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Introductioh

1.1 Purpose

This document is intended to contain the results of the tests outlined in the Planck Sorption Cooler
Integration and Test Plan [1].

The Planck Sorption Cooler is comprised of the Thermal Mechanical Unit (TMU) and the LPSC flight
electronics (SCE). JPL is directly responsible only for the testing of the TMU while providing test time for
the LPSC electronics units for which LPSC is responsible.

1.2 Requirements Verification Approach
A summary of the verification approach is given in Table 1 (as from Table XX of TMU spec [2]).

e o TMU Spec Verification
Verification Par EL'”:‘) ph " Method
Performance 3.1.1 -
Cold End Temperature 3.1.1.1 T
Cooling Capacity ,, 3.1.1.2 T+A
Temperature Stability 3.1.1.3 T+A
Heat Lift Adaptability 3.1.14 ) T
Operating Period 3.1.1.7 T
Flight Allowable Temperatures, Operating 3.1.1.91 T
Protoflight Temperatures, Operating 3.1.1.9.2 T
Protoflight Temperatures, Non-Operating 3.1.1.9.3 T+A
Power-On 3.1.1.94 T
Electrical Interfaces 3.1.3.2 VL++T
Power 3.1.3.2.3 T+A
Shipping and Handling 3.1.5 T+R
Pressurized Structures 3.2.4 A+VL+T
Safety .. 3.25 - T+A+I

Table 1. Requirements Verification

Legenda: A -Analysis VH - Verified at higher level assembly |- Inspection
T-Test . _._VL-Verified atlower level-assembly - R- Review-of Design

Herschel/Planck Page 7
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1.2.1 Primary performance verification

The main performance verification on the TMU FM1 and FM2 are summarized in Table 2.

TMU
Requirement

Test performed on TMU

Requirement Value

Cold End
Temperature

Run TMU at Min and Max Compressor
Warm Radiator T (262 K - 282 K) and
measure Cold End Temperatures

17.5 K< LVHX1 < 19.02 K
17.5 K< LVHX2 < 22.50 K

Cooling Power

Run the TMU in Normal Mode while applying
nominal Heat Load on LVHX’s

Cooling power @ LVHX1 > 190 mW

Cooling power @ LVHX2 > 646 mW

Input Power

Run TMU at Min and Max Compressor
Warm Radiator T (262 K - 282 K) and
measure total TMU Input Power

TMU Input power < 426 W @ BOL

Cold End
Temperature
Fluctuations

Run TMU and measure Cold End T
fluctuations for 262 and 282 K compressor
radiator T *

AT @ LVHX1 <450 mK

AT @ LVHX2 < 100 mK

Heat Load
Adaptability

Apply different Heat Loads on the LVHX’s
corresponding to the “ON” and “OFF”
instrument power and verify stable TMU
Operations

“ON load™: 190 mW @ LVHX1
646 MW @ LVHX2
“OFF load™ 10mW @ LVHX1

346 MW @ LVHX2

Table 2. Summary of verification of performance requirements via subsystem tests

*Appropriate usage of the performance prediction model of the cooler, wi

will be employed to ensure the overall fidelity of the test verification

NOTE: the operating period is not a direct measurement on the TM

performance measurements for a tuned TMU.

1.2.2 Data Archiving Scheme

In order to analyze cooler performance, data from both the TMU and the Cryo Test Facility (CTF) are
required. Both systems store data in a binary format, archiving a new raw data file each hour of testing
for data manageability. At the end of each test, two combined files containing respectively TMU and CTF
data are created and then imported into a data analysis application (IGOR). The resulting IGOR total file
is recorded in each test header table, together with the test start and end times ‘which; if necessary; can

hich was calibrated during EBB cooler testing,

U but it comes as a by-product with all the

be used to identify the original raw data one-hour files and/or to reconstruct the general IGOR file from

them.

Herschel/Planck
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2 FM1/FM2 TMU Acceptance Test

2.1 TMU FM1/TMU FM2: Acceptance Verification Matrix

2.1.1 INITIAL VERIFICATION

Test on
Specification ID Description
FM1 | FM2
TMU-ACC-01 Grounding, Bonding, Isolation | v~ v
TMU-ACC-02 - Functional acceptance test v v

2.1.2 PROTOFLIGHT OPERATIONAL/NON OPERATIONAL VERIFICATION

Specification ID |  Required by Description NON/OP | OP
) ) TMU spec [1] Non Operational cold dwell (24h)
TMU-ACC-03 Page 12 of SCC I/F (243 K) v
i ) TMU spec [1] 3 startup with coldest Power ON :
TMU-ACC-04 Page 12 conditions on SCC I/F v
Proto-flight verification:
TMU-ACC-05 TMP% sge102[1] Cold Operation v
g (SCC @ 252 K, PC3c @ 40 K)
Proto-flight verification:
TMU-ACC-06 TMP% 329102[1] Hot Operation v
g (SCC @ 292 K, PC3c @ 65 K)
) ] TMU spec [1] 3 startup with warmest Power ON
TMU-ACC-08 Page 12 conditions on SCC I/F v

o

Herschel/Planck
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2.2 TMU Acceptance Test: test description
2.2.1 INITIAL VERIFICATION

2211 V.

erify “Measurement Functionality” of flight electronics (or EGSE

Test Objective

Verify that FM Electronics or EGSE are accurately and safely connected to TMU

Procedure

Before connecting to the flight hardware verify that what has been verified in the
electrical check of PACE and SCC is pin-to-pin identical to what the EGSE has
been tested to. This check will be performed only on documentation. ,

Pass/Fail Criteria

Pin-to-Pin connections between PACE/SCC and EGSE must be identic

Date t’—{/ 5'/04/

Signature | J. forders / 2 /5\/

SCC End (J1):

_ Pin Function 'SCC Electrical Check AID | EGSE ATP
1 PC1 Temp T12 Excitation + v v
2 PC1 Temp T12 Signal + v v
3 PC3b Temp T09 Excitation + v v
4 PC3b Temp T09 Signal + v v
5 PC3a Temp T10 Excitation + v v
6 PC3a Temp T10 Signal + v, va
7 PC3c Temp T08 Excitation + 74 v
8 PC3c Temp T08 Signal + 74 v
9 PC2 Temp T11 Excitation + v . v
10 PC2 Temp T11 Signal + v v
11 Spare (Grounded) v v
12 Spare (Grounded) v v
13 Spare (Grounded) v 4/
14 PC1 Temp T12 Excitation - v v
15 PC1 Temp T12 Signal - v v
16 PC3b Temp T09 Excitation - v v
17 PC3b Temp T09 Signa! - v v
18 PC3a Temp T10 Excitation - v v
19 PC3a Temp T10 Signal - v v
20 PC3c Temp T08 Excitation - v 4
21 PC3c Temp T08 Signal - v v
22 PC2 Temp T11 Excitation - v v
23 —PC2 Temp-T11 Signal-— - e g - —|
24 Spare (Grounded) v v
25 Spare (Grounded) v v

Herschel/Planck
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SCC End (J2):
Pin | ' Function | SCC Electrical Check AID | EGSE ATP
1 CE1 Heat Sw Heater 21A v ,/‘
2 CE1 Heat Sw Heater 21B v
3 CE2 Heat Sw Heater 22A v, v
4 CE2 Heat Sw Heater 22B V4 v
5 CE3 Heat Sw Heater 23A v v
6 CES3 Heat Sw Heater 23B v v
7 CE4 Heat Sw Heater 24A / J/
8 CE4 Heat Sw Heater 24B v J/
9 CES5 Heat Sw Heater 25A 4 Vv
10 CES5 Heat Sw Heater 25B v v
11 CE6 Heat Sw Heater 26A N 74
12 CE6 Heat Sw Heater 26B v~ v
13 LPSB Heater 07A N4 v
14 LPSB Heater 07B v’ Ve
15 - Spare (Grounded) v’ J/

Herschel/Planck Page 11
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At SCC End (J3):
~ Pin " Function SCC Electrical Check AID | E
LPSB Heater HO8A
LPSB Heater HO8B
CE1 Heater HO1A
CE1 Heater HO1B
CE1 Heater H11A /

v
v
v
CE1 Heater H11B R4
CE2 Heater HO2A v

{

v

m
Q)

KRR R R R j\\ﬁ\\“ﬁﬁ

KK

N\

CE2 Heater H02B
CE2 Heater H12A | v
CE2 Heater H12B
CES3 Heater HO3A

CES3 Heater HO3B
CES3 Heater H13A

CES Heater H13B v

CE4 Heater HO4A
CE4 Heater H04B V4

CE4 Heater H14A

CE4 Heater H14B %

v
v
V4
CES5 Heater HO5A J/
v
Y,
v
v

CES Heater HO5B
CES5 Heater H15A

CES5 Heater H15B

CE6 Heater HO6A

_V,
CE6 Heater H06B V4
v
v

CE6 Heater H16A '
CE6 Heater H16B
Spare (Grounded)

Spare (Grounded) J

Spare (Grounded) M

—-lo Q.OO'mN<XE<C—|(DZE‘UZ§I‘XC—IG)'HI'I1CJOUJ>v

Herschel/Planck Page 12
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At SCC End (J4):

Pin Function 'SCC Electrical Check AID | EGSE ATP
1 LPSB Sustain Hitr. Volts (HO7A) v v’
2 CE1 Fixed Hitr. Volts (HO1A) v R4
3 CE1 Adij. Htr. Volts (H11A) v v
4 CE2 Fixed Htr. Volts (H02A) v v
5 CE2 Adj. Htr. Volts (H12A) V4 v’
6 CES3 Fixed Htr. Volts (HO3A) v v
7 CES Adj. Hir. Volts (H13A) Va v
8 CE4 Fixed Htr. Volts (HO4A) v v
9 CE4 Adj. Htr. Volts (H14A) v~ v
10 CES5 Fixed Hitr. Volts (HO5A) v v

11 CES5 Adj. Htr. Volts (H15A) v v~
12 CEB Fixed Htr. Volts (H06A) V4 v©
13 CES6 Adj. Hir. Volts (H16A) v v
14 Spare (Grounded) 4 {
15 Spare (Grounded) Ve v
16 Spare (Grounded) v v
17 Spare (Grounded) v v
18 Spare (Grounded) v v
19 Spare (Grounded) v’ R
20 LPSB Sustain Htr. Volts (H07B) Ve v
21 CE1 Fixed Hir. Volts (H01B) v [
22 CE1 Adi. Htr. Volts (H11B) V4 W
23 CE2 Fixed Htr. Volts (H02B) v v’
24 CE2 Adj. Htr. Volts (H12B) v, 4
25 CES3 Fixed Hir. Volts (H03B) v v
26 CE3 Adj. Htr. Volts (H13B) v v
27 CE4 Fixed Hitr. Volts (H04B) v N
28 CE4 Adj. Htr. Volts (H14B) v v
29 CES5 Fixed Hitr. Volts (H05B) Vs “;
30 CES5 Adj. Htr. Volts (H15B) v_

31 CES6 Fixed Htr. Volts (HO6B) v~ v
32 CES6 Adi. Htr. Volts (H16B) v v
33 Spare (Grounded) v v
34 Spare (Grounded) v~ v
35 Spare (Grounded) P v
3% | Spare (Grounded) v W
37 Spare (Grounded) v v

Herschel/Planck Page 13
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At SCC End (J5):
 Pin | Functon | SCC Electrical Check AID EGSE ATP.

1 CE1 KTC T20+ v VA

2 CE2 KTC T21+ v

3 CE3 KTC T22+ v 5

4 CE4 KTC T23+ V4 v

5 CES5 KTC T24+ v v

6 CE6 KTC T25+ v 4

7 Spare (Grounded) v ' v

8 Spare (Grounded) V.4 v_

9 CE1 KTC T20- v §

10 CE2 KTC T21- R4

11 CE3 KTC T22- v

12 CE4 KTC T23- v R4

13 CE5 KTC T24-

14 CE6 KTC T25- §

15 Spare (Grounded) J

HerscheI/Planck Page 14
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 Pin _Function | SCC electrical check AID | EGSE ATP
i LPSB Temp T17 Excitation + v 4 5
2 LPSB Temp T17 Signal + - »[ R4
3 LPSB Temp T18 Excitation + v v
4 LPSB Temp T18 Signal + ,
5 Spare (Grounded) J{/ : 5
6 Spare (Grounded) Vi v
7 CE1 Temp T15 Excitation + v v
8 CE1 Temp T15 Signal + ( Ve
9 CE2 Temp T16 Excitation + v v~
10 CE2 Temp T16 Signal + v v
11 HPST Temp T13 Excitation + v R 4
12 HPST Temp T13 Signal + N4 VA
13 HPST Temp T14 Excitation + v R4
14 HPST Temp T14 Signal + V4 7
15 Spare (Grounded) v' v
16 Spare (Grounded) v R4
17 Spare (Grounded) v V4
18 Spare (Grounded) v v
19 Spare (Grounded) RV V4
20 LPSB Temp T17 Excitation - v v
21 LPSB Temp T17 Signal - v v
22 LPSB Temp T18 Excitation - v v
23 LPSB Temp T18 Signal - v v
24 Spare (Grounded)- 4 v -
25 Spare (Grounded) v v
26 CE1 Temp T15 Excitation - “ v~
27 CE1 Temp T15 Signal - V4 v
28 CE2 Temp T16 Excitation - v v~
29 CE2 Temp T16 Signal - e v
30 HPST Temp T13 Excitation - v \/
31 HPST Temp T13 Signal - v v
32 HPST Temp T14 Excitation - v~ v’
33 HPST Temp T14 Signal - v Ve
34 Spare (Grounded) Vi v~
35 Spare (Grounded) A —
36 Spare (Grounded) 4 v
37 Spare (Grounded) J L

Herschel/Planck
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At SCC End (J7):

- Pin ~ Function SCC electrical check AID | EGSE ATP.
1 CE1 P PO1A Excitation + v v
2 CE1 P P01B Signal + v v
3 CE2 P P02A Excitation + - 4 ;
4 CE2 P P02B Signal + v 5
5 CE3 P P0O3A Excitation + v~ v~
6 CE3 P P03B Signal + - v [vd
7 CE4 P PO4A Excitation + v~ [y
8 CE4 P P04B Signal + v v
9 CES5 P PO5A Excitation + N v
10 CES5 P P05B Signal + v~ A
1 CE6 P PO6A Excitation + v v
12 CE6 P P06B Signal + N V
13 Spare (Grounded) v v
14 Spare (Grounded) v d v’ ,
15 Spare (Grounded) v v
16 CE1 P P01D Excitation - v v
17 CE1 P P01C Signal - v’ v
18 CE2 P P02D Excitation - v v
19 CE2 P P02C Signal - R4 v
20 CE3 P P03D Excitation - v v
21 CE3 P P03C Signal - v v
22 CE4 P P04D Excitation - v v
23 CE4 P P04C Signal - v
24 CES5 P PO5D Excitation - % | v
25 CE5 P PO5C Signal - v v
26 CE6 P P06D Excitation - v v
27 CE6 P P06C Signal - v v
28 Spare (Grounded) v e
29 Spare (Grounded) 4 4
30 Spare (Grounded) v v
31 Spare (Grounded) v L
32 Spare (Grounded) v (7
33 Spare (Grounded) 4 v
34 Spare (Grounded) v v
35 _Spare (Grounded) s , 1/ T
36 Spare (Grounded) v R
37 Spare (Grounded) Ve v
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At SCC End (J8):

Pin Function SCC electrical check AID | EGSE ATP

1 HP P PO7A Excitation + * 4

2 HP P PO7B Signal + X v’

3 LP P POSA Excitation + ¥ v

4 LP P P08B Signal + e v

5 CE3 Temp T26 Excitation + v Ng

6 CE3 Temp T26 Signal + v’ 4

7 CE4 Temp T27 Excitation + Vv v

8 CE4 Temp T27 Signal + NG v

9 CE5 Temp T28 Excitation + N v,
10 HP P P0O7D Excitation - e v
11 HP P P07C Signal - " v
12 LP P P08D Excitation - % v
13 LP P POSC Signal - X v
14 CE3 Temp T26 Excitation - v =§
15 CE3 Temp T26 Signal - v .
16 CE4 Temp T27 Excitation - v v
17 CE4 Temp T27 Signal - v v
18 CES5 Temp T28 Excitation - v v
19 CE5 Temp T28 Signal + v v
20 CE5 Temp T28 Signal - v v
21 CE6 Temp T29 Excitation + v v
22 CE6 Temp T29 Excitation - v v’
23 CE6 Temp T29 Signal + & v~
24 CE6 Temp T29 Signal - v v
25 Spare (Grounded) v, v
26 Spare (Grounded) N v

* _ The SCC jubrfec aguus witl A specidicadim, /e,%éz/ﬁé‘g)
, - y 1 Py 7 ;]
£le PIT oo FOB M/W§, /\/va‘oV‘Vz) +he F oA Idns
070 P07 oA FOY At reversiA, T bt )‘S) fo7 1‘§ + &
Low _ pres S qi Aro~spncer oA o5 s ’”‘( L*%“/VV‘-%/L\M
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At SCC End (J19):
~ Pin Function | SCC electrical check AID | EGSE ATP
1 T34 Excitation + v v
2 T34 Signal + V4 %
3 T35 Excitation + v 4
4 T35 Signal + v v
5 T36 Excitation + gvd 5
6 T36 Signal + v WV
7 T37 Excitation + v 4
8 - T37 Signal + v 7
9 T38 Excitation + W (7
10 T38 Signal + j// v
11 T39 Excitation + v v
12 T39 Signal + i Y4
13 Spare (Grounded) Y4 %
14 Spare (Grounded) 4 ’ i
15 Spare (Grounded) R §
16 Spare (Grounded) o
17 Spare (Grounded) W %
18 Spare (Grounded) Q‘a&/ |
19 Spare (Grounded) v, v
20 T34 Excitation - Yy’ R4
21 T34 Signal - v v
22 T35 Excitation - v v/
23 T35 Signal - 4 v
24 T36 Excitation - Y v
25 T36 Signal - . v
26 T37 Excitation - V4 Y7
27 T37 Signal - o v
28 T38 Excitation - v ¢
- 29 T38 Signal - J{/ J{;
30 T39 Excitation - 4 v
31 T39 Signal - v/ v
32 Spare (Grounded) V4 v
33 Spare (Grounded) v %
34 . Spare (Grounded) W /
35 | ___Spare (Grounded) .. | v W
36 Spare (Grounded) v j
37 Spare (Grounded) i/ v
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At PACE End (J21):

~ Pin | Function | PACE electrical check AID | EGSE ATP
1 LVHX1 Temp T01 Excitation + V4 F
2 LVHX1 Temp TO1 Signal + v ¥
3 LVHX1 Temp T02 Excitation + v %
4 LVHX1 Temp T02 Signal + V4
5 LVHX2 Temp T03 Excitation + v’ v
6 LVHX2 Temp T03 Signal + v/ v
7 LVHX2 Temp T04 Excitation + v Y4
8 LVHX2 Temp T04 Signal + v W
9 LVHX3 Temp T05 Excitation + v g _
10 LVHX3 Temp TO5 Signal + v ’
11 JT Temp T30 Excitation + V' Vv
12 LVHX3 Temp T06 Signal + v’ W
13 JT Temp T30 Signal + v v
14 JT Temp T07 Signal + v’ v’
15 LVHX3 Heater H31A Voltage v v
16 LVHX3 Heater H32A Voltage N v
17 JT Temp TO7 Excitation + v’ L
18 LVHX3 Temp T06 Signal + v v
19 Spare (Grounded) v v
20 LVHX1 Temp TO1 Excitation - Vv, ‘ v'
21 LVHX1 Temp T01 Signal - v v
22 LVHX1 Temp T02 Excitation - v~ v |
23 LVHX1 Temp T02 Signal - v v
24 LVHX2 Temp T03 Excitation - v V4
25 LVHX2 Temp T03 Signal - v )’
26 LVHX2 Temp T04 Excitation - v 5
27 LVHX2 Temp T04 Signai - v :§ /
28 LVHX3 Temp TO5 Excitation - v . A
29 LVHX3 Temp T05 Signal - v v
80 |  JT Temp T30 Excitation - v v
31 LVHX3 Temp T06 Signal - v :
32 JT Temp T30 Signal - v §
33 JT Temp T07 Signal - V4 v
34 LVHX3 Heater H31B Voltage e v
35 LVHX3 Heater H32B Voltage | A e
36 JT Temp T07 Excitation - v v
37 LVHX3 Temp T06 Signal - L v

Herschel/Planck Page 19




Planck Sorption Cooler SJRPL

Verification Plan Galfori e f Tochnology

At PACE End (J22)

- Pin | _ Function | PACE electrical check AID| EGSE ATP
1 LVHX3 Heater H31A v v
2 LVHX3 Heater H32A v v
3 F9 Heater H33A v 7
4 JT Heater H34A v K%<
5 Spare (Grounded) v %
6 LVHX3 Heater H31B v W
7 LVHX3 Heater H32B v 5/
8 F9 Heater H33B v v
9 JT Heater H34B v ]If/

10 Spare (Grounded) v 4
11 F9 Heater H36A Vv v
12 JT Heater H35A v v
13 F9 Heater H36B v v
14 JT Heater H35B v v~
15 Spare (Grounded) RVa Ve
16 Spare (Grounded) R4 4
17 Spare (Grounded) v v
18 Spare (Grounded) (Vs V.
19 _ Spare (Grounded) v v

20 Spare (Grounded) "4 v
21 Spare (Grounded) v 4 v

22 Spare (Grounded) % v v

23 Spare (Grounded) . v
24 Spare (Grounded) v v’
25 Spare (Grounded) v v
26 Spare (Grounded) R 4
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Test Objective

Verify that all TMU sensors are read correctly within their range

Procedure

Run Health Monitoring procedure specified in the flight software

Pass/Fail Criteria

All TMU sensors must be within their expected ranges

Start/End Date

05. 18, 2004] 05,18. Zn4

Name

G-MORCANTE - ). BoRDEDS - M, PRinia

Start/End Time | ]2 30 P u, 1758 P M )
Test Data File |5-i18-04 2.2_1.] HEmamommTag.gﬁgnature * %
_Designator | ‘ Location | Type | Expected Range | Reading
T1 LVHX1 Cernox L5 K-23251K 290,5 k
T2 LVHX1 (RED) Cemox | [2.5K~323K 290.4 K
T3 LVHX2 Cernox (F.5K-323K 290.2 K
T4 LVHX2 (RED) Cernox 3.5 K-52%K 290.2 K
T5 LVHX3 Cernox 2.5 K-323K 290.3 K
T6 LVHX3 (RED) Cernox F.5K-3%23K 290.2 K
T7 JT Cernox HLOK-2)5K | 299.7K
T30 JT Cernox 3. 5K=-223 K 7.89.8 K
T8 PC3c Cernox L4OK = 372 K. 290, 1 K
T9 PC3b Cernox LOK - 223K 290. 1K
T10 PC3a Cernox 40Kk -~ 323 K 290, 6 K
T11 PC2 Cernox YOK ~2322K 290, ¢k
T12 PC1 Cernox [%Ok -323 K 290, 6 K
T13 HPST1 PRT 253K - 373K 29,1k
T14 HPST4 PRT 253K~ 322K 292.5 K
T17 LPSB PRT 253K-%22k | 2470
T18 LPSB (RED) PRT 253k-323k | 29/, 9K
T15 CE1 Shell Temperature PRT 253K~ 222 ik 292.8 K
T16 CE2 Shell Temperature PRT 253K~ 3225 K 292,20 k
T26 CE3 Shell Temperature PRT 253K~ 323K 292.8 K
T27 CE4 Shell Temperature PRT 259K =3)AH Kk 292,5K
T28 CES5 Shell Temperature PRT 255K ~525Kk | 792, 6K
T29 CE6 Shell Temperature PRT 255w ~ %75k 292,6 K
T20 CE1 Temperature KTC 253k -223KkR | 7920k
T21 CE2 Temperature KTC 253Kk - B)3k 293.2 K
T22 CE3 Temperature KTC 253K ~225K 292,0 K
T23 CE4 Temperature KTC 205Kk ~FLK 292,9 K
T24 CE5 Temperature KTC 153 K~ 525 K 292.9 K
T25 CE6 Temperature KTC 1B3K ~ 272K 292.9 K
P1 CE1 Pressure P Sensor g8\ - 932 5ia ER SN
P2 CE2 Pressure P Sensor | ORIA -9 Bia 7,9 KA
P3 CE3 Pressure P Sensor | 54 ~972 235 1.2 PSia
P4 CE4 Pressure P Sensor | gP3a -912. 25 %, 0 £Sia
P5 CES5 Pressure P Sensor | gPSia - Q2251 1, 1 PSiA
“P6 " CE6 Pressure PSensor | @P%n - §12P1 Gl DSIA
P7 HPST Pressure P Sensor | @PSIA -~ 922004 8.2 £Sia
P8 LPSB Pressure PSensor | @By - 2550w | A2F Torv
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2.21.2 Verify “Control Functionality” of the flight electronics (or EGSE) and the TMU
Test Objective | Verify that FM Electronics or EGSE can correctly and safely operate the TMU
Procedure | Run Health Check procedure specified in the flight software
Pass/Fail Criteria | All TMU heaters generate proper action
Start/End Date | 5-18-04 [H-18§-04 Name | 7. BoRDERS G_MORGANTE
Start/End Time | [/ Z P | 4:24 Pm . —
Test Data File 5-1§-94 2.2.1.2 HEATHGECKIEST. Ptp Signature \)Jé GQNV\,

' Step Action Parameter |  Value
LPSB-1 Initial Pressure LPSB P 2072 Torr
LPSB-2 Initial LPSB Temperature T 290.7 K
LPSB-3 Sustain LPSB heater ON | Power (W): 5,92 At 66+ s
LPSB-4 Final Pressure LPSB P 208 Torr
LPSB-5 Final LPSB Temperature T 292 K
LPSB-6 Startup heater ON | Power (W): 38.% At 610 s
LPSB-7 Final Pressure LPSB P 260 Torr
LPSB-8 Final LPSB Temperature T 29%.] K
CE-141 Temperature CE1 T 792.0 K
CE-1-2 Pressure CE1 P 5 PSIA
CE-1-3 Pressure HPST P I7,4 PSIA
CE-1-4 Tum ON CE1 Heater Max Power | Power (W): 242.0 At 480 s
CE-1-5 Temperature CE1 T $90.0 K
CE-1-6 Pressure CE1 P 136,0 PSIA
CE-1-7 Pressure HPST P 125.0 PSIA
CE-1-8 Turn ON CE1 Heater Min Power | Power (W): 6.9 At 6%+ s
CE-1-9 Temperature CE1 T 285 K
CE-1-10 Pressure CE1 P 20,3 PSIA
CE-1-11 Pressure HPST P 120.7 PSIA
CE-1-12 Turn OFF CE heater, Turn ON GGA heater At 12, s
CE-1-13 Temperature CE1 T 7810 K
CE-1-14 Pressure CE1 P 5.2 PSIA
CE-1-15 Pressure HPST P 169.6 PSIA
CE-21 Temperature CE2 T 292.+ K
CE-2-2 Pressure CE2 P 3.6 PSIA
CE-2-3 Pressure HPST P 129.8 PSIA
CE-2-4 Turn ON CE2 Heater Max Power | Power (W): 244 At B4 s
CE-2-5 Temperature CE2 T 290.0 K
CE-2-6 Pressure CE2 P 164.9 PSIA
CE-2-7 Pressure HPST P 59,6 PSIA
CE-2-8 Turn ON CE2 Heater Min Power | Power (W): g ot At 66+ s

T CE-29 | ) Temperature CE2 o T 385,95 K
CE-2-10 Pressure CE2 P 159.0 PSIA
CE-2-11 Pressure HPST P [#3.1 PSIA
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CE-2-12 Turn OFF CE heater, Turn ON GGA heater At 667 s
CE-2-13 Temperature CE2 T 279.7 K
CE-2-14 Pressure CE2 P S50 PSIA
CE-2-15 Pressure HPST P 3.1 PSIA
CE-3-1 Temperature CE3 T 2903 K
CE-3-2 Pressure CE3 P 6.4 PSIA
CE-3-3 Pressure HPST P 159.2 PSIA
CE-3-4 Turn ON CE3 Heater Max Power | Power (W): 233 At 330 s
» CE3-5 Temperature CE3 T 32900 K
CE3-6 Pressure CE3 P 134.2. PSIA
CE3-7 Pressure HPST P 133, 2. PSIA
CE3-8 Turn ON CE3 Heater Min Power | Power (W): 6.8% At 66+ s
CE3-9 Temperature CE3 T 3%4.7 K
CE3-10 Pressure CE3 P [32.| PSIA
CE3-11 Pressure HPST P [31.3 PSIA
CE3-12 Turn OFF CE heater, Turn ON GGA heater At C6F ]
CE3-13 Temperature CE3 T 2+5.4 K
CE3-14 Pressure CE3 P 3,2 PSIA
CE3-15 Pressure HPST P 92,3 PSIA
CE-4-1 Temperature CE4 T 2816 K
CE-4-2 Pressure CE4 P b.¢ PSIA
CE-4-3 Pressure HPST P 31,2 PSIA
CE-4-4 Tum ON CE4 Heater Max Power | Power (W): 243 At 2548 s
CE-4-5 Temperature CE4 T 2900 K
CE-4-6 Pressure CE4 P 194.9 PSIA
CE-4-7 Pressure HPST P 194 .3 PSIA
CE-4-8 Turn ON CE4 Heater Min Power | Power (W): ¥.1 At 663 s
CE-4-9 Temperature CE4 T 3844 K
CE-4-10 Pressure CE4 P 192.2 PSIA
CE-4-11 Pressure HPST P 192.% PSIA
CE-4-12 Turn OFF CE heater, Turn ON GGA heater At €63 S
CE-4-13 Temperature CE4 T 2356.2 K
CE-4-14 Pressure CE4 P 3.0 PSIA
CE-4-15 Pressure HPST P 213.) PSIA
CE-5-1 Temperature CE5 T 2.98.2 K
CE-5-2 Pressure CE5 P 6.1 PSIA
CE-5-3 Pressure HPST P 192.9 PSIA
CE-5-4 Turn ON CE5 Heater Max Power | Power (W): 243 At %5 s
CE-5-5 Temperature CE5 T 700 K
CE-5-6 Pressure CE5 P 222,88 PSIA
CE-5-7 Pressure HPST P 218.0 PSIA
CE-5-8 Turn ON CE5 Heater Min Power | Power W): 6.92 | At | 66F s
CE-5-9 Temperature CE5 T 285.0 K
CE-5-10 Pressure CE5 P 26,6 PSIA
CE-5-11 Pressure HPST P Zl6.6 PSIA
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CE-5-12 Turn OFF CE heater, Turn ON GGA heater At £94 s
CE-5-13 Temperature CE5 T 2355 K
CE5-14 Pressure CE5 P 2,{ PSIA
CE5-15 Pressure HPST P 2433 PSIA
CE-6-1 Temperature CE6 T 2336 K
CE-6-2 Pressure CE6 P 5.1 PSIA
CE-6-3 Pressure HPST P 4.9 PSIA
CE-6-4 Turn ON CE6 Heater Max Power | Power (W): 245 At 395 s
CE-6-5 Temperature CE6 T 5700 K
CE-6-6 Pressure CE6 P 249.5 PSIA
CE-6-7 Pressure HPST P 245.2 PSIA
CE-6-8 Turn ON CE6 Heater Min Power | Power (W):&.Sﬂ At [7 ¥} s
CE-6-9 Temperature CE6 T %85.3 K
CE-6-10 Pressure CE6 P 241.8 PSIA
CE-6-11 Pressure HPST P 242..4 PSIA
CE-6-12 Turn OFF CE heater, Turn ON GGA heater At €63 s
CE-6-13 Temperature CES T 236.1 K
CE-6-14 Pressure CE6 P 2.6 PSIA
CE-6-15 Pressure HPST P 231.6 PSIA
 CE-11 Temperature CE1 T 284.3 K
CE-1-2 Pressure CE1 P 4.4 PSIA
CE-1-3 Pressure HPST P 242.9 PSIA
CE-1-4 Turn ON CE1 Heater Max Power | Power (W): 2%% At 323 s
CE-1-5 Temperature CE1 T 392.0 K
CE-1-6 . Pressure CE1 P 139.9 _PSIA
CE1-7 Pressure HPST P 240.8 PSIA
CE-1-8 Turn ON CE1 Heater Min Power | <~Pow‘er;(W):;6‘JT L At (7% S
CE-1-9 Temperature CE1 T 210.4 K
CE-1-10 Pressure CE1 P 1#+2.4 PSIA
CE-1-11 Pressure HPST P 226.1 PSIA
CE-112 Turn OFF CE heater, Turn ON GGA heater At 661 S
CE-1-13 Temperature CE1 T 2#.5 K
CE-1-14 Pressure CE1 P 53 PSIA
CE-1-15 Pressure HPST P 22),4 PSIA

NOTE: Do not perform Heaith-Check Procedure on PACE when PACE is warm
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11 ANNEX

11.1 Health Procedure

JPL

Jet Propulsion Laboratory
California institute of Technology i IN TEROFF ICE MEMORANDUM

DATE: 2/10/2002

HEALTHCHECK PROCEDURE
OBJECTIVE
The purpose of this document is to provide the procedure needed to check the status of the Planck
Sorption Cooler System both in flight and on the ground. The check consist in verifying that all the
heater circuits (CE, LPSB, JT etc ) are functioning properly (current goes through the heater circuit
and, if possible, the respective temperature or pressure is changed as expected). The health check
procedure will perform all the verifications on the heating circuit but will not make any system decision
on its results. The ground operator, comparing those data with previous run and with proper parameter
ranges will decide on the status of the system and decide on how to operate the cooler.

THE PROCEDURE

The health status of the Planck Sorption Cooler System combines two previous procedures, the
ground and the flight health check) to simplify the software structure. When the system enters into
Ready Mode, the health monitoring process is automatically performed (see Fig.1): it consists in the
readout of all the system sensors (T and P), checking that all the values result are within the limits
relative to the coolers present condition (i.e. first start or re-start).

READY MODE

CMD = xR RUN WIDE |

LMD =Xt SHUTDDWMN

Fig.1

Once the health monitoring process has confirmed the functionality of the system sensors, the health
check procedure can be started by command. If one or more sensors fails the monitoring test they, will
be excluded from the health check procedure: a flag will be raised and a message generated to
communicate the failure in order to establish the appropriate actions. During the whole health check
procedure the cooler safety limits needs to be continuously monitored in order to ensure the safety of
the system.

The healthcheck will test the Compressor Assembly.and_the Cold. End status.-by-performing-the

actions described in the following list (to be performed in sequence). The limits indicated in the
processes are summarized in a dedicated uplink table (see Tab.1): its values might be changed
depending on whether the cooler is on the ground or in flight.
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Compressor Assembly

All sensors OK from health monitoring process? If NOT exclude the subsystem from healthcheck
and inform operator.

LPSB
a. Read initial low pressure sensor (LPyy;); Sustain heater ON (Max Power) until low
pressure greater than LP;y+AP_» Low P OR time heater ON>time;n; heater OFF

b. Startup heater ON until T; OR Ty greater than T,p. it OR time heater ON> timeimt;
heater OFF

Compressor Elements
c. All CE Heaters OFF, all GGA OFF

d. CE#1 heaters ON (max power(CE)) until temperature of the bed>Tgep..mr OR
pressure of the bed>Pgep. mr OR time heater ON>time; heater OFF

e. CE#1 heater ON (min power, only on variable heater circuit) until time heater
ON>timey,; heater OFF

f.  CE#1 gas gap heater ON until time heater ON>time;,;; heater OFF
g- Repeat step a,b,c,d for each CE (2,3,4,5,6, and again 1)

Cold End

Read initial JT temperature sensor Tyisa and Tagnia ; turn JT heater H34 ON UNTIL
T7>T7initial+ATCOLD OR T30initial +ATCOLD OR time heater ON>time.im".co|d, H34 heater OFF

Read initial JT temperature sensor T7piia and Tagnuar ; turn JT heater H35 ON UNTIL
T7>T7initial+ATCOLD OR Taoinitial +ATcop OR time heater ON>time,imit.¢°.d, H35 heater OFF

PF heater H33 ON: time heater ON>timeymi.coq, H33 heater OFF
PF heater H36 ON: time heater ON>timemicoq, H36 heater OFF

Read initial LR3 temperature sensor T and Teinisa ; turn LR3 heater H1 ON UNTIL
T5>T5initiaI+ATCOLD OR Teinitiat +ATcowp OR time heater ON>time.imim.d, H1 heater OFF

Read initial LR3 temperature sensor Tsina and Teiniar ; turn LR3 heater H2 ON UNTIL
T5>T5initia1+ATCOLD OR T6initial +ATCOLD OR time heater ON>time|imnm|d, H2 heater OFF
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Healthcheck Limits

The limits to be used for all the above-listed processes are summarized in the following table:

Sensor or parameter Value Range
AP p 50 Torr 10-800 Torr
timeymit 667 s 100-1000 s
Tep-umr Skl 45K 290-323K
max power(CE) 220w See TMU spec.
Min power (CE) ~7 ?LQ w 0-30 W
Teeo-Limir 390 K 310-450 K
Pgeo-umir 750 psia 0-750 psia
ATcop 05K 0.1-2K
timemit-cola 2s 0-667 s
Tab.1
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2.2.2 PROTOFLIGHT OPERATIONAL/NON OPERATIONAL VERIFICATION

2.2.21

Cold Dwell, NON-OP

Test Objective

Verify that Compressor can survive Proto-Flight cold conditions of the I/F’s
(warm radiator at 243 K)fov 24 Whvs

. Procedure

Run Health Monitoring procedure recording T readings Fo( 24 L\,,/s,

Pass/Fail Criteria

Sensors readings must comply with expected values

StarttEndDate | 5-5-04| S -4 -0y Name | (1 _MoRGASTE
Start/End Time 15 T 20 W a.

Test Data File [5-2-047.2. 1] GAD el Aon Op. g O tUIC (@N\/"\B@
Designator Location Type Expected Range Reading |
T13 HPST1 PRT K248 < b K
T14 HPST4 PRT <22k 140.5 K
T17 LPSB PRT <23k 139,35 R
T18 LPSB (Redundant) PRT < 23K .4
T15 CE1 Shell Temperature PRT € 243K 236.1 K
T16 CE2 Shell Temperature PRT £ 243K 235.0 K
T26 CE3 Shell Temperature PRT < 24Zk 234. 8K
T27 CE4 Shell Temperature PRT 243K 234 .6 K
T28 CES5 Shell Temperature PRT SZL;,%K 234,, 7K
T29 CES6 Shell Temperature PRT LUBK 234.9 K
T20 CE1 Temperature KTC SUIKR 226,2. K
T21 CE2 Temperature KTC L2U5K 226.i K

T22 CE3 Temperature KTC L 23K 2359 K -

T23 CE4 Temperature KTC < 24AKk 23551 k

T24 CE5 Temperature KTC S243K 235, 9K

T25 CE6 Temperature KTC S243K 436. 1 K
'NO%Q- _ ? (o5 § il SoNsars W ave )’mf N ecl C"&b
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2222 Two Start up Sequences at Minimum I/F’s Temperature Conditions

< Verify that the TMU can startup in the coldest environment (warm radiator at
, Test Objective 252 K and PC3c at 40 K) provided by the S/C
Procedure | Run twice the Start-up procedure specified in the flight software
Pass/Fail Criteria | Pressure in HPST after 3 cycles"must be above 10atm /|2 ng:\
Start/End Date | 5/, /04| L)1) o0& Name| PURT ZHAVUG
Start/End Time | 7 oo fit] Broco AM| e W
Test Data File [0-/-04 3232 o Signature
Stouxct wp entes ot wiin twrterene T, P a _—
~ TMU NORMAL OPERATIONS PARAMETERS |  VALUE | UNITS
CE1 Heatup Power [ 48 W
CE1 Desorption Power /3D W
CE1 GGA Advance Decoupling 3719, S
CE1 GGA Cooldown Delay I®) s
CE2 Heatup Power ‘ /45 W
CE2 Desorption Power /130 W
CE2 GGA Advance Decoupling bo )
CE2 GGA Cooldown Delay o S
CE3 Heatup Power [ 4.8 W
CE3 Desorption Power 1 0 W
CE3 GGA Advance Decoupling D s
CE3 GGA Cooldown Delay O s
CE4 Heatup Power | 4S$ W
CE4 Desorption Power | IO W
CE4 GGA Advance Decoupling OO s
CE4 GGA Cooldown Delay O S
CE5 Heatup Power [ 45 W
CE5 Desorption Power RY2 W
CE5 GGA Advance Decoupling DD s
CE5 GGA Cooldown Delay s
CE6 Heatup Power [4S W
CE6 Desorption Power [0 W
CE6 GGA Advance Decoupling Yo s
CE8 GGA Cooldown Delay o s
Cycle Time Vaxt1edy (e s
LPSB Sustain Power .00 | -
GGA Power (average total) : o7, K W
Average TSA power 0 W
FACILITY I/F’s (all measured on TMU thermometers)
PC3a Temperature 1 4. & K
PC3b Temperature =5 .0 K
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\
PC3c Temperature I K
PC2 Temperature 75 4 K
PC1 Temperature 54. & K

FACILITY INTERFACES

SCC radiator (measured at the inlet plenum, for indication only) RAS [RL3, T K

Run - HPST Pressure at the end of 3 cycles (atm) Requirement (atm)
1% 2. ¢ 10.0
2" (A& 10.0
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Plan

JP0U

Jet Propulsion Laboratory
California Institute of Technology

2.2.2.3 Full Start up at Minimum I/F’s Temperature Conditions

Test Objective

Verify that the TMU can produce LH, in the coldest environment provided by

the S/C (warm radiator at 252 K, PC3c at 40 K)

Procedure

Run Start-up procedure specified in the flight software

Pass/Fail Criteria

Produce LH,, temperature of LVHX1 lower than 19.0 K

Start/End Date

/1[04 |b/i19/ocL

Name

BuRT Z+ALG

Start/End Time

Tseo AM | Groo A

Test Data File

A8t Q2.2 3 Fuli

Signature

Sttt Wy ot M TF.PXP

TMU NORMAL OPERATIONS PARAMETERS VALUE UNITS

CE1 Heatup Power (377 W

CE1 Desorption Power IRD W
CE1 GGA Advance Decoupling Lo s
CE1 GGA Cooldown Delay (@) s
CE2 Heatup Power /37 W

CE2 Desorption Power /2D W
CE2 GGA Advance Decoupling = s
CE2 GGA Cooldown Delay . (&) S
CE3 Heatup Power /377 w

CE3 Desorption Power /3 ° W
CE3 GGA Advance Decoupling pe s
CE3 GGA Cooldown Delay O s
CE4 Heatup Power /37 W

CE4 Desorption Power /SO W
CE4 GGA Advance Decoupling bo s
CE4 GGA Cooldown Delay O s
CES5 Heatup Power /37 W

CES5 Desorption Power [S D W
CES GGA Advance Decoupling o s
CES5 GGA Cooldown Delay O s
CE6 Heatup Power /27 W

CE6 Desorption Power /30 W
CE6 GGA Advance Decoupling bo s
CE6 GGA Cooldown Delay o S
Cycle Time QA0 s

LPSB Sustain Power (v} S
GGA Power (average total) 7.8 W
Average TSA power o W

FACILITY I/F’s (all measured on TMU thermometers)

PC3a Temperature 722, 3 K
PC3b Temperature S 0S5 K

Herschel/Planck
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\
\ PC3c Temperature 3.9 K
PC2 Temperature 73. 84 K
PC1 Temperature g4 .93 K
FACILITY INTER’FACES
LVHX1 load [ W
LVHX2 load ' 0 w
LFI - I/F Temperature (average, for indication only) ) (&, 87 K
HFI — I/F Temperature (average, for indication only) [l S K
SCC radiator (measured at the inlet plenum, for indication only) 2¢ , 4 K
LVHX1 Temperature (K) Requirement (K)
/&.38 ' . - <19.0
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Ve rifi Cat i O n P l a n California Institute of Technology

2.22.4 Minimum Temperature Proto-Flight Operational Conditions

Test Objective

Verify that the TMU can operate in the coldest proto-flight conditions (warm
radiator at 252 K and PC3c at 40 K) of the I/F’s

Procedure

Run TMU in Normal Operation for 24 hours

Pass/Fail Criteria

Stable conditions (TMU continuously in Normal Operation) after 24 h

Start/End Date

>-6-07 7. > 0 Name [ James Rs, Aers

Start/End Time

Test Data File

9:30 A [/.0‘0 Am Signature W
- 704 2-2-2.9 Mu T

Prote-Flicht Op. pxp .

- TMU NORMAL OPERATIONS PARAMETERS | VALUE [ UNITS

CE1 Heatup Power /l15 W

CE1 Desorption Power 132 W
CE1 GGA Advance Decoupling 60 S
CE1 GGA Cooldown Delay O s

CE2 Heatup Power /S W

CE2 Desorption Power /30 W
CE2 GGA Advance Decoupling 6O s
CE2 GGA Cooldown Delay o s
CE3 Heatup Power /]S W

CE3 Desorption Power 132 W
CE3 GGA Advance Decoupling 6 s
CE3 GGA Cooldown Delay o s
CE4 Heatup Power /S W

CE4 Desorption Power 130 W
CE4 GGA Advance Decoupling . 40 s
CE4 GGA Cooldown Delay o s
CES5 Heatup Power 75 w

CE5 Desorption Power ' 130 w
CE5 GGA Advance Decoupling £d s
CE5 GGA Cooldown Delay o s
CE6 Heatup Power /!5 W

CES6 Desorption Power 130 W
CE6 GGA Advance Decoupling 6o S
CEB GGA Cooldown Delay o S
Cycle Time ’ Y0 s

LPSB Sustain Power /47 1%
GGA Power (average total) 7.4 W
Average TSA power o W
FACILITY I/F’s (all measured on TMU thermometers)

PC3a Temperature 7585 K
PC3b Temperature 78.39 K
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Verification Plan Caorta e o Toomckogy
PC3c Temperature 3797 K
PC2 Temperature 7517 K
PC1 Temperature /48.25 K
FACILITY INTERFACES
LVHX1 load 2.195 W
LVHX2 load 2.3]! w
HFI — I/F Temperature (average, for indication only) )6.89 K
LFI = I/F Temperature (average, for indication only) /%.2.9 K
HF1 — I/F AT (peak-to peak, for indication only) 0850 K
LFI — I/F AT (peak-to peak, for indication only) N675 K
SCC radiator (measured at the inlet plenum, for indication only) 2595 K
TMU continuously in Normal Operation for 24 hrs. \YE/S/ NO
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Two Start up Sequences in Maximum I/F’s Temperature Conditions

Test Objective

Verify that TMU can startup in the warmest environment (warm radiator at 292
K, PC3c 65 K) provided by the S/C ‘

Procedure

Run twice the Start-up procedure specified in the flight software

Pass/Fail Criteria

Pressure in HPST after 3 cycles must be above 10 atm

Sullt A IG

StarttEnd Date | L2 /04| L/iri /o4 Name
Start/End Time | X co Ak| D100 P o %f\(
Test Data File | (o |-0f o .o 2 5] Somature | Lai~
{wo Stattup fin MAC TE T Conditlons
TMU NORMAL OPERATIONS PARAMETERS VALUE UNITS
CE1 Heatup Power [ /S W
CE1 Desorption Power /RO W
CE1 GGA Advance Decoupling o S
CE1 GGA Cooldown Delay o s
CE2 Heatup Power / /S W
CE2 Desorption Power /3 O W
CE2 GGA Advance Decoupling O S
CE2 GGA Cooldown Delay O S
CE3 Heatup Power L /S w
CE3 Desorption Power /3O W
CE3 GGA Advance Decoupling o S
CE3 GGA Cooldown Delay o s
CE4 Heatup Power / /S W
CE4 Desorption Power /3O W
CE4 GGA Advance Decoupling o S
CE4 GGA Cooldown Delay % S
CES5 Heatup Power / /S w
CES5 Desorption Power /3 O w
CE5 GGA Advance Decoupling o s
CES5 GGA Cooldown Delay O S
CE6 Heatup Power /7S w
CEB6 Desorption Power /3 0 w
CE6 GGA Advance Decoupling 0 S
CE6 GGA Cooidown Deiay D) s
Cycle Time Uaxtohle s
LPSB Sustain Power 0.483 W
GGA Power (average total) KXV. &8 W
Average TSA power /») W
FACILITY I/F’s (all measured on TMU thermometers)_
PC3a Temperature 7= AL K
PC3b Temperature 23, & 7 K
Herschel/Planck Page 32




Planck Sorption Cooler SJPL

" Jet Propulsion Laboratory

y ' Ver ification P Ian California Institute of Technology
\
PC3c Temperature ' T 0O, £ K
PC2 Temperature 2.5 7D K
PC1 Temperature [ &F. / K
FACILITY INTERFACES
SCC radiator (measured at the inlet plenum, for indication only) A K
Run HPST Pressure at the end of 3 cycles (atm) Requirement (atm)
st .
1 [ 5. | 10.0
2" A 10.0
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2.2.2.6 Full Start up in Maximum I/F’s Temperature Conditions

o Verify that the TMU can produce LH, when started in the warmest I/F’s flight
Test Objective | . ditions (warm radiator at 292 K and PC3c at 65 K)

Procedure | Run Start-up procedure specified in the flight software

Pass/Fail Criteria | Produce LH,, temperature of LVHX1 lower than 19.0 K

Start/End Date | +. 7. 04 1. 1.04 Name Bort -
Start/End Time | |45 [320 _ Zh o
Test Data File |7-7-0& >_> _3 _/, Signature

Tull Shuton o Moy TE T Concdtlons .DXP

TMU NORMAL OPERATIONS PARAMETERS VALUE UNITS
CE1 Heatup Power 160.0 W
CE1 Desorption Power 185.0 W
CE1 GGA Advance Decoupling 0 S
CE1 GGA Cooldown Delay 0 s
CE2 Heatup Power [60.0 W
CE2 Desorption Power [§5.0 W
CE2 GGA Advance Decoupling 0 s
CE2 GGA Cooldown Delay 0 S
CE3 Heatup Power [£o0.0 W
CE3 Desorption Power 1£5.0 W
CE3 GGA Advance Decoupling ' . © S
CE3 GGA Cooldown Delay 0 S
CE4 Heatup Power (600 W
CE4 Desorption Power (¥5.0 W
CE4 GGA Advance Decoupling 0 s
CE4 GGA Cooldown Delay o S
CE5 Heatup Power [60.0 W
CES5 Desorption Power ‘ [¥5.0 W
CE5 GGA Advance Decoupling 0 S
CE5 GGA Cooldown Delay O S
CE6 Heatup Power [60.0 W
CE6 Desorption Power 146. 0 W
CE6 GGA Advance Decoupling © s
CE6 GGA Cooldown Delay O S
Cycle Time d, A, S
LPSB Sustain Power - AN, A, s
GGA Power (average total) ‘ 27.77 W
Average TSA power 0.0 W

FACILITY I/F’s (all measured on TMU thermometers)

PC3a Temperature 76.3% K
PC3b Temperature 7683 K
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PC3c Temperature L4 .49 K
PC2 Temperature 7845/ K
PC1 Temperature A48, K
FACILITY INTERFACES
LVHX1 load 0.0 W
LVHX2 load 0.0 W
LFI — I/F Temperature (average, for indication only) = DI K
HF1 — I/F Temperature (average, for indication only) (279 K
SCC radiator (measured at the inlet plenum, for indication only) i K
LVHX1 Temperature (K) o Requirement‘ (K) k

{ Cioz <25.0
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Jet Propulsion Laboratory

Maximum Temperature Proto-Flight Operational Conditions

California Institute of Technology

Test Objective

Verify that the TMU can operate in the warmest proto-flight conditions (warm
radiator at 292 K and PC3c at 65 K) of the I/F’s

Procedure

Run TMU in Normal Operation for 24 hours

Pass/Fail Criteria

Stable conditions (TMU continuously in Normal Operation) after 24 h

Start/End Date

blz/o4 [Gf23/0q

Name | BuprT Znduls 9 TAme< Ruad

EIZEN

'

Start/End Time | /2 :00PM [/00c P

Test Data File |- — o4 Q2_d._ a7

SignatureW

Mox T Protvo —Elisdt OP. Px

TMU NORMAL OPERATIONS PARAMETERS VALUE UNITS
CE1 Heatup Power /[ IS5 W
CE1 Desorption Power i3 w
CE1 GGA Advance Decoupling 6o S
CE1 GGA Cooldown Delay O S
CE2 Heatup Power | /S W
CE2 Desorption Power 1RO W
CE2 GGA Advance Decoupling boe s
CE2 GGA Cooldown Delay o S
CE3 Heatup Power 1S W
CE3 Desorption Power Y= W
CE3 GGA Advance Decoupling oo s
CE3 GGA Cooldown Delay @] S
CE4 Heatup Power [ 15 W
CE4 Desorption Power /30 w
CE4 GGA Advance Decoupling b o S
CE4 GGA Cooldown Delay O S
CES Heatup Power [ /5 w
CES5 Desorption Power /30 W
CES5 GGA Advance Decoupling Lo s
CES5 GGA Cooldown Delay O S
CE®6 Heatup Power (/S5 W
CE6 Desorption Power (36 w
CE6 GGA Advance Decoupling po s
CE6 GGA Cooldown Delay 2 s
Cycle Time G s
LPSB Sustain Power 0. 74 W
GGA Power (average total) 273 w
Average TSA power ooLs w
FACILITY I/F’s (all measured on TMU thermometers)
PC3a Temperature 74, 70 K
PC3b Temperature O 2R K
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Ve rifi Cat i O n P l a n California Institute of Technology
PC3c Temperature bbb RG K
PC2 Temperature O 47 K
PC1 Temperature [ Do K
FACILITY INTERFACES IS
LVHX1 load = w
LVHX2 load O W
LFI — I/F Temperature (average, for indication only) 20O, /G K
HF1 — I/F Temperature (average, for indication only) / G, &3 K
SCC radiator (measured at the inlet plenum, for indication only) 22 K
TMU continuously in Normal Operation for 24 hrs. Y:E; NO
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3 FM1/FM2 TMU Performance Verification

3.1 TMU FM1/TMU FM2: Performance Verification Approach

- The TMU is run to meet all its performances in terms of cooling power, LVHX’s temperature, temperature

fluctuations and input power while optimizing them based on the thermal interfaces provided by the
spacecraft. It is recognized that it is not convenient (a) in terms of cooler lifetime and (b) whole
spacecraft performances to run the TMU at full input power and to evaporate excess liquid hydrogen at -
LVHX2. The mission operations of the TMU are based on providing enough cooling (by measuring the
excess cooling power) with the minimum power required. The minimal amount of excess cooling power
depends on the specific performance of the TSA and will be determined in agreement with the
instruments. The initial estimate of the minimal excess cooling is 150 mW (ref. LFI ECR 102829).
Considering the exposed operation rationale, the cooling power provided by the TMU is kept fixed by
adjusting the power profile of the TMU. The test to verify the performance of the TMU is performed using
the same operational procedures intended for the mission operations and will be validated extensively on
the TMU FM1 and verified on the TMU FM2.

3.2 TMU FM1/TMU FM2: Performance Test Matrix

» Performed SCC Radiator T
Required by Description [K]

TMU-PER-01 | TMU SP[?? (p-12) Min LVHX’s T

TMU-PER-02 | TMU sp[?? (p-12) Max LVHX's T

DER. TMU spec (p.17) | Min TMU Input Power
TMU-PER-03 [1] (HP/ DP, LPSB Power)

DER. TMU spec (p.17) | Max TMU Input Power
TMU-PER-04 [1] (HP/ DP, LPSB Power)

! TMU-PER-05 | TMU ey (P13) | eat Lift Adaptability

TMU spec (p.12) Nominal Operational
] point

TMU spec Min TSA Setpoint
[1] (goal)

| TMU-PER-06

TMU-PER-07

NOTES

a) the cooling power is constantly measured by the TSA during ground test. The temperature fluctuations of the LVHX1
and at the-TSA will-be measured-in-all the cases specified in the pefformance matrix,” ' '

b) the transition between different thermal interfaces (SCC radiator temperature and PC3c temperature) will be
accommodated in the TMU operations following the TMU operating procedure that will be used mission operations and
that will be part of the TMU operating manual.
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3.3 FM1/FM2 TM: tests descriptions

3.3.1 Performance Characterization Test Description

3.3.1.1 Run startup seguence

Verify that the TMU can cool down the LVHX’s and transition to Normal
Operations

Run Start-up procedure then transition into Normal Operation as specified in the
flight software

Test Objective

Procedure

Pass/Fail Criteria | Automatic transition into Normal Operation State

Start/End Date | 5 /24 /04| s/2s7/0d& Name = et 2 uAAIG

StartEnd Time | $ oo Am | (2 00 AM Signature q ‘5%"”‘?

Test Data File [S<fcf 3.3 i |
R %Mﬂ-u,r Seiaeme,, pPxp

Time needed (hrs.)

14
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3.31.1 Run startup sequence

NOTES
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Verification Plan

Planck Sorption Cooler

JPLU

Jet Propulsion Laboratory
California Institute of Technology

3.3.1.2 Maximum LVHX’s Temperature with warm radiator @ 282 K, PC3c @ 60 K

Test Objective | Measurement of Max LVHX's Temperature

Procedure

Run Normal Operation as specified in the flight software

Pass/Fail Criteria

TMU performance must be within specifications in terms of input power, cooling
power, LVHX's temperature and temperature fluctuations

Start/End Date | 57/.2 9Doofl £/, /2 ood] Name | 5. ZHAVG D . Mol
Start/End Time /,,1 1O /4/\4 9 202 A | a.
Test Data File | ‘Eroatars Signature W?/% M
$=29-0& 3_3 I_x MAX Ly Ty PXP d

-~ TMU NORMAL OPERATIONS PARA

CE1 Heatup Power W

CE1 Desorption Power ! 85 W
CE1 GGA Advance Decoupling RO - S
CE1 GGA Cooldown Delay (@) S

CE2 Heatup Power [ 7 O w

CE2 Desorption Power /85 w
CE2 GGA Advance Decoupling KO S
CE2 GGA Cooldown Delay O S
CE3 Heatup Power {70 W

CE3 Desorption Power /! 85 W
CE3 GGA Advance Decoupling A0 S
CE3 GGA Cooldown Delay O S
CE4 Heatup Power [ 70 W

CE4 Desorption Power /[ 85 W
CE4 GGA Advance Decoupling RO S
CE4 GGA Cooldown Delay O S
CES Heatup Power [ 70 w

CES5 Desorption Power / E4S W
CE5 GGA Advance Decoupling R0 S
CES GGA Cooldown Delay 0 s
CEG6 Heatup Power ! 70 W

CE6 Desorption Power /85 W
CE6 GGA Advance Decoupling K0 S
CE6 GGA Cooldown Delay 0 S
Cycle Time LHET s

LPSB Sustain Power /.8 - W
GGA Power (average total) R6. G5 W
Average TSA power O (47 W
Pressure Transducers Power Supply (constant) 3,78 6-8 W

FACILITY I/F’s (all measured on TMU thermometers)

PC3a Temperature 44.5 K
PC3b Temperature Lle, 5 K

1erschel/Planck
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PC3c¢ Temperature co. 05 K
PC2 Temperature 44 . 45 K
PC1 Temperature (7. L K

FACILITY INTERFACES

LVHX1 load O, (4 '

LVHX2 load 0. 754 W

LFI — I/F Temperature (average, for indication only) -y K

HFI - I/F Temperature (average, for indication only) 2/, 70 K

SCC radiator (measured at the inlet plenum, for indication only) 28 7 K
LVHX1 T (K) _ !/ 8.6 <19.02 K
LVHX2 T (K) 1[G © <22.50 K
LVHX1 AT ' (K) 38/ < 450 mK
LVHX2 AT 2 (K) /S <100 mK
TSA Power * (W) (47 <150 mW
Cooling Power * (W) [, (/5 > 836 mW

Input Power * (W) 3953 3l <426 W

Notes:

! Peak-to-Peak, when compressor radiator performs according to the TMU spec
2 Peak-to-Peak, measured @ TSA Stage

% When Instruments load is ON (646 mW for LFI + 190 mW for HFI) the TSA
average Power indicates the extra heat lift available

“ Total Cooling Power = LVHX Loads+TSA Average Power

% Input Power = HU Power + DE Power + GGA's Power + LPSB Sustain + TSA
Power + P Sensors Supply
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3.3.1.2 Maximum LVHX’s Temperature with warm radiator @ 282 K, PC3c @ 60 K
NOTES

* A\/P/foa\o Worictus P iy Jo2 Dida
( ]

*
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Ve r i fi Cati O n P I a n California Institute of Technology

3.3.1.3 Minimum TSA Setpoint (goal is 21.8 K) with 60 K PC3c

Test Objective

Verify the minimum setpoint at which the TSA can be run

Procedure

Lower TSA setpoint until the control is not able to keep the temperature
fluctuations within 100 mK

Pass/Fail Criteria

TSA setpoint should be at 21.8 K while T fluctuations remain below 100 mK_ If
not, record minimum TSA setpoint that keeps AT < 100 mK

StartEnd Date Name
Start/End Time Siagnature
Test Data File g
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3.3.1.3 Minimum TSA Setpoint (goal is 21.8 K) with 60 K PC3c

NOTES
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h
3.3.1.4 Maximum TMU input power: 262 K warm radiator, 60 K PC3c

Test Objective | Measurement of Max TMU Input Power

Procedure | Run Normal Operation as specified in the flight software
i1 Criteria | TMU performance must be within specifications in terms of input power, cooling
Pass/Fail Criteria power, LVHX's temperature and temperature fluctuations

StartEnd Date | 5Q0o/ 04 | Bbb6/0o4 Name | RulT ZHAMI

Test Data File [Ba0-c43_3_i_4 fax Tvg| o ONatUTe M%,”B/

INpuT Powel TasT. PP

___TMU NORMAL OPERATIONS PARAMETERS | VALUE | 5
CE1 Heatup Power (1871 W
CE1 Desorption Power | 85 W
CE1 GGA Advance Decoupling )/23% S
CE1 GGA Cooldown Delay O S
CE2 Heatup Power /877 W
CE2 Desorption Power ! B9 W
CE2 GGA Advance Decoupling OO S
CE2 GGA Cooldown Delay OO S
CE3 Heatup Power /A7 w
CE3 Desorption Power [ BD W
CE3 GGA Advance Decoupling O O s
CE3 GGA Cooldown Delay J OO s
CE4 Heatup Power /BT W
CE4 Desorption Power ; BY W
CE4 GGA Advance Decoupling ho s
CE4 GGA Cooldown Delay (&) S
CES5 Heatup Power /37 W
CES5 Desorption Power / BRA W
CES5 GGA Advance Decoupling ) s
CES5 GGA Cooldown Delay / DO S
CE6 Heatup Power /B7 W
CE6 Desorption Power / PO W
CE6 GGA Advance Decoupling 2% s
CEB GGA Cooidown Delay /OO S
Cycle Time bbb 7 s
LPSB Sustain Power /., 93 W
GGA Power (average total) X2, QAT W
Average TSA power 0./49P W
Pressure Transducers Power Supply (constant) I 0L w
N FACILITY I/F’s (all measured on TMU thermometers)
PC3a Temperature 4] LS K
PC3b Temperature 27,5
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PC3c Temperature O/ K
PC2 Temperature S/ &/ K
PC1 Temperature / 73 & K
FACILITY INTERFACES
LVHX1 load OO0/ W
LVHX2 load .7 W
LFl — I/F Temperature (average, for indication only) [ 9 2S5 K
HFI — I/F Temperature (average, for indication only) [ 7 K
SCC radiator (measured at the inlet plenum, for indication only) XSG, b K
o — Measured Value | :Reqwre*tefm.ﬁ
LVHX1 T (K) /7.3 <19.02 K
LVHX2 T (K) /.34 <22.50 K
LVHX1 AT ' (K) 42 <450 mK
LVHX2 AT 2 (K) -3 <100 mK
TSA Power * (W) | 49 <150 mwW
Cooling Power * (W) [, 0/3 > 836 mW
Input Power ° (W) 48 <426 W
Notes: ' Peak-to-Peak, when compressor radiator performs according to the TMU spec

? Peak-to-Peak, measured @ TSA Stage

® When Instruments load is ON (646 mW for LF1 + 190 mW for HFI) the TSA
average Power indicates the extra heat lift available

“ Total Cooling Power = LVHX Loads+TSA Average Power

s Input Power = HU Power + DE Power + GGA's Power + LPSB Sustain + TSA
Power + P Sensors Supply
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3.3.1.4 Maximum TMU input power: 262 K warm radiator, 60 K PC3c

NOTES

¥ T2rpesockone DML A TOL — T/ )Ln W@»wa(erg

Pc3c\ 3, 30_omd Qe , Po| wert pad 4R oty bedoa 7008t
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g
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Ve r i fi Cati O n P I a n Callifornia Institute of Technology

3.3.1.5 Heat adaptability test (262 K warm radiator, 60 K PC3c)

Test Objective

Verify that TMU remains in stable conditions when Instruments are switched
OFF/ON

Procedure

Run Normal Operation as specified in the flight software, switch Instrument
loads OFF then ON again

Pass/Fail Criteria

The sum of the Instrument loads and TSA power (i.e. the total cooling power)
must remain constant within +30 mW after switching OFF/ON Instruments

Start/End Date Name
Start/End Time .
Test Data File Signature

LVHX2

Load (W) TSA (W) | Total' (W)

Notes: *the cooler total cooling power is given by the sum of the Instrument loads on the LVHX’s and the average TSA power
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3.3.1.5 Heat adaptability test (262 K warm radiator, 60 K PC3c)

NOTES
0\10\(0\/} \/DroQ \\4\(_)\& ?gzvux s o pgrmi\‘(;‘—
Toam levals L €L~ 300 .W WEL -. 10mW
\'Q e m j REYQ g, '\Hew’\ P AN ‘\—b\ melsr‘&\.

SO W , 200 WA W L‘\L—FI) )'\61)
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3.3.1.6

Minimum LVHX temperature: 262 K warm radiator, 45 K PC3c

Test Objective

Measurement of Min LVHX's Temperature

Procedure

Run Normal Operation as specified in the flight software

Pass/Fail Criteria

TMU performance must be within specifications in terms of input power, cooling
power, LVHX's temperature and temperature fluctuations

StartEndDate | (/4 /o4 6/7/ o4 Name | B Zwa006 D M Pric A
Start/End Time | (00 Py | Gro D AM] M
Test Data File |5-7-04.2 3 _ [ VTN Signature M . W%

- CEV1 Heatup PoWer o

LVHY T%PIZQATM ?:%57' >

CE1 Desorption Power

CE1 GGA Advance Decoupling

CE1 GGA Cooldown Delay

CE2 Heatup Power

CE2 Desorption Power

CE2 GGA Advance Decoupling

CE2 GGA Cooldown Delay

CE3 Heatup Power

CE3 Desorption Power

CE3 GGA Advance Decoupling

CE3 GGA Cooldown Delay

CE4 Heatup Power

CE4 Desorption Power

CE4 GGA Advance Decoupling

ZIERIEe (0|0 |E|E| |0 (2|0 [0 |Z[S]0 0 |s|S|0|0|s|S|0]o|s|s

CE4 GGA Cooldown Delay (@
CE5 Heatup Power /S
CES5 Desorption Power /30O
CES GGA Advance Decoupling OO
CE5 GGA Cooldown Delay OO
CE6 Heatup Power / 3
CE6 Desorption Power /R0
CE6 GGA Advance Decoupling ©o
CE6 GGA Cooldown Delay o
Cycle Time L0
LPSB Sustain Power /[ 5
GGA Power (average total) QLD
Average TSA power 0.2F
Pressure Transducers Power Supply (constant) R.I7F
FACILITY I/F’s (all measured on TMU thermometers)
PC3a Temperature VAWE K
PC3b Temperature LEd 1 & K
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PC3c Temperature Pl G K
PC2 Temperature , L8 4.2 K
PC1 Temperature [ 49,8 K
FACILITY INTERFACES
LVHX1 load 0.(726 W
LVHX2 load 0. 6S$S$ W
LFI = I/F Temperature (average, for indication only) 19,445 K
HFI — I/F Temperature (average, for indication only) /[ 6.73 K
SCC radiator (measured at the inlet plenum, for indication only) [ K
’ Z6/.3
LVHX1 T (K) [ b 72 <19.02K
LVHX2 T (K) [ 8.4 <22.50 K
LVHX1 AT ' (K) 430 < 450 mK
LVHX2 AT 2 (K) EP <100 mK
TSA Power * (W) =280 <150 mw
Cooling Power * (W) [, 13/ > 836 mW
InputPower *(W) | 3 o) X774 <aBw

Notes: ' Peak-to-Peak, when compressor radiator performs according to the TMU spec -
? Peak-to-Peak, measured @ TSA Stage

% When Instruments load is ON (646 mW for LFI + 190 mW for HFI) the TSA
average Power indicates the extra heat lift available

“ Total Cooling Power = LVHX Loads+TSA Average Power

5 Input Power = HU Power + DE Power + GGA's Power + LPSB Sustain + TSA
Power + P Sensors Supply
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3.3.1.6 Minimum LVHX temperature: 262 K warm radiator, 45 K PC3c
| NOTES
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3.3.1.7 Heat adaptability test (262 K warm radiator, 45 K PC3c)

Test Objective \Olcle:rllzf)/ Otlr:jat TMU remains in stable conditions when Instruments are switched

Run Normal Operation as specified in the flight software, switch Instrument
Procedure loads OFF then ON again '

. ¢ | The sum of the Instrument loads and TSA power (i.e. the total cooling power)
Pass/Fail Criteria must remain constant within £30 mW after switching OFF/ON Instruments

Start/End Date | 4£/7/ 04 Gl 7/c4 Name | Bul T 2HAS
Start/End Time | $:3> A /2276 PM

Test Data File |6—7-04 3 _2_1_73 Signature \Ka/f W

MNoax Acﬂ&ﬁa}o. { oy . PXP

LVHX2 1
Load (W) TSA (W) | Total' (W)

OUSS | 089 ( (4o
0.0, | 044 | OS4| ©. 96
oGyl 0655 p.30§ /. /15¢

Heat Llft Measurementm.;.u

 Power before swntchm‘g OF ; ¢
ng Power after switching OFF Instruments L
Coolmg Power after SW|tch|ng°fON lnstruments

Notes: ' the cooler total cooling power is given by the sum of the Instrument loads on the LVHX’s and the average TSA power

Page 48




3.3.1.7

Planck Sorption Cooler
Verification Plan

Heat adaptability test (262 K warm radiator, 45 K PC3c)
NOTES

JPLU

Jet Propulsion Laboratory
Callifornia Institute of Technology

Notes Page




Planck Sorption Cooler
Verification Plan

JPL

Jet Propulsion Laboratory
California Institute of Technology

3.3.1.8 Minimum TMU input power: 282 K warm radiator, 45 K PC3c

Measurement of Min TMU Input Power

Run Normal Operation, as specified for the flight software

TMU performance must be within specifications in terms of input power, cooling
power, LVHX’s temperature and temperature fluctuations

Test Objective
Procedure

Pass/Fail Criteria

StarttEndDate | /9 /od.| /i 64 Name | RuRT A
StarttEnd Time | /2>( 0 PM| G-60AM] ..
Test Data File | 51~0% 3318 idviame 19" | Lyt QR

THMU IRPUT _ PowisR TasT. Pxp
TMU NORMAL OPERATIONS PA,j;%tfj)’?“‘ME,

“CE1 Heatup Power [ IS W
CE1 Desorption Power /3D w
CE1 GGA Advance Decoupling %) 0 S
CE1 GGA Cooldown Delay S .
CE2 Heatup Power // 5 W
CE2 Desorption Power /3O W
CE2 GGA Advance Decoupling o S
CE2 GGA Cooldown Delay O S
CE3 Heatup Power [ (S W
CE3 Desorption Power /3 O W
CE3 GGA Advance Decoupling po s
CE3 GGA Cooldown Delay O S
CE4 Heatup Power /(S W
CE4 Desorption Power /0 W
CE4 GGA Advance Decoupling o s J
CE4 GGA Cooldown Delay O s
CES5 Heatup Power [ (S5 W
CES5 Desorption Power /R O W
CES5 GGA Advance Decoupling bHo )
CES5 GGA Cooldown Delay O S
CE6 Heatup Power (/15 W
CE6 Desorption Power /3 O W
CE6 GGA Advance Decoupling bo s
CE6 GGA Cooldown Delay o S
Cycle Time G40 s
LPSB Sustain Power 0. 7584 W
GGA Power (average total) 234 W
Average TSA power 0./635 W
Pressure Transducers Power Supply (constant) .78 W
“FACILITY IIF’s (all measured on TMU thermometers)
PC3a Temperature S 20 K
PC3b Temperature LR H K
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PC3c Temperature 4l 93 K
PC2 Temperature 4.»7 D=2 K
PC1 Temperature [73. X K

FACILITY INTERFACES

LVHX1 load o194 w
LVHX2 load 0. 65354 W
LF1 — I/F Temperature (average, for indication only) RO hA K
HFI — I/F Temperature (average, for indication only) / g, QF K
SCC radiator (measured at the inlet plenum, for indication only) = 83, K
k LVHX1 T (K) 17.97 <19.02 K
LVHX2 T (K) /185, Q0 <22.50K
LVHX1 AT " (K) 433 <450 mK
LVHX2 AT 2 (K) 62,33 * <100 mK ~ St wobe
TSA Power 3 (W) [63.5 < 150 mwW ~ See w~otes
Cooling Power * (W) Lol4 > 836 mW
Input Power ° (W) Q77,0 <426 W

Notes: ! Peak-to-Peak, when compressor radiator performs according to the TMU spec
2 Peak-to-Peak, measured @ TSA Stage

% When Instruments load is ON (646 mW for LF1 + 190 mW for HFI) the TSA
average Power indicates the extra heat lift available

4 Total Cooling Power = LVHX Loads+TSA Average Power

® Input Power = HU Power + DE Power + GGA's Power + LPSB Sustain + TSA
Power + P Sensors Supply
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Planck Sorption Cooler JPL
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Minimum TMU input power: 282 K warm radiator, 45 K PC3¢c

NOTES ~oller

pnd) o>

Lokeshore Yorute ioww/; wese sed Loc colel onel

Heoloxs 1 Hhis test

Ts4 Qondey (5 e L\-‘%L« ~ wrole  PFQR
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3.31.9 _Minimum TSA Setpoint (goal is 21.8 K) with 45 K PC3c

Test Objective | Verify the minimum setpoint at which the TSA can be run
Lower TSA setpoint until the control is not able to keep the temperature
fluctuations within 100 mK
o ~e = | TSA setpoint should be at 21.8 K while T fluctuations remain below 100 mK. If
Pass/Fail Criteria not, record minimum TSA setpoint that keeps AT < 100 mK
Start/End Date Name
Start/End Time
Test Data File

Procedure

Signature
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3.3.1.9 Minimum TSA Setpoint (goal is 21.8 K) with 45 K PC3c

NOTES
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3.3.1.10 Nominal TMU thermal interfaces: 272 K warm radiator, 52 K PC3c

Test Objective | Verification of TMU performance in nominal conditions of thermal I/F’s
Procedure | Run Normal Operation, as specified for the flight software
. e orin | TMU performance must be within specifications in terms of input power, flow
Pass/Fail Criteria genethed, high-pressure and Iow-pF:*essure produced and theFi)r flt?ctuations
Start/End Date | /26 /04] @/ 8 [ O& Name | RuuT Zhang
Start/End Time | 3> 0P| 7200 A . ( -
Test Data File | - 6-04 3. 3|0 | >ignature W”‘ﬁ/
Movmnal TMU TE.PxP__ - |
TMU NORMAL OPERATIONS PARAMETERS [ VALUE 'UNITS
CE1 Heatup Power /S / W
CE1 Desorption Power / O wW
CE1 GGA Advance Decoupling : [2Xe) S
CE1 GGA Cooldown Delay ) S
CE2 Heatup Power /5 / W
CE2 Desorption Power / ) w
CE2 GGA Advance Decoupling 2y S
CE2 GGA Cooldown Delay O S
CE3 Heatup Power [/ W
CES3 Desorption Power / AD W
CE3 GGA Advance Decoupling OO0 s
CE3 GGA Cooldown Delay o s
CE4 Heatup Power /S w
CE4 Desorption Power / O W
CE4 GGA Advance Decoupling O O S
CE4 GGA Cooldown Delay o S
CES5 Heatup Power /S W
CES5 Desorption Power /! L W
CES5 GGA Advance Decoupling O O s
CE5 GGA Cooldown Delay ' o s
CEG6 Heatup Power /1S / W
CE6 Desorption Power [ &2 W
CE6 GGA Advance Decoupling X s
CE6 GGA Cogldown Delay (@) S
Cycle Time 70 s
LPSB Sustain Power [ 363 W
GGA Power (average total) = 7.0/ W
Average TSA power 0. 0845 w
Pressure Transducers Power Supply (constant) S8 w
______FACILITY V/PF’s (all measured on TMU thermometers)
PC3a Temperature 4S04 K
PC3b Temperature A4S, 7 K
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? Peak-to-Peak, measured @ TSA Stage

% When Instruments load is ON (646 mW for LFI + 190 mW for HFI) the TSA
average Power indicates the extra heat lift available

* Total Cooling Power = LVHX Loads+TSA Average Power

5 Input Power = HU Power + DE Power + GGA's Power + LPSB Sustain + TSA
Power + P Sensors Supply

PC3c Temperature S/ K
PC2 Temperature 43,35 K
PC1 Temperature /5865 K
FACILITY INTERFACES
LVHX1 load OLOO W
LVHX2 load 0,657 W
LF1 — I/F Temperature (average, for indication only) [P, 67 K
HF1 — I/F Temperature (average, for indication only) | 7 2L K
SCC radiator (measured at the inlet plenum, for indication only) 0'169 K
| MeasuredValue | Requirement
LVHX1 T (K) 17,23 <19.02K
LVHX2 T (K) (7 LY <2250 K
LVHX1 AT ' (K) 60 < 450 mK
LVHX2 AT 2 (K) Q7 <100 mK
TSA Power * (W) £S5 < 150 mW
Cooling Power 4 (W) O p >836 mW
Input Power ° (W) 3454 <426 W
Notes: ! Peak-to-Peak, when compressor radiator performs according to the TMU spec
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3.3.1.10 Nominal TMU thermal interfaces: 272 K warm radiator, 52 K PC3c

NOTES

C o ookhch — o est Covling Qower ) add 150 mW

¥ LV Xl foc o Yool of 350 wW

52@% % ’*P",\v AMQ\'S bPo~ loop

A\Té e LVHXT ond TS A S“Hu}J. are Jrben over o cowplelc

Coolet cocle ba@ua,\ AdoTa W Q/ob4/éa/;uﬁc%/&>‘1§5""

Duvesr « T/.,m,«_ periced ob (O howrs T ad~L VHX (| ~— 456
cund &6T LUHX Y (TSA')’\/\\/7(FW k </ Scrr—o 62D
=Dl 7))
\
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3.3.1.11 _Recharge TMU

Test Objective | Refresh H, gas of TMU

Procedure | Remove H, gas from TMU and recharge it with same amount of H,

Pass/Fail Criteria | N/A

StarttEndDate [ P20 -c 4 | o~ OF Name | Ru 7 224G

Start/End Time

TestData File | /// A Signature W

Herschel/Planck Page 54




o

3.3.1.11

Recharge TMU

Planck Sorption Cooler
Verification Plan

NOTES

JPL

Jet Propulsion Laboratory
California Institute of Technology

Herschel/Planck

Notes Page




Planck Sorption Cooler JPRPL

Jet Propulsion Laboratory

Ve r i fi Cati O n P I a n ’ . California Institute of Technology

3.3.1.12 Hj; gas charge verification (warm radiator at 282 K, 60 K) (ONLY FM1)

Test Objective | Verification of TMU proper H, gas recharge \
Procedure | Run Startup and Normal Operation, as specified in the flight software
Pass/Fail Criteria | TMU performance with warm radiator at 282 K must be replicated (ref. 3.3.1.2)
StarttEnd Date | §/ (4 /o4 | $[/2/°€ Name | BURT 2Z2ZHAVG
Start/End Time | 3:00 p {1200 AM| «. -
Test Data File |7k - Signature | Lo Phpty
I /4 4 -
TMU NORMAL OPERATIONS PARAMETERS
CE1 Heatup Power /70 W
CE1 Desorption Power .85 W
CE1 GGA Advance Decoupling 8o S
CE1 GGA Cooldown Delay [»] S
CE2 Heatup Power {70 w
CE2 Desorption Power | 88 W
CE2 GGA Advance Decoupling o S
CE2 GGA Cooldown Delay O S
CE3 Heatup Power ! 720 W
CE3 Desorption Power /88 W
CE3 GGA Advance Decoupling 12X~ S
CE3 GGA Cooldown Delay 0 S
CE4 Heatup Power ] 70 W
CE4 Desorption Power t8s W
CE4 GGA Advance Decoupling PO s
CE4 GGA Cooldown Delay 0 S
CES Heatup Power {70 W
CES5 Desorption Power [ €S W
CES5 GGA Advance Decoupling : 8o S
CE5 GGA Cooldown Delay (24 )
CES6 Heatup Power [0 W
CE6 Desorption Power /88 W
CE6 GGA Advance Decoupling R0 s
CE6 GGA Cooldown Delay [») S
Cycle Time b7 s
P " LPSB Sustain Power /- 88 W
GGA Power (average total) 2b6. 7 W
Average TSA power Yo XA -2 W
Pressure Transducers Power Supply (constant) R72E W
—————FACILITY I/F’s (allmeasured on TMU thermometers) — — — [ — —— — -
PC3a Temperature ' 47 96 K
K

PC3b Temperature . &7.9%

Herschel/Planck Page 55




Planck Sorption Cooler JFPL

Verification Plan Calfora Inétu of Teepnology

PC3c Temperature hHh0 ST K

PC2 Temperature 5R N K

PC1 Temperature | 73 L K

FACILITY INTERFACES

LVHX1 load 0. 179 W

LVHX2 load 0. S8 w

LFI — I/F Temperature (average, for indication only) [ 8.4.0 K

HFI — I/F Temperature (average, for indication only) YA K

SCC radiator (measured at the inlet plenum, for indication only) AL/ K
LVHX1 T (K) 1§.39 <19.02 K
LVHX2 T (K) / £.59 <2250K
LVHX1 AT " (K) 3856 . <450 mK
LVHX2 AT ? (K) 9§.3 <100 mK
TSA Power * (W) /o < 150 mW
Cooling Power * (W) I,0/19 >836 mW

Input Power ° (W) 3875 <426 W

Notes: ! Peak-to-Peak, when compressor radiator performs according to the TMU spec
2 Peak-to-Peak, measured @ TSA Stage

® When Instruments load is ON (646 mW for LFI + 190 mW for HFI) the TSA
average Power indicates the extra heat lift available

* Total Cooling Power = LVHX Loads+TSA Average Power

5 Input Power = HU Power + DE Power + GGA's Power + LPSB Sustain + TSA
Power + P Sensors Supply
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\ 3.3.1.12 H, gas charge verification (warm radiator at 282 K, 60 K) (ONLY FM1)

NOTES

R =

N - 5 v/

[ W

#® L P3SB sSustada Pewet wad Aok o 134 W/ Lor ~ 4.6 lfmw(s
HPST PP.&%SMQ/ c\\fcx_c(lu_a%/\ oot sas LBB Psia

% | PSE Susteen Power wad Cowugpel o mwwe/m% N
(.88 V\},. whied \o(‘nwo/QzJ H ST \pn&f&uﬂe p Yo 7oSs, 7@):%
TI\s acton Mn,co HL LA Ve/v&\'orvl/«&ov\/\ L_,PS& Lo W.NAA
wWhile \uzuw Who LPSE Susteon RDower with i, spee .

®_ Ackive contcol o Litax 2 heider sterted ot 7ae A an /7o
Lty Wes cQuo(M W NS A B Nours, Yuaa amouond b M
Lurthor fnoressed Mo HPT pressiure |
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3.3.1.13 FM Electronics testing

The FM Electronics Test objectives, Procedures, Pass/Fail Criteria are indicated in the
documentation that has to be produced by Laboratoire de Physique Subatomique et de
Cosmologie (LPSC), France (see [3]).
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4 Documentation
4.1 Test Documentation

Documentation for planning and reporting testing shall meet the requirements of the ERD, D-19155. The
test documentation will include all the documents of the subassembilies test previously performed, and

the EBB test report.

4.2 Operating Procedures

The integration/handling/test procedures are specified and called out in the assembly and test plan [1].
A summary of all the procedures can be found in Table 3.

Procedure ~_Use | Relative Documentation
Safe to Mate Procedure MGSE, SCC, PAEE Verification Plan
Health check monitoring TMU performance test TMU Operation Document
Health check procedure TMU performance test TMU Operation Document
TMU Tuning TMU performance test User Manual
Recharge Procedure Recharge operation AIDS

Table 3. Summary of the procedures to be used in the test of the TMU

4.3 Disposition of non conforming items

The JPL system for problem/failure reporting (PFR) will be used to report and dispose the non-
conforming items. Reporting shall follow the Herschel/Planck Project Problem/Failure Reporting
Requirements, D-19151.

4.4 Safety requirements/processes/documentation

Testing at JPL shali follow all safety standards as dictated in the JPL Standards for System Safety, D-
560. A test readiness review shall be conducted prior to each test to verify compliance.
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