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1 Scope of the document

This document defines the various interfaces between the 
3
He sorption cooler and the

SPIRE and PACS instruments. It comprises the mechanical, thermal and electrical interfaces.

Both intruments share the same cooler design and consequently all interfaces are designed to

be compatible.



SPIRE & PACS

Sorption Coolers

Interface Control Document

DOC N°: HSO-SBT-ICD-012

Iss/Rev : 2.0

DATE : February 27
th

 2004

PAGE : 2

SERVICE DES BASSES TEMPERATURES [CEA/DSM/DRFMC/SBT]

This document is CEA-SBT property and cannot be reproduced or communicated without its authorization

2 Documents

2.1 Applicable documents

All Applicable Documents are listed in the AD chapter of the CIDL (HSO-SBT-LI-010).
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3 Functional description and block diagram

The cooling of the SPIRE and PACS detectors down to 300 mK will be effected by

helium three sorption coolers. Both instruments share the same cooler design and thermal

architecture. For each the cooler is mounted off a 4 K structure with two thermal straps

connected to the superfluid helium cryostat. The temperature of the cryostat and of the

structure are referred as respectively Level 0 and Level 1. This thermal architecture is

represented on the figure below.
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4 Mechanical interface

The cooler required volume is a rectangle parallelepiped of dimensions 228.5 mm x

100 mm x 100 mm. Reference drawing : 2000-14 B 000. Throughout this document, unless

otherwise specified, all dimensions are in millimeters. The total overal mass of the cooler is

about 1750 grams.

General interface drawings are provided in the appendix.
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Cooler overall dimensions

For the purpose of this discussion the top, bottom and sides of the cooler are defined as

represented on the figure hereafter.

Evaporator side

Sorption pump  side

Side wall

[PACS interface]

Bottom base plate

[SPIRE interface]

Top
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4.1 Cooler structure – SPIRE

Within the SPIRE instrument the cooler is mounted off an end flange as illustrated

below. The cooler interfaces with the structure with 8 through holes 4.5 mm in diameter

located on the 100 mm x 100 mm bottom base plate, as defined on the following drawings.

 

3D view and interface drawing for cooler mounting

In addition the top cover features four holes as shown on the figure hereafter. Part (or

all ) of these holes will be used as snubber(s): within SPIRE some extension is foreseen which

insert in these holes after the cooler is mounted, to prevent any excessive lateral motion.

3D view and interface drawing for top cover (sorption pump)
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4.2 Cooler structure - PACS

Within the PACS instrument the cooler is mounted along one of its side. The cooler

interfaces with the structure with 5 through holes 5.5 mm in diameter located on one of the

side wall as defined on the following drawing.

PACS :  interface drawing for cooler mounting
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4.3 Heat switches

The cooler comprises two gas gap heat switches located inside the structural box. The

box then features two cuts to provide access to the switch interface. Each heat switch

interfaces with a thermal strap (connected to the superfluid cryostat). The mechanical

interface for both switches is similar and is a copper plate gold plated 15 mm x 16 mm , 5 mm

thick, featuring two 4.3 mm through holes. In the back of this copper plate is a stainless steel

counter flange, 3.8 mm thick, featuring two M4 holes.

ATTENTION : the length of the screws to be used to connect the Level 0 straps to theses

switch interfaces must be such as not to stick out of the counter flange by more than 4 mm.

The maximum recommended torque for the screws is 2.2 Nm. The maximum additionnal

mass which can be supported is 50 grams. This interface also features a tool designed to

prevent any excessive torque on the gas gap heat switch when mounting the thermal strap.

This tool is intended to be used only while screwing the strap and must be removed before

cooler operation – the drawing hereafter shows this tool in place.

It is important to note that any excessive mechanical load on this interface must be avoided

and shall in any case never exceeds 50 N in any directions.
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Switch interface to Level 0

Counter flange

Counter flange, gold plated copper plate and mounting tool

3D view of interface without and with mounting tool
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4.4 Evaporator cold end

The evaporator cold end interfaces with a 300 mK thermal strap which is then split

into two and connected to the detectors. This interface is a copper piece gold plated 14 mm x

12.5 mm, 3 mm thick, featuring two through holes 3.2 mm in diameter. Each side of the

copper piece is available as a contacting area. The maximum recommended torque for the

screws is 0.33 Nm.

1. The quality of this interface is critical to the performance of the cooler

2. Any excessive torque or bending force on this interface must be avoided. Always use

two wrenches (one on each side) when tightening screws on the cold head

3. The mounting of the 300 mK thermal strap to the cold end must be performed by

trained people.

  

3D view and interface drawing for evaporator cold end / 300 mK  thermal strap
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4.5 Electrical connector

Two electrical connectors type MDM 37 pins female type (S) (main and redundant)

are provided for the cooler operation. These connectors are supported by a bracket included in

the structural box and located on the side of the cooler as shown on the following drawing.

3D view and interface drawing for connector / connector
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5 Thermal interface

Informations of the mechanics of the thermal interfaces are given in the previous

paragraphs. In these paragraphs, we define only the interfaces from the thermal point of view.

The maximum storage or handling temperature for the cooler is 333 K (60 °C) (as specified in

IID-A, a maximum of 80°C is acceptable). There is no minimum storage temperature.

5.1 Initial cooldown phase (RT to He)

During cooldown from room temperature to low temperature (He), the cool down rate and

maximum temperature gradient allowed between L0 and L1 (cold heat sink and cooler

structure) are as follow :

- - rate : 20 K/hr

- - max. temperature gradient between L0 and L1 for temperatures above 80 K : 50 K

The cooldown rate also applies for the warm up rate.

5.2 Low temperature phase

The thermal interfaces are defined in functional conditions. Thermal operation of the cooler

can be described as three phases :

- a condensation phase during which the sorption is heated to 40-45 K and liquid is

condensed in the evaporator

- a cooldown phase during which the sorption pump is cooled back down and the

condensed liquid is pumped down (cooling effect)

- a low temperature phase during which the cooler is providing cooling for the detectors

Condensation phase – convective effect

On ground the cooler can only be recycled with the evaporator below the pump; the

evaporator can be located anywhere in a cone of 150° below the pump, ie. the cooler must be

tilted by at least 15°.

Note that even at 15° the condensation efficiency can be impacted by the convective effect

(depends on the quality of the thermal strap between the cooler and Level 0).

An orientation between 60° and 90° (cooler right side up) is best– It is thus recomended to

mount the cooler accordingly or to tilt during the condensation phase by at least 20°.

Once the cooler is operating at 300 mK, it can tilted in any orientation.

5.2.1 Cooler structure

The cooler structure is mounted to the instruments which are at a nominal temperature

of 4K (plate at Level 1). This plate interface does not provide any real thermal functionality

for the cooler. The mounting area, number of screws and heat flows are such no thermal
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problem are expected in the sense that the cooler structural box will remain at the temperature

of the plate during all phases.

(However the temperature of the plate has a strong impact on the cooler performance as

discussed in the technical note “Discussion on 4 liters versus 6 liters STP unit & ultimate

temperature improvment” – TNS2).

We have indicated in the table below the various estimated heat flows during the different

phases.

Table : Heat flow at cooler structure interface

Phase Condensation Cooldown Low temperature

Max. T acceptable with plate 1 K 1 K 0 K

Maximum heat flow  5 mW  5 mW Close to 0

5.2.2 Heat switches

The cooler comprises two identical gas gap heat switches. They both interface with a

strap (one each) thermally connected to the superfluid tank (Level 0 – Herschel cryostat). The

two straps can be different due to the difference in power flowing to the cryostat from one

strap to the other (see hereafter).

The interface with the switch to the sorption pump (TSPS) is less critical as it is

possible to have this interface temperature raise to 10 K during recycling.

On the contrary the interface to the evaporator switch has a significant impact on the

performance. During the recycling process this interface must be kept as close as possible to

the cryostat temperature to guarantee good condensation efficiency, minimal cooldown losses,

etc… for the cooler.

However it is important to note that what matters is the evaporator temperature at the

end of the condensation phase, i.e. a slight increase (few tenths of K) of the interface

temperature is acceptable at the begining of the recycling phase.

The tables hereafter display the estimated heat flows at various locations during the different

phases.

5.2.2.1 Sorption pump heat switch

(related to TSPS)

Table : Heat flow at sorption pump heat switch interface

Phase Condensation Cooldown Low temperature

Maximum temperature acceptable N/A 10 K 5 K

Maximum heat flow  10 mW  1 W  2 mW*

Suggested strap conductance 10 mW/K

(* : this number is a function of the detectors dissipation)
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5.2.2.2 Evaporator heat switch

(related to TSES)

Table : Heat flow at evaporator heat switch interface

Phase Condensation Cooldown Low temperature

Maximum temperature acceptable 2.8 K 2 K 2 K

Recommended temperature 2 K or less  2 K  2 K

Maximum heat flow 50 mW  15 mW  1 mW

Suggested strap conductance  75 mW/K

5.2.3 Evaporator cold tip

The evaporator cold tip thermally interfaces with the detectors via a strap. The thermal

capability of the cold tip is pretty much defined through its geometrical characteristics,

material and surface quality (see & 4.4). The contact resistance with the strap is certainly a

strong driver and all precaution must be taken to minimise this contact resistance.
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6 Electrical interface

Two electrical Canon connectors type MDM 37 pins female type (S) are used, one

prime and one redondant. The wiring of both connectors is identical. The pins out is arranged

such that each set of wires per component is grouped (see table below). This is best seen on

the schematics hereafter. All wiring is made using manganin wires, twisted by pair.

The electrical isolation between any pin at the cooler interface and the cooler heart shall be >

10MOhms and < 5pF.

Signal Pin n° Max. current Max. Ohms

SP temperature I+ (Drive) 20 1 A 1000

SP temperature V+ (Sens) 1 N/A 1000

SP temperature V- (Sens Return) 2 N/A 1000

SP temperature I- (Return) 21 1 A 1000

Shield SP temperature 3 N/A N/A

EV temperature I+ (Drive) 22 250 nA 30 000

EV temperature V+ (Sens) 4 N/A 30 000

EV temperature V- (Sens Return) 5 N/A 30 000

EV temperature I-(Return) 23 250 nA 30 000

Shield EV temperature 24 N/A N/A

HSP pump temperature I+ (Drive) 25 1 A 1000

HSP pump temperature V+ (Sens) 6 N/A 1000

HSP pump temperature V- (Sens Return) 7 N/A 1000

HSP pump temperature I-(Return) 26 1 A 1000

Shield HSP temperature 8 N/A N/A

HSE pump temperature I+ (Drive) 27 1 A 1000

HSE pump temperature V+ (Sens) 9 N/A 1000

HSE pump temperature V- (Sens Return) 10 N/A 1000

HSE pump temperature I-(Return) 28 1 A 1000

Shield HSE temperature 29 N/A N/A

Thermal shunt temperature I+ (Drive) 30 1 A 1000

Thermal shunt temperature V+ (Sens) 11 N/A 1000

Thermal shunt temperature V- (Sens Return) 12 N/A 1000

Thermal shunt temperature I-(Return) 31 1 A 1000

Shield Thermal shunt temperature 13 N/A N/A

SP heater I+  (Drive) 14 25 mA 500

SP heater I+ (Drive) 32 “ 500

SP heater I- (Return) 15 “ 500

SP heater I- (Return) 33 “ 500

HSE heater I+ (Drive) 16 1.5 mA 500

HSE heater I+ (Drive) 34 “ 500

HSE heater I- (Return) 17 “ 500

HSE heater I- (Return) 35 “ 500

HSP heater I+ (Drive) 18 1.5 mA 500

HSP heater I+ (Drive) 36 “ 500

HSP heater I- (Return) 19 “ 500

HSP heater I- (Return) 37 “ 500
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Contact arrangement for MDM 37 pins

1 6 11

20

19

25 30 37

Connector wiring (red dot features thermometer or heater)

All thermometers used are Cernox thermometers type 1030 with SD package (supplier

: LakeShore) measured in four wires mode. Typical resistance versus temperature curves are

given hereafter.

All heaters used are high reliability metal film resistors 402 Ohms resistance driven by four

wires (supplier : Vishay/Sfernice. Reference : 4001005-01B 4020F4 (high reliability

resistance RLR05/2H3 402R 1/8W +/-100ppm 1% 200V)).
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7 Appendix – General interface drawing

Next two pages :

- Plan 2000-14 B100 Planche 2/3 : Sous ensemble composants divers / Interface de

montage

- Plan 2000-14 B400 : Sous ensemble structure / Structure FM
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