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Measurements of cryomodule thermal characteristics
(static and dynamic conditions)

e Heat loads of the system
— Heat load at 2K
e Evaporation of 2K LHe

— Mass flow rate, Pressures and Temperatures at cavity jacket and pump discharge

— Heat load at 5K
* Temperature rise after stopping flow of 5K helium to the 5K shield

— Temperatures of 5K shield

— Heat load at 80K

* Temperature rise after stopping flow of liquid nitrogen to the 80K shield
— Temperatures of 80K shield

e Heat loads of the components
— Thermal calculation of the measured temperature profile in the components
e Temperatures of the components

— Input couplers, Support posts, Thermal anchors, Thermal shields, RF cables

e Cool-down effect on the cavity alighment

— Measurement of the cavity-jackets and GRPs positions during cool-down by
WPMs



List of temperature sensors (Module-A)

Cernox {calibrated fram 1.4K to 100K FtCo Grom 4K to 300K GG thermocouples from 70K to 300K
#1 Cavity Helium Vezzel #1 Cavity Helium Vezzel #1 Cavity 80K thermal anchor of input coupler
Connection area of input coupler with beam pipe #2 Cavity Helium Vessel 80K thermal anchor of input coupler close 1o cooling pipe
5K thermal anchor of input coupler #3 Cavity Helium Vessel Warm input coupler connection flange
HOM coupler in the input coupler side-top #4 Cavity Helium ‘Wessel #2 Cavity 80K thermal anchor of input coupler
HOM coupler in the input coupler zide-bottam Ak Shield 0 deeree in the zide of mocule-G 20K thermal anchor of input coupler cloze to cooling pipe
HOM coupler in the non-input coupler zide-top Q0 deeree in the side of mocule-GC Warm input coupler connection flange
HOM coupler in the non-input coupler zide-bottom 180 deeree in the side of mocule-C #3 Cavity 80K thermal anchor of input coupler
Piezo 270 deeree in the side of mocule-C 20K thermal anchor of input coupler close 1o cooline pipe
#2 Cavity Helium Vessel 90 deeree at fixed support post Warm input coupler connection flange
Gonnection area of input coupler with beam pipe 180 deeree at fixed support post #4 Cavity 80K thermal anchor of input coupler
5k thermal anchor of input coupler 270 deeree at fixed support post 280K thermal anchor of input coupler cloze to cooling pipe
HOM coupler in the input coupler zide—top 0 degree at shield center Warm input coupler connection flange
HOM coupler in the input coupler side-battam Q0 degree at shield center Fixed support post 80K anchor at the 0 degree
HOM coupler in the non-input coupler zide-top 180 deeree at shield center 80K anchor at the 180 deeres
HOM coupler in the non-input coupler side-bottom 270 deeree at shield center Foom temp. area
Piezo 90 degree at movable support post Mowable support post 80K anchor at the 0 degree
#3 Cavity Helium ‘Vegzel 180 deeree at mowvable support post 80K anchor at the 180 deeree
Connection area of input coupler with beam pipe 270 deeree at movable support post Foom temp. area
5K thermal anchor of input coupler 0 deeree in the side of end flange 20K Shield 0 deeree in the =ide of mocule-C
HOM coupler in the input coupler side—top 90 degree in the side of end flange 90 degree in the side of mocule-G
HOM coupler in the input coupler side-bottam 180 deeree in the side of end flange 180 deeree in the side of mocule-G
HOM coupler in the non-input coupler zide-top 270 deeree in the side of end flange 270 deeree in the side of mocule-G
HOM coupler in the non-input coupler side-battam Fixed support post BK anchor at the 0 degree 0 degree in the center
Piezo K anchor at the 180 deeree 90 deeree in the center
#4 Cavity Helium Veszel Maovable support post 5K anchor at the O deeres 180 deeree in the center
Connection area of input coupler with beam pipe AK anchor at the 180 deeree 270 deeree in the center
5K thermal anchor of input coupler GRP Connection area to the fixed support post 0 degree in the side of end flange
HOM coupler in the input coupler side-top Connection area to the movable support pogt 90 degree in the zide of end flange
HOM zoupler in the input coupler zide-battam 180 deeree in the zide of end flange
HOM coupler in the non-input coupler zide-top 270 deeree in the side of end flange
HOM coupler in the non-input coupler side-bottom Beam pipe Fozition ingide of 80K thermal anchar
Pigzo GRP Upstream-top tModule-C connection side)
GRP Upztream—-top (Module-G connection side) Upstream-battom (Module-GC cannection cide)
Upstream=-bottam (Module-C connection side? Center-top
Center-top Center-bottom
Center-bottom Downstream—top fend flange side)
Downstream-top ‘end flanee side) Downstream-bottom {end flange side)
Downstream-battam fend flange side)
Eeam P ipe Pogition inzide of 5K thermal anchor

CERNOX: Total 39
(1.4K~ 100K)

Four cavities: 32
GRP: 6
Beam pipe : 1

PtCo: Total 28
(4K~300K)

Four cavities : 4
5K shield : 18
Support posts: 4
GRP: 2

CC: Total 37
(70K~300K)
Four cavities : 12
Support posts : 6
80K shield : 12
Beam pipe : 1
GRP: 6




List of temperature sensors (Module-C)

Cernox {calibrated frorm 1.4K to 100K PtCo (from 4K to 300K ZC therrmocouples {from 70K to 300K
# Cavity Heliurn Vessel # Cavity Heliurn Vessel # Cavity B0k thermal anchor of input coupler
Conrection area of input coupler with beam pipe #2 Cavity Heliurn Vessel B0k therrral anchor of input coupler close to cooling pipe
5K therrral anchor of input coupler #3 Cavity Heliurn Vessel Warm input coupler connection flange
HOM cougler in the input coupler side—top #4 Cavity Heliurn Vessel #2 Cavity 80K thermal anchor of input coupler
HOM cougler in the input coupler side—battom 5K Shield 0 degree in the side of valve box B0k therrmal anchor of input coupler close to cooling pipe
HOM cougler in the rominput coupler side—top 90 degree in the side of valve box Warm input coupler connection flange
HOM cougler in the nominput coupler side—tottom 180 degree in the side of valve hox #3 Cavity 80K thermal anchor of input coupler
Pigzo 270 degree in the side of valve hox B0k therrmal anchor of input coupler close to cooling pipe
#2 Cavity Heliurn Yessel 90 degree at fixed support post Warm input coupler connection flange
Conrection area of input coupler with beam pipe 180 degree at fixed support post #4 Cavity 80K thermal anchor of input coupler
5K therrmal anchor of input coupler 270 degree at fixed support post B0k therral anchor of input coupler close to cooling pipe
HOM cougler in the input coupler side—top 0 degree at shield center Warm input coupler connection flange
HOM cougler inthe input coupler side—battom 90 degree at shield center Fixed support post 0K anchar at the O degree
HOM cougler in the rnominput coupler side—top 180 degree at shield center 0K anchar at the 180 degee
HOM cougler in the nominput coupler side—tottom 270 degree at shield center Room temp area
Piezo 90 degree at movable support post Iovahle support post (30K anchor at the O degree
#3 Cavity Heliurn Yessel 180 degree at movable support post 0K anchar at the 180 degres
Conrection area of input coupler with beam pipe 270 degree at movable support post Room temp area
5K therrmal anchor of input coupler O degree in the side of module—C B0k Shield 0 degree in the upstream side
HOM coupler in the input coupler side—top S0 degree in the side of module—C S0 degree in the upstream side
HOM coupler in the input coupler side—hottom 180 degree in the side of module—C 180 degree in the upstream side
HOM coupler in the mor—input coupler side—top 270 dgree in the side of module—C 270 degree in the upstream side
HOM coupler in the morinput coupler side—hottom Fixed support post Sk anchor at the O degree (O degree inthe center
Pigzo Sk anchor at the 180 degree 90 degree inthe center
#4 Cavity Helium Yessel Wovahle support post Sk anchor at the O degree 180 degree inthe center
Conrnection area of input coupler with beam pipe 5K anchor at the 180 degree 270 degree inthe center
5K thermal anchor of input coupler GRP Connection area to the fixed support post 0 degree in the downstream side
HOM coupler in the input coupler side—top Conrection area to the movahle support post 90 degree in the downstream side
HOM coupler inthe input coupler side—hottom 180 degree in the downstream side
HOM coupler inthe morinput coupler side—top 270 degree in the downstream side
HOM coupler in the morinput coupler side—hottom Bezarm pipe Position inside of 80K thermal anchor
Piezo GRP Upstrearr—top Galve box connection side)
GRP Upstrearr—top Galve box connection side) Upstrearr—hottom Galve box connection side)
Upetrearr—hottorm Gvalve box conrection side) Certer—top
Center—top Center—hottom
Certer-hattam Dowretrear—top (rrodule—C conrection side)
Dowretrear—top (rodule—C connection side) Dowretrear—hattam Grodule—C connetion side)
Downetrearr—hattom (module—C connection side)
Baam Pipe Pogition irgide of 5K thermmal anchor

CERNOX: Total 39
(1.4K~ 100K)

Four cavities: 32
GRP: 6
Beam pipe : 1

PtCo: Total 28
(4K~300K)

Four cavities : 4

5K shield : 18
Support posts: 4
GRP: 2

CC: Total 37
(70K~300K)
Four cavities : 12

Support posts : 6
80K shield : 12
Beam pipe : 1
GRP: 6




WPM

Wi 1A
ChA=A GRF

Ch-A Caw—#1

D=2 Cav—#2

A=A Cawv—H#3

kA=A Caw—#4d

IC MNumber
#1

#2

#3
#4
#5

#1
#2
#1
"2
#1
#2
#1
#2

Location Crmm)

—1123.5
2265

15765
2926.5
4276.5

z axis. the origin is
the fixed post

WY 1A
Zh-C GREP

ChA—C Cav—H#1

S Saw—#2

ChA—C Cav—#3

=G Cav—#4

I MNumber
#1

#

#H3

#4
#5

AN
AN
AN
AN
LA
AN
AN
AN

Location Crmm?
—1200

0

1600

S200
4500

z axis. the origin is
the fixed post
physical center of

GRFP

On the GRP in Module A,
five WPMs will be
assembled.

Two WPMs on each KEK
cavity jacket are planed
to be assembled.

On the GRP in Module C,
five WPMs will be
assembled.

WPMs on DESY and FNAL
cavity jackets are not
planed to be assembled.



Pressure sensors, etc

Fressure Sensors
GRP

2FE Cold Box

BE zhield pipine
Fump svstem
Wacuum veszszel

G- 5

Cionnection pipe betmeen Ch-A
Cihl— &y

G- 5

4F LHe veszel

2k LHe veszzel

5K shield return gas line ‘cald)
5k shield return gaz line froom
FPump dizcharge pressure
G- 5

=5

Ablzolute pressure sensar (Hitachis
fblzolute pressure sensor (Hitachi
fiblzolute preszure zensor (Baratrond
Pressure sensor

Freszure sensor (Hitachi

fiblzolute preszure zensor (Baratrond
Fressure sensor (Hitachi

Pressure sensor

Pressure sensor

CCG

Pirani gauege

0"27kPa

0"27kPa

0™ 3.3kPa
-0.1MPa"0.1MPa
-01MPa™0.5 MPa
0™ 3.3kPa

-0 1MPa"0.5 MFPa
-0.1MPa"0.56 MPa
-01MPS™0.5 MPa

Mazs flow meter
Fump svstem

ak shield pipine

FPump dizscharee

Pump discharee

Bk shield return gaz line froom
temperature)

YWalume flow meter
YVolume flow meter

Wolume flow meter

0765 MNm3/h
070 Mm3./h

0765 Mm3./h

Temperature sensar
2k Cold Box

Pump svtem

Gk shield pipine

4k LHe vesszel

2k LHe wvessel

Fump discharee thear mass flow
meter)

5k zhield return eas linethear mass
flow meter)

Ciernox, PtCo
Cernox

e

GG

1.5K™40K, 4K"300K
1.6K"40K

BOK320K

BOK™320K

LHe level sen=ar
2k Cold Box

4k LHe veszel
2k LHe wves=el

Superconducting level senzar (AMD
Superconducting level sensar (AMD
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Thermal shields for Module A

End Movable Shield Fixed
flange| support center support
side post post

Connection
side to
Module-C

5K shield (PtCo) 80K shield (CC)

Connection side to Module-C Connection side to Module-C
0, 90, 180, 270 degree 0, 90, 180, 270 degree

Fixed support post Shield center
90, 180, 270 degree 0, 90, 180, 270 degree

Shield center End flangeside |  tdmlle e
0, 90, 180, 270 degree 0, 90, 180, 270 degree

Movable support post
90, 180, 270 degree

End flange side Viewed from |
0, 90, 180, 270 degree upstream of He flow. [ l— 1!
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Support Post

PtCo

Fixed supmort post  |SK anchor at the O degree

bk, anchor at the 180 degree

Movable support postSK anchor at the O degree

bk, anchor at the 180 degree

GRP Connection area to the fixed support post
Connection area to the movable support post

CC

Fixed support post BOK. anchar at the O degree
80K anchar at the 180 degree
Foom temp area

Movable support post [BOK anchor at the O degree
BOK. anchor at the 180 degree
Hoom temp area
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Cernox and CC

WPM

(GRF

Upstream—top (Module—C connection side)
Upstrearm-hottam tModule—C connection side)
Center-top

Center—hottom

Downstream—top (end flange side’
Downstream—hottom (end flange side)

2009/4/20

Ch=A GRP #1 -1123.5
z axis: the origin is
e 2265 the fixed post
#3 15765
#4 29265
#5 4276.5
CMW-C GRP #1 —1200
z axis. the origin is
#2 0 the fixed post
physical center of
#3 1600 GRP
#4 3200
#5 4500
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Summary

e Cryomodules

— Thermal sensor:208

— Pressure sensor: 6

— WPM: 18 (GRP: 10, KEK-cavity: 8)
* Cryogenics

— Thermal sensor: 4

— Pressure sensor: 5

— LHe level sensor: 2

— Mass flow meter: 3
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