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CMS-Compact Muon SOLENOID

CERN PF5

Solenoid: 5 modules
CBx2, CB+1 & CBO

4 layers each

Central magnetic field: 4T

CMS Solenoid

central magnetic field:

4T

nominal current:
20000 A

stored energy:
27@

magnetic inductance:

Weighe v wuna NESS!
220t

length:
125 m

diameter:
6m
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Strand Specifications
Strand Dlameter
{Cu+Bamier)y Nb-Ti ratio
Filament diameter
Mumber of Filaments
Strand Unit length
Strand Minirmum Critical Current &
(Criteria : 5 T, 4.2 K, 10 u¥/m}

Parametars
1.280 £ 0.005 mm
1.1+ 0.1
< 40 um
552
250 m
1925 A

AT LA P iy
4] 5| 6|. 7I 8|._ 19| L

6082 Al Alloy Reinforcement

-
.

Electron Beam / o i
Welding Connaction / . .n_o_:?«_r'-- ]

64.0

99.999% Pure Al Stabilizer

32 strands Rutherford Type Cable

Strand->Cabling->Co-extrusion->EB-welding

21 conductors, 2250 m each
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Importance of Ic survey

-quality control during the
multi-step conductor
fabrication->degradation

control

-1/1c—1/3->large enthalpy

margin

-analysis of field

distribution on the layers
for each module->choice of
the “best”’conductor

Peak magnetic field (T)

2 3 4 5 6 7
Distance from midplane (m)
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Layer/Module B (T) CB£2 B (T) CBx1 B (T) CBO
1 4.2 4.3 4.4
2 34 3.2 3.3
3 3.2 2.2 2.3
4 2.9 1.2 1.2
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Where and howv:

CEA-Saclay: critical current measurement
single strands in the CHRISTIANE
facility

Infn-Genova: critical current measurement of
the finished conductor in Ma.R1.S.A
facility
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Property Single strand 32-Strand Cable
Diameter/ 1.28 20.63 x 2.24
Dimensions (mm)
Cu/Sc ratio 1.1/1 1.1/1
Number of NbTi 500 to 700 32 x (filaments in one strand)
filaments
Twist pitch (mm) 45 180-190
Sample holder Straight /hairpin Circular
Ic measurement Direct Transformer

Measurements
at4.2 K & 5T

Meas System

Ic statistics

Joints

Concl




Infn-Genova: direct transformer method

Ma.Ri.S.A. B

Lep
Ip
D — D —
Primary Secondary
Number of turns 4176 L (uH) 0.88
L,(H) 6.4 I, (A) 100000
I, (A) <970 Amplification 720
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How to compare?

Definition of Ic without ambiguity
Violtage Criterion, 0.1 uyV/cm

Definition of critical field

Not unigue

«Self-field

eComplex field distribution
In multi-strand cables

E T
0°g¢de) 3'1831e)
cowbousu: ¥ BAVT

Rutherford cable

B..=3.18 T+Self-field
1=1860x32 A

1
0'054100

Component: BMOD
4321721

00000000

Single strand
=5T+Self-field
1=1860 A

B

ext
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How to compare?

Apply an external field so that the strands in the
cable at higher field experience a mean field equal to
that of the single-strand distribution .

Component: #BVAL
14'491 776 5,00{3?82 551 5789|

1.2

B.=3.17 T
Brea¥=i5hT 1R

mean—

N 5iEaT

We made in Ma.Ri.S.A. some measurements on co-
extruded samples to compare our results with the
critical current of single strands. There is a very good
agreement; the max difference is within the error
value of 2%o.
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2100

2050

2000+

1950

1900+

1850

1800

1750

ebw01-cms02
ebw02-cms01
ebw03-cms03
ebw04-cms04
ebw05-cms05
ebw06-cms08
ebw07-cms06
ebw08-cms07
ebw09-cms09
ebw10-cms10
ebwll-cms12
ebwi12-cms13
ebw13-cmsi14
ebw14-cmsi15
ebw15-cms16
ebw16-cms17
ebw17-cms19
ebw18-cms20
ebw19-cms18-t2
ebw19-cms18-t1
ebw20-cms21
ebw21-cms22

Ic (A)
Virgin
1991
1921
1991
2008
2002
2058
1994
2035
2040
2030
2048
2040
2057
2028
2023
2008
2003
2000
2013
2013
2015
2017

IC measurements

Ic strand (A)
Conductor ring
1856
1856
1875
1897
1894
1938
1881
1963
1894
1875
1933
1938
1945
1926
1907
1917
1920
1924
1867
1904
1909
1951

Total degradation

-6.8%
-3.3%
-5.8%
-5.5%
-5.0%
-6.0%
-5.7%
-3.6%
-7.0%
-7.4%
-5.7%
-5.0%
-5.4%
-5.0%
-5.8%
-4.6%
-4.2%
-3.9%
-7.3%
-5.5%
-5.3%
-3.3%

AN

@ Virgin strand Ic-Outokumpu
O After co-extrusion, CEA-Saclay

O Finished conductor, INFN-Genova

Ic spec per strand=1750 A
42K &5T

Max degradation, -7.4%
Min degradation, -3.3%b
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Number of conductors
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Icspec =66 kAat5Tand 4.2 K

All conductors have critical current higher than
the spec value from a minimum of 6%6 to a
maximum of 1190 .

More
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Electrical characterization of

Rj required <107° Q

TIG joint

,f"f

Praying
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Ansaldo Superconduttori procedure

e 3 mm deep chamfer, 45° angle

e One pass, fore-heting at 120 °C, max temperature 320 °C
e Spot welding

INFN tests on round samples in shaking hands configuration
Rj=4.9 10° Q
on a 28 cm long joint > need 140 cm .

1 TIG-JOINT i >

CEA tests on straight samples in praying hands configuration
Rj=7.8 101°Q
on a 99.3 cm long joint >need 78 cm

Joints are welded two meters long to be very safe!
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Conclusions

We have electrically characterized the S/C conductor for
the CMS solenoid at CERN.

All the conductors used for winding the magnet have a
critical current at least 626 higher than the specification
value. The total degradation from the virgin strand to
the finished conductor is in the worst case 7.4%o.

We have qualified the method used for making the
electrical joints between layers in a single module and
between modules and bus-bars.

Both round and straight samples were measured.
According to these measurements, it has been decided a
conservative length of two meters corresponding to a
resistance of 3.8 101°Q with an external field of 1 T.
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