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TECHNICALSYSTEMS
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FIGURE3.8-2. Coolingschemeof a cryo-string

The !rst phaseseparator is usedto stabilize the saturated liquid produced during the !nal
expansion. The secondphase separator in used to recover the excessof liquid, which is
vaporized by a heater. At the interconnection of eachcryomodule, the two-phaseheader is
connectedto the pumping return line.

The division of the Main Linac into cryogenicunits is driven by various plant size limits
and a practical size for the low pressurereturn pipe. A cryogenicplant of 25 kW equivalent
4.5 K capacity is a practical limit due to industrial production for heat exchangersizes
and over-the-roadshipping sizerestrictions. Cryomodule piping pressuredrops also start to
becomerather large with more than 2.5 km distances. Practical plant size and gas return
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Cited	
  from	
  ILC-­‐TDR

Cooling	
  Scheme	
  of	
  Cryo-­‐string

STF	
  CM-­‐2aSTF	
  CM-­‐1
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Concept	
  of	
  STF	
  Cryomodules	
  (1)

• 	
  Design	
  of	
  STF	
  CM-­‐1	
  based	
  on	
  ILC-­‐TDR

• 	
  Two	
  types	
  of	
  cavi=es	
  in	
  STF	
  CM-­‐1

• Deference	
  in	
  tuner	
  posiWon

• 4	
  caviWes	
  of	
  each	
  type	
  (8	
  caviWes	
  in	
  total)

• 	
  One	
  superconduc=ng	
  quadrupole	
  (sc	
  quad)	
  magnet	
  in	
  STF	
  CM-­‐1

• 	
  Cryomodules	
  connected	
  with	
  flanges	
  for	
  making	
  various	
  
configura=ons	
  possible

• Head	
  unit	
  :	
  connecWon	
  to	
  cryogenic	
  system

• STF	
  CM-­‐1	
  (8	
  caviWes	
  +	
  1	
  sc	
  quad	
  magnet	
  fabricated	
  at	
  FNAL)

• STF	
  CM-­‐2a	
  (4	
  caviWes)

• End	
  unit	
  :	
  liquid	
  helium	
  level	
  detecWon

5



STF CM-2aSTF CM-1
End

Unit

Head

Unit

20141008/LCWS14/STF	
  Cryomodule	
  Status/NAKAI	
  Hirotaka

STF	
  CM-­‐1	
  +	
  CM-­‐2a	
  Cryomodules
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  for	
  Liquid	
  Level	
  DetecDon
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End	
  Unit	
  of	
  STF	
  Cryomodule
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Concept	
  of	
  STF	
  Cryomodules	
  (2)

• 	
  Design	
  of	
  STF	
  CM-­‐2a	
  modified	
  to	
  check	
  CW	
  opera=on	
  
feasibility

• 	
  Larger	
  2K	
  2-­‐phase	
  supply	
  line	
  (ϕ76.3	
  →	
  ϕ89.1)

• 	
  Electric	
  heaters	
  abached	
  to	
  simulate	
  dynamic	
  heat	
  load	
  

from	
  superconducWng	
  caviWes

• 	
  Usage	
  of	
  liquid	
  nitrogen	
  for	
  80K	
  thermal	
  shield	
  instead	
  of	
  
40K	
  thermal	
  shield	
  cooled	
  by	
  helium	
  gas

• Conduc=on	
  cooling	
  of	
  sc	
  quad	
  magnet

• 	
  Aluminum	
  strips	
  from	
  2K	
  2-­‐phase	
  pipe
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ILC	
  Cryomodule

3.4. Cryomodule design including quadrupoles

required by the clean-room assembly terminate the beam pipe at both module ends. The valves are

fitted with simple RF shields.

The decision to place the quadrupole package in the middle of the cryomodule (as in the Type

IV design) allows the definition of a standard interconnection interface for all main-linac cryomodules,

irrespective of their sub-type, simplifying the tunnel assembly procedures for module connections.

3.4.2.1 The cryomodule cross section

Figure 3.15 shows a cross section of the Type IV ILC Cryomodule derived from the TTF-III design [13,

28]. The largest component of the transverse cross section is the 300 mm-diameter helium-gas return

pipe (GRP) which acts as the structural backbone for supporting the string of beamline elements and

allows recovery of the mass flow of He vapours at a negligible pressure drop along the cryo-strings, to

preserve temperature stability.

Figure 3.15
Representative cry-
omodule cross section

The GRP is supported from the top by three composite posts with small thermal conduction

from the room-temperature environment. The posts are connected to adjustable suspension brackets

resting on large flanges placed on the upper part of the vacuum vessel. This suspension scheme

allows the correct alignment of the axis of the cavities and quadrupole magnets independently of the

flange position, without requiring expensive precision machining of these vacuum-vessel components.

The centre post is fixed to the vacuum vessel, while the two remaining posts are laterally adjustable

and can slide on the flanges to allow the GRP longitudinal contraction/expansion with respect to

the vacuum vessel during thermal cycling. Each post consists of a fibreglass pipe terminated by two

shrink-fit stainless-steel flanges. Two additional shrink-fit aluminium flanges are provided to allow

intermediate heat flow intercept connections to the 5–8 K and 40–80 K thermal shields; the exact

location of these flanges has been optimised to minimise heat leakage [29].

Accelerator: Baseline Design ILC Technical Design Report: Volume 3, Part II 43

2K	
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Cited from ILC-TDR



20141008/LCWS14/STF	
  Cryomodule	
  Status/NAKAI	
  Hirotaka

SuperconducDng	
  Quadrupole	
  Magnet
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Heat	
  Loads	
  and	
  RefrigeraDon	
  Power

• 	
  Es=mated	
  heat	
  load	
  at	
  2K

• 	
  Capture	
  cryomodule	
  :	
  8	
  W	
  (staWc	
  )	
  +	
  2	
  W	
  (dynamic)	
  =	
  10	
  W

• 	
  CM-­‐1	
  :	
  17	
  W	
  (staWc)	
  +	
  8	
  W	
  (dynamic)	
  =	
  25	
  W

• 	
  CM-­‐2a	
  :	
  11	
  W	
  (staWc)	
  +	
  4	
  W	
  (dynamic)	
  =	
  15	
  W

• 	
  SC	
  quad	
  magnet	
  :	
  4	
  W	
  (staWc)

• 	
  2K	
  refrigerators	
  :	
  2	
  W	
  x	
  2	
  =	
  4	
  W

• 	
  Total	
  :	
  44	
  W	
  (staWc)

• 	
  2K	
  refrigera=on	
  power

• 	
  7	
  W/pump	
  unit	
  x	
  4	
  units	
  =	
  28	
  W	
  at	
  2	
  K	
  so	
  far

• 	
  10	
  W/pump	
  unit	
  x	
  2	
  units	
  =	
  20	
  W	
  at	
  2	
  K	
  added	
  this	
  Wme

• 	
  Total	
  :	
  	
  ~50	
  W	
  at	
  2	
  K
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STF	
  Enhanced	
  Helium	
  Gas	
  Pumping	
  System
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Added	
  Pump	
  Units
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STF	
  CM-­‐1
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STF	
  CM-­‐2a
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STF	
  CM-­‐1	
  +	
  2a	
  (1)
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STF	
  CM-­‐1	
  +	
  2a	
  (2)
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STF	
  Cryogenic	
  System	
  ConfiguraDon
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Capture	
  Cryomodule
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Equipments	
  Installed	
  

• 	
  Two	
  wire	
  posiWon	
  monitors	
  to	
  measure	
  verWcal	
  

displacement	
  of	
  caviWes	
  and	
  gas	
  return	
  pipe	
  (CM-­‐1)

• 	
  Eight	
  opWcal	
  windows	
  for	
  Laser	
  displacement	
  sensors	
  to	
  

measure	
  verWcal	
  displacement	
  of	
  gas	
  return	
  pipe	
  (CM-­‐1)

• 	
  One	
  beam	
  posiWon	
  monitor	
  (CM-­‐1)

• 	
  Two	
  potenWometers	
  to	
  measure	
  axial	
  displacement	
  of	
  gas	
  

return	
  pipe	
  (CM-­‐1)

• 	
  One	
  superconducWng	
  liquid	
  helium	
  level	
  sensor	
  in	
  end	
  unit
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STF	
  Cryomodules
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Vacuum	
  vessel	
  of	
  STF	
  CM-­‐1	
  consists	
  of	
  3	
  parts

• 	
  Established	
  technique	
  and	
  machine	
  tools

• 	
  Manufactured	
  in	
  limited	
  period

• 	
  LimitaWon	
  of	
  delivery	
  opening	
  of	
  the	
  tunnel

STF	
  CM-­‐1 STF	
  CM-­‐2a

OpWcal	
  Windows
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STF	
  CM-­‐1	
  Current	
  Leads	
  of	
  SC	
  Quad
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Wire	
  PosiWon
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  Ports
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Signal	
  Port	
  Feedthroughs
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STF	
  CM-­‐1	
  Current	
  Leads	
  of	
  SC	
  Quad	
  Magnet
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Current	
  Schedule

• 	
  Assembly	
  of	
  STF	
  CM-­‐1	
  complete	
  in	
  January,	
  2014

• 	
  Assembly	
  of	
  STF	
  CM-­‐2a	
  complete	
  in	
  May,	
  2014

• 	
  ConnecWon	
  to	
  cryogenic	
  system	
  complete	
  in	
  June,	
  2014

• 	
  CompleWon	
  inspecWon	
  by	
  the	
  prefectural	
  government	
  in	
  July,	
  

2014	
  	
  	
  →	
  	
  	
  Passed	
  already

• 	
  First	
  cool	
  down	
  of	
  STF	
  CM-­‐1	
  and	
  CM-­‐2a	
  in	
  October,	
  2014	
  
(capture	
  cryomodule	
  excluded)

• 	
  First	
  excitaWon	
  of	
  sc	
  quad	
  magnet	
  with	
  Fermilab	
  colleagues	
  in	
  

November,	
  2014
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