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15 T Dipole Magnet design has been 

developed
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1 – 4-layer Nb3Sn coil

2 –coil-yoke stainless steel spacer

3 – iron yoke laminations

4 – alignment key

5 – aluminum I-clamp

6 – iron filler

7 – stainless steel welded skin

8 – stainless steel axial rod

9 – stainless steel pusher plate

10 – bullet
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February 8, 201815 T Dipole Mechanical Analysis and Mechanical Model Tests
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15 T Dipole Magnet 2D FEA has been 

done and checked by FEAC 
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Shim Plan was developed based on FEA
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Position in coil 
Average Azimuthal Coil Stress, MPa 

Clamping Skin welding Cool down B=15T 

Pole 1 44 88 138 9 

Pole 2 27 46 75 21 

Pole 3 35 64 97 36 

Pole 4 37 62 95 62 

Mid-plane 1 33 64 95 153 

Mid-plane 2 35 65 107 127 

Mid-plane 3 36 62 92 153 

Mid-plane 4 38 66 103 153 

 

Magnet target prestress was selected 

based on 2D FEA Results
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Target prestress after assembly for 15T. 

For 14 T it is smaller by 20MPa.



Sensitivity analysis has been performed
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Several short MM were assembled and 

test at room and LN temperatures
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Goals:

• Test yoke and clamp mech limits at 

77K

• Validate 2D/3D mechanical 

analysis
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Clamp Design was optimized and tested

06/20/2018
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• New clamps were redesigned, 

fabricated and tested

• Larger radii at stress concentration 

area

• No holes

• Modification of the magnet 

suspension completed.

New Clamp

Old Clamp



Long Mechanical Model was assembled 

and tested
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Goals:

• test all main components 

of the mechanical 

structure and tooling 

• develop a coil assembly 

plan and procedure

• check instrumentation

• validate the magnet FEA

Model tests:

• parts uniformity checking 

using Fuji film

• multiple assembly with 

various radial shims 

• instrumentation testing 

on  the Al dummy coils



Magnet Assembly Plan was developed 

and reviewed

Magnet Assembly Steps: 

• Coil Size measurement analysis and coil matching

• Coil shimming 

• Coil Block Assembly with PH and ground insulation

• Coil block assembly with iron yoke

• Massaging and Iron Yoke Clamping 

• Shell Welding

• Coil Ends Loading 

• Leads Splicing 

• Soldering Wires to Hypotronic connector 

• Final Electrical Check

The plan was reviewed by the review committee on October 5, 2018
o All comments and recommendation have been addressed
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15T Dipole 

Magnet Schematic

Upper layer 3

Upper layer 4

Upper layer 2

Upper layer 1

Lower layer 3

Lower layer 4

Lower layer 2

Lower layer 1

CL1-

003
CL1-

002

CL2-

004

CL2-

005

Coil Pairing options were limited by coil 

power leads

Coil coupling depends on 

the magnet power leads location
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Long power lead



CL1-003

CL1-002

RE Saddle 
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Coil  RE 

155

Coil SS 

230

Coil SS 

420

Coil SS 

555

Coil SS 

715

Coil LE 

810

LE Saddle 940SP Block 950SP Block 1050

Coil Sizes were measured and analyzed 

CL1-003

CL1-002
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Coil Interfaces were analyzed and 

optimized
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HFM-CL1-002
230mm from RE 

HFM-CL1-003
230mm from RE 

Coil SS 230

L2 OD by 80 mic 

smaller

L2 OD by 

96 mic smaller HFM-CL2-004
201mm from RE 

HFM-CL2-005
218mm from RE 

L3 ID by 88 mic 

smaller



L2-L3 Coil Radial Interface Variations 

were also analyzed
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RE LEstraight section RE LEstraight section



L2-L3 Coil Radial Interface was checked 

using Fuji film
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CL1-002& CL2-004 CL1-003& CL2-005

FJ max pressure = 10 MPa

L4

L2

L3

L1

Impregnation

tooling

Coil parts

and cross-section

5mil Kapton 

with cuts for VTs



Radial Shim Plan for the Coil Block was 

developed 
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CL2-004

CL2-005

CL1-002

CL1-003

5mil Kapton

2mil Kapton

5mil Kapton

2A=3.5mil Kapton

1mil SS strip

4mil Kapton

2mil Kapton

2mil Kapton

5mil Kapton

5mil Kapton

2A=3.5mil Kapton

1mil SS strip

2mil Kapton

2mil Kapton

2mil Kapton

5mil Kapton

5mil Kapton

2mil Kapton

5mil Kapton

5mil Kapton

2mil Kapton

4mil Kapton

2mil Kapton

2.5 mm Steel Shell

1.8 mm SS Shell

2.5 mm Steel Shell

1.8 mm SS Shell



GI Wrapping  and Coil Block Yoking are 

done
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Coil Massaging and Yoke Clamping is 

complete
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Shell Welding tooling was fabricated and 

tested 
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11T 2in1 Dipole

Skin SG welding history 

Backing plate

6 side fillers

Skip weld
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End Loading and Leads Splicing plan
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Lead insulating spacers Stand-off plate

G10 splicing plates G10 cover plate

LE RE

At 4K bullets are in contact

with the coil ends



Adding Hypotronic connector and final 

electrical test are standard procedures

• All SG riding

• All VT’s reading

• Hi-Pot Insulation check

• L/Q/R coils check

• Hypotronic connectors

• Power Leads insulation

• Mechanical measurements
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11T 2in1 Dipole



Conclusions

• To reduce the risk of coil damage during assembly target 

prestress values  were limited by 150 MPa. The target field 

during the first test is 14 T

• Tests of mechanical models allowed to determine 

experimentally the limits of brittle Al clamps and Iron 

laminations. Based on that Al clamps were redesigned, 

fabricated and tested. Both clamps and Iron lams can safely 

operate up to ~17 T.

• Coil size data were measured and their impact on the 

interfaces analyzed.

• Assembly of 15 T dipole demonstrator is in progress and will 

be completed in early March.
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