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•
FAIR   
▪

Facility for Antiproton and Ion Research in Europe

1.1 km
 ring

G
erm

any

Frankfurt

H
essen

✈

D
arm

stadt
Berlin
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FA
IR m

agnets w
ill be tested at 

4
 cryogenic test facilities

Superconducting m
agnets &

 testing 

H
eavy ion synchrotron SIS100  
G

SI      108  D
ipoles  

JIN
R    166  Q

uadrupole U
nits 

IN
FN

/U
ni. Salerno     

       81  Q
uadrupole D

oublet M
odules 

Super Fragm
ent Separator (Super-FRS) 

CERN
    24  D

ipoles and 33 M
ultiplets 
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•
Series Test Facility (STF)

G
SI: SIS100 D

ipole M
agnets

•
Superferric, fast ram

ped m
agnet
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110 m
agnets to be tested 

Length: 4.3 m
 incl. busbars 

W
eight: 3.5 ton 

13.2 kA, 27 kA/sec.
Im

age: J. H
osan/G

S
I H

elm
holtzzentrum

 für S
chw

erionenforschung G
m

bH

Im
age: J. H

osan/G
S

I H
elm

holtzzentrum
 für S
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erionenforschung G

m
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Test program
: 

•
Electrical integrity, leak tightness 

•
Instrum

entation (tem
perature sensors, helium

 heaters) tests 
•

M
agnet training 

•
Pow

er test (ram
ping) and AC loss m

easurem
ents 

•
H

elium
 m

ass flow
 rate m

easurem
ents and hydraulic adjustm

ent  
•

G
eom

etrical m
easurem

ents 
•

M
agnetic m

easurem
ents (integral field, harm

onics at D
C, AC)

The cooling capacity is 
1.5kW

 equivalent
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JIN
R: SIS100 Q

uadrupole U
nits

•
Q

uadrupole plus corrector m
agnets
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•
JIN

R Test Facility (for FAIR and N
ICA)

166 quadrupole units to be tested, 17 configurations. 
Length: 5.2 m

 incl. bus bars. 
W

eight: 1 ton

Test program
: 

•
Electrical integrity, leak tightness 

•
Instrum

entation tests 
•

M
agnet training 

•
Pow

er test (ram
ping) and AC loss m

easurem
ents 

•
H

elium
 m

ass flow
 rate m

easurem
ents and hydraulic adjustm

ent 
•

M
agnetic m

easurem
ents (integral field, harm

onics, axis position)
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Salerno: Q
uadrupole D

oublets

•
Integrated m

odules
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All arc and straight m
odules, but the special ones (total 81 Q

D
M

) 
Test program

 is under discussion.

•
Salerno Cryogenic Facility

Tested units (JIN
R) is integrated into doublet m

odule (in G
erm

any)  
and transported to Salerno, Italy.

•
O

perating tem
perature and phases: 4.5K H

e at 3-7 bar 
•

Cooling capacity: 16 g/s 7 bar 4.5 K, 1.5 g/s 4.5K for leads, 17 g/s 60 K 
•

Pow
er converter: 2 x 10 kA +25/-20 V (series/parallel operation) 

•
O

ne feed box w
ith H

TS 20 kA current leads 
•

Q
uality control/m

easurem
ent system

: to be im
plem

ented

Telescopic bellow
 system

 

Telescopic 
bellow

 system
 

Safety valve

Connection boxes 
on chassis

Alignm
ent feet

Support fram
e

Instrum
entation 

flange Service port

LCL port

Insulation 
vacuum

 vessel

▪
Arc section Q

D
M

, type 2.9D
 

•
Com

plete Q
D

M
 including 

alignm
ent feet and 

support fram
e

M
ain dim

ensions: 
l      ≈ 6110 m

m
 

h     = 1400 m
m

 (@
 beam

 axis) 
h     ≈ 2100 m

m
 

w
    ≈ 1280 m

m

m
ax

m
ax

m
ax

W
eight: 

m
      ≈ 6220 kg
total
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CERN
: Super-FRS M

agnets

•
D

ipoles
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•
M

ultiplets

3.2 m
, 2.5 m

, 3.3m
 

50 ton

7m
, 2.7 m

, 4.3 m
 

m
ax. 60 ton 

33 m
ultiplets

3 types 
18+3+3 = 24 m

agnets
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CERN
: Super-FRS M

agnets

•
CERN

 Building180
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CERN
-G

SI collaboration since 2012. 

Test program
: 

•
Electrical integrity, leak tightness 

•
Tests of instrum

entation  
•

Cryogenic tests (current lead heater control, static heat load) 
•

M
agnetic m

easurem
ents (integral field, harm

onics, axis position, m
apping)

      to test the S-FR
S m

agnets. The perform
ance m

argin m
ight be used for parallel operation of test benches 

or for faster cool-dow
n/w

arm
-up phases if the 1 K

/h speed is relaxed after testing the prototype m
agnets. 

5.  C
onclusions 

A
 cryogenic test facility for testing large and heavy superconducting devices is currently being built at 

C
ER

N
. The configuration and perform

ance of its cryogenic system
 has been defined to fulfill the 

requirem
ents of the first devices that w

ill be tested in the facility: the S-FR
S m

agnets of the FA
IR

 
project. The cryogenic system

 w
ill feed three test benches. The system

 w
ill include tw

o LN
2  cooled – 

electrically heated cool-dow
n/w

arm
-up units w

ith a capacity up to 15 kW
 and a helium

 flow
 up to 50 g/s. 

The 4.5 K
 LH

e cooling w
ill be provided by a 1.2 kW

 at 4.5 K
 refrigerator, and the system

 is equipped 
w

ith a storage dew
ar of 5 m

3 for LH
e. The facility fulfills all the requirem

ents of the test program
 

planned for the S-FR
S m

agnets at C
ER

N
, and the perform

ance m
argin can be used to provide som

e 
operational flexibility.  

The project is currently in an advanced design and procurem
ent phase w

ith m
ost procurem

ent 
contracts planned to be placed in the third quarter of 2015. The cryogenic system

 is planned to be 
com

m
issioned in the third quarter of 2016, w

ith prototype S-FR
S m

agnet tests starting at the beginning 
of 2017 and the series tests planned until 2020. 
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Table 3.  Sum
m

ary of the m
ain perform

ance of the test facility cryogenic system
. 

Functionality / device 
Perform

ance  

C
ooldow

n 293 K
 – 90 K

 / C
W

U
1 

9 kW
 cooling pow

er, 50 g/s at 10 bar 

C
ooldow

n 293 K
 – 90 K

 / C
W

U
2 

15 kW
 cooling pow

er, 50 g/s at 10 bar 

LH
e dew

ar capacity 
5 m

3 

R
efrigeration/liquefaction 

1.2 kW
 at 4.5 K

, 5.6 g/s liquefaction  

Therm
al screen cooling 

1 kW
, 60 K

 – 70 K
 

W
arm

-up 90 K
 – 293 K

 / C
W

U
1 &

 2 
15 kW

 heating, 50 g/s at 10 bar 
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Table: Sum
m

ary of the m
ain perform

ance 
of the test facility cryogenic system

. 
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m

ary

International collaboration on m
agnet testing is a key challenge for the successful FA

IR Project! 
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M
agnets

Project Leader
Status

Project End
Rem

arks

G
SI

SIS100 
D

ipoles
A. M

ierau
Series testing is 
ongoing.

2021
2 shifts foreseen in near future

JIN
R

SIS100 
Q

uadrupole 
units

S. Kostrom
in 

A. Bleile
First units test is 
successfully done. 

2021
In parallel, N

ICA m
agnet 

testing

Salerno
SIS100 
Q

uadrupole 
m

odules

U. G
am

bardella  
A. Bleile (interim

) 
In preparation. 

2021
W

aiting a contract on the 
testing.

CERN

Super-FRS 
D

ipoles and 
M

ultiplets

L. Van D
en Boogaard 

K. Sugita
Com

m
issioning. 

Pre-series m
agnet 

testing starts in 
sum

m
er 2018.

2023
Collaboration agreem

ent for 
operation phase signed in Jan. 
2018.
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Thank you very m
uch for your attention!
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