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15T Dipole Magnet
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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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Magnet Assembly

Magnet FEA

• FNAL 2D

• FEAC 2D + Sensitivity Study

Results verification with real structure

Material Test

Magnet Assembly Plan and Procedure
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FEA 

Parameters

MP 

L1/2

MP

L3/4

Coil-Yoke 

Radial

Yoke-Skin 

Radial

Yoke-Yoke 

Gap

Yoke-Clamp 

Interference

Skin 

Weld

FNAL 0 0 0 0.3 0.275-0.375 0.3 0.4

FEAC 0 0.06 0.025 0.6 0.36-0.42 0.4 0.4
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Short Mechanical Model 

The short model consists of 

four laminations, two clamps 

and AL cylinder
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2 in-long Model for Cold Test

• 3D FEA results validation

• Material cold test 

• Stress and displacements 

vs radial interference

• Instrumentation
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3D FEA Model
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Clamp

Laminations Cylinder

Rods

Steel 1020HR

Yield: 250 MPa

UTS: 460 MPa

7075-T6

Yield: 503 MPa

UTS: 572 MPa

6061-T6

Yield: 276 MPa

UTS: 310 MPa

316 Stainless

Yield: 415 MPa

UTS: 620 MPa
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Instrumentations
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SG location

8 strain gauges on 

the stress 

concentration points 

of the laminations

2 gauges on ID
at midplane 0°
at pole 90°
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SG Placement
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Out of the eight lamination strain gauges, four were 125, three were 250, and one was 
60. With one exception, the lamination gauges were series 9.  The dummy coil had 

two series 13, 250 length gauges. The 60 mil gauge was a series 5.
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WK-05-062ED-350W

WK-13-125AD-350W

WK-09-250BG-350W



Model Parameters
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Lamination OD

Lamination Flat

Clamp Flat

Lamination Flat

Clamp Flat

Clamp to Clamp Clamp to Clamp

Clamp OD

Clamp OD

OD
ID

Shim Shim

AL Cylinder

Clamp Yoke Interference

Clamp Yoke Interference

Gap

B

A
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First Cold Test

▪ Model placed in an LN2 bath 

in “free” and under four 

shimming configurations

▪ Total 10 TCs

▪ Old SG reading cart

▪ Physical measurements
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MM Iron Lamination and Cylinder
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Iron Lamination
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∆=~70MPa

Smax=500MPa



Second Cold Test
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WK-06-062ED-350
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▪ Model placed in an LN2 bath in 
“free” and with one max 
shimming configuration 

▪ New SG on Iron Lams

▪ SG added on AL Cylinder

▪ 2 Thermal Gauges added

▪ Total 4 TCs

▪ Physical measurements

▪ VMTF DAS reading



VMTF DA System
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MM Iron Lamination and Cylinder
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∆=~110MPaSmax~580MPa



MM Size Measurements
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∆=60mils

∆=57mils ∆=64mils

∆=35mils



MM Size Measurements
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∆=23mils ∆=0.019mils



Short Mechanical Model

Status

• Material Cold Test *

• Instrumentation                       *

• Stress and Displacements *

vs Radial Shim

• FEA Data Verification in progress
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Mechanical Model for Technology Test
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Iron Yoke Clamping -
key assembly step

• Structure

• Tooling 

• Procedure

• Instrumentation

• FEA Data 
Verification 

(Shim Plan)
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Dummy Coils
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• Two channels ~320mm from each end

• Six gauges per channel

• Five azimuthal, one longitudinal

• Same locations axially

• Four gauges per location

• Three azimuthal, one longitudinal

Al Dummy Coils L3/4 and L1/2

Al Cylinders

• Two gauges 

per bore

• ~50mm from 

one end

• 0o and 90o

azimuthal 

locations

The first dummy coil 

configuration has all coils 

represented by 3 

aluminum cylinders

The second configuration 

uses four half cylinders, 

two for layers 1 and 2 and 

two for layers 3 and 4
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Full-Scale Mechanical Model
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The 43-inch long model is a full-scale 

magnet structure, which consists of 

all the laminations, clamps and rods.
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Full-Scale Mechanical Model

Status

• Structure                                  *        

• Tooling                                       *

• Procedure in progress

• Instrumentation                       in progress

• FEA Data Verification in progress

• Assembly Shim Plan in progress
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Summary

o 15T 2D mechanical structure have been analysed by two 

independent experts.

o Mechanical design provides the required coil prestress and 

restricts turn radial, azimuthal and longitudinal motion for 

the operating current range up to 15T.

o Small Mechanical Model have been tested at 300K and 

77K for 2D-3D FEA verification and material tests.  

o Work with full-scale Mechanical Model have been started to 

finalize the clamping assembly step and magnet shim plan.
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Back Up Slides

23



24



25



Sensitivity Data
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