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FIRST System Optimization Study

Phase 1 Presentation – DSS part for FIRST PLM

3. Description of PLM baseline and harmonization activities
4.1 Review of Thermal Design/Sensitivities –PLM
5. Recommendation -PLM
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3. Description of PLM baseline and harmonization activities

•  PLM configuration of the FIRST I/F study with 2560 l HeII tank used

•  The following modifications have been introduced:
- Update of FPU mass to 141 kg + 20% margin
- Adaptation of suspension (tank strap cross-section)
- Update of instrument harness (increase brass cross-section HIFI harness)
- Implementation of external harness
- LOU now in one box, with 13W dissipation and a radiator area of 0.5 m²
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PLM baseline configuration



FIRST
Optimization Study
                   Phase 1 Presentation   31.03.00        Dornier Satellitensysteme GmbH

SX2F                                                                                                                                                            page 3

•  The environment of the PLM has been adapted to the configuration defined by
Alcatel, the CVV external thermo-optical properties have been changed to
harmonize the TMMs:

- Update of solar generator configuration, adaptation of absorptivity of solar cells
and sunshade

- Emissivity of CVV MLI external layer reduced from 0.15 to 0.05
- Emissivity of CVV radiator reduced from 0.88 to 0.8
- Eff. Emissivity of sunshield MLI and SVM MLI adapted to ε = 0.015
- SVM strut and sunshield support struts cross-section/ length adapted
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TMM of baseline configuration

BAU

LOU

CVV

CVV MLI
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4. 1 Review of Thermal Design/Sensitivities – PLM
4.1.1 Baseline external heatbalance of CVV and sensitivities/ improvements

•  Minimize CVV external heat load to reduce CVV temperature to

- extend lifetime and/or reduce mass & envelope of cryostat
- and/ or have sufficent margin to reduce complexity of internal  cryostat design and

cooling architecture
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CVV external Heat Flow Chart for Baseline Configuration (Case 1)
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CVV external sensitivities – investigated parameters

•  MLI on telescope rear side (black or aluminized)
•  MLI coverage of CVV (angular and on bulkhead)
•  Position of BAU (shift to MLI covered CVV side); Max. elongation of parts of BAU

harness about 750 mm, depends also on routing of PACS instrument harness
•  CVV radiator emissivity (open honeycomb)
•  Isothermal Sunshield (e.g. heat pipe panel)
•  FIRST tilt ± 30° around y-axis: input for ALCATEL thermoelastic assessment of STR

location

Further parameters might be interesting (not yet investigated by thermal analysis):

•  LOU radiator arrangement (baseline position, tilted as in Alcatel-proposal)
•  Sensitivity passive/ active cooling of cavity ,black paint on cavity (drawback straylight

asymmetry)
•  ODS use on LOU, BAU, STR, Sunshield
•  Additional CVV radiator (depends on selected STR position)
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CVV external sensitivities - Results
Case Description T,cvv avg. CVV

Rad.
QR

Sunsh./CVV
He

massflow
Lifetime Lifetime Remark

[K] [m²] [W] [mg/s] [years] [days]

 I/F Study 77.5 5.482 2.09 2.45 4.33 1580 see Report No. FIRST-GR-
B0000.009, smaller harness
cross-section

PM1 status 78.1 5.482 2.04 2.91 3.66 1338 See page1
1 Harmonization status (baseline) 75.5 5.482 2.02 2.77 3.83 1399 see page 7
2 Telescope MLI: eps=0.05 75.6 5.482 2.07 2.78 3.83 1397 Telescope MLI increased from

87 K to 104 K
3 MLI increased by 2x10° 73.84 4.926 1.06 2.70 3.94 1439
4 MLI increased by 2x20° 73.79 4.370 0.63 2.69 3.95 1440
5 MLI increased by 2x30° 74.77 3.814 0.45 2.74 3.88 1416
6 MLI reduced by 2x10° 78.3 6.038 3.66 2.91 3.66 1336
7 Case 4 & MLI upp.bulk 90°

removed
73.70 5.237 0.87 2.69 3.95 1442 QR from STR to CVV increased

from 0.28W to 0.62W
8 Case 7 & Shift BAU to -Y 72.71 5.237 0.74 2.64 4.02 1467 BAU from 125K to 130K.

QR from BAU to CVV reduced
from 109 mW to16.4 mW

9 Case 4 & Shift BAU to -Y 72.63 4.370 0.50 2.64 4.02 1469 QR from BAU to CVV 15.5 mW
10 Case 9 & CVV with open HC 71.71 4.370 0.56 2.59 4.09 1493 emissivity =0.9, see PLANCK

report
11 Case 9 and Sunshield with heat

pipes
71.45 4.370 0.38 2.59 4.10 1497 Solar array reduced from 95°C

to 53°C



FIRST
Optimization Study
                   Phase 1 Presentation   31.03.00        Dornier Satellitensysteme GmbH

SX2F                                                                                                                                                            page 10

Sensitivity of CVV MLI angular coverage    → Optimum at ~210° coverage
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CVV external sensitivities – lifetime summary
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Proposed ext. improvement: increase MLI by 2x 20° and shift BAU to -Y (Case 9)

•  Significant reduction of sunshield radiation to CVV
•  LOU, waveguides and BAU located at MLI covered section of CVV

 lead to a ~ 2 months lifetime increase

•  Low complexity of introduced improvements

Drawback:  - Increase of harness length of BAU
- BAU temperature increase from 125 to 130K (radiator might be

optimized)
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Fig.: TMM of proposed external modifications
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CVV temperature distribution versus FIRST rotation against Y-axis
(Input for thermo-elastic investigations to assess Startracker location)

71

71.2

71.4

71.6

71.8

72

72.2

72.4

72.6

72.8

73

73.2

73.4

0 45 90 135 180 225 270 315 360

Circumference Angle [°]

Te
m

pe
ra

tu
re

 [K
]

Low  cylinder Minus 30°
Upp. cylinder Minus 30°
Low  cylinder Plus 30°
Upp. cylinder Plus 30°
Low  cylinder 0°
Upp. cylinder 0°



FIRST
Optimization Study
                   Phase 1 Presentation   31.03.00        Dornier Satellitensysteme GmbH

SX2F                                                                                                                                                            page 15

4.1.2 Baseline internal heatbalance of tank, OB and shield1, sensitivities/
improvements

HeII-tank balance:

•  Main heatload from SFWK and via tank MLI

MLI
31%

Housekeeping
Harness
3%

Instruments
8%SFWK (up

and low)
53%

Tubes
5%



FIRST
Optimization Study
                   Phase 1 Presentation   31.03.00        Dornier Satellitensysteme GmbH

SX2F                                                                                                                                                            page 16

•  MLI on HeII tank: 20 layers as on ISO, but conductance already reduced to 70%
Sensitivity: Using the ISO MLI would reduce the lifetime by 1 month

•  Shield 1 temperature  (~35K) is the important parameter for heatload to tank via
MLI (see balance of shield1)

•  Tank suspension on SFWK:A/l  of corner struts might be improved by shifting
of tank interface;
Sensitivity:  50 % improvement of A/l of corner struts leads to a lifetime
increase of about 1 months

•  Temperature of SFWK (and the heatload to the tank) is mainly affected by tank
strap cross-section (for lower SFWK) and tank strap cross-section and
temperature of OB (for upper SFWK)
(lifetime effect of tank strap cross-section, see next page)
(for OB balance/temperature see p. 18)
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Variation of Tank Suspension Cross Section for 70 K CVV Temperature
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OB assembly balance:

•  OB (average ~9K) is cooling the SFWK
•  Radiation from HS baffles, CVV and cavity already reduced by baffle on

instrument shield
•  Harness length between OB bracket and shield 1 is already 1.2 m assumed

For further investigations see also instrument cooling architecture

SFWK up
11%

Rad from HS baffles,
CVV and cavity
19%

MLI
8%

Harness conduction 17%
Harness dissipation 11%

Instr. Diss 30%
OB Harness Diss 4%

He-gas
96%

Instr cooling
straps
4%
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Shield 1 balance:

MLI
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Instr. Harness 59%
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Shield 1 balance (cont´d):

•  Instrument harness (cross-section change of 10 mm² brass gives 4 months
lifetime effect)

•  Elongation of harness `thermally effective length´ between CVV and shield 1
from 0.25 m to 0.35 m increases lifetime about 4 months

•  Tank strap cross-section (see sensitivity tank strap, p. 17)
•  Radiative input to shield 1 small since temperature difference between shield 1

and shield 2 is small
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Simplification of Cooling architecture (external design based on Case 9):

•  GHe Level 2 cooling loop replaced by direct coupling of the ventline to the OB
and cooling of the JFET box and the HIFI FPU structure via the OB.

•  Shift PACS GHe I/F before SPIRE and add the PACS Level 2 dissipation also
to the Level 1

Advantage:  Each instrument has only one I/F to the GHe ventline
 Lifetime increases by ~20 days

Constraint: OB would have to be made of Aluminium
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Instrument operation with simplified cooling architecture  (Case 9a)

Level 0 Level 1 Level 2 Opt.Bench Massflow

PACS dissipation 0.5 mW 7.9 mW 7.4 mW

Temp. req. PACS < 1.75K < 4.3K < 15K

Temp. req SPIRE < 2 K < 6 K < 15K

Case 9 Avg. 1.71 K * 3.8 K * 9.3 K * 9.7 K 2.64 mg/s

Case 9a Avg. 1.71 K * 2.9 K * 2.8 K * 9.3 K 2.60mg/s

PACS on only 1.725 K * 4.0 K * 4.1 K * 8.4 K 2.53 mg/s

SPIRE on only 1.74 K ** 4.2 K ** 9.5 K ** 9.4 K ** 2.61 mg/s

  * PACS temperatures
** SPIRE temperatures
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Heat flow chart for PACS operation with simplified cooling architecture (Case 9a)
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Instrument Architecture and CVV internal sensitivities

Description T, OB T, GHe Lev.1 He mass flow Lifetime
[K] [K] [mg/s] [years] [days]

Case 9 9.7 2.7-3.5 2.64 4.02 1469
Case 9a (simplified cooling architecture) 9.3 2.4-3.5 2.60 4.09 1492
Case 9a, but OB directly on SFWK 9.9 2.5-3.7 2.55 4.17 1521
Case 9a, but 120 mm corner struts
(instead of 80 mm)

9.9 2.5-3.7 2.53 4.19 1530

Case 9a, but 0.35 m harness between CVV
and HS 1 (instead of 0.25 m)

9.6 2.5-3.7 2.39 4.43 1618

Case 9a, but tank with ISO MLI   (no 0.7
reduction factor of MLI conductive coupling)

9.0 2.4-3.4 2.65 4.00 1461

Case 9a  with 110% instrument dissipation 9.5 2.5-3.6 2.62 4.06 1480
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CVV internal sensitivities – lifetime summary
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5.  Recommendation
Based on the above described sensitivities the following modifications are
proposed to be introduced in the detailed design for Phase 2:

External modifications:
•  MLI on CVV cylinder closed by 20°
•  Shift of BAU to +y-side (if harness elongation acceptable)

Internal modifications:
•  Simplification of cooling architecture (Al-OB required, not finally selected)
•  OB not thermally insulated from SFWK
•  Improvement of A/l of SFWK corner struts (if possible, tbc by struct. analysis)
•  Improved tank MLI shall remain

Note: The harness `thermally effective length´shall remain, since there is at the moment no design solution visible
for routing and for thermal coupling of this high number of wires to the shield1 (100% effective of coupling
assumed in TMM)
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Resizing potential
•  Implementation of the above proposed improvements is expected to improve the

lifetime from 3.6 years to 4.1 – 4.2 years (~2.55 mg/s) for the PLM with 2560 l
tank and a CVV at 72K

•  Instrument dissipation margin of 10% and adaptation of strap cross-section to
PLM with mass margins leads to a lifetime of 3.9 years (~ 2.7 mg/s)

•  For a 280 mm height reduced cryostat (2000 l HeII tank) the corresponding
lifetime is 3.1 years (~2.55 mg/s)

For 3.5 years lifetime a maximum possible reduction of tank height about 120
mm is estimated

•  It has to be taken into account for the detailed design in Phase 2, that  the OB
height has to be increased from 60 to 120 mm (tbc), which reduces the PLM
resizing potential to 60 mm



FIRST
Optimization Study
                   Phase 1 Presentation   31.03.00        Dornier Satellitensysteme GmbH

SX2F                                                                                                                                                            page 28

Other constraints for the resizing potential:

•  The lifetime of the PLM is highly depending on the characteristics of the
instrument harness (e.g. 10 mm² brass ≈ 0.25 mg/s ≈ 4 months lifetime) which is
still under development

•  The operation of the phase separator (during launch and on orbit) and the
behaviour and testability of the He ventline will get more and more critical with
decreasing massflow and increasing ratio between ground and orbit massflow

A minimum on orbit massflow of 2.5 mg/s for the present configuration is
considered necessary

Assuming this minimum massflow and a lifetime of 3.5 years the minimum
volume (incl. transient phase) is > 2160 l (red. about max 200 mm)
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FIRST SATELLITE OPTION "UPRIGHT"

NOMINAL MAXIMUM
MASS BUDGET MAS SES MARGIN MASSES

PAYLOAD MODULE (PLM) DRY 1583.6 kg 261.0 kg 1844.6 kg
 Dry Cryos tat 1042.2 kg 174.8 kg 1217.0 kg

Cold ins trument outs ide PLM 25.0 kg 5.0 kg 30.0 kg

Cold ins trument ins ide PLM 141.0 kg 28.2 kg 169.2 kg

Warm ins truments  ins ide  SVM 140.4 kg 28.0 kg 168.4 kg

Teles cope 235.0 kg 25.0 kg 260.0 kg

SERVICE MODULE (SVM) DRY 802.7 kg 111.2 kg 951.9 kg
Power 35.1 kg 3.5 kg 38.6 kg
AOCS 69.7 kg 4.2 kg 74.0 kg

OBDH - RF 28.8 kg 4.9 kg 33.7 kg
Suns hie ld with S ola r Arrray integra ted 137.0 kg 22.0 kg 159.0 kg

S tructure 258.0 kg 37.6 kg 295.6 kg
Adapte r FIRST / P lanck 193.1 kg 29.0 kg 222.0 kg

Clampband Sys tem FIRST / P lanck 38.0 kg
Thermal Control 11.2 kg 2.2 kg 13.4 kg

Harness 25.0 kg 5.0 kg 30.0 kg
RCS 39.8 kg 2.7 kg 42.4 kg

As sembling 5.0 kg 0.0 kg 5.0 kg
Balance  mass 0.0 kg 0.0 kg 0.0 kg

DRY SATELLITE MASS 2386.3 kg 372.2 kg 2796.5 kg

FLUIDS 506.5 kg 364.7 kg 530.2 kg
Cryos tat He lium 364.7 kg 364.7 kg 368.3 kg

Prope llant plus  press urant 0.048 141.8 kg 161.9 kg

WET SATELLITE MASS (in orb it) 2892.8 kg 433.8 kg 3326.6 kg
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ASPI DSS
T CVV 72,1 75,4
T primary 79,1

CONDUCTIVE HEAT FLUXES ON CVV
SVM - PLM truss 1,08 1,25
sunshield/sunshade - PLM struts 0,37 0,22
telescope - truss 0,09 0,03
harness 0,52 0,34
ss total conduction 2,07 1,84

RADIATIVE HEAT FLUXES ON CVV 
mli sunshield/sunshade 0,97 2,04
mli SVM 1,97 1,91
ss total radiation 2,94 3,95

OTHER HEAT FLUXES ON CVV 
mli CVV 0,85 1,24
LOU 0,39 0,38
BAU 0,17 0,16
STR (global dissipation) 0,70 0,59
CVV - inner (negative) 0,72 0,8
ss total 1,39 1,57

TOTAL 6,39 7,36
CVV - space 6,41 7,3
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STR disipation 0,7 W 0 W
T CVV 71,9 69,2
T primary 78,6 75,7
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SVM radiative heat flux reduction
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SVM radiative heat flux reduction
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SAA = - 30° SAA = 0° SAA =  30°
T SVM (K) 303,8 296,3 287,9
T CVV (K) 56,3 55,9 55,1
T primary (K) 67,9 69,4 67,1

SVM at bottom of interface tube
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adapter = radiator  + nose
STR on CVV
T CVV 59,5 56,4
T primary 70,4 69,5
STR on SVM
T CVV 56 53,7
T primary 69,2 68,8
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����/44
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SVM at bottom of interface tube
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SAA = - 30° SAA = 0° SAA =  30°
T SVM (K) 306,7 300,4 291,5
T CVV (K) 72,5 72,5 71,1
T primary (K) 77,3 79 76,5
T adapter bottom 317 243 235
∇  in adapter -10,3 57,4 56,5
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