 

OFF 
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Plot 
n° 

Freq 
range Polar Antenna pos S/C 

status Notable Results Comments 

20 TC notch H HIFI HIFI 
noisy No notable emission OK, XPND 

OFF 

21 HIFI 
notch H HIFI HIFI 

noisy 

3 exceeding emissions 27 
dBuV/m at 2.5G, 26/3.7G, 

21/5G 

NOK but in 
excess of < 
7dBuV/m, 

XPND OFF 

22 
HIFI 

notch 
V HIFI 

HIFI 
noisy 

5 exceeding emissions : 
25dBuV/m at 2.5G, 24/3.7G, 

24/5G, 24/6.2G, 93/8.469 (TX 
emission) 

NOK but in 
excess of < 
5dBuV/m for 

unwanted 
emissions, 
XPND ON 

23  
HIFI 

notch  
H  HIFI  

HIFI 
noisy  

3 exceeding emissions 27 
dBuV/m at 2.5G, 27/3.7G, and 

88/8.469G (TX emission) 

NOK but in 
excess of < 
7dBuV/m for 

unwanted 
emissions, 
XPND ON 

24 10k-30M V HIFI HIFI 
noisy 

Max noise level : 54 dBuV/m at 
2 MHz 

OK, XPND 
ON 

25 
HIFI 

notch 
V HIFI 

HIFI 
OFF 

No notable emission 

Demonstration 
the origin of 
emissions 

recorded in 
plot22 is due 

to HIFI, XPND 
OFF 

26 
HIFI 

notch 
H HIFI 

HIFI 
OFF 

No notable emission 

Demonstration 
the origin of 
emissions 

recorded in 
plot23 is due 

to HIFI, XPND 
OFF 

Table 4-1: RE Test result summary 
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4.2 Auto-Compatibility Test result summary 

All values found are below the thresholds for both chain-1 and chain-2. 
 
No big issue except the AGC of XPND-1 that provides a value much lower than the fed 
Uplink Power. On top of this, the AGC is not linear, i.e. the gap read-ideal for values well 
above the threshold is much higher than the one when Uplink Power is close to threshold (for 
-140 dBm we have -180 dBm as read-out).  
Note: this 'problem' was already seen during ESOC NDIU via X-band test and it's not directly 
related to EMC! 
 
AGC of XPND-2 is much better even if suffering of the same problem: read-out < real-value > 
Calibration-curve to be updated? 
 
RNG Group delay was performed. The measured values are in the same order of magnitude 
as the S/S tests. There are no other means to evaluate it. 
 
All acquired test results are presented in Annex 5. 
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5 Conclusions 

The test was performed successfully, i.e. 

• the specified test requirements, conditions and input values were met 

• all measurement results were well within the limits as judged by the customer TAS-F.   

• all required data were measured and stored.  

• the measured data have adequate quality and are suitable for further analysis if this 
would become necessary.  

• no non-conformance affecting the test results was raised 

• all required results have been provided 
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Annex 1  
 
 

'AS-RUN' Master Test Procedure 
Content:  

 
Filled-in master procedure 'HERSCHEL FM SAT RE / AutoComp EMC Test Procedure'; HP-
2-ASED-TP-0180, Issue 1 

53 pages 
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Issue Date Shee
t Description of Change Release 

1 30.04.08 All Initial issue. 
RS test separated from doc (see HP-2-ASED-TP-0222); 
RE and AutoComp. test updated 
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1 Scope 

1.1 Objective 

This procedure describes the activities to be carried out for the HERSCHEL Radiated 
Emission (RE) and AutoCompatibility tests in order to confirm the compatibility of the satellite 
itself. 

 

1.2 Flow 

The test flow is shown in figure 1.2-1.  

 
Figure 1.2-1: HERSCHEL FM Radiated EMC Test Flow 

Install Satellite in the Anechoic Chamber 

Perform RE E-field Test in Antenna Position 1 

Perform Ambient Noise Test 

Perform RE E-field Test in Antenna Position 3 

Perform RE E-field Test in Antenna Position 2 

Perform RF Autocompatibility Test LGA 1 

Perform RF Autocompatibility Test MGA 
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1.3  Test Specimen 

The test specimen is the integrated HERSCHEL FM satellite. 

 

1.4 Test objectives 

The object of this test is to provide confirmation that the integrated spacecraft radiated 
emissions in operational mode are within acceptable limits measured at several positions 
around the spacecraft and that telecommands at lowest level are not disturbed by the S/C 
own radiation.  
This information will be used in determining the system level RE/RS compatibility margins. 
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2 Documents/Drawings 

The following documents in their latest issue are applicable to this procedure: 

 

2.1 Applicable Documents 

AD1 HP-2-ASED-PL-00007 Herschel PA Plan 

AD2 HP-2-ASED-PL-0023 Herschel Contamination Control Plan 

AD3 H-P-2-ASP-SP-0939 HERSCHEL IST Specification  

AD4 H-P-1-ASPI-PL-0038 HERSCHEL/PLANCK EMC/ESD Control Plan 

AD5 HP-2-ASED-PR-116 
Herschel EGSE, Satellite & Instrument Procedure for EMC 
Radiated Test 

AD6 H-P-1-ASPI-SP-0037 EMC Specification 

AD7 H-P-2-ASP-TS-0819 HERSCHEL FM EMC Test Requirements Specification 

AD8 HP-2-ASED-PL-0013 PLM EMC Control and Verification Plan 

AD9 HP-2-ASED-PL-0037 Herschel EMC Test Plan 

 
2.2 Reference Documents 

In this section all documents are given which either 

• could serve as reference for the radiated tests, or  

• may be referred in the test report for clarification/justification of an outcome (result) of 
the test.  

 

RD1 PACS-ME-TP-032 PACS EMC Procedures 

RD2 SPIRE-RAL-PRC-003068 SPIRE RE Most Emissive Mode EMC Test Procedures for IST 

RD3 SRON-G/HIFI/PR/2007-022 HIFI radiated emissivity procedures for IST tests 

RD4 HP-2-ASED-PR-0123 Helium Refilling 

RD5 HP-2-ASED-TP-0134 Herschel IST leading Procedure 
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3 Configuration 

3.1 HERSCHEL Satellite FM Mechanical / Electrical Configuration 

For the EMC RE test the Herschel satellite is mounted on the adapter ring. Both are than 
positioned on a wooden air pallet provided by the facility in order to be compliant with the 
floor load requirements of the Maxwell EMC chamber. The satellite is connected with the 
SCOE's via 30 m long cables. The setup is shown in sect. 3.5. 

A hose for venting the cryostat has to be routed from the cryostat to the outside of the EMC 
chamber. 

 

3.1.1 Cooling 

HIFI shall be cooled whenever it is in a higher mode than STB. This is performed with a 
mobile AirCon placed in the Rosetta cleanroom. The cold air is than ducted in a hose through 
the chamber wall close to the HIFI panel where it increases the convection. 

 

3.1.2 Cryo conditions 

There is no constraint for He-I conditions from any FPU if temperatures are in the following 
range: 

• Level 0 temperature (HTT upper bulkhead, T107): 4.2 - 6.5 K (4.2 - 7K at L0 I/F) 

• Level 1 temperature (vent line, T231 - 237): 4.2 - 15 K 

• Level 2 temperature (OBP, T254 T207): 5 - 30 K 

• Level 3 temperature (Spire J-FET, T246 T247): 5 - 50 K 

• No constraint on thermal shield and CVV 

• Cryo cover temperature: 220 -260 K 

• Temperatures might drift in the above given range during test. 

• S/C is in vertical position and no movement during test. 

 

3.1.3 Shielding and Grounding 

The SCOE cables shall be shielded with aluminum foil from the satellite to the point where 
they go into the holes for the tunnels to the Rosetta clean room respectively the wall of the 
EMC chamber, as applicable.  

The facility clean ground shall be connected to the PCDU panel. This is a single point ground 
which also grounds the adapter ring. The ground strap shall be routed in parallel to the 
SCOE cabling. Figure 3.2-1 gives an overview of the grounding during the test. 
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Figure 3.2-1: Grounding in EMC chamber 
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3.2 EGSE Configuration 

The following SCOE's have to be located close to the S/C outside the EMC chamber (cable 
length 30m): 

Table 3-1 shows the configuration for the SCOE's. 

 
Subsystem Electrical Configuration  Mechanical Configuration 
SAS SCOE • Online 

• Voc = 43 V 
• Isc = 2.0 A 
• Rs = 0.1 
• N = 100 
• Vprot = 45 V 
• Iprot (FPCS) less than 3.3 A 
• AIT BDR 1 and BDR 2 = ON 
• Separation Straps 1 to 8 = separated 
• SA Temp simulation set to 110 °C 

Battery Simulator Nominal Set: 
 

3 racks  + PC 

BS SCOE • Online 
• Vbat = 24 V 
• Icharge = 10 A 
• Idisch = 16 A 
• OVP = 27 V 
• OCP = ON 
 

1 rack  + PC 

TT&C SCOE All instruments ON and RF cables connected to 
TT&C subsystem in order to provide 

• RF downlink signal spectrum monitoring 
 

1 rack  + PC 

TM/TC DFE • Online 
• TM Chain A 
• TC Chain A 
• Archiving ON 

 

1 rack  + PC 

Cryo SCOE • Data Acquisition 
 1 rack  + PC 

Table 3.2-1: EGSE Configuration 

 

 

3.3 HERSCHEL Satellite FM Operational Configurations 

Table 3.3-1 shows the SVM Operational Configurations and Table 3.3-2 the Instrument 
Configurations in RE and AutoComp for the used modes. The communication with the S/C 
shall be made via the umbilical.  
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 Mode 1 Mode 2 Mode 3 
Power Panel       

CDMU ON, NOM ON, NOM ON, NOM 
ACC ON, Standby ON, Standby ON, Standby 

PCDU ON ON ON 
Battery Not connected Not connected Not connected 

TTC Panel       
EPC1 ON ON ON 
TWT1 ON ON ON 
EPC2 OFF OFF OFF 
TWT2 OFF OFF OFF 

XPND1 ON, RX + TX ON, RX + TX ON, RX + TX 
XPND2 ON, but only RX ON, but only RX ON, but only RX 
RFDN / / / 

AOCS sensors       
STR1 ON ON ON 
STR2 OFF OFF OFF 
CRS1 ON ON ON 
CRS2 ON ON ON 
RWL-1 ON *) ON *) ON *) 
RWL-2 ON *) ON *) ON *) 
RWL-3 ON *) ON *) ON *) 
RWL-4 ON *) ON *) ON *) 

GYRO A ON ON ON 
GYRO B OFF OFF OFF 

SAS / / / 
AAD / / / 

Propulsion       
PT ON ON ON 

20N thrusters cat 
bed 

OFF OFF OFF 

Latch valve OFF OFF OFF 
Miscellaneous       

SREM ON ON ON 
VMC ON ON ON 

*): Reaction wheels are ON but not rotating 

Table 3.3-1: SVM Operational Configurations in RE / AutoComp. 
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 Mode 1 Mode 2 Mode 3 

PACS Safe Mode Safe Mode Safe Mode 

SPIRE Most Emissive 
Mode Stand By Stand By 

HIFI Stand By Most Noisy Mode Stand By 
PACS FPU OFF OFF OFF 

PACS Panel       
FPSPU N ON ON ON 
FPSPU R OFF OFF OFF 
FPDPU N ON ON ON 
FPDPU R OFF OFF OFF 

FPDEC/MEC1 ON ON ON 
FPDEC/MEC2 OFF OFF OFF 

FPBOLC N ON ON ON 
FPBOLC R OFF OFF OFF 
SPIRE FPU ON OFF OFF 

SPIRE Panel       
HSDPU N ON ON ON 
HSDPU R OFF OFF OFF 
HSFCU N ON ON ON 
HSFCU R OFF OFF OFF 
HSDCU N ON ON ON 
HSDCU R OFF OFF OFF 

CCU A ON ON ON 
CCU B ON ON ON 

HIFI LOU OFF ON / warm ON / warm 
HIFI FPU ON ON / cold ON / cold 

HIFI Panels       
FHWEH ON ON ON 
FHWEV ON ON ON 

FHLCU N ON ON ON 
FHLCU R OFF OFF OFF 
FHHRH ON ON ON 
FHHRV ON ON ON 

FHICU N ON ON ON 
FHICU R OFF OFF OFF 
FHFCU N ON ON ON 
FHFCU R OFF OFF OFF 

Table 3.3-2: Instrument Mode Configurations in RE / AutoComp. 

 

3.4 GSE Calibration Status 
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All test hardware shall be calibrated and shall be within the calibration period during the test 
time. The test equipment list Table 3.4-1 shall be completed during the test and included in 
the test report. 

 
Test Equipment List 

Item Manuf. Model No. SN No. Invent No. Next Calib.

      

      

      

      

      

      

      

      

      

See Annex 4    RE Test Report from ETS page 9 
      

      

      

      

      

      

      

      

      

      

      

      

      

      

Table 3.4-1: Test Equipment List 
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3.5 Set-Up in Facility  

The activities as detailed in this procedure shall be carried out in the Maxwell anechoic 
chamber of ESA/ ESTEC in Noordwijk, Netherland.  

 

 

 

 

Figure 3.5-1 Arrangement of the EGSE and S/C in facility 
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3.6 General Requirements 

• The handling of the test set-up shall be in accordance with controlled procedure only 

• Handling, mechanical and electrical, has to be done only by qualified personnel 

 

3.7 Environmental Conditions 

All activities specified in the procedure have to be performed in the anechoic chamber, clean 
room class 100 000 environment. 

Temperature:  22°C +/- 3°C 

Relative Humidity: 40% to 55% 

The cleanliness requirements will be observed throughout the activities, and the overall 
contamination control requirements identified in the Herschel Contamination Control Plan, 
AD2, will be observed. 

 
3.8 Measurement Accuracies 

3.8.1 Receiver Accuracies 

Table 4.3.1-1 gives a guideline for receiver measuring bandwidths. The actual bandwidth of 
the test equipment shall be provided by the facility personnel during the EMC tests. 

Actual values see Annex 4 RE Test Report from ETS sect 8.2 

Frequency Range Proposed 
6 dB BW Actual Comment 

30 Hz - 1 kHz 10 Hz   

1 kHz - 10 kHz 100 Hz   

10 kHz - 150 kHz 1 kHz   

150 kHz – 30 MHz 10 kHz   

30 MHz - 1 GHz 100 kHz   

Above 1 GHz 1 MHz  Except notches *) 

Frequency Accuracy ± 2 %   

Amplitude Accuracy  ± 2 dB   

*) The resolution bandwidth shall be selected so that the noise floor of the test equipment is 4 to 6 dB 
below the notch limit. 

Table 3.8-1: Receiver Measurement Bandwidth 
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3.9 General Precautions and Safety 

3.9.1 General Safety Requirements 

Except of radiation during the AutoComp test no special hazards are expected. The 
application of the standard technical rules for mechanical and electrical integration and test 
activities is sufficient. 

Lower level procedures called up by this procedure may define their own safety requirement 
in the relevant chapters which must be respected accordingly 

 

3.9.2 Radiation 

When test caps are not mounted and the S/C the is transmitting, the EMC chamber doors 
have to be closed and no persons are allowed in the EMC chamber. 

 
3.9.3 ESD constraints 

In order to prevent ESD sensitive H/W from any possible damages by accidental electrostatic 
discharges an ESD protected area must be defined during ESD sensitive activities:  

• Floor and test bench of the ESD protected area has to be covered with anti-static 
mats  

• During all handling activities (as transport, mounting, mating/de-mating of connectors, 
measurements with individual measurement devices, etc.) the operator has to work 
on anti static mats with correct clothing and personal grounding-straps  

• Adequate ESD clothing is required:  
  - Anti static coat  
  - Anti static gloves 
  - Anti static boots 

 
3.10 Activities Management 

3.10.1 Pre-Test Activities 

At least the following tasks have to be successfully completed before start of integration and 
test activities according this procedure:  

• This procedure released and accepted  

• Formal release to start given by the board following review of relevant test procedures 
and test configurations.  
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3.10.2 Procedure Variation 

Major activities deviating from the approved test procedure require the agreement of Project, 
AIV and PA responsible, and shall be documented via Activity Control Sheets (ACS). All 
ACS's generated in the frame of the execution of this procedure shall be listed in the ACS 
Summary Sheet in section 9.1 of this procedure.  

 
3.10.3 Criteria for Failure 

If the results of any test performed using this procedure or a lower level procedure which this 
procedure refers to yields a value which lies outside the specified limits, it shall be 
considered as a non-conformance. Initial analysis of the result will be applied to establish 
whether the result is due to measurement error or incorrect specification limits. A NCR will 
then be raised to report the non-conformance. Depending on the magnitude of the non-
conformance, and its impact, either a minor or a major NCR will be raised. In case of major 
NCR the test shall be continued only upon written or verbal authorisation of Customer (TAS-
F and ESA). All NCR's raised in the frame of the execution of this procedure shall be listed in 
the NCR Summary Sheet in section 7.3 of this procedure.  

The NCR process is described in the Herschel PA Plan, AD1. 

 
3.10.4 Test Completion and Post-Test Activities 

All data that has been recorded during the test activities specified in this procedure shall be 
collected and retained in a centralised reference volume, and will include:  

• PFM logbook  

• Relevant CCS logs  

• Photographs and plots  

• Filled out test procedure  

• Activity Control Sheets (ACS), if any  

• Copies of NCR's, if any  

 

All these test data shall be available for presentation at the Test Review Board (TRB) which 
will finally conclude on the test.  

A test report shall be produced, whose contents shall be as follows:  

• Brief summary of the test results  

• PLM and instrument build standard summary  

• "As-run" test procedure as an annex (this includes housekeeping data, temperature 
curves, etc.).  
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• List of NCR's raised  

• List of ACS's generated.  

• Relevant meeting minutes (e. g. TRR, TRB)  

• Filled out Sign-off Sheet (see section 7.4 of this procedure).  

• Evaluation of test results (might be in separate document)  

 

3.11 PA Requirements 

Quality Assurance shall monitor all operations (handling, transportation, disassembly, 
installation and test) as necessary to assure compliance with this procedure and the 
applicable requirements of the Herschel PA Plan, AD1.  

In the course of this procedure PA shall pay particular attention to:  

• the application of adequate protections to critical surfaces  

• the records in the log-sheet  

• the recording of the serial number of the test equipment used  

• ensure that the test equipment used is within actual calibration cycle  

PA has to make sure that NCR’s are raised when applicable and treated by NRB procedure 
as defined in the Herschel PA Plan, AD1.  

After the conclusion that an activity is successfully completed, this activity has to be signed 
by the responsible AIT- and PA engineer in the step by step procedure. Also relevant log 
sheets have to be filled out and signed.  



 
HERSCHEL FM SAT Radiated EMC Test 

Procedure Herschel

 

Doc. No:  HP-2-ASED-TP-0180  Page 19 
Issue: 1  
Date: 30.04.08 File: HP-2-ASED-TP-0180 As Run.doc 

 

 

3.12 Personnel 

Title Function Name 
Test Director Overall responsible  Martin Priestley 

Test Conductor EMC Test Coordinator Michael Hopfgarten 

EGSE Expert (ASED) EMC Test Responsibility Klaus Tigges  

EGSE Expert (TAS-F)  EMC Test result processing Marc Burlas 

EGSE Operator Operate EGSE (CCS, PLM SCOE, CDMU DFE, 
Cryo SCOE) 

Pietro Modesto 

EGSE Expert (TAS-I) Support EGSE operator and EMC set-up Pietro Modesto 
Alessio Di Capua 

EMC Test 
Performance 
(ESTEC) 

Responsible for the EMC facility and operations Jaap van der Meulen 
ETS 

Mech. Operator(s) All mech. Integration activities  T. Bayer 

Cryo Operators Operate the cryostat during testing and maintain 
the required temperatures 

J. Huber 

ESA Support Support and supervision of test activities Filippo Marliani  
Bernhard Jackson 

HIFI Engineers Support test activities - 

PACS Engineers Support test activities  - 

SPIRE Engineers Support test activities  - 

PA Representative To ensure PA requirements R. Langenstein 

Table 3.12-1: Personnel 
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4 Test Requirements 

4.1 Radiated Emission (RE) E-field 

The set-up and the performance of the test shall be similar to MIL Std 461E, RE 102.  

• The satellite shall be set into the applicable operational configuration. See Table 3.3-
1 and 3.3-2. The on board equipment shall be set to the most noisiest mode  

• The on board LGA / MGA antennas shall be covered with test caps in order to limit 
the spurious emissions at TX frequency. The test caps shall be capable to handle the 
TX power without constraints. 

• Each test antenna position shall coincide with the position of the harness of the 
respective instrument under test.  

• Any test harness between satellite and EGSE shall be properly shielded before the 
test in order not to influence the test result.  

• The Test chamber shall be free of other equipment and cabling than used during RE 
tests.  

• The test antennas shall be placed at 1 metre distance to the satellite at predefined 
positions.  

Before starting RE Test a kind of ambient /sniff tests will be performed with a portable 
spectrum analyser around the EGSE harness or any other critical item. An ambient test shall 
then be performed from 14kHz up to 1GHz in one polarisation (horizontal up from 30MHz) 
reduced to antenna position 2. 

 

The selection of the RE test antennas shall be in accordance to Table 4.1-1.  

 
Frequency Range Polarization Antenna Type Comment 

14 kHz – 30 MHz V Rod Groundplane connected to S/C 
structure if feasible 

30 MHz – 1 GHz V and H Biconical+logper May be combined; Absorbers 
beneath A. and S/C on the floor 

1 GHz – 18 GHz V and H Broadband horn LNA is required for notches 

Table 4.1-1: Selection of RE Test Antennas 
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4.1.1 RE E-field in Operational Modes 

The operational satellite shall not exceed the E-field in the frequency range from  

 14 kHz to 18 GHz  

Figure 4.1-1, Table 4.1-2 and Figure 4.1-2 show the limit and the TC notch for PACS and 
SPIRE, antenna positions 1 and 2. 
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Figure 4.1-1: PACS and SPIRE RE E-Field General Limit 

 

 
Frequency (MHz) Level (dBuV/m) 

7133 68 
7186 45 

7191 - 7213 15 
7218 45 
7271 68 

Table 4.1-2: PACS and SPIRE TC Notch Limit Frequencies 
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Figure 4.1-2: PACS and SPIRE RE E-Field TC Notch Limit 
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Figure 4.1-3, Table 4.1-3 and Figure 4.1-4 show the limit and the TC notch for HIFI, antenna 
position 3. 
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Figure 4.1-3: HIFI RE E-Field General Limit 

 

 
Frequency (MHz) Level (dBuV/m) 

< 2000 50 
2000 - 7186 20 
7191-7213 15 

7218 - 9000 20 

Table 4.1-3: HIFI TC Notch Limit Frequencies 
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Figure 4.1-4: HIFI RE E-Field TC Notch Limit 
 
Note:  
The test equipment shall be capable to measure a level 6 dB below the defined limit.  
 

• The measurement shall be taken for vertical (V) and horizontal (H) polarisations 
(below 30MHz only vert). 

• The applicable spacecraft configurations are shown in Table 4.3-1 

• In Figure 4.1-5 to 4.1-7 the three antenna positions are shown. The antennas are 
oriented to the harness of the measured instrument. See also floor plan Figure 3.5-1. 
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Figure 4.1-5: Antenna position P1 towards PACS 
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Figure 4.1-6: Antenna position P2 towards SPIRE 
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Figure 4.1-7: Antenna position P3 towards HIFI 
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4.2 Spacecraft RF Auto-Compatibility 

The object of this test is to demonstrate that with a fully equipped and integrated spacecraft, 
with communications made through flight test couplers / umbilical, and free radiating 
antennas as shown in Figure 4.2-1, the following performances are satisfied: 

1. When all equipment is operational and in most emissive mode, the X-band subsystem is 
capable to  

• Receive telecommands at the lowest level which shall be experienced at L2  

• Support low bit rate telecommand acquisition under 125 Hz Doppler effect at required 
level  

• Receive and transmit ranging signal which can be properly measured. It will be 
verified that with delay results are compatible with the ranging calibrations gathered 
at transponder subsystem level.  

and 

2. While transmitting telemetry through the antennas all other equipment of the satellite is 
working properly. 

 

The following points have to be considered for the test: 

• The spacecraft shall be supplied (powered) by the SAS. 

• Any test harness between satellite and EGSE shall be properly shielded before the 
test in order not to influence the test result. Other test equipment shall not be located 
in the anechoic chamber.  

• The applicable spacecraft configuration is Mode 2. If AutoComp with HIFI implies a 
TC reception problem a test with Mode 3 is anticipated. 

The EGSE connection between RF-EGSE and TTC Subsystem is shown in Figure 4.2-1. 
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Figure 4.2-1: RF-EGSE and TTC Subsystem interconnection 
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4.3 Test overview 

The following tables give an overview of the activities described in this procedure. The 
sections are test modules. Their sequence is not decisive i.e. it can be changed if required by 
test circumstances. 
 

5.1. Ambient, Antenna Position P2 (towards SPIRE) 

Step Mode Antenna (1 m distance) 

1.1 SVM & Instruments OFF Portable Spectrum Analyzer; sniff test 

1.2 SVM & Instruments OFF P2, Vertical; 14kHz to 30MHz 

1.3 SVM & Instruments OFF P2, Horizontal; 30MHz to 1GHz 
 

5.2. Antenna Position P1 (towards PACS) 

Step Mode (see table 4.3-1) Antenna (1 m distance) 

2.1 1 Vertical; 14kHz to 30MHz 

2.2 1 Horizontal; 30MHz to 1GHz 

2.3 1 Vertical; 30MHz to 1GHz 

2.4 1 Horizontal; 1GHz to 18 GHz 

2.5 1 Horizontal; 7133 MHz to 7271 MHz, Notch 

2.6 1 Vertical; 1GHz to 18 GHz 

2.7 1 Vertical; 7133 MHz to 7271 MHz, Notch 
 

5.3. Antenna Position P2 (towards SPIRE) 

Step Mode (see table 4.3-1) Antenna (1 m distance) 

3.1 1 Vertical; 14kHz to 30MHz 

3.2 1 Horizontal; 30MHz to 1GHz 

3.3 1 Vertical; 30MHz to 1GHz 

3.4 1 Horizontal; 1GHz to 18 GHz 

3.5 1 Horizontal; 7133 MHz to 7271 MHz, Notch 

3.6 1 Vertical; 1GHz to 18 GHz 

3.7 1 Vertical; 7133 MHz to 7271 MHz, Notch 
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5.4. Antenna Position P3 (towards HIFI) 

Step Mode (see table 4.3-1) Antenna (1 m distance) 

4.1 2 Vertical; 14kHz to 30MHz 

4.2 2 Horizontal; 30MHz to 1GHz 

4.3 2 Vertical; 30MHz to 1GHz 

4.4 2 Horizontal; 1GHz to 18 GHz 

4.5 2 Horizontal; 2 GHz to 9 GHz, Notch 

4.6 2 Vertical; 1GHz to 18 GHz 

4.7 2 Vertical; 2 GHz to 9 GHz, Notch 
 

6.Autocompatibility Test 

Step Mode (see table 4.3-1) Test item 

1.1 2 Perturbation LGA1  

1.2 2 Perturbation MGA  

Next step performed only if AutoComp with HIFI implies a TC reception problem: 

1.3 3 AutoComp. Perturbation LGA1  
 
 

Mode PACS SPIRE HIFI 

1 Save mode Most Noisy Mode Stand By 

2 Save mode Stand By Most Noisy Mode 

3 Save mode Stand By Stand By 

Table 4.3-1: Instrument Modes 
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Step-
No. Integration-Step-Description OP / 

EMC 
Nom 
Val Tol. Act. 

Val. Comment P N 

2.5.2 Switch PACS from Safe Mode into OFF. Execute test steps of 
sect. 8.1.2.4 of AD5. 

OP       

2.5.3 Switch HIFI from STB into OFF. Execute test steps sect. 
8.1.4.4 of AD5. 

OP       

2.5.4 Switch OFF EGSE and S /C. Execute test steps sect. 8.1.1 of 
AD5. 

OP       

2.6 Verify that S/C is OFF with EGSE operator. OP       
Test location: Operator Product-Assurance: 

 
Date: 
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7 Facility Report 

 

7.1 Calibration Data 

Nr manufacturer equipment Date due 

1     

2     

3     

4     

5     

6     

7     

8     

9     

10 See Annex 4    RE Test Report from ETS page 9 

11     

12     

13     

14     

15     

     

     

     

     

     

     

     

     

     

 

To be included if applicable 
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Summary Sheets 

 
7.2 Procedure Variation Summary 

 

See sect.3.2 of main test report and Annex 3 RE Test Log 
 

 Test Change Curr. No.:   

Date:   

Page 1 of 1 
Test designation 

Herschel EMC Test 
Test Procedure 

 
Issue  

1, dated  
Rev. 

 
Test step changed 

 
Reason for Change 

 
Test step changed 

 
Reason for Change 

 
Test step changed 

 
Reason for Change 

 
Test step changed 

 
Reason for Change 

 

 

Prepared by: 

 
Resp. Test Leader 

 
Project Engineer  

 
PA/QA 

 
Prime 

 
Customer  

 

Table 7.2-1: Procedure Variation Sheet 
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 Name Dep./Comp.  Name Dep./Comp. 

 Baldock Richard FAE12 x Sonn Nico ASG51 
x Barlage Bernhard AED13  Steininger Eric AED32 
x Bayer Thomas ASA42 x Stritter Rene AED11 
 Brune Holger ASA45  Suess Rudi OTN/ASA44 
 Chen Bing HE Space  Theunissen Martijn DSSA 
 Edelhoff Dirk AED2  Vascotto Riccardo HE Space 
 Fehringer Alexander ASG13 x Tigges Klaus AED32 

X Fricke Wolfgang Dr. AED 65  Wagner Klaus ASG23 
 Geiger Hermann ASA42 x Wietbrock Walter AET12 
 Grasl Andreas OTN/ASA44  Wöhler Hans ASG23 
 Grasshoff Brigitte AET12  Wössner Ulrich ASE252 
x Hamer Simon Terma  Zumstein Armin ASQ42 
 Hanka, Erhard FI552    
 Hendrikse Jeffrey HE Space    
x Hendry David Terma    
 Hengstler Reinhold ASA42    
 Hinger Jürgen ASG23    
x Hohn Rüdiger AED65    
 Hofmann Rolf ASE252    
x Hopfgarten Michael AED32    
x Huber Johann ASA42    
 Hund Walter ASE252    
x Idler Siegmund AED312    
 Ivády von András FAE12    
 Jahn Gerd Dr.  ASG23    
 Jolk Matthias AET1 X ESA/ESTEC ESA 
 Klenke Uwe ASG72 X Thales Alenia Space Cannes TAS-F 
x Koelle Markus ASA43 X Thales Alenia Space Torino TAS-I 
x Koppe Axel AED312    
x Kroeker Jürgen AED65  Instruments:  
 La Gioia Valentina Terma x MPE (PACS) MPE 
 Lang Jürgen ASE252 x RAL (SPIRE) RAL 
 Langenstein Rolf AED15 x SRON (HIFI) SRON 
x Langfermann Michael ASA41    
 Liberatore Danilo Rhea    
 Martin Olivier ASA43  Subcontractors:  
 Maukisch Jan ASA43  Austrian Aerospace AAE 
 Much Christoph ASA43  Austrian Aerospace AAEM 
x Müller Martin ASA43  BOC Edwards BOCE 
 Pietroboni Karin AED65  Dutch Space Solar Arrays DSSA 
 Platzer Wilhelm AED2  EADS Astrium Sub-Subsyst. & Equipment ASSE 
x Reichle Konrad ASA42  EADS CASA Espacio CASA 
 Runge Axel OTN/ASA44  EADS CASA Espacio ECAS 
 Sauer Maximilian Dr. AED65 x European Test Services ETS 
 Schink Dietmar AED32  Patria New Technologies Oy PANT 
 Schmidt Thomas AED15  SENER Ingenieria SA SEN 
 Schweickert Gunn ASG23  Thales Alenia Space, Antwerp TAS-ETCA 
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Annex 2  
 
 

Test Diary 
Content:  

 

Time record of all test events during RE and Auto-Compatibility Test. 

 

5 pages 
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05-05-2008 
 
EMC  -test  log Herschel SC RE test   
 
Unit    : SC  
Model  : FM 
Serial number  : N.A. 
 
Experimenter :  
 
 
05-05-2008 
 
Preparation of facility 
Correction factors for LNA amplifiers. 
Removal of test table and PIPE 
Removal of absorbers 
 
06-05-2008 
 
EGSE and SC moved into Rosetta clean room. 
All EGSE bonded to the facility ground 
NO CONNECTION BETWEEN FACILITY GROUND AND BUILDING EARTH. 
 
07-05-2008 
 
12:00 Preparation to move spacecraft to air pallet 
15:15 Spacecraft moved in to the Maxwell facility. 
 Start connecting interfacing cables and wrapping all interface cables 
19:00 Cable wrapping completed  
19:20 Start zero run measurements in Pacs position (in front of pacs harness) 

vertical polarization Antenna high is 280 above the floor level 
 Plot 1 Filename : Herschel RE1 
19:53 Start zero run measurements in Pacs position (in front of pacs harness) 

Horizontal polarization Antenna high is 280 above the floor level 
 Plot 2 Filename : Herschel RE2 
 
20:30 Ends of Day 
 
 
08-05-2008 
 
16:20 Start RE in pacs position SC in  spire noisiest mode. 

vertical polarization Antenna high is 270 above the floor level 
Plot 3 Filename : Herschel RE3 

16:45 Start RE in pacs position SC in  spire noisiest mode. 
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horizontal polarization Antenna high is 270 above the floor level 
Plot 4 Filename : Herschel RE4 

17:25 Start RE in pacs position SC in  spire noisiest mode. (1 to 18 GHz) 
vertical polarization Antenna high is 270 above the floor level 
Plot 5 Filename : Herschel RE5 

17:41 Start RE in pacs position SC in  spire noisiest mode. (1 to 18 GHz) 
horizontal polarization Antenna high is 270 above the floor level 
Plot 6 Filename : Herschel RE6 

17:43 Start RE in Spire position SC in  spire noisiest mode. 
vertical polarization Antenna height is 3.20 meter above the floor level 
above spire screen  10 kHz to 200 MHz (extra measurement) 
Antenna 1 meter from cable harness  
Plot 7 Filename : Herschel RE7 

17:57 Start RE in Spire position SC in  spire noisiest mode. 
horizontal polarization Antenna height is 3.20 meter above the floor level 
above spire screen  30 MHz to 200 MHz (extra measurement) 
Antenna 1 meter from cable harness  
Plot 8 Filename : Herschel RE8 
 

18:03 Start RE in Spire position SC in  spire noisiest mode. 
vertical polarization Antenna height is 2.60 meter above the floor level 
above spire screen  10 kHz to 1 GHz (nominal measurement) 
Antenna 1 meter from SVM  
Plot 9 Filename : Herschel RE9 

18:20 Start RE in Spire position SC in  spire noisiest mode. 
Horizontal polarization Antenna height is 2.60 meter above the floor level 
above spire screen  30 MHz to 1 GHz (nominal measurement) 
Antenna 1 meter from SVM  
Plot 10 Filename : Herschel RE10 

 
 
18:30 Start RE in spire position SC in  spire noisiest mode. (Spire notch) 

vertical polarization Antenna high is 260 above the floor level 
Plot 11 Filename : Herschel RE11 (analyzer mode) 

18:42 Start RE in spire position SC in  spire noisiest mode. (1 to 18 GHz) 
vertical polarization Antenna high is 260 above the floor level 
Plot 12 Filename : Herschel RE12 

 
18:58 Start RE in spire position SC in  spire noisiest mode. (Spire notch) 

Horizontal polarization Antenna high is 260 above the floor level 
Plot 13 Filename : Herschel RE13 (analyzer mode) 

19:01 Start RE in spire position SC in  spire noisiest mode. (1 to 18 GHz) 
horizontal polarization Antenna high is 260 above the floor level 
Plot 14 Filename : Herschel RE14 

19:15 Verification of last part of plot 12 
Plot 15 Filename : Herschel RE15 
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20:15 end of test day 
 
09-05-2008 
 
 
9:00 preparation for HIFI measurement location 
 Pictures taken for pacs and spire location due to data loss of initial pictures. 
 
10:30 Start RE in HIFI position SC in  HIFI noisiest mode. (transponder OFF) 

vertical polarization Antenna height is 2.65 meter above the floor level 
10 kHz to 1 GHz Antenna 1 meter from SVM  
Plot 16 Filename : Herschel RE16 

 
10:50 Start RE in HIFI position SC in  HIFI noisiest mode. (transponder OFF) 

horizontal polarization Antenna height is 2.65 meter above the floor level 
30 MHz to 1 GHz Antenna 1 meter from SVM  
Plot 17Filename : Herschel RE17 

 
11:07 Start RE in HIFI position SC in  HIFI noisiest mode. (transponder OFF) 

vertical polarization Antenna height is 2.65 meter above the floor level 
1 GHz to 18 GHz Antenna 1 meter from SVM  
Plot 18 Filename : Herschel RE18 
Measured frequencies : 2.49899 GHz at 23.0 dBuV/m 
   3.7434 GHz at 24.0 dBuV/m 
   4.9969 GHz at 27.7 dBuV/m 

    6.5661 GHz at 20.9 dBuV/m 
 
11:47 Start RE in HIFI position SC in  HIFI noisiest mode. (Hifi notch) 

vertical polarization Antenna high is 265 above the floor level 
Plot 19 Filename : Herschel RE19 (analyzer mode) 

 
11:52 Start RE in HIFI position SC in  HIFI noisiest mode. (Hifi notch) 

horizontal polarization Antenna high is 265 above the floor level 
Plot 20 filename : Herschel RE20 (analyzer mode) 

 
11:55 Start RE in HIFI position SC in  HIFI noisiest mode. (transponder  OFF) 

horizontal polarization Antenna height is 2.65 meter above the floor level 
1 GHz to 18 GHz Antenna 1 meter from SVM  
Plot 21 Filename : Herschel RE21 
Measured frequencies : 2.49899 GHz at 26.4 dBuV/m 
   3.7434 GHz at 26.0 dBuV/m 
   4.9969 GHz at 20.1 dBuV/m 

    6.5661 GHz at 20.0 dBuV/m 
12:30 lunch 
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Prep for additional measurements HIFI noisy mode TWTA on 
 
13:44 Start RE in HIFI position SC in  HIFI noisiest mode. (TWTA 1 on) 

vertical polarization Antenna height is 2.65 meter above the floor level 
1 GHz to 18 GHz Antenna 1 meter from SVM  
Plot 22 Filename : Herschel RE22 
Measured frequencies : 2.49899 GHz at 24.3 dBuV/m 
   3.7434 GHz at 23.6 dBuV/m 
   4.9969 GHz at 23.6 dBuV/m 

    6.2505 GHz at 23.5 dBuV/m 
8.4689 GHz at 76.6 dBuV/meter (wrong due to analyzer setting) 
16.9358 GHz at 61.6 dBuV/m 
 

14:20 manual verification of 8.5 GHz carrier  amplitude analyzer reading is 92.4 dBuV this 
corrected for cable loss , LNA gain and antenna factor gives an absolute value of 
90 dBuV/meter 

 
 
14:24 Start RE in HIFI position SC in  HIFI noisiest mode. (TWTA 1 on) 

horizontal polarization Antenna height is 2.65 meter above the floor level 
1 GHz to 18 GHz Antenna 1 meter from SVM  
Plot 23 Filename : Herschel RE23 
Measured frequencies : 2.49899 GHz at 27.0 dBuV/m 
   3.7434 GHz at 26.9 dBuV/m 
   4.9969 GHz at 17.4 dBuV/m 

    6.2505 GHz at Noise 
8.4689 GHz at 76.6 dBuV/meter (wrong due to analyzer setting) 
16.9358 GHz at 61.6 dBuV/m 

 
14:57 manual verification of 8.5 GHz carrier  amplitude analyzer reading is 87.1 dBuV this 

corrected for cable loss , LNA gain and antenna factor gives an absolute value of 
84.6 dBuV/meter 

 
 
15:03 Start RE in HIFI position SC in  HIFI noisiest mode. (TWTA 1 on) 

vertical polarization Antenna height is 2.65 meter above the floor level 
10 kHz to 30 MHz Antenna 1 meter from SVM  
Plot 24 Filename : Herschel RE24 

 
15:34 Start RE in HIFI position SC in  HIFI Off. (transponder off) 

vertical polarization Antenna height is 2.65 meter above the floor level 
1 GHz to 18 GHz Antenna 1 meter from SVM  
Plot 25 Filename : Herschel RE25 
No emissions measured 

 
16:06 Start RE in HIFI position SC in  HIFI Off. (transponder off) 
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horizontal polarization Antenna height is 2.65 meter above the floor level 
1 GHz to 18 GHz Antenna 1 meter from SVM  
Plot 26 Filename : Herschel RE26 
No emissions measured 

 
 
 
 
17:00 End of RE test 

 

18:00 Start of Auto-Compatibility Test 

 
10-05-2008 

 

02:00 End of Auto-Compatibility Test 
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Annex 3  
 
 

RE Test Log 
Content:  

 

Step by step log of the RE test with reference to the relevant plots and including all 
procedure variations with justification for the variation.  

 

15 pages 
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K. Tigges/10.05.08 
 
Note: In addition see ETS “Test log” – file 
ETS EMC Test Operator: Jaap van der Meulen, Tel.: 53875 (at ESTEC) 
 
 
To Para 5.1: Ambient, Antenna Position P2 (towards SPIRE) 
 

07.05.08 
Starting Test Run (First day of testing) 
 
Step-
No. 

Integration-Step-Description 
OP / 
EMC 

Nom 
Val 

Tol. 
Act. 
Val. 

Comment P N 

1.1 Install the calibrated EMC Instrumentation.      a  
1.2 Switch ON EGSE according AD5       a  
1.3 Confirm with operator that the spacecraft is 

switched OFF and all EGSE is active. 
     a  

1.4 Perform sniff test with portable spectrum 
analyzer along the S/C to SCOE harness. 

     Procedure Variation (see 1.5): Setup for RE 
Measurements in P1 (PACS) used.  
 
In order to save time on given that the satellite position has 
been changed by 90° in the chamber. So the length of the 
EGSE harness has been notably shortened. Therefore it 
has been considered not necessary to perform the sniff 
test.  

a  
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Step-
No. 

Integration-Step-Description 
OP / 
EMC 

Nom 
Val 

Tol. 
Act. 
Val. 

Comment P N 

1.5 Position P2. Antennas in 1 m distance from 
the SPIRE panel, directed to SPIRE harness. 
Perform the following measurements: 

     Procedure Variation: Antenna location changed from 
P2 (SPIRE) to P1 (PACS). Assumed to be worst case 
location due to EGSE cable rooting. 
The P2 position was chosen without knowing exactly the 
disposition of the EGSE harness in the chamber. 
 
Antenna high is 2,70 m. 
 

a  

1.5.1 Measure the ambient noise in the range from 
14 kHz to 30 MHz for vertical polarisation. 

 Error! 
Referen
ce 
source 
not 
found. 

 See Plot Plot 1: Ambient in PACS location (vertical) 
Plot 1a – 1e: Zoomed f- axis (1 plot per decade) 
 
Note: Emissions about 3 MHz at 40 dBµV/m. All other 
frequencies are well below 40 dBµV/m. 
 
Plot 2: Ambient in PACS location (horizontal) 
Plot 2a – 1b: Zoomed f- axis (1 plot per decade) 
 
Note: All emissions are well below 40 dBµV/m. 
 

a  

1.5.2 Measure the ambient noise in the range from 
30 MHz to 1 GHz for vertical polarisation. 

 Error! 
Referen
ce 
source 
not 
found. 

 See Plot See 1.5.1 a  
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Step-
No. 

Integration-Step-Description 
OP / 
EMC 

Nom 
Val 

Tol. 
Act. 
Val. 

Comment P N 

1.6 Collect excel frequency to amplitude sheet 
from facility. Store the result of the 
measurement and compare it with the 
requirements limit. The measured result shall 
be 6 dB below the measurement limit. 

    See data file “RE data ambient measurements” a  

      Photos taken (see folder “Pictures”) a  
 
 
 
To Para 5.2: Antenna Position P1 (towards PACS) 

08.05.08 
 Second day of testing 
 

 Note: Only Notch limit is relevant 
Step-
No. 

Integration-Step-Description 
OP / 
EMC 

Nom 
Val 

Tol. 
Act. 
Val. 

Comment P N 

2.1 Install the calibrated EMC Instrumentation. Verify 
that the on board LGA / MGA antennas are 
covered with test caps. 

     a  

2.2 Set S/C into Mode 1 according tables 3.3-1 and 
3.3-2 

       

2.2.1 Switch ON EGSE and S /C. Execute test steps 
sect. 8.1.1 of AD5. 

OP    Power SCOE in Battery mode instead of S3R mode.   

2.2.2 Switch PACS from OFF into Safe Mode. Execute 
test steps of sect. 8.1.2.1 of AD5. 

OP       

2.2.3 Switch HIFI from OFF into STB. Execute test 
steps sect. of 8.1.4.1 of AD5. 

OP       

2.2.4 Switch SPIRE from OFF into STB. Execute test 
steps sect. of 8.1.3.1 of AD5. 

OP    RE test was started with PACS, SPIRE and HIFI in STB.-
mode 

a  



 
Annex 3 Herschel 

 

Doc. No:  HP-2-ASED-TR-0254  Page 4 
Issue: 1   

Date: 02.06.2008 File: HP-2-ASED-TR-0254_1.doc  

 

Step-
No. 

Integration-Step-Description 
OP / 
EMC 

Nom 
Val 

Tol. 
Act. 
Val. 

Comment P N 

2.2.5 Switch SPIRE from STB into SPIRE Noisiest 
Mode. Execute test steps sect. of 8.1.3.2 of AD5.

OP     a  

2.3 Verify correct Mode 1 with EGSE operator. OP     a  
2.4. Position P1. Antennas in 1 m distance from 

the PACS panel, directed to PACS harness. 
Perform the following measurements: 

    Antenna high is 2,70 m a  

2.4.1 Measure emissions in the range from 14 kHz 
to 30 MHz for vertical polarisation. 

 Error! 
Referen
ce 
source 
not 
found. 

 See Plot Plot 3: SPIRE noisy mode in PACS location (vertical) a  

2.4.2 Measure emissions in the range from 30 MHz 
to 1 GHz for horizontal polarisation. 

 Error! 
Referen
ce 
source 
not 
found. 

 See Plot Plot 4: SPIRE noisy mode in PACS location (horizontal) a  

2.4.3 Measure emissions in the range from 30 MHz 
to 1 GHz for vertical polarisation. 

 Error! 
Referen
ce 
source 
not 
found. 

 See Plot Plot 3: SPIRE noisy mode in PACS location (vertical) 
 

a  

 
 Going on with step EXTRA-3.4.8 
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 Coming from Step 3.4.7 

 
2.4.4 Measure emissions in the range from 1 GHz 

to 18 GHz for horizontal polarisation. 
 Error! 

Referen
ce 
source 
not 
found. 

 See Plot Plot 6: SPIRE noisy mode in PACS location (horizontal) a  

         
2.4.5 Measure emissions in the range from 7133 

MHz to 7271 MHz for horizontal polarisation, 
notch. 

 Figure 
4.1-2 

 See Plot  Procedure Variation: Notch Measurement not 
performed. No SC antennas on PACS side. 

  

2.4.6 Measure emissions in the range from 1 GHz 
to 18 GHz for vertical polarisation. 

 Error! 
Referen
ce 
source 
not 
found. 

 See Plot Plot 5: SPIRE noisy mode in PACS location (vertical) 
 

a  

2.4.7 Measure emissions in the range from 7133 
MHz to 7271 MHz for horizontal polarisation, 
notch. 

 Figure 
4.1-2 

 See Plot  Procedure Variation: Notch Measurement not 
performed. No SC antennas on PACS side. 

  

2.5 Collect excel frequency to amplitude sheet 
from facility. Store the result of the 
measurement and compare it with the 
requirements limit. The measured result shall 
be 6 dB below the measurement limit. 

    0pen  ETS will send to Astrium on 13.05.08   

 Perform following steps 2.6.x only if test will not 
be continued with another RE or AutoComp test. 
Depending on which test will follow the test 
conductor has to decide which steps will be 
executed and which not. 

      

2.6 Switch S/C and instruments OFF     

Steps 2.6 – 2.7 not performed since test will be continued 
with section 5.3. 
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2.6.1 Switch SPIRE from SPIRE Noisiest Mode into 
STB. Execute test steps sect. 8.1.3.3 of AD5. 

OP      

2.6.2 Switch SPIRE from STB into OFF. Execute test 
steps sect. 8.1.3.4 of AD5. 

OP      

2.6.3 Switch PACS from Safe Mode into OFF. Execute 
test steps of sect. 8.1.2.4 of AD5. 

OP      

2.6.4 Switch HIFI from STB into OFF. Execute test 
steps sect. 8.1.4.4 of AD5. 

OP      

2.6.5 Switch OFF EGSE and S /C. Execute test steps 
sect. 8.1.1 of AD5. 

OP      

2.7 Verify that S/C is OFF with EGSE operator. OP      
 

 Going on with Stepp 3.6 
 
 
To Para 5.3: Antenna Position P2 (towards SPIRE) 
 

08.05.08 
Second day of testing 
 
Step-
No. 

Integration-Step-Description 
OP / 
EMC 

Nom 
Val 

Tol. 
Act. 
Val. 

Comment P N 

3.1 Install the calibrated EMC Instrumentation. Verify 
that the on board LGA / MGA antennas are 
covered with test caps. 

    a  

3.2 Set S/C into Mode 1 according tables 3.3-1 and 
3.3-2. 
Depending on current mode the test conductor 
has to decide which steps will be executed and 
which not. 

OP    

3.1 – 3.3 not performed. Test Mode already switched ON 
 
Power SCOE in Battery mode instead of S3R mode. 
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Step-
No. 

Integration-Step-Description 
OP / 
EMC 

Nom 
Val 

Tol. 
Act. 
Val. 

Comment P N 

3.2.1 Switch ON EGSE and S /C. Execute test steps 
sect. 8.1.1 of AD5. 

OP      

3.2.2 Switch PACS from OFF into Safe Mode. Execute 
test steps of sect. 8.1.2.1 of AD5. 

OP      

3.2.3 Switch HIFI from OFF into STB. Execute test 
steps sect. of 8.1.4.1 of AD5. 

OP      

3.2.4 Switch SPIRE from OFF into STB. Execute test 
steps sect. of 8.1.3.1 of AD5. 

OP      

3.2.5 Switch SPIRE from STB into SPIRE Noisiest 
Mode. Execute test steps sect. of 8.1.3.2 of AD5.

OP      

3.3 Verify correct Mode 1 with EGSE operator. OP      
 
 
 

 Coming from Step EXTRA- 3.4.11 
 

3.4. Position P2. Antennas in 1 m distance from 
the SPIRE panel, directed to SPIRE harness. 
Perform the following measurements: 

    Position P2: Initial position 
 
Antenna height: 2.60 m 

a  

3.4.1 Measure emissions in the range from 14 kHz 
to 30 MHz for vertical polarisation. 

 Error! 
Referen
ce 
source 
not 
found. 

 See Plot Plot 9: SPIRE noisy mode in SPIRE nominal location 
(vertical) 

a  
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3.4.2 Measure emissions in the range from 30 MHz 
to 1 GHz for horizontal polarisation. 

 Error! 
Referen
ce 
source 
not 
found. 

 See Plot Plot 10: SPIRE noisy mode in SPIRE nominal location 
(horizontal) 

a  

3.4.3 Measure emissions in the range from 30 MHz 
to 1 GHz for vertical polarisation. 

 Error! 
Referen
ce 
source 
not 
found. 

 See Plot Plot 9: SPIRE noisy mode in SPIRE nominal location 
(vertical) 

a  

3.4.4 Measure emissions in the range from 1 GHz 
to 18 GHz for horizontal polarisation. 

 Error! 
Referen
ce 
source 
not 
found. 

 See Plot Plot 14: SPIRE noisy mode in SPIRE nominal location 
(horizontal) 

a  

3.4.5 Measure emissions in the range from 7133 
MHz to 7271 MHz for horizontal polarisation, 
notch. 

 Figure 
4.1-2 

 See Plot Plot 13: SPIRE noisy mode in SPIRE nominal location 
(horizontal) 

a  

3.4.6 Measure emissions in the range from 1 GHz 
to 18 GHz for vertical polarisation. 

 Error! 
Referen
ce 
source 
not 
found. 

 See Plot Plot 12: SPIRE noisy mode in SPIRE nominal location 
(vertical) 
Additional Plot 15: 17-18 GHz, to check results in this f-
range. 

a  

3.4.7 Measure emissions in the range from 7133 
MHz to 7271 MHz for vertical polarisation, 
notch. 

 Figure 
4.1-2 

 See Plot Plot 11: SPIRE noisy mode in SPIRE nominal location 
(vertical) 

a  
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 Going on with 2.4.4 
 
 

 Coming from step 2.4.3 
 
Extra antenna position: 
Position P2: Initial position 
Position P2-a: (extra height): due to the present of the SWM shield this extra position has been requested in order to measure the levels on the top side 
of this shield. But limited to 200 MHZ. CF NC on spire radiated susceptibility. 
 
Extra 
3.4.8 

Position P2-a. Antennas in 1 m distance from 
the SVM. Perform the following 
measurements: 

    Height: 3,20 m a  

Extra 
3.4.9 

Measure emissions in the range from 14 kHz 
to 30 MHz for vertical polarisation. 

    Plot 7: SPIRE noisy mode in SPIRE extra location (vertical) a  

Extra
3.4.10 

Measure emissions in the range from 30 MHz 
to 200 MHz for vertical and horizontal 
polarisation. 

    Plot 7: SPIRE noisy mode in SPIRE extra location (vertical) 
Plot 8: SPIRE noisy mode in SPIRE extra location (horiz.) 

a  

Extra 
3.4.11 

Collect excel frequency to amplitude sheet 
from facility. 

    0pen  ETS will send to Astrium on 13.05.08   

 
3.5 Collect excel frequency to amplitude sheet 

from facility. Store the result of the 
measurement and compare it with the 
requirements limit. The measured result shall 
be 6 dB below the measurement limit. 

    0pen  ETS will send to Astrium on 13.05.08   

 
 Going on with step 3.4.1 

 
 

 Coming from step 2.7 
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 Perform following steps 3.6.x only if test will not 

be continued with another RE or AutoComp test. 
Depending on which test will follow the test 
conductor has to decide which steps will be 
executed and which not. 

       

3.6 Switch S/C and instruments OFF        
3.6.1 Switch SPIRE from SPIRE Noisiest Mode into 

STB. Execute test steps sect. 8.1.3.3 of AD5. 
OP    20:05 

 
a  

3.6.2 Switch SPIRE from STB into OFF. Execute test 
steps sect. 8.1.3.4 of AD5. 

OP    Step 3.6.2 to 3.7 not executed because test contin. 
With step 6.1 auto compatibility. 

  

3.6.3 Switch PACS from Safe Mode into OFF. Execute 
test steps of sect. 8.1.2.4 of AD5. 

OP       

3.6.4 Switch HIFI from STB into OFF. Execute test 
steps sect. 8.1.4.4 of AD5. 

OP       

3.6.5 Switch OFF EGSE and S /C. Execute test steps 
sect. 8.1.1 of AD5. 

OP       

3.7 Verify that S/C is OFF with EGSE operator. OP       
 

 
 
To Para 5.4: Antenna Position P3 (towards HIFI) 
 

 Note: Only the notch limit is relevant. 
 

09.05.08 
Third day of testing 
 
Step-
No. 

Integration-Step-Description 
OP / 
EMC 

Nom 
Val 

Tol. 
Act. 
Val. 

Comment P N 
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Step-
No. 

Integration-Step-Description 
OP / 
EMC 

Nom 
Val 

Tol. 
Act. 
Val. 

Comment P N 

4.1 Install the calibrated EMC Instrumentation. Verify 
that the on board LGA / MGA antennas are 
covered with test caps. 

     a  

4.2 Set S/C into Mode 2 according tables 3.3-1 and 
3.3-2. 
Depending on current mode the test conductor 
has to decide which steps will be executed and 
which not. 

     a  

4.2.1 Set S/C into Mode 2 according tables 3.3-1 and 
3.3-2 

     a  

4.2.2 Switch ON EGSE and S /C. Execute test steps 
sect. 8.1.1 of AD5. 

OP    EGSE is ON already. a  

4.2.3 Switch PACS from OFF into Safe Mode. Execute 
test steps of sect. 8.1.2.1 of AD5. 

OP    TWT’s are not ON!!! 
On request of ESA and agreed by TAS-F. 

a  

4.2.4 Switch SPIRE from OFF into STB. Execute test 
steps sect. of 8.1.3.1 of AD5. 

OP     a  

4.2.5 Switch HIFI from OFF into STB. Execute test 
steps sect. of 8.1.4.1 of AD5. 

OP     a  

4.2 Switch HIFI from STB into HIFI Noisiest Mode. 
Execute test steps sect. of 8.1.4.2 of AD5. 

OP     a  

4.3 Verify correct Mode 2 with EGSE operator. OP     a  
4.4. Position P3. Antennas in 1 m distance from 

the HIFI panel, directed to HIFI harness. 
Perform the following measurements: 

    Antenna Hight: 2,75 m a  

4.4.1 Measure emissions in the range from 14 kHz 
to 30 MHz for vertical polarisation. 

 Figure 
4.1-3 

 See Plot Plot 16: HIFI noisy mode in HIFI location (vertical) a  
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Step-
No. 

Integration-Step-Description 
OP / 
EMC 

Nom 
Val 

Tol. 
Act. 
Val. 

Comment P N 

4.4.2 Measure emissions in the range from 30 MHz 
to 1 GHz for horizontal polarisation. 

 Figure 
4.1-3 

 See Plot Plot 17: HIFI noisy mode in HIFI location (horizontal)) a  

4.4.3 Measure emissions in the range from 30 MHz 
to 1 GHz for vertical polarisation. 

 Figure 
4.1-3 

 See Plot Plot 16: HIFI noisy mode in HIFI location (vertical) a  

4.4.4 Measure emissions in the range from 1 GHz 
to 18 GHz for horizontal polarisation. 

 Figure 
4.1-3 

 See Plot Plot 21: HIFI noisy mode in HIFI location (horizontal) 
 

a  

4.4.5 Measure emissions in the range from 2 GHz 
to 9 GHz for horizontal polarisation, notch. 

 Figure 
4.1-4 

 See Plot Plot 20/21: HIFI noisy mode in HIFI location (horizontal) 
Some spikes over limit (e.g. at 2,499 GHz)  caused by 
HIFI (see EXTRA 4.4.10) 
 

a  

4.4.6 Measure emissions in the range from 1 GHz 
to 18 GHz for vertical polarisation. 

 Figure 
4.1-3 

 See Plot Plot 18: HIFI noisy mode in HIFI location (vertical) 
 

a  

4.4.7 Measure emissions in the range from 2 GHz 
to 9 GHz for vertical polarisation, notch. 

 Figure 
4.1-4 

 See Plot Plot 18/19: HIFI noisy mode in HIFI location (vertical)  
Some spikes over limit (e.g. at 2,499 GHz)  caused by 
HIFI (see EXTRA 4.4.10) 
 

a  
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Step-
No. 

Integration-Step-Description 
OP / 
EMC 

Nom 
Val 

Tol. 
Act. 
Val. 

Comment P N 

Extra 
4.4.8 

Same measurement as for step 4.4.4 – 4.4.7 
with TX+TWTA “ON”. 
Horizontal and vertical antenna position. 

    As initially foreseen in the test procedure. 
 In order to see the impact of the transmitting chain 

in the HIFI notch. 
 
Plot 22: HIFI noisy mode in HIFI location twt on (vertical) 
Plot 23: HIFI noisy mode in HIFI location twt on (horizontal) 
 
Some spikes over limit (e.g. at 2,499 GHz) in the 2-9 GHz 
notch  caused by HIFI (see EXTRA 4.4.10) 
 
Note: TX frequency (8.46 GHz) emission amplitude is not 
correctly shown within the plot because it exceeds the 
analyser reference line! For the exact value an extra 
measurement was made, see “ETS-test-log”. 
 

a  

Extra 
4.4.9 

Same measurement as for step 4.4.1 with 
TX+TWTA “ON” 

    As initially foreseen in the test procedure. 
 In order to see the impact of the EPC of the TWTA 

for RE. 
 
Plot 24: HIFI noisy mode in HIFI location twt on (vertical) 
 

a  
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Step-
No. 

Integration-Step-Description 
OP / 
EMC 

Nom 
Val 

Tol. 
Act. 
Val. 

Comment P N 

Extra 
4.4.10 

Same measurement as for step 4.4.4 – 4.4.7 
with HIFI+TX+TWTA “OFF”. 
Horizontal and vertical antenna position. 

    As initially foreseen in the test procedure. 
 In order to see the impact of the HIFI for RE. 

 
Plot 25: HIFY OFF in HIFI location transp. OFF (vertical) 
Plot 26: HIFY OFF in HIFI location transp. OFF (horizontal) 
 
No spikes (over limit) in the 2-9 GHz notch! See 
4.4.5/4.4.7/4.4.8. 
 

  

         
4.5 Collect excel frequency to amplitude sheet 

from facility. Store the result of the 
measurement and compare it with the 
requirements limit. The measured result shall 
be 6 dB below the measurement limit. 

    0pen  ETS will send to Astrium on 13.05.08   

 Perform following steps 4.6.x only if test will not 
be continued with another RE or AutoComp test. 
Depending on which test will follow the test 
conductor has to decide which steps will be 
executed and which not. 

       

4.6 Switch S/C and instruments OFF        
4.6.1 Switch SPIRE from STB into OFF. Execute test 

steps sect. 8.1.3.4 of AD5. 
OP       

4.6.2 Switch PACS from Safe Mode into OFF. Execute 
test steps of sect. 8.1.2.4 of AD5. 

OP       

4.6.3 Switch HIFI from Noisiest Mode into STB. 
Execute test steps of sect. 8.1.2.3 of AD5. 

OP       

4.6.4 Switch HIFI from STB into OFF. Execute test 
steps sect. 8.1.4.4 of AD5. 

OP       
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Step-
No. 

Integration-Step-Description 
OP / 
EMC 

Nom 
Val 

Tol. 
Act. 
Val. 

Comment P N 

4.6.5 Switch OFF EGSE and S /C. Execute test steps 
sect. 8.1.1 of AD5. 

OP       

4.7 Verify that S/C is OFF with EGSE operator. OP       
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RE Test Report from ETS 
Content:  

 

This report lists all test results, the measurement accuracies and plots and gives 
explanations to the test results. 

 

120 pages 
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1. Scope 
 
This report presents the results of the radiated emission tests performed on the Herschel 
spacecraft. 
All measurements have been performed from 07-05 to 09-05-2008 in the ESTEC EMC test 
facility Maxwell. 
The purpose of this facility data report is to describe: 
 
- the facility configuration, 
- the test set-ups, 
- the test results. 
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2. Documents 
 

2.1 Applicable Documents 
 
The documents mentioned in this chapter are mandatory for the preparation of this document. 
 
AD 1 Herschel FM SAT RE / AutoComp EMC Test procedure [HP-2-ASED-TP-0180] 

Issue 1, Date 30-04-2008  

AD 2 ETS QA Manual; [ETS/PLAN/QA/100] 

AD 3 Safety and Security Manual; [AOS/4167/ESTEC] 

AD 4 QA and Safety Plan for the ESTEC Test Centre; [ETS/PLAN/QA/003] 

AD 5 Environmental Testing Product Assurance Manual; [QP/M/ALL/0001/C] 

 

2.2 Reference Documents 
 
The reference documents mentioned in this chapter are used to prepare this document and are 
therefore referred to. 
 
RD 1 Declaration of facility readiness [ETS/REP/EMC/2392]. 
 
RD 2 Facility Readiness Review [ETS/REP/MOM/2391] 
 
RD 3 Electromagnetic Requirements for the Control of EMI [MIL-STD-461-C/D] 
 
RD 4 Electromagnetic Interference Characteristics [MIL-STD-462-C/D] 
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3. Abbreviations 
 

AM Amplitude Modulation 
BOB Break Out Box 
CW Continuous Wave 
Diff.M. Differential Mode 
EP Electro Propulsion 
ESD Electro Static Discharge 
E.Field Electric Field 
EGSE Electrical Ground Support Equipment 
EM Engineering Model 
EMC Electro Magnetic Compatibility 
EMI Electro Magnetic Interference 
EUT Equipment Under Test 
FSS Fine Sun Sensor 
FM Flight Model - or - Frequency Modulation 
LNA Low Noise Amplifier 
MIL-STD Military Standard 
NB Narrow Band 
pp peak to peak 
RE Radiated Emission 
RFC Radio Frequency Compatibility 
RS Radiated Susceptibility 
SAR Search And Rescue 
w.r.t. with respect to  
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4. Introduction 
 

4.1 General Information 
 
Order Number: 340610 
Quality Assurance: European Test Services B.V. complies with the ISO 9001:2000 Quality 

Management standard and is certified by TÜV CERT (Reg.N° 12.100.15987) 
Location: ESA ESTEC Test Centre, Noordwijk, The Netherlands 
Activity: EMC test 
Test Dates: 07-10 April 2008 
Facilities: Maxwell LEMC 
Test Adapters: N.A.- 
  
 

4.2 Test Item Information 
 
Customer: Astrium  
Project: Hershel 
Test item Name: Herschel SC 
Model: FM 
 

4.3 Objective 
 
The objective of the Radiated emission measurements on the Herschel spacecraft is to establish a 
reference baseline for the radiated susceptibility. 
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5. Test Setup 
 

5.1 Facility Configuration 
 
The Herschel spacecraft is tested in the ESTEC EMC facility (Maxwell). 
The EMC facility is used in its configuration for system level tests.  
The test table and ‘pipe’ are removed from the facility. 
No floor absorbers are used 
All EMC test equipment is located in the EMC control rooms. 
All measurement coaxial cables are routed through a dedicated duct and connected to ground 
reference point at the feed through to ensure minimum noise contribution from the EMC 
instrumentation. 
 

5.2 Specimen configuration 
 
The spacecraft is positioned on the air pallet using an adaptor ring which is clamped on the air pallet 
using the 4 circular holes in the pallet. 
Interface cabling to the spacecraft is routed through the feed through panel towards the FR cleanroom 
using the shortest way possible. All cables have been over shielded using aluminium foil. 
All EGSE equipment is located in the FR clean room. 
A cooling unit is positioned in the EGSE control room and two flexible cooling ducts are routed through 
a feed though from the EGSE room to the test area. At the point of entry of the test area the metallic 
spiral in the two cooling hoses has been cut to reduce transmission of RF noise via these conduits.  
 



Herschel FM SC RE EMC Test  
Facility Data Report  

 

 

 

ETS/REP/EMC/2416  9 
 

 

5.3 Instrumentation 
 
 

Instrument Type No ESA Inv No 
Receiver (R&S) ESIB 40 107339 
Antenna (ARA) SAS 1/D No Nbr 
Antenna Biconical (EMCO) EMCO 3108 No Nbr 
Antenna LogPer (R&S) HL 223 No Nbr 
Antenna Ridge Guide Horn (EMCO) 3115 No Nbr 
Low Noise Amplifier (Miteq) AMF-40-001080-18-13P 107471 
Low Noise Amplifier (Miteq) JS42-08001800-16-8P-B1 No Nbr 
Coaxial cable BNC (Control room) 1.5 mtr No Nbr 
Coaxial cable BNC (Ferrite Cladded) 10 mtr No Nbr 
Microwave cable (Suhner)  1.5 mtr No Nbr 
Microwave cable (Gore) 10 mtr No Nbr 

 
All test equipment is calibrated on a yearly basis with the calibration performed in January 2008. 
Therefore all Cal due dates are in January 2009. 
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6. Test Description 
 

6.1 Responsibilities 
 
Responsibilities of ETS Responsibilities of Customer 
Preparation of the test facility. 
 
Facility operation. 
 
Acquisition and processing of EMC 
measurement data. 
 

Specimen handling. 
 
Specimen mounting on the test adapter. 
 
Specimen functional checks. 
 
Acquisition and processing of specimen data. 
 

 
 

6.2 Test Sequence 
 
The Radiated emission EMC test on the Herschel FM spacecraft is performed from 06-05 to 10-05-
2008 
 
07-05-2008 Arrival of satellite in the facility. 
  Installation in facility 
  Installation of interface cables 
  Shielding interface cables 
  Zero Run measurements 
 
08-05-2008 Radiated Emissions for Pacs and Spire configuration 
 
09-05-2008 Radiated Emissions for Hifi configuration. 
  Additional investigation due to emissions in the Hifi Notch 
 
10-05-2008 Auto compatibility tests  (not part of this report). 
 
13-05-2008 Removal of satellite from facility. 
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7. Test Execution 
 

7.1 Personnel 
 
Test Engineer: J van der Meulen 
Operator: J van der Meulen 
 
 

7.2 Test Anomalies and Procedure Deviations 
 
No procedure variation sheets were filled with respect to data acquisition or facility operation. 
 
 

7.3 Environmental Parameters 
 
Class 100.000 cleanliness conditions were required. 
 
Temperature   >18oC and <23oC 
Relative humidity  >40% and <60% 
 
 

7.4 Summary of Test Activities and "as run" test procedures 
 
Below is a listing of the tests performed on the Hershel FM spacecraft. 
All test set up drawings and test set up photos can be found in the applicable annexes. 
 

TEST PERFORMED 
TEST Annex. 

No 
Plot No 

Radiated Emission  B 1 to 37 
57 to 64 
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8. Facility Data Results 
 
All required test data has been recorded. 
The customer has monitored specimen performance. 
Reporting on the measurement results will be done in the order listed in the table in paragraph 7.4 
 
 

8.1 Grounding . 
 
The Herschel spacecraft has been grounded to the facility ground using the grounding point available 
in one of the pits in the test area. 
All EGSE has been grounded to the facility ground using the available ground bar in the FR clean 
room. 
 
 

8.2 Radiated Emission 
 
Radiated emission electric-field narrowband measurements have been performed from 10 kHz to 
18 GHz in vertical polarization. 
Measurements in horizontal polarization have been performed from 30 MHz to 18 GHz. 
The notches above 1 GHz have been measured in both polarities. 
 
Ambient measurements are made in ‘worst case’ condition (the Pacs location) This is the location 
closest to the cable bundles to the EGSE . 
The tests in the Pacs and Spire locations are carried out with identical satellite configuration (spire in 
most noisy mode)  
The test in the Hifi location has been carried out with the Hifi unit in its noisiest mode. 
 
Most measurements have been performed using the ESI40 in receiver mode. 
The Notch around 7 GHz and the measurement from 1 to 18 GHz in the Hifi location have been 
performed in spectrum analyzer mode. (In this mode the sweep time is significant faster but no pre-
selection is available) 
The used bandwidth and measuring times can be found in the table below. 
 

Start 
Frequency 

Stop 
Frequency 

Step  
Width Bandwidth 

Measurement 
time Detector Transducer 

Narrowband E-Field Receiver mode 
10 kHz 100 kHz 60 Hz 100 Hz 10 msec Max peak SAS 1/D low 

100 kHz 1 MHz 600 Hz 1 kHz 10 msec Max peak SAS 1/D low 
1 MHz 30 MHz 6 kHz 10 kHz 10 msec Max peak SAS 1/D low 

30 MHz 200 MHz 60 KHz 100 kHz 10 msec Max peak EMCO 3108 
200 MHz 1 GHz 60 KHz 100 kHz 10 msec Max peak HL223  

1 GHz  18 GHz 600 kHz 1 MHz 15 msec Max peak EMCO 3115 
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Narrowband E-Field Spectrum analyzer mode  7 GHz notch 
7133 MHz 7186 MHz N.A. 5 kHz Coupled Max peak EMCO 3115 
7186 MHz 7218 MHz N.A. 1 kHz Coupled Max peak EMCO 3115 
7218 MHz 7271 MHz N.A. 5 kHz Coupled Max peak EMCO 3115 

Narrowband E-Field Spectrum analyzer mode  1 to 18 GHz Hifi 
1 GHz 2 GHz N.A. 1 MHz Coupled Max peak EMCO 3115 
2 GHz 3.5 GHz N.A. 10 kHz Coupled Max peak EMCO 3115 

3.5 GHz 8 GHz N.A. 3 kHz Coupled Max peak EMCO 3115 
8 GHz 9 GHz N.A. 3MHz Coupled Max peak EMCO 3115 
9 GHz 18 GHz N.A. 1 MHz Coupled Max peak EMCO 3115 

 
A summary of the results is listed in the table below. Pictures and drawings of the test set-up and all 
measurement data can be found in Annex B. 
 
 
 

PLOT  MEASUREMENT REMARKS 
1 

+1a to 
1e 

E-Field Vertical polarization 
10 kHz to 1 GHz 
File name : Herschel RE 1 
Zero Run 
Antenna at Pac location 270 cm above 
floor 1 meter from SVM 

Maximum ambient level measured is 
40 dB μV/m around 2.8 MHz 
 
Plot 1a to 1e are decade prints of the 
same measurement results 

2 
+2a 

and 2b 

E-Field Horizontal polarization 
30 MHz to 1 GHz 
File name : Herschel RE2 
Zero Run 
Antenna at Pac location 270 cm above 
floor 1 meter from SVM 

No significant emissions above the 
noise floor. 
Plot 2a and 2b are decade prints of the 
same measurement results 

3 
+3a to 

3e 

E-Field Vertical polarization 
10 kHz to 1 GHz 
File name : Herschel RE 3 
Spire in noisiest mode 
Antenna at Pac location 270 cm above 
floor 1 meter from SVM 

Maximum emissions level measured 
around 2.8 MHz at 58 dBμV/m 
 
Plot 3a to 3e are decade prints of the 
same measurement results 

4 
+4a 

and 4b 

E-Field Horizontal polarization 
30 MHz to 1 GHz 
File name : Herschel RE 4 
Spire in noisiest mode 
Antenna at Pac location 270 cm above 
floor 1 meter from SVM 

Maximum emissions level measured 
around 39 MHz at 35 dBμV/m 
 
Plot 4a and 4b are decade prints of the 
same measurement results 

5 E-Field Vertical polarization 
1 GHz to 18 GHz 
File name : Herschel RE 5 
Spire in noisiest mode 
Antenna at Pac location 270 cm above 
floor 1 meter from SVM 

Emission measured at 8.4686 GHz 
level 86.3 dBμV/m and its first 
harmonic. 

6 E-Field Horizontal polarization 
1 GHz to 18 GHz 
File name : Herschel RE 6 
Spire in noisiest mode 
Antenna at Pac location 270 cm above 
floor 1 meter from SVM 

Emission measured at 8.4686 GHz 
level 93.2 dBμV/m and its first harmonic
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PLOT  MEASUREMENT REMARKS 

7  
+ 7a to 

7e 

E-Field Vertical polarization 
10 kHz to 200 MHz 
File name : Herschel RE 7 
Spire in noisiest mode 
Antenna at Spire extra location 320 cm 
above floor at 1 meter from the cable 
harness 

Maximum emissions level measured 
around 3.8 MHz at 62 dBμV/m 
Plot 7a to 7e are decade prints of the 
same measurement results  

8  
+ 8a 

and 8b 

E-Field Horizontal polarization 
30 MHz to 200 MHz 
File name : Herschel RE 8 
Spire in noisiest mode 
Antenna at Spire extra location 320 cm 
above floor at 1 meter from the cable 
harness 

Maximum emissions level measured is 
29 dBμV/m 
Plot 8a and 8b are decade prints of the 
same measurement results  

9  
+ 9a to 

9e 

E-Field Vertical polarization 
10 kHz to 1 GHz 
File name : Herschel RE 9 
Spire in noisiest mode 
Antenna at Spire nominal location 260 cm 
above floor at 1 meter SVM  

Maximum emissions level measured 
around 3.8 MHz at 62 dBμV/m 
Plot 9a to 9e are decade prints of the 
same measurement results  

10  
+ 10a 
to 10b 

E-Field Vertical polarization 
10 kHz to 1 GHz 
File name : Herschel RE 9 
Spire in noisiest mode 
Antenna at Spire nominal location 260 cm 
above floor at 1 meter SVM  

Maximum emissions level measured is 
28 dBμV/m 
Plot 10a and 10b are decade prints of 
the same measurement results 

11 E-Field Vertical polarization 
7 GHz Notch 
File name : Herschel RE 11 
Spire in noisiest mode 
Antenna at Spire nominal location 260 cm 
above floor at 1 meter SVM 

No emissions measured 

12 E-Field Vertical polarization 
1 GHz to 18 GHz 
File name : Herschel RE 12 
Spire in noisiest mode 
Antenna at Spire nominal location 260 cm 
above floor at 1 meter SVM 

At 8.486 GHz 89.6 dBμV/m is 
measured. 
The first harmonic of this signal is 
28.6 dB lower. 

13 E-Field Horizontal polarization 
7 GHz Notch 
File name : Herschel RE 13 
Spire in noisiest mode 
Antenna at Spire nominal location 260 cm 
above floor at 1 meter SVM 

No emissions measured 

14 E-Field Horizontal polarization 
1 GHz to 18 GHz 
File name : Herschel RE 14 
Spire in noisiest mode 
Antenna at Spire nominal location 260 cm 
above floor at 1 meter SVM 

At 8.486 GHz  71.6 dBμV/m is 
measured. 
The first harmonic of this signal is in the 
noise. 

15 E-Field Vertical polarization 
16 GHz to 18 GHz 
File name : Herschel RE 15 
Spire in noisiest mode 
Antenna at Spire nominal location 260 cm 
above floor at 1 meter SVM 

Verification of the increase of measured 
level at the end of the sweep in plot 12. 
The increase in the level is not 
explained but is not originating from the 
Spacecraft.  
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PLOT  MEASUREMENT REMARKS 

16  
+ 16a 
to 16e 

E-Field Vertical polarization 
10 kHz to 1 GHz 
File name : Herschel RE 16 
Hifi in noisiest mode 
Antenna at Hifi location 265 cm above floor 
at 1 meter SVM  

Maximum emissions level measured is 
53 dBμV/m at 2 MHz 
Plot 16a to 16e are decade prints of the 
same measurement results 

17 
+17a 
and 
17b 

E-Field Horizontal polarization 
30 MHz to 1 GHz 
File name : Herschel RE 17 
Hifi in noisiest mode 
Antenna at Hifi location 265 cm above floor 
at 1 meter SVM  

Maximum emissions level measured is 
32 dBμV/m 
Plot 17a and 17b are decade prints of 
the same measurement results 

18 E-Field Vertical polarization 
1 GHz to 18 GHz 
File name : Herschel RE 18 
Hifi in noisiest mode 
Antenna at Hifi nominal location 265 cm 
above floor at 1 meter SVM 

In the Hifi slot signals are measured at 
2.4989 GHz - 23.0 dBμV/m. 
3.7434 GHz - 24.0 dBμV/m 
4.9969 GHz – 27.7 dBμV/m 
6.5661 GHz – 20.9 dBμV/m 
 

19 E-Field vertical polarization 
7 GHz Notch 
File name : Herschel RE 19 
Hifi in noisiest mode 
Antenna at Hifi nominal location 265 cm 
above floor at 1 meter SVM 

No emissions measured 

20 E-Field Horizontal polarization 
7 GHz Notch 
File name : Herschel RE 20 
Hifi in noisiest mode 
Antenna at Hifi nominal location 265 cm 
above floor at 1 meter SVM 

No emissions measured 

21 E-Field Horizontal polarization 
1 GHz to 18 GHz 
File name : Herschel RE 21 
Hifi in noisiest mode 
Antenna at Hifi nominal location 265 cm 
above floor at 1 meter SVM 

In the Hifi slot signals are measured at 
2.49899 GHz – 26.4 dBμV/m. 
3.7434 GHz - 26.0 dBμV/m 
4.9969 GHz – 20.1 dBμV/m 
6.5661 GHz – 20.0 dBμV/m 
 

22 E-Field Vertical polarization 
1 GHz to 18 GHz 
File name : Herschel RE 22 
Hifi in noisiest mode TWT ON 
Antenna at Hifi nominal location 265 cm 
above floor at 1 meter SVM 

In the Hifi slot signals are measured at 
2.4989 GHz – 24.3 dBμV/m. 
3.7434 GHz – 23.6 dBμV/m 
4.9969 GHz – 23.6 dBμV/m 
6.2505 GHz – 2.3.5 dBμV/m 
8.4689 GHz – 90.0 dBμV/m * 
16.935 GHz – 61.6 dBμV/m 

23 E-Field Horizontal polarization 
1 GHz to 18 GHz 
File name : Herschel RE 23 
Hifi in noisiest mode TWT ON 
Antenna at Hifi nominal location 265 cm 
above floor at 1 meter SVM 

In the Hifi slot signals are measured at 
2.4989 GHz – 27.0 dBμV/m. 
3.7434 GHz – 26.9 dBμV/m 
4.9969 GHz – 17.4 dBμV/m 
6.2505 GHz – At noise level 
8.4689 GHz – 84.6 dBμV/m * 
16.935 GHz – 61.6 dBμV/m 

  *Note : The amplitude of the carrier at 
8.468 GHz is not correctly displayed in 
plot 22 and 23. This is due to the 
setting of the analyzer. 

The levels given in the table are 
manually verified and correct. 
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PLOT  MEASUREMENT REMARKS 
24  

+ 24a 
to 24d 

E-Field Vertical polarization 
10 kHz to 200 MHz 
File name : Herschel RE 24 
Hifi in noisiest mode TWT ON 
Antenna at Hifi location 265 cm above floor 
at 1 meter SVM  

Maximum emissions level measured is 
53 dBμV/m at 2 MHz 
Plot 24a to 24d are decade prints of the 
same measurement results 

25 E-Field Vertical polarization 
1 GHz to 18 GHz 
File name : Herschel RE 25 
Hifi Off Transponder Off 
Antenna at Hifi nominal location 265 cm 
above floor at 1 meter SVM 

No emissions measured. 

26 E-Field Horizontal polarization 
1 GHz to 18 GHz 
File name : Herschel RE 26 
Hifi Off Transponder Off 
Antenna at Hifi nominal location 265 cm 
above floor at 1 meter SVM 

No emissions measured. 

 
 
Note : The increase measured in receiver mode at the end of plot 12 and re-measured at plot 15 have 
been investigated after the test has been completed. 
These increases in the level seem to be due to the software used to drive the receiver, and are not 
actual increases in noise or signal levels. 
The increase occurs at the end of the band only. As an experiment the upper frequency of the 
measurement has been increased to 18.2 GHz and the increase of the level occurred from 18.16 GHz 
up wards. This proves the issue to be software related. 
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9. Facility Success Criteria 
 
The test with respect to the measurement phase can be considered as successful as far as each 
above criterion has been reached: 
 

 The specified test requirements, conditions and input levels were met satisfactorily, 
 All required data were measured and recorded, 
 The data have adequate quality and are suitable for exploitation, 
 The results of the on-site evaluation and checks are satisfactory, 
 No non-conformance affecting the results is open, 
 No more than 10% of the measurements have been lost. 
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10. Conclusions 
 
 
All tests have been successfully completed. 
 
During the radiated emission electric field measurements, maximum emissions are detected around 2 
and 4 MHz in all positions and all configurations with a maximum measured level in this frequency 
area is 61 dBμV/m measured at the Spire extra location (3.20 meter above floor level) in vertical 
polarization 
In addition emissions have been detected in the Hifi slot from 2 to 9 GHz. Investigation showed that 
Hifi itself was the source of these emissions 
 
Detailed information on the mode of operation and the behavior of the Herschel spacecraft during the 
tests should be obtained from the experimenter. 
 
 
 
Annexes 
 
Annex A : Declaration of Facility Test Readiness. 

Annex B : Radiated Emission 
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Annex A. 
 

Facility Test Readiness 
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Annex B. 
 

Radiated Emission 
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Herschel in final position in Maxwell. 
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Cable harnesses wrapped in Aluminium over shield 

 

 
Cable harnesses and RF cable wrapped in Aluminium over shield 
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Cable harnesses wrapped in Aluminium over shield 

 

 
Cable harnesses and RF cable wrapped in Aluminium over shield 
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Satellite grounding point 
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10 kHz to 30 MHz vertical polarisation in Pacs and Ambient location. 
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30 MHz to 200 MHz vertical polarisation in Pacs and Ambient location. 
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200 MHz to 1 GHz vertical polarisation in Pacs and Ambient location. 
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1 GHz to 8 GHz vertical polarisation in Pacs and Ambient location. 
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8 GHz to 18 GHz vertical polarisation in Pacs and Ambient location. 
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30 MHz to 200 MHz horizontal polarisation in Pacs and Ambient location. 
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200 MHz to 1 GHz horizontal polarisation in Pacs and Ambient location. 
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1 GHz to 8 GHz horizontal polarisation in Pacs and Ambient location. 

 
 

 



Herschel FM SC RE EMC Test  
Facility Data Report  

 

 

 

ETS/REP/EMC/2416   

 
 
 

 
8 GHz to 18 GHz horizontal polarisation in Pacs and Ambient location. 
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10 kHz to 30 MHz vertical polarisation in Spire additional (high) location. 
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30 MHz to 200 MHz vertical polarisation in Spire additional (high) location. 
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10 kHz to 30 MHz vertical polarisation in Spire nominal location. 
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10 kHz to 30 MHz vertical polarisation in Spire nominal location. 
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200 MHz to 1 GHz vertical polarisation in Spire nominal location. 

(camera autofocus had problems) 
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1 GHz to 8 GHz vertical polarisation in Spire nominal location. 

(camera autofocus had problems) 
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8 GHz to 18 GHz vertical polarisation in Spire nominal location. 

 
 

 



Herschel FM SC RE EMC Test  
Facility Data Report  

 

 

 

ETS/REP/EMC/2416   

 
 
 
 
 
 
 

 
30 MHz to 200 MHz horizontal polarisation in Spire additional (high) location. 
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30 MHz to 200 MHz horizontal polarisation in Spire nominal location. 
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200 MHz to 1 GHz horizontal polarisation in Spire nominal location. 

(camera autofocus had problems) 
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1 GHz to 8 GHz horizontal polarisation in Spire nominal location. 

(camera autofocus had problems) 
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8 GHz to 18 GHz horizontal polarisation in Spire nominal location. 

(camera autofocus had problems) 
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10 kHz to 30 MHz vertical polarisation in Hifi location. 
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30 MHz to 200 MHz vertical polarisation in Hifi location. 
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200 MHz to 1 GHz vertical polarisation in Hifi nominal location. 
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1 GHz to 8 GHz vertical polarisation in Hifi nominal location. 
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8 GHz to 18 GHz vertical polarisation in Hifi nominal location. 
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30 MHz to 200 MHz horizontal polarisation in Hifi nominal location. 
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200 MHz to 1 GHz horizontal polarisation in Hifi nominal location. 
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1 GHz to 8 GHz horizontal polarisation in Hifi nominal location. 
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8 GHz to 18 GHz horizontal polarisation in Hifi nominal location. 
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Plot 1a Ambient in pacs location  VP 
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Plot 1b Ambient in pacs location  VP 
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Plot 1d Ambient in pacs location  VP 
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Plot 1e Ambient in pacs location  VP 
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Plot 2 Ambient in pacs location  HP 
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Plot 2a Ambient in pacs location  HP 
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Plot 2b Ambient in pacs location  HP 
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Plot 3 Spire noisy mode in pacs location  VP 
 

-1
0

0

1020304050607080Le
ve

l [
dB

µV
/m

]

10
k

10
0k

30
0k

1M
2M

4M
10

M
30

M
10

0M
30

0M
1G

Fr
eq

ue
nc

y 
[H

z]

 
 

ETS/REP/EMC/2416   
 



Herschel FM SC RE EMC Test  
Facility Data Report  

 

 

 

 
 
08-05-2008  16:43    
Plot 3a Spire noisy mode in pacs location  VP 
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Plot 3b Spire noisy mode in pacs location  VP 
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Plot 3c Spire noisy mode in pacs location  VP 
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Plot 3d Spire noisy mode in pacs location  VP 
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Plot 3e Spire noisy mode in pacs location  VP 
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Plot 4 Spire noisy mode in pacs location  HP 
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Plot 4a Spire noisy mode in pacs location  HP 
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Plot 4b Spire noisy mode in pacs location  HP 
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Plot 5 Spire noisy mode in pacs location VP 
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Plot 6 Spire noisy mode in pacs location HP 
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Plot 7 Spire noisy mode in spire extra location VP 
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Plot 7a Spire noisy mode in spire extra location VP 
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Plot 7b Spire noisy mode in spire extra location VP 
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Plot 7c Spire noisy mode in spire extra location VP 
 

-1
0

0

1020304050607080Le
ve

l [
dB

µV
/m

]

1M
2M

3M
4M

5M
6M

7M
8M

10
M

Fr
eq

ue
nc

y 
[H

z]

 
 

ETS/REP/EMC/2416   
 



Herschel FM SC RE EMC Test  
Facility Data Report  

 

 

 

 
 
08-05-2008  17:57    
Plot 7d Spire noisy mode in spire extra location VP 
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Plot 7e Spire noisy mode in spire extra location VP 
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Plot 8 Spire noisy mode in spire extra location HP 
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Plot 8a Spire noisy mode in spire extra location HP 
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Plot 8b Spire noisy mode in spire extra location HP 
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Plot 9 Spire noisy mode in spire nominal loc VP 
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Plot 9a Spire noisy mode in spire nominal loc VP 
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Plot 9b Spire noisy mode in spire nominal loc VP 
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Plot 9c Spire noisy mode in spire nominal loc VP 
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Plot 9d Spire noisy mode in spire nominal loc VP 
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Plot 9e Spire noisy mode in spire nominal loc VP 
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Plot 10 Spire noisy mode in spire nominal loc HP 
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Plot 10a Spire noisy mode in spire nominal loc HP 
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Plot 10b Spire noisy mode in spire nominal loc HP 
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Plot 11 Spire noisy mode in spire nominal loc VP 
 

-1
0

0

1020304050607080Le
ve

l [
dB

µV
/m

]

7.
13

3G
7.

16
G

7.
18

G
7.

2G
7.

22
G

7.
24

G
7.

27
1G

Fr
eq

ue
nc

y 
[H

z]

 
 

ETS/REP/EMC/2416   
 



Herschel FM SC RE EMC Test  
Facility Data Report  

 

 

 

 
 
08-05-2008  18:58    
Plot 12 Spire noisy mode in spire location VP 
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Plot 13 Spire noisy mode in spire nominal loc HP 
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Plot 14 Spire noisy mode in spire location HP 
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Plot 15 Spire noisy mode in spire location VP 
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Plot 16 Hifi noisy mode in Hifi location VP 
 

-1
0

0

1020304050607080Le
ve

l [
dB

µV
/m

]

10
k

10
0k

30
0k

1M
2M

4M
10

M
30

M
10

0M
30

0M
1G

Fr
eq

ue
nc

y 
[H

z]

 
 

ETS/REP/EMC/2416   
 



Herschel FM SC RE EMC Test  
Facility Data Report  

 

 

 

 
 
09-05-2008  10:48    
Plot 16a Hifi noisy mode in Hifi location VP 
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Plot 16b Hifi noisy mode in Hifi location VP 
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Plot 16c Hifi noisy mode in Hifi location VP 
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Plot 16d Hifi noisy mode in Hifi location VP 
 

-1
0

0

1020304050607080Le
ve

l [
dB

µV
/m

]

10
M

20
M

30
M

40
M

50
M

60
M

10
0M

Fr
eq

ue
nc

y 
[H

z]

 
 

ETS/REP/EMC/2416   
 



Herschel FM SC RE EMC Test  
Facility Data Report  

 

 

 

 
 
09-05-2008  10:48    
Plot 16e Hifi noisy mode in Hifi location VP 
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Plot 17 Hifi noisy mode in Hifi location HP 
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Plot 17a Hifi noisy mode in Hifi location HP 
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Plot 17b Hifi noisy mode in Hifi location HP 
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Plot 18 Hifi noisy mode in Hifi location VP 
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Plot 19 Hifi noisy mode in Hifi location VP 
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Plot 20 Hifi noisy mode in Hifi location HP 
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Plot 21 Hifi noisy mode in Hifi location HP 
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Plot 22 Hifi noisy mode in Hifi location twt on VP 
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Plot 23 Hifi noisy mode in Hifi location twt on HP 
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Plot 24 Hifi noisy mode in Hifi location TWT on VP 
 

-1
0

0

1020304050607080Le
ve

l [
dB

µV
/m

]

10
k

10
0k

30
0k

1M
2M

4M
10

M
30

M
10

0M
30

0M
1G

Fr
eq

ue
nc

y 
[H

z]

 
 

ETS/REP/EMC/2416   
 



Herschel FM SC RE EMC Test  
Facility Data Report  

 

 

 

 
 
09-05-2008  15:13    
Plot 24a Hifi noisy mode in Hifi location TWT on VP 
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Plot 24b Hifi noisy mode in Hifi location TWT on VP 
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Plot 24c Hifi noisy mode in Hifi location TWT on VP 
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Plot 24d Hifi noisy mode in Hifi location TWT on VP 
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Plot 25 Hifi Off in Hifi location transp OFF  VP 
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Plot 26 Hifi Off in Hifi location transp OFF  HP 
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Autocomp Summary Table 

 
Note: 

IL Loss chain-1: 31.06 dB - to be subtracted from ‘TTC SCOE LEVEL’ in order to 
have RX-1 Input Level 
IL Loss chain-2: 30.92 dB - to be subtracted from ‘TTC SCOE LEVEL’ in order to 
have RX-2 Input Level 

 
Xpnd-1 Lock Acquisition: 
 
Signal Strength (TTC 
SCOE LEVEL) [dBm] 

Locked/NoLocked AGC RMB20442 
[dBm] / RAW 

AGC RMB09442 
[dBm] / RAW 

-105.0 Locked -152 / 28 -180.5 / 448 
-105.3 Locked -152 / 28 - 180.75 / 447 
-105.6 Locked -152 / 28 -181.75 / 445 
-105.9 Locked -152 / 28 -182 / 442 
-106.2 Locked -152 / 28 -182.25 / 441 
-106.5 Locked -152 / 28 -182.75 / 439 
-106.8 Locked -153 / 27 -183.25 / 437 
-107.1 Locked -153 / 27 -183.5 / 436 
-107.4 Locked -153 / 27 -184.25 / 433 
-107.7 Locked -153 / 27 -184.75 / 431 
-108.0 Locked -153 / 27 -185.25 / 429 
-108.3 Locked -153 / 27 -185.5 / 428 
-108.6 Locked -153 / 27 -186 / 426 
-108.9 Locked -153 / 27 -186.25 / 425 
-109.2 Locked -153 / 27 -186.5 / 424 
-109.5 Locked -153 / 27 -187 / 422 
-109.8 Locked -154 / 26 -187.25 / 421 
-110.1 NO LOCKED -155 / 25 -193.75 / 39 
    
    
 
Xpnd-1 Lock Acquisition + Doppler Shift (+65 KHz): 
 
Signal Strength (TTC 
SCOE LEVEL) [dBm] 

Locked/NoLocked AGC RMB20442 
[dBm] / RAW 

AGC RMB09442 
[dBm] / RAW 

-105.0 Locked -151 / 29 -181 / 446 
-105.3 Locked -152 / 28 -181.5 / 444 
-105.6 Locked -152 / 28 -181.75 / 443 
-105.9 Locked -152 / 28 -182.25 / 441 
-106.2 Locked -153 / 27 -183 / 438 
-106.5 Locked -153 / 27 -183.25 / 437 
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-106.8 Locked -153 / 27 -184 / 434 
-107.1 Locked -153 / 27 -184.25 / 433 
-107.4 Locked -153 / 27 -184.75 / 431 
-107.7 Locked -153 / 27 -185.25 / 429 
-108.0 Locked -153 / 27 -185.5 / 428 
-108.3 Locked -153 / 27 -185.75 / 427 
-108.6 Locked -153 / 27 -186.25 / 425 
-108.9 Locked -153 / 27 -186.5 / 424 
-109.2 Locked -154 / 26 -187 / 422 
-109.5 NO LOCKED -156 / 24 -194 / 394 
    
    
    
 
 
 
 
Xpnd-1 TC Acquisition 
 
Signal 
Strength 
(TTC SCOE 
LEVEL) 
[dBm] 

Locked/NoLocked Squelch AGC 
RMB20442 
[dBm] / RAW 

AGC 
RMB09442 
[dBm] / RAW 

100 TCs 
accepted 
(Y / N) 

-86 Locked ON -124.5 / 55 -124.62 / 834 Y 
-86.3 Locked ON -125 / 54 -125.1 / 817 Y 
-86.6 Locked ON -125.5 / 53 -125.53 / 805 Y 
-86.9 Locked ON -126 / 52 -126.09 / 789 Y 
-87.2 Locked ON -126.5 / 51 -126.72 / 775 Y 
-87.5 Locked ON -127 / 50 -126.29 / 761 Y 
-87.8 Locked ON -128 / 49 -127.74 / 749 Y 
-88.1 Locked ON -128 / 49 -128.2 / 738 Y 
-88.4 Locked ON -129 / 48 -128.95 / 723 Y 
-88.7 Locked ON -130 / 47 -129.62 / 712 Y 
-89.0 Locked ON -130.5 / 46 -130.38 / 701 Y 
-89.3 Locked ON -131 /45 -131.2 / 690 Y 
-89.6 Locked ON -132 /44 -132.6 / 669 Y 
-89.9 Locked ON -132 /44 -132.6 / 669 N (99%) 
-90.2 Locked ON -133 /43 -133.5 / 659 N (98%) 
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Xpnd-1 TC Acquisition + Doppler Shift (-65 KHz) 
 
Signal 
Strength 
(TTC SCOE 
LEVEL) 
[dBm] 

Locked/NoLocked Squelch AGC 
RMB20442 
[dBm] / RAW 

AGC 
RMB09442 
[dBm] / RAW 

100 TCs 
accepted 
(Y / N) 

-88.0 Locked ON -128 / 49 -128.1 / 740 Y 
-88.1 Locked ON -128 / 49 -128.1 / 738 Y 
-88.4 Locked ON -129 / 48 -128.85 / 725 Y 
-88.7 Locked ON -130 / 47 -129.5 / 714 Y 
-89.0 Locked ON -130.5 / 46 -130.38 / 701 Y 
-89.3 Locked ON -131 /45 -131.0 / 693 Y 
-89.6 Locked ON -132 /44 -131.73 / 682 Y 
-89.9 Locked ON -132 /44 -132.46 / 671 Y 
-90.2 Locked ON -133 /43 -133.5 / 659 Y 
-90.5 Locked ON -135 /42 -134.45 / 650 N (99%) 
-90.8 Locked ON -137 /41 -135.5 / 640 N (96%) 
 
XPND-1 RNG Group Delay: 
5153 [ns]; Max Variation: 382.67 [ns] 
 
XPND-1 TM Check: OK 
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XPND-2 Summary Table: 
 
Xpnd-2 Lock Acquisition: 
 
Signal Strength (TTC 
SCOE LEVEL) [dBm] 

Locked / NoLocked AGC RMB41442 
[dBm] / RAW 

AGC RMB10442 
[dBm] / RAW 

-106.0 Locked -140 / 36 -141.5 / 565 
-108.0 Locked -140 / 36 -145.5 / 557 
-108.3 Locked -140 / 36 -146.5 / 555 
-108.6 Locked -140 / 36 -146.5 / 555 
-108.9 Locked -142 / 35 -147 / 554 
-109.2 Locked -142 / 35 -147.5 / 553 
-109.5 Locked -142 / 35 -148 / 552 
-109.8 Locked -142 / 35 -148.5 / 551 
-110.1 No Locked -144 / 34 -158 / 532 
    
 
Xpnd-2 Lock Acquisition + Doppler Shift (+65 KHz): 
 
Signal Strength (TTC 
SCOE LEVEL) [dBm] 

Locked/NoLocked AGC RMB41442 
[dBm] / RAW 

AGC RMB10442 
[dBm] / RAW 

-108.0 Locked -140 / 36 -145.5 / 557 
-108.3 Locked -140 / 36 -146 / 556 
-108.6 Locked -140 / 36 -147 / 554 
-108.9 Locked -142 / 35 -147.5 / 553 
-109.2 Locked -142 / 35 -147.5 / 553 
-109.5 Locked -142 / 35 -148 / 552 
-109.8 Locked -142 / 35 -148.5 / 551 
-110.1 No Locked -144 / 34 -158.5 / 531 
    
 
Xpnd-2 TC Acquisition 
 
Signal 
Strength 
(TTC SCOE 
LEVEL) 
[dBm] 

Locked/NoLocked Squelch AGC 
RMB41442 
[dBm] / RAW 

AGC 
RMB10442 
[dBm] / RAW 

100 TCs 
accepted 
(Y / N) 

-89.0 Locked ON -123 / 49 -123.4 / 744 Y 
-89.3 Locked ON -124 /48 -123.75 / 735 Y 
-89.6 Locked ON -124 /48 -124.1 / 728 Y 
-89.9 Locked ON -124.5 /47 -124.47 / 721 Y 
-90.2 Locked ON -124.5 /47 -124.8 / 715 Y 
-90.5 Locked ON -125 /46 -125.18 / 707 N (98%) 
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Xpnd-2 TC Acquisition + Doppler Shift (-65 KHz) 
 
Signal 
Strength 
(TTC SCOE 
LEVEL) 
[dBm] 

Locked/NoLocked Squelch AGC 
RMB41442 
[dBm] / RAW 

AGC 
RMB10442 
[dBm] / RAW 

100 TCs 
accepted 
(Y / N) 

-89.0 Locked ON -123 / 49 -123.45 / 743 Y 
-89.3 Locked ON -124 /48 -123.8 / 735 Y 
-89.6 Locked ON -124.5 /47 -124.15 / 727 Y 
-89.9 Locked ON -124.5 /47 -124.52 / 720 Y 
-90.2 Locked ON -125 /46 -124.84 / 714 Y 
-90.5 Locked ON -125 /46 -125.23 / 706 Y 
-90.8 Locked ON -126 /45 -125.5 / 700 Y 
-91.1 Locked ON -126 /45 -125.5 / 700 N (97%) 
 
XPND-2 RNG Group Delay: 
 
5176.91 [ns]; Max Variation: 382.45 [ns] 
 
XPND-2 TM Check: OK 
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Annex 6  
 
 

Functional AIT 'AS-RUN' Procedures 
Content:  

 
1. Filled-in 'Herschel EGSE, Satellite & Instrument Procedure for EMC Radiated Test '; HP-

2-ASED-PR-0116, Issue 1, Start of formal run 
90 pages 
 
2. Filled-in 'Herschel EGSE, Satellite & Instrument Procedure for EMC Radiated Test '; HP-

2-ASED-PR-0116, Issue 1, Continuation of formal run 
96 pages 
 
3. Filled-in 'Leading Procedure for Herschel integrated Satellite Test '; HP-2-ASED-TP-

0134, Issue 1, Switch-ON prior to Try Runs 
129 pages 
 
4. Filled-in 'Leading Procedure for Herschel integrated Satellite Test '; HP-2-ASED-TP-

0134, Issue 1, Switch-ON after Safety Loop and Switch-OFF after RE test 
129 pages 
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SCOE-and Flight-skin connector configuration 
Content:  

 
1. Filled in SCOE and Flight skin connector configuration, Annex 3 of AD3. Also contained 

in Filled-in 'Herschel EGSE, Satellite & Instrument Procedure for EMC Radiated Test '; 
HP-2-ASED-PR-0116, Issue 1, Continuation of formal run 

 

 

3 pages 
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Annex 8 
 

1 ANALYSIS OF TM GENERATION COMPATIBILITY WITH MGA TRANSMISSION 
 

1.1 Introduction 
The primary objective of the first Auto-compatibility test (context Re/AutoComp) was to measure the receiver de-
sensitisation due to telemetry transmission into the chamber using the MGA and LGA1. 
However, advantage can be taken of the periods of transmission on the MGA during the AutoComp test to analyse 
the compatibility of Tm generation with transmission, whilst the spacecraft sits its own side-lobe near-field. This 
annex presents a preliminary analysis of the compatibility of Tm generation with MGA transmission. 
 

1.2 Results Summary 
Sub-sets of the Platform RT HK Tm and of the 3 Instruments RT HK Tm were analysed for continuity and self 
consistency (monotonicity) during an extended period of time ranging from before, during and after the switch-on of 
TWTA1 (driving MGA transmission into the chamber). 
The selected Tm includes parameters originating in the analogue domain, integer parameters and state (binary) 
parameters. 
The Tm analysis demonstrates the following (with reference to the change from umbilical to freely transmitted Tm): 

• Platform RT HK: 
o No degradation in continuity, 
o No degradation in self-consistency (value monotonicity),. 
o No disruption of the digital processes (e.g. packetisation) responsible for Tm generation 

• PACS, SPIRE and HIFI RT HK: 
o No degradation in continuity, 
o No degradation in self-consistency (value monotonicity), 
o No disruption of the digital processes (e.g. packetisation) responsible for Tm generation. 

 
No science data was generated by the instruments during this period, so this process was not verified. 
The SSMM dump was carried out by a standard “IST_END” procedure, in which the data was dumped over the 
umbilical (no RF), so this process was not verified. 
For both these cases the reader is referred to the introduction concerning the primary test objectives. 
 

1.3 Test Conditions Summary 
During the period of interest, the spacecraft was in He1 with the instruments operating as follows: 

• PACS: ON in  standby 
• SPIRE: ON in standby 
• HIFI: ON in prime (noisy) mode 

 
EGSE connections to the spacecraft were at the minimum level: 

• AMCS SCOE not connected 
• CDMS bus spy not connected 
• Power SCOEs connected 
• Umbilical connected (Tm) 
• RF SCOE cables connected to Flight Test Connectors 
• Antenna dummy loads were removed (free transmission into the chamber) 

 
RFDN switch setting: 

• Mode 6 (ABAB): 
o TWTA1 Downlink path: MGA 



1.4 Telemetry Generated During MGA Transmission 
Platform and Instrument Real-Time House-Keeping telemetry were enabled throughout the test. 
TWTA1 and TWTA2 were alternately activated (for the AutoComp tests), during which times Tm was freely 
transmitted into the EMC chamber. TWTA1 drove the MGA. 
Telemetry Selected For Post-Test Analysis 

1.4.1 Platform Telemetry Items 
The following sub-set of the platform IST post-test telemetry extraction list were selected for this analysis: 
 

Tm Reference Tm Short Name Additional Descriptor Plotted
DE824170 Mode Integer value commented

DE81D170 FdirMode State: AFO/AFS commented

KM270302 Valv_Stat_VS501 State: Open/Closed commented

RMC04442 RX2_Temp_DID Raw integer value  
RMC02442 RX1_Temp_DID Raw integer value  
WMB00565 PCDU_Temp1_DID Raw integer value  
WM806565 HfiB8B9_L43_I Current /A  
WM709565 HiFiLCU_N_L53_I Current /A  
WM609565 HiFiICU_R_L68_I Current /A commented

WM608565 HiFiHRV_L67_I Current /A  
WM509565 HiFiICU_N_L64_I Current /A  
WM508565 HiFiHRH_L63_I Current /A  
WM409565 HiFiLCU_R_L54_I Current /A commented

WM306565 HifiWEV_L44_I Current /A  
WMT07565 TM2_VBUS Voltage /V  
WMT06565 TM1_VBUS Voltage /V  
WMT22565 DIDPcduVbatBdr2 BDR-2 Input Switch Monitor, Raw integer value  
WMT21565 DIDPcduVbatBdr1 BDR-1 Input Switch Monitor , Raw integer value  
RMB04439 EPC2_HELIX_CURR Current /A  
RMB01439 EPC1_ANODE_VOLT Voltage /V  
RMB02439 EPC1_HELIX_CURR Current /A  
RMB10442 XPD2_RX2_AGC_LV AGC /dBm  
RMB09442 XPD1_RX1_AGC_LV AGC /dBm  

 

1.4.2 Instrument Telemetry Items 
The following sub-set of the instrument telemetry were selected for this analysis: 
 

Tm Reference Tm Short Name Additional Descriptor Plotted
SMB0K510 BIASTEMP SPIRE /K  
SMF9K520 BSMIFTEMP SPIRE /K  
SMM0K515 MCUMACTEMP SPIRE /K  
PM410410 BOL_TEMP_FPU_ST PACS /K  
PM408410 BOL_TEMP_TS PACS /K  
PM406410 BOL_TEMP_SP PACS /K  
HM250191 HF_AP_4K_END_CT HIFI /K  
HM248191 HF_AP_2K_IF_CT HIFI /K  



 

1.5 Telemetry Analysis Period Definition 
 
The following tele-commands were issued to turn on/off TWTA1 (MGA downlink): 

• ttcCommandTwta1On at 2008.130.15.46.59.464 
• ttcCommandTwta1Off at 2008.130.21.25.29.705 

 
The following Figure shows the corresponding EPC helix current in relation to the detailed telemetry analysis period. 
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Telemetry Analysis Summary 
 
The following Tm points represented states (constant throughout the test period): 

• DE81D170 FdirMode 
o Indicated “AFO” throughout period of test 
o Unperturbed by transmission on MGA 

• KM270302 Valv_Stat_VS501 
o Indicated “Closed” throughout period of test 
o Unperturbed by transmission on MGA 

 
The following Tm point was an integer value (constant throughout the test period): 

• DE824170 Mode 
o Indicated “1280” throughout period of test 
o Unperturbed by transmission on MGA 

 
The following Tm points represented analogue values (constant throughout the test period): 

• WM609565 HiFiICU_R_L68_I 
o L68 was off throughout period of test and Tm indicated a constant current “0” 
o Unperturbed by transmission on MGA 

• WM409565 HiFiLCU_R_L54_I 
o L54 was off throughout period of test and Tm indicated a constant current of “0” 
o Unperturbed by transmission on MGA 



1.6 Graphical Output 
 
All the following graphical outputs indicate continuous telemetry with monotonic trend throughout the period of Tm 
transmission by umbilical and over the MGA. 
 

1.6.1 Platform Telemetry 
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Note that the HIFI instrument was placed in Standby for the period approximately 1335 until 1505. 
This off-period is not a feature induced by the effect of MGA on the telemetry. 
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The XPD2 graph shows the effects of variations of Rx input power (and intentional receiver unlocks) 
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The XPD1 graph shows the effects of variations of Rx input power (and intentional receiver unlocks) during the 
second TWTA1 on-period. 
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1.6.2 Instrument Telemetry 
 

1.6.2.1 SPIRE instrument telemetry 
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1.6.2.2 PACS instrument telemetry: 
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1.6.2.3 HIFI instrument telemetry: 
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