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1 INTRODUCTION 

 
1.1 Scope 

This document describes the alignment measurements performed with the Herschel 
PFM instruments after integration onto the Herschel Optical Bench. The related test 
procedure with the filled in test results is appended to this document  

 

 
1.2 Objective 

The alignment measurements documented here shall demonstrate that the positions 
and orientations of the Herschel PFM instruments HIFI, PACS and SPIRE within the 
Herschel CVV are within their specified envelopes. 

It has to be noted that the evaluation presented in this document relies on the 
assumption that the telescope, when mounted, reaches its nominal position.  

After the telescope has been integrated its alignment will be checked wrt. the same 
CVV reference cube as the instruments. The calculation concerning overall alignment 
will then be repeated taking into account final alignment data.  

The Telescope Mounting Structure (TMS) has already been integrated earlier. As 
reference for the respective activities, the plane of the upper–bulkhead interface 
flange was used. In order to have the same reference also for alignment 
measurements and for later telescope integration the relation of the primary 
reference cube on the CVV (CVVRC4) and the UB interface flange plane had to be 
determined.  

Finally, along with above mentioned tasks it was verified, that the HIFI FPU AD 
orientation is not influenced when a harness rail is mounted to the FPU. 
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2 Applicable Documents 

 
2.1 Applicable Documents 

 
[AD 1] Procedure for PFM Alignment of Herschel Instruments wrt. 

PLM, HP-2-ASED-TP-0111, Issue 1, 20.07.2007 
[AD 2] HP-2-ASED-SD-0177: HIFI AD Stability Check after Harness 

Rail Final Fixation.  
[AD 3] HP-2-ASED-SD-0179: Determination of CVV Flange 

Orientation 
[AD 4 H-EPLM Requirement Specification  

H-P-2-ASPI-SP-0250, Issue 3.3, 20.10.2004 
 

 
2.2 Reference Documents 

 
[RD 1] Herschel Telescope User Manual, 

HER.NT.1034.T.ASTR, Issue 1, 15.12.2006 
[RD 2] Alignment Method, Plan & Results 

HP-2-ASED-TN-0097, Issue 2 
[RD 3] Inputs to System Level Alignment 

PACS-ME-TN-069, Issue 3 
[RD 4] SPIRE FPU External Alignment Report 

SPIRE-RAL-REP-002948, Issue 1 
[RD 5] HIFI FPU External Ads Alignment Test Reults 

FPSS-01068, Issue 3 
[RD 6] SPIRE Alignment Data Summary  

SPIRE-RAL-REP-002876, Issue 1 
[RD 7] Alignment Results of HIFI FPU Flight Model 

FPSS-00963 Issue 1 
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3 Report Summary 

The tests describe in this document have been carried out between August 2nd, 2007 
and August 6th, 2007. Details can be seen from the “as run procedure” appended to 
this document. There date and time of the individual measurements have been 
recorded.  

 
3.1 Test Article 

Herschel PFM instruments HIFI, PACS and SPIRE integrated onto Optical Bench. 
CVV upper bulkhead not mounted. PLM mounted on rotary table. 

 
3.2 Applied Procedure 

The Herschel instrument alignment tests have been performed according to: 
Procedure for PFM Alignment of Herschel Instruments wrt. PLM,  
HP-2-ASED-TP-0111 

Two additional tasks had to be performed along with the instrument alignment. Since 
these were not part of the original procedure, dedicated activity control sheets were 
prepared:  

• HP-2-ASED-SD-0177: HIFI AD Stability Check after Harness Rail Final Fixation.  

• HP-2-ASED-SD-0179: Determination of CVV Flange Orientation. 

 
3.3 Reviews 

The test readiness review was held on 31.07.2007. See HP-2-ASED-MN-1378. 

The post-test review was held on 08.08.2007. See HP-2-ASED-MN-1383. 

 

 
3.4 Procedure Variations: 

No 1: Change of measurements sequence, in order to minimize time for set-up  
re-configuration. However, since the procedure has a modular structure, there is no 
impact on objective, methods or results. 

No. 2: Installation of a second Angle Transfer Prism (ATP): In order to simplify 
continuous check of prime ATP stability (also time saving). No impact on 
measurement objective, methods or results. 
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No 3: This is not a formal procedure variation, only clarifying remark concerning 
nominal values: The “nominal values” called up by the original procedure still contain 
biases which have to be determined according to the measurements of activity 
control sheet HP-2-ASED-SD-0179. For comparison of measured and nominal 
values, theses biases have to be taken into account. The related calculation will be 
part of this final report. 

 

 

 
3.5 Non-Conformance Summary: 

One minor NCR raised: HP-121000-ASED-NC3516: 

• OB position slightly exceeds position tolerance: Limit. 1 mm, measured 
1.01mm.  

• Rotation of OB about X exceeds angle tolerance of 0.0333 deg, measured 
0.1015 deg. This value has been defined by ASED assuming that the 
instrument FPUs are nominally aligned wrt. OB. This is, however, not the 
case. The actual FPU alignments are all in spec, apart from PACS.  

• Rotation of OB about Z exceeds tolerance of 0.0333 deg (measured 0.0442 
deg). Here the same argument as above is valid. 

• PACS rotation about X exceeds tolerance of 0.0389 deg (measured 0.0 564 
deg). Allowed tolerance was derived from alignment budget. Excess rotation 
reduces overall margin, but margin is still positive 

Note: The NC concerns only tolerances which have been derived in order to establish 
an overall budget. So, not achieving individual values only reduces the margin, but 
does not violate an overall alignment budget.  

 
3.6 Open work:  

None 
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4 Alignment Activities Description 

The positions and orientations of the Herschel Instruments have been measured wrt. 
the external CVV coordinate systems represented by a primary CVV reference cube 
CVVRC4, mounted on the outer side of the CVV in +Y direction. The three 
instruments HIFI, PACS and SPIRE where represented by their instrument reference 
cubes (RC) mounted at known positions on the instruments themselves.  

The positions of the instruments (reference cubes) were determined using a Linear 
Measurement Device which allows to measure directly horizontal or vertical distances 
between two given points. With this device the separations between CVVRC4 (or 
auxiliary reference cube CVVRC2 on the –Z side of the CVV) and the respective 
instrument reference points were measured. In all cases, at least three 
measurements were made, from which mean values were calculated and further 
used in the data evaluation. 

The orientations of the instruments were determined by auto-collimation 
measurements according to the following principle: The auto-collimation direction to a 
selected face of a prime reference is determined by means of an auto-collimation 
theodolite. Relative to this direction, an Angle Transfer Prism (ATP) is set up at a 
known orientation, generally at 90 deg (left) to the prime RC direction. For further 
measurements, the direction to the ATP can be accessed by the theodolite and taken 
as zero-reference for the determination of the direction to an instrument cube auto-
collimation direction, then representing the instrument’s orientation. Again, at least 
three angle measurements were made to determine instrument orientations as mean 
value of the individual measurements. 

Also the Optical Bench was equipped with a reference cube which was used as 
described above for the instruments. However, this cube is not used as a reference in 
further alignment related activities. Therefore, we report here the measurements 
made with this cube, but the related data are not further used. Using OB data as 
reference would mean to introduce an additional (intermediate) reference and, 
therefore, an additional error. The instrument data are directly linked to the prime 
references on the outer side of the CVV, which are accessible at later stages of the 
AIT sequence, e. g., when the telescope will be integrated onto the CVV and 
measured to the same reference cube.  

In an earlier AIT phase, the Telescope Mounting Structure (TMS) had to be mounted 
onto the upper bulkhead a measurement of the TMS position and orientation had to 
be made. As reference for this measurement (which was carried out on a 3D 
measuring machine) the plane of the mounting flange was used.  

In order, to have a common reference for later alignment measurements along with 
the instrument positions and orientations, we have also determined the relation of the 
mounting plane of the upper bulkhead wrt. the primary reference CVVRC4. This 
measurement is reflected in AD 3. 
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Finally the occasion of freely accessible instruments was used to perform a further 
check. A harness rail had to be integrated onto the HIFI FPU in order to 
accommodate and mechanically support a harness. Since the mechanical fixation of 
this rail is close to the structure carrying the HIFI FPU ADs, a check had to be made, 
demonstrating that mounting the rail and tightening related bolts has no impact on 
the orientation of the HIFI FPU ADs. This alignment check is described in AD 2. 

The determination of the CVV flange orientation and the AD stability check have not 
been part of the original instrument alignment procedure. Therefore, dedicated 
Activity Control Sheets have been prepared according to which these tasks were 
performed. 

As far as procedure variations had to be implemented, these have recorded in the 
related Procedure Variation Sheets of the “As run procedure” (Sect. 11.1). Similarly, 
non-conformances have been documented (Sect. 11.2). 
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5 Alignment Measurement Data 

All measurement data are compiled in this chapter (copied from an EXCEL file which 
was established during the measurements). Also included are the measurements of 
the OB orientation and position. As already mentioned above in Sect. 4 the data for 
orientation and position of the OB have been recorded, but will not be further used in 
this document.  

The subsequent tables use the following descriptions/symbols: 

Step:   Step no. of applicable procedure (HP-2-ASED-TP-0111, Issue 1,  
   20.07.2007) 

Cube:   ID of used opt. reference cube 

from side:  Relative position of theodolite 

dir:   Viewing direction of theodolite 

dim:   Dimension of measured quantity 

Meas 1, 2, 3:  Measurement no. 1, no. 2, no. 3 

Mean:   Mean of (three) measurements 

Std dev:  Standard deviation of measurements 

 

 
5.1 Data: Check of OB position 

Step Cube from side dir dim Meas 1 Meas 2 Meas 3 Mean STD dev

Check of OB alignment
9 CVVRC4 +y x mm 0 0 0 0 0

11 CVV I/F +y x mm 57,33 57,43 57,41 57,39 0,052915
13 OB +y x mm 560,84 560,73 560,79 560,7867 0,055076

20 CVVRC4 +y z mm 0 0 0 0 0
23 OB +y z mm 71,52 71,38 71,47 71,45667 0,070946

31 CVVRC4 +z y mm 0 0 0 0 0
34 OB +z y mm 257,65 257,74 257,75 257,7133 0,055076  

Table 5-1: OB vertical position measurements 
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5.2 Data: Check of OB orientation 

Step Cube from side dir dim Meas 1 Meas 2 Meas 3 Mean STD dev
41 CVVRC4 +y HZ deg 360,0001 360,0005 360,001 360,0005 0,000451

V deg 90,3333 90,3329 90,3332 90,33313 0,000208

45 OB +y HZ deg 359,8194 359,8207 359,8208 359,8203 0,000781
V deg 90,0256 90,0253 90,0254 90,02543 0,000153

50 CVVRC4 +z HZ deg 359,9985 359,9998 359,9985 359,9989 0,000751
V deg 90,0055 90,0053 90,0054 90,0054 1E-04

54 OB +z HZ deg 359,8209 359,8221 359,82 359,821 0,001054
V deg 89,9006 89,9007 89,9006 89,90063 5,77E-05  

Table 5-2: OB orientation (Rx, RZ) measurements 

 
5.3 Data: Instrument orientation from +Y side 

Step Cube from side dir dim Meas 1 Meas 2 Meas 3 Mean STD dev
Angular alignment HIFI

61 HIFI +y HZ deg 359,9614 359,9595 359,9605 359,9605 0,00095
V deg 89,9838 89,9837 89,9839 89,9838 0,0001

Angular Alignment PACS

64 PACS +y HZ deg 359,8932 359,8936 359,8932 359,8933 0,000231
V deg 90,0437 90,0427 90,0441 90,0435 0,000721

Angular Alignment SPIRE

67 SPIRE +y HZ deg 359,3617 359,359 359,3584 359,3597 0,001758
V deg 89,9904 89,9901 89,9899 89,99013 0,000252

Angular Alignment CVVRC2

70 CVVRC2 +y HZ deg 360,0192 360,019 360,0189 360,019 0,000153
V deg 90,0031 90,0028 90,0028 90,0029 0,000173  

Table 5-3: Instrument orientation (Rz) measurements 
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5.4 Data: Instrument orientation from +Z side 

Step Cube from side dir dim Meas 1 Meas 2 Meas 3 Mean STD dev
Angular Alignment HIFI

74 HIFI +z HZ deg 359,9611 359,9615 359,961 359,9612 0,000265
V deg 89,9872 89,9869 89,9871 89,98707 0,000153

Angular Alignment PACS

77 PACS +z HZ deg 359,8939 359,8945 359,8943 359,8942 0,000306
V deg 89,9876 89,9885 89,9885 89,9882 0,00052

Angular Alignment SPIRE

80 SPIRE +z HZ deg 359,3613 359,3613 359,3616 359,3614 0,000173
V deg 90,035 90,0348 90,0349 90,0349 1E-04

Angular Alignment CVVRC4

83 CVVRC4 +z HZ deg 359,9985 359,9998 359,9985 359,9989 0,000751
V deg 90,0055 90,0053 90,0054 90,0054 1E-04  

Table 5-4: Instrument orientation (Ry) measurements 

 
5.5 Data: Orientation of reference cube CVVRC2 from –Z side 

Step Cube from side dir dim Meas 1 Meas 2 Meas 3 Mean STD dev
Angular Alignment CVVRC2

86 CVVRC2 -z HZ deg 0,0231 0,0221 0,0235 0,0229 0,000721
V deg 90,03 90,0302 90,0299 90,03003 0,000153  

Table 5-5: CVVRC2 orientation wrt. CVVRC4 

 
5.6 Data: Horizontal distance measurements from +Y side 

Step Cube from side dir dim Meas 1 Meas 2 Meas 3 Mean STD dev
Horizontal distance Measurement on +y side

94 CVVRC4 +y z mm 0 0 0 0 0

99 HIFI +y z mm 72,04 71,97 71,97 71,99333 0,040415

104 PACS +y z mm 6,8 6,87 6,8 6,823333 0,040415

109 SPIRE +y z mm 128,13 128,14 128,14 128,1367 0,005774  
Table 5-6: Instrument horizontal distance (Tz) measurements 
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5.7 Data: Horizontal distance measurements from +Z side 

Step Cube from side dir dim Meas 1 Meas 2 Meas 3 Mean STD dev

Horizontal distance Measurement on +z side
116 CVVRC4 +z y mm 0 0 0 0 0

121 HIFI +z y mm 1089,15 1089,12 1089,11 1089,127 0,020817

126 PACS +z y mm 853,32 853,31 853,29 853,3067 0,015275

131 SPIRE +z y mm 862,97 863,04 863,03 863,0133 0,037859  
Table 5-7: Instrument horizontal distance (Ty) measurements 

 
5.8 Data: Vertical distance measurements from +Y side 

Step Cube from side dir dim Meas 1 Meas 2 Meas 3 Mean STD dev
Vertical distance Measurement on +y side

137 CVVRC4 +y x mm 0 0 0 0 0

139 HIFI +y x mm 902,68 902,64 902,63 902,65 0,026458

141 PACS +y x mm 1000,66 1000,71 1000,69 1000,687 0,025166

143 SPIRE +y x mm 1020,92 1020,94 1020,97 1020,943 0,025166  
Table 5-8: Instrument vertical distance (Tx) measurements 

 
5.9 Data: Vertical distance measurements of CVVRC2 from -Z side 

Step Cube from side dir dim Meas 1 Meas 2 Meas 3 Mean STD dev

Vertical distance Measurement on -z side
147 CVVRC2 -z x mm 0,01 0,07 0,01 0,03 0,034641  

Table 5-9: CVVRC2 vertical distance (Tx) measurements wrt. CVVRC4 
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5.10 Data: Angular offset between primary reference CVVRC4 and the 

mechanical system (TTAP) 

The related measurements have been performed according to Activity Control Sheet 
HP-2-ASED-SD-0179: Determination of CVV Flange Orientation. 

 

Step Cube from side dir dim Meas 1 Meas 2 Meas 3 Mean STD dev
Definition of y axis for Rx with Rotary Table and TTAP y-axis mark

ACS 0179 CVVRC4 +y Hz deg 359,9685 359,9653 359,9664 359,9667 0,001626  
Table 5-10: Angular offset between systems of CVVRC4 and TTAP: RX (AD 3) 

5.11 Data: Orientation of flange of Upper Bulkhead wrt. CVVRC4 

The related measurements have been performed according to Activity Control Sheet 
HP-2-ASED-SD-0179: Determination of CVV Flange Orientation. 
Step Cube from side Meas 1 Meas 2 Meas 3 Mean STD dev

CVV Flange orientation w.r.t. CVVRC4 
ACS 0179 +y Centre 90,0078 90,0075 90,0081 90,0078 0,0003

+y Left 90,0068 90,0068 90,0071 90,0069 0,000173
+y Right 89,998 89,9986 89,9985 89,99837 0,000321

Mean Rz 90,00436 0,005206

CVV Flange orientation w.r.t. CVVRC4 
ACS 0179 +z Centre 90,0073 90,0082 90,0083 90,00793 0,000551

+z Left 90,0059 90,006 90,0061 90,006 0,0001
+z Right 90,0039 90,0042 90,0043 90,00413 0,000208

Mean Ry 90,00602 0,0019  
Table 5-11: Orientation of UB Interface Flange wrt. CVVRC4: Ry, Rz 
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5.12 Data: Check of HIFI FPU AD stability wrt. fixation of harness rail  

The related measurements have been performed according to Activity Control Sheet 
HP-2-ASED-SD-0177: HIFI AD Stability Check after Harness Rail Final Fixation.  
Step Cube from side dir dim Meas 1 Meas 2 Meas 3 Mean STD dev
HIFI AD Stability check

Before harness rail fixation
ACS 0177 AD +z -y HZ deg 0,0034 0,0027 0,0027 0,002933 0,000404

AD +z -y V deg 89,9957 89,9952 89,9953 89,9954 0,000265

AD -z -y HZ deg 0,0218 0,0211 0,0206 0,021167 0,000603
AD -z -y V deg 89,9937 89,9948 89,9952 89,99457 0,000777

After harness rail fixation
AD -z -y HZ deg 0,0176 0,0179 0,02 0,0185 0,001308
AD -z -y V deg 89,9951 89,9968 89,9945 89,99547 0,001193

AD +z -y HZ deg 359,9995 360,0006 360,0003 360,0001 0,000569
AD +z -y V deg 89,9953 89,9961 89,9958 89,99573 0,000404  

Table 5-12: Check of HIFI FPU AD stability wrt. harness-rail fixation 
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6 Data Evaluation and Results 

From the measured data as compiled in Sect. 5, we find the following results 

 
6.1 S/C mechanical Interface (Flange of Upper Bulkhead) 

In order, to have a common reference for later alignment measurements along with 
the instrument positions and orientations, we have determined the relation of the 
mounting plane of the upper bulkhead wrt. the primary reference CVVRC4. 
(Measurement data see Table 5-11).  

Furthermore, the Rot X relation of CVVRC4 wrt. a S/C mechanical system engraved 
in the TTAP has been determined (Measurement data see Table 5-10) 

From the respective tables 5-11 and 5-10, we find 

Mounting flange upper bulkhead:    

Tilt about Y:     Rot Y = 90.0060 deg  

Tilt about Z:    Rot Z = 90.0044 deg  

Angle S/C syst – CVVRC4:  Rot X = 359.9667 deg  
 

 

Remark: In the following, we assume that values for LOS and around LOS are 
represented by the measured instrument interface orientations. 
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6.2 Instrument Tilts 

6.2.1 (Rot X) 

 Rot X Cube wrt 
CVVRC4 

Rot X Cube wrt. 
(S/C I/F) 

Rot X instr. I/F wrt. 
(S/C I/F) 

HIFI +2.4 arcmin +4.4 arcmin +4.4 arcmin 

PACS 6.4 arcmin +8.4 arcmin +10.5 arcmin 

SPIRE 38.4.arcmin 40.4 arcmin Not known 

OB 10.8 arcmin +12.8 arcmin +10.1 arcmin 

Table 6-1: Orientation of instrument wrt. CVVRC4 and S/C mechanical system  
Here, column 1 is the direct measurement of instrument cube wrt. CVVRC4.  
Column 2 takes into account the rotation of CVVRC4 wrt. S/C (2 arcmin). 
Column 3 takes into account the offset between instrument cube and instrument 
mechanical I/F (as provided by the instruments).  

 
Figure 6-1: Graphic representation of Rot X values. 
The around-line-of-sight values are shown here for instrument interfaces  
corresponding to columns 1 and 2 of above table. 
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The figure shows the rotations of the instrument cubes wrt. CVVRC4 (instr RC) and 
the rotation of the cubes wrt. S/C mechanical interface (instr. I/F). In order to find the 
rotation of the instrument I/F wrt. S/C interface, the instrument internal bias has to be 
added. (compiled in Table 14-2 of the “as run” procedure). 

 
6.2.2 Rotation about Y-axis: Rot Y 

 Rot Y (cube) wrt 
S/C I/F 

Rot Y (mech I/F) 
wrt S/C I/F 

Remark 

HIFI -1.13 arcmin +0.13 arcmin  

PACS -1.07 arcmin -2.32 arcmin  

SPIRE +1.73 arcmin -5.57 arcmin  

OB -6.32 arcmin -1.70 arcmin  

Table 6-2: Orientation of instrument cube and Instrument I/F wrt. S/C 
mechanical system 

 

 
Figure 6-2: Graphic representation of Rot Y values. 
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The Rot Y values are shown here for instrument cubes and instrument interfaces. 

The angular offsets between instrument cubes and interfaces are collected in Sect 14 
of the “as run procedure” appended to this document. 

 
6.2.3 Rotation about Z-axis: Rot Z 

 Rot Z (cube) wrt 
S/C I/F 

Rot Z (mech I/F) 
wrt S/C I/F 

Remark 

HIFI +1.24 arcmin +1.35 arcmin  

PACS -2.35 arcmin -3.38 arcmin  

SPIRE +0.86 arcmin -2.84 arcmin  

OB -1.26 arcmin +2.65 arcmin   

Table 6-3: Orientation of instrument cube and Instrument I/F wrt. S/C 
mechanical system 

 
 

Figure 6-3: Graphic representation of Rot Z values. 
The Rot Z values are shown here for instrument cubes and instrument interfaces. 
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The angular offsets between instrument cubes and interfaces are collected in Sect 14 
of the “as run procedure” appended to this document. 

 
6.3 Focus 

The defocus contributions are shown in the following table and compared to the 
focus requirements: 

 

 Measured 
position 

bias 

Instrument 
internal 

uncertainty 

Telescope 
uncertainty 

CVV 
Uncertainty 

HIFI -0.65 mm ±4.7 mm 
(0riginal 

allocation) 

±3 mm  
(RD 1) 

±1.1 mm  
(RD 2) 

PACS +0.09 mm ±1.0 mm  
(RD 3) 

±3 mm  
(RD 1) 

±1.1 mm  
(RD 2) 

SPIRE -0.06 mm ±2.25 mm  
(RD 6) 

±3 mm  
(RD 1) 

±1.1 mm  
(RD 2) 

Table 6-4: Defocus position and uncertainty contributions  
 

 

 Thermoelastic Effects 

HIFI ± 0.1 mm 

PACS ± 0.1 mm 

SPIRE ± 0.1 mm 

Table 6-5: Defocus position: Influence of thermoelastic effects  
According to RD 2: Original allocations of instruments 
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From above two tables, we find the focus positions and the related uncertainties: 

 

 Overall focus position Requirement 
ΔX 

Margin 

HIFI -0.75 mm ± 5.7 mm ± 8.5 mm 2.1 

PACS +0.19 mm ± 3.3 mm ± 7.0 mm 3.5 

SPIRE -0.16 mm ± 3.9 mm ± 7.7 mm 3.7 

Table 6-6: Final focus positions and tolerances 

The table shows that the focus requirements are well fulfilled for all instruments 

 

 
6.4 Pupil Mismatch 

From the Rot Y and Rot Z values of Section 6.2 we find the resulting individual tilt-
related pupil mismatches ΔY = - e tan (Rot Z) and ΔZ = - e tan (Rot Y), where e = 
2638 mm represents the M1-M2 mirror separation (vertex distance). To find the total 
pupil mismatches, the lateral FPU displacements have to be added accordingly. 

 

  Rot Y Rot Z ΔY(Pupil)  
at M2  

ΔZ(Pupil)  
at M2 

HIFI +0.13 arcmin +1.35 arcmin +1.04 mm -0.10 mm 

PACS -2.31 arcmin -3.38 arcmin -2.60 mm +1.78 mm 

SPIRE -5.56 arcmin -2.84 arcmin -2.19 mm +4.28 mm 

Table 6-7: Instrument-tilt components of pupil mismatches 
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 ΔY ΔZ 

HIFI -1.03 mm +0.01 mm 

PACS -0.81 mm +0.88 mm 

SPIRE -1.21 mm +0.26 mm 

Table 6-8: Pupil mismatch: Measured instrument lateral shifts  

 

 Internal Position Error Thermoelastic Effects 

 ΔY Int ΔZ Int ΔY TE ΔZ TE 

HIFI 1) 

Channel 1 

Channel 2 

Channel 3 

Channel 4 

Channel 5 

Channel 6 

Channel 6b 

 

-2 mm ± 2 

-3 mm ± 2 

+5 mm ± 2 

0 mm ± 2 

-5 mm ± 2 

0 mm ± 2 

-4 mm ± 2 

 

+2 mm ± 2 

+2 mm ± 2 

0 mm ± 2 

-6.5 mm ± 2 

+0.5 mm ± 2 

0 mm ± 2 

+4.0 mm ± 2 

4) 

±0.1 mm  

±0.1 mm  

±0.1 mm  

±0.1 mm  

±0.1 mm  

±0.1 mm  

±0.1 mm  

4) 

±0.1 mm  

±0.1 mm  

±0.1 mm  

±0.1 mm  

±0.1 mm  

±0.1 mm  

±0.1 mm  

PACS 2) 0.0 mm ± 0.6 0.0 mm± 0.6 ±0.1 mm  ±0.1 mm 

SPIRE 3) -1.70 mm ±0.5 -0.70 mm ±0.5 +0.8 mm +0.2 mm 

 
Table 6-9: Pupil mismatch: Instrument internal errors and thermoelastic effects 
 

1) From RD 7 
2) From RD 3 (but uncertainty scaled for 2σ) 
3) From RD 6 
4) 0,1mm taken from RD 2 (original allocation as given by the instruments) 
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 ΔY ΔZ Remark 

Telescope -0.45 mm ± 0.5 -0.60 mm ± 0.5 According to RD 1 

 
Table 6-10: Telescope lateral shift 

 

 

 ΔY ΔZ Uncertainty  Tolerance 

HIFI 
Channel 1 

Channel 2 

Channel 3 

Channel 4 

Channel 5 

Channel 6 

Channel 6b 

 

-1.64 mm 

-2.64 mm 

+5.56 mm 

+0.56 mm 

-0.14 mm 

+0.56 mm 

-3.64 mm  

 

+2.61 mm 

+2.61 mm 

+0.61 mm 

-6.09 mm 

+1.11 mm 

+0.61 mm 

+4.61 mm 

 

±2.34 mm 

±2.34 mm 

±2.34 mm 

±2.34 mm 

±2.34 mm 

±2.34 mm 

±2.34 mm 

24 mm 

PACS -3.06 mm +3.36 mm ±1.35 mm 7 mm 

SPIRE -5.45 mm +4.64 mm ±1.32 mm 9.5 mm 

 

Table 6-11: Total pupil mismatch 
Note:  SPIRE: Thermoelastic effects for the instruments have been provided without 

sign. Therefore, these are added linearly as worst case to the absolute value 
of the total bias (see RD 6). 
For the other Instruments, values have been taken from RD 2 as originally 
allocated by the instruments and used as with SPIRE.  
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Figure 6-4: Pupil mismatch and uncertainty of PACS wrt. related requirement  
The grey circle shows the uncertainty region. 
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+Y 

+Z
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Figure 6-5: Pupil mismatch and uncertainty of SPIRE wrt. related requirement.  

 The grey circle shows the uncertainty region. 
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Figure 6-6: Pupil mismatch and uncertainty of HIFI wrt. related requirement  
The grey circles show the uncertainty regions. 

 

The Tables and Figures above demonstrate that the pupil mismatches of all 
instruments are within specified limits, although margins for PACS and SPIRE are not 
very large.  
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6.5 Potential Vignetting of LO-Beams by CVV windows 

The tilt of the HIFI FPU leads t a certain lateral offset between the LO beam paths 
from the LOAs and their related CVV windows which might imply vignetting. 
Therefore, in the following we check the amount of lateral deviation between LO 
channels and CVV windows due to the Rot X, Y, Z values of the HIFI FPU. The HIFI 
beam diameter is 30mm, the CVV Window diameter is 34mm. 

With the following denominations/numbers  

dx, dy, dz: Measured lateral (linear) deviations of the FPU (represented by its  
  reference cube) 

RCVV: Radius of CVV = 950 mm 

RCube: Radial position of reference cube = 116 mm 

DWin:  Distance of outermost window centres = 401 mm 

 
we find: 

 

ΔX (Rot Z) = dx(FPU) + (RCVV – RCube) tan Rot Z   

ΔX (Rot Z) = -0.65 mm + (950 – 116) mm tan 0.0025° = -0.32 mm 

 

ΔZ (Rot X) = dz(FPU) -  (RCVV – RCube) tan Rot X  

ΔZ (Rot X) = 0.01 mm – (950 – 116) mm tan 0.073° = -1.1 mm   

 

ΔX (Rot Y) = dy (FPU) – (DWin) tan Rot Y  

ΔX (Rot Y) = 0 + (401) mm tan 0.0022° = 0.015 mm    [negligible] 

 

The total lateral deviation between the LOU beams and the windows is 

Δ = [Δx2 + Δz2]1/2 = 1.15 mm 
 

Compared to the overall margin of ± 2 mm we conclude, that from the above 
determined HIFI FPU tilts no intolerable vignetting by the CVV windows will occur. 

Note: 

The above assessment will not be the sole basis for the assumption of sufficient 
freedom from LOU beam vignetting. A final decision on this question will be made 
during a forthcoming AIT period where the upper bulkhead will be temporarily closed.  
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This period will be used to perform a real measurement of the relative lateral 
positioning of CVV Windows and FPU ADs thus directly determining potential LOU 
Window vignetting.  

 

 
6.6 Stability wrt. harness rail fixation 

In the course of the instrument AIT, a harness rail had to be attached on the HIFI 
FPU structure close to the area of the FPU Alignment Devices (AD). Therefore, a 
check was requested which should demonstrate that the mounting of the harness rail 
has no impact on the AD orientation. 

As the measurement data from Table 8-12 show the residual impact of the mentioned 
activities onto the AD orientation is: 

 

 + Z 
Hz 

+Z 
V 

- Z  
- Hz 

-Z 
V 

before screw 
fixation 

0.0029 deg 89.9954 deg 0.0211 deg 89.9946 

after screw  
fixation 

0.0001 deg 89.9957 deg 0.0185 deg 89.9954 

Difference 
 

0.0028 deg  

10.1 arcsec 
0.0003 deg 

1.1 arcsec 
0.0026 deg 

9.4 arc sec 
0.0008 deg 

2.9 arcsec 

Table 6-12: HIFI FPU AD stability wrt. harness rail fixation 

The table shows that the stability of the ADs was far better than the required limit of 
20 arcsec.  
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7 Conclusions 

From the above presented evaluation of the Herschel instrument alignment, we 
conclude, that all instruments are within their specified envelopes.  
 
For focus alignment (x direction) there is comfortable margin for all three instruments 
(see Table 6-6).  
 
For pupil mismatch the margin is very comfortable for HIFI (see Fig. 6-6). For PACS 
and SPIRE the margin is appr. 1.5mm in y and z direction and can be taken directly 
from Figures 6-4 and 6-5. 
Please note, that for these calculations it was assumed that the telescope, when 
mounted at a later stage, reaches its nominal position. This must be confirmed by an 
alignment check after telescope integration. Here the telescope cubes will be 
measured to the same CVV reference as the Instruments. 
 
The vignetting calculation presented in chapter 6.5 shows that there is no intolerable 
vignetting of the LOU beams by the CVV windows. There is still margin left compared 
to the CVV windows oversize of ± 2 mm. 
When the upper bulkhead is mounted it is planned to measure directly the position of 
the HIFI ADs w.r.t. the CVV window position. This measurement shall confirm the 
calculation from chapter 6.5. 
 
 
As demonstrated in chapter 6.6 the HIFI FPU ADs have remained stable under 
fixation of harness rail.  
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8 Attachment 

 

1. “As Run” Procedure for PFM Alignment of Herschel Instruments wrt. PLM  

2. “As Run” Activity Control Sheet: HIFI AD Stability Check after Harness rail Final  
    Fixation: HP-2-ASED-SD-0177 

3. “As Run” Activity Control Sheet: Determination of CVV Flange Orientation 
    HP-2-ASED-SD-0179 
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 Name Dep./Comp.  Name Dep./Comp. 

 Alberti von Mathias Dr. ASG23  Schmidt Thomas AED15 
 Baldock Richard FAE12  Schweickert Gunn ASG23 
 Barlage Bernhard AED13 X Sonn Nico ASG51 

X Bayer Thomas ASA42  Steininger Eric AED32 
 Brune Holger ASA45 X Stritter Rene AED11 
 Edelhoff Dirk AED2  Suess Rudi OTN/ASA44 
 Fehringer Alexander ASG13  Theunissen Martijn DSSA 

X Fricke Wolfgang Dr. AED 65  Vascotto Riccardo HE Space 
 Geiger Hermann ASA42  Wagner Klaus ASG23 
 Grasl Andreas OTN/ASA44  Wietbrock Walter AET12 
 Grasshoff Brigitte AET12  Wöhler Hans ASG23 
 Hamer Simon Terma  Wössner Ulrich ASE252 
 Hanka, Erhard FI552  Zumstein Armin ASQ42 
 Hendrikse Jeffrey HE Space    
 Hendry David Terma    
 Hengstler Reinhold ASA42    
 Hinger Jürgen ASG23    

X Hohn Rüdiger AED65    
X Hölzle Edgar Dr. AED32    
 Hopfgarten Michael AED32    
 Huber Johann ASA42    
 Hund Walter ASE252    

X Idler Siegmund AED312    
 Ivády von András FAE12    

X Jahn Gerd Dr.  ASG23    
 Kalde Clemens ASM2 X ESA/ESTEC ESA 

X Kettner Bernhard AET42 X Thales Alenia Space Cannes TAS-F 
 Klenke Uwe ASG72  Thales Alenia Space Torino TAS-I 
 Knoblauch August AET32    
 Koelle Markus ASA43  Instruments:  

X Koppe Axel AED312 X MPE (PACS) MPE 
X Kroeker Jürgen AED65 X RAL (SPIRE) RAL 
 La Gioia Valentina Terma X SRON (HIFI) SRON 
 Lang Jürgen ASE252    

X Langenstein Rolf AED15    
X Langfermann Michael ASA41  Subcontractors:  
 Martin Olivier ASA43  Austrian Aerospace AAE 
 Maukisch Jan ASA43  Austrian Aerospace AAEM 
 Much Christoph ASA43  BOC Edwards BOCE 
 Müller Jörg ASA42  Dutch Space Solar Arrays DSSA 

X Müller Martin ASA43  EADS Astrium Sub-Subsyst. & Equipment ASSE 
 Pietroboni Karin AED65  EADS CASA Espacio CASA 
 Platzer Wilhelm AED2  EADS CASA Espacio ECAS 
 Reichle Konrad ASA42  European Test Services ETS 
 Runge Axel OTN/ASA44  Patria New Technologies Oy PANT 
 Sauer Maximilian Dr. AED65  SENER Ingenieria SA SEN 

X Schink Dietmar AED32  Thales Alenia Space, Antwerp TAS-ETCA 
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