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Basic Function of Cryomodule

1. The minimum unit in the accelerator components
which has an interface with the room
temperature.

2. Making the work space where the
superconducting cavities operate at 2K:

I Hold the superconducting cavities in the vacuum and
thermal insulated environment.

I Keep the cavities in a good alignment with respect to
the design beam line.

I Have an interface for supplying RF power to cavities
between cold and warm components.
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ILC cryomodule overview
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Cryomodule components

A Vacuum vessel (Iron pipe)
I Outer diameter = 965.2mm, Length=11.8m
I Connection between cryomodules
A Vacuum bellow
I Total length=12.7m
I Magnetic shielding

A Support post

I Supporting the all cold mass in the vacuum
vessel

I Material FRP(G-10)

A Thermal radiation shield

i Aluminum plate  Muti-layer insulation of
aluminum-evaporated film (Super Insulation)

i 40K-80K, 4K-5K helium gas cooling
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Cryomodule components

Support post Vacuum vessel

2K helium gas return pipe (GRP)

i Gas channel for evaporated helium gas Thermal radiation '
i Inner diameter=300mm shields
i

He gas
return pipe

Material Stainless steel
I Supporting the cavities and quadrupole

Superconducting cavity package (8 or
9 for one cryomodule)

I Liquid helium container, input power coupler, | Q)
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Making thermal insulated environment
for superconducting cavity

Conduction heat transfer:
Support post
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T=2-300K Conduction heat transfer

Cu K= 43102 ~1.4 3103 W/(mA) _
Al K=2.43102 ~4 3103 W/(mAXK =
(MA) q =-KA( T )
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Heat transfer by thermal radiation

Heat flux by thermal radiation between .
For example of A;=2m?, A,= 1m? cylinder

the coaxial cyllnders" T,= 2K and 80K, cylinder material=SUS,
CSA (T AT T,Y g=0.12 (T>77K), g= 0.074 (T<77K)
1T A 1
+ 1 ( _1) 100 Jaaa
e.L A2 ez r

s : Stefan-Boltzmann constant = 5.6693 10-8 W/m2A 4K -
e. emissivity, A: surface area :
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Estimated heat load for one ILC cryomodule

2K 5-8K 40-80K
Static | Dynamic | Static | Dynamic | Static | Dynamic

RF load 7.5
Thermal radiation 0.0 1.4 32.5
Supports 0.6 0.0 2.4 6.0
Input coupler 0.5 0.2 1.5 1.3 15.5 66.1
HOM coupler (cables) 0.0 0.2 0.3 1.8 1.8 9.0
HOM absorber 0.1 0.0 3.1 0.5 3.3 10.9
Beam tube bellows 0.4
Current Leads 0.3 0.3 0.5 0.5 4.1 4.1
HOM to structure 1.2
Coax cable (4) 0.07

Instrumentation tapes 0.07

Diagnostic cable 1.4 2.8
Sum 1.7 9.7 10.6 4.2 59.2 90.1

From ILC-RDR
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Thermal contraction of the components of
different materials in the module

12.7m

Vacuum vessel (Iron): room temperature
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Gas return pipe (SUS): 2K

23.4 mm |:> <:| 23.4 mm : thermal shield

Thermal radiation shields (Al): 5K and 40 K
Pictures from Type-4 cryomodule by FNAL
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