
Technology and applications of 
high field accelerator magnets
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ACADEMIC TRAINING

CERN June 2-6, 2008

Lesson 3:

• Nb3Sn coil fabrication technology
• Magnet assembly - I 
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Outline
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Closer look at Nb3Sn
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Why not yet?
“Why there are no Nb3Sn magnets 

in any HE accelerator?”

BNL  76 mm 
aperture Quad  
from Nb3Sn Tape    

W. B. Sampson, 
MT-2 1967

†Nb3Sn accelerator magnet development around the world
M. J. Lamm; Applied Superconductivity, IEEE Transactions on
Volume 13, Issue 2, Part 2, June 2003 Page(s):1278 - 1283 
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R. Flukiger et al.,E. Barzi
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LARP baseline strand

Heat treatment 
optimization
to balance critical 
current and stability
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Effective filament size
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Rutherford Cable Fabrication

First pass:
Rectangular 
cable

Second pass:
Keystoned
(trapezoidal) 
cable

Annealing:
To remove 
cabling tension
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Cabling optimization
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Fabrication Technologies

(Nb + Sn) in Cu matrix � Nb3Sn during heat treatment at 630-700 oC
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Insulation
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Sleeve Sleeve 
braided on braided on 
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+ No length limit + No overlap + No overlap
- needs overlap - limited max cable length + No length limit
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Winding
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Curing
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*Developed by Composite Technology Development: http://www.ctd-materials.com/
D.R. Chichili, et al., “Investigation of cable insulation and thermo-mechanical properties of 
epoxy impregnated Nb3Sn composite” IEEE Trans. Appl. Superc.Vo 10, No 1, March 
2000 Pag: 1317 - 1320 
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Heat treatment - I
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Heat treatment - II
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Heat treatment - III
� ��
����
����
����
���;
���!���;
���!���;
���!���;
���!�� 	
;
�	
;
�	
;
�	
;
�

� '	0��
!����	����
���	����	��������������'	0��
!����	����
���	����	��������������'	0��
!����	����
���	����	��������������'	0��
!����	����
���	����	��������������

������
�	�����	����	
�������
�	�����	����	
�������
�	�����	����	
�������
�	�����	����	
�

� '	0��
!������	
��!	2�����	���4�����
�'	0��
!������	
��!	2�����	���4�����
�'	0��
!������	
��!	2�����	���4�����
�'	0��
!������	
��!	2�����	���4�����
�

�
�	�����	����	
���
�	�����	����	
���
�	�����	����	
���
�	�����	����	
��

��
	����
%�������	���5- �����!	���������
	����
%�������	���5- �����!	���������
	����
%�������	���5- �����!	���������
	����
%�������	���5- �����!	��������

�����	
�����	���%	����������������������	
�����	���%	����������������������	
�����	���%	����������������������	
�����	���%	�����������������

� ��
����� 
���
�����
!�5
�����
����� 
���
�����
!�5
�����
����� 
���
�����
!�5
�����
����� 
���
�����
!�5
���

� -����
	��)-3������������	�������5--����
	��)-3������������	�������5--����
	��)-3������������	�������5--����
	��)-3������������	�������5-

� &�&�&�&�####��
�0���
����������������
	��)-3���
�0���
����������������
	��)-3���
�0���
����������������
	��)-3���
�0���
����������������
	��)-3�

�!����5-���������������������
����	���!����5-���������������������
����	���!����5-���������������������
����	���!����5-���������������������
����	��

���� ��������%�����
�����������������%�����
�����������������%�����
�����������������%�����
���������

� -	�*-	-	�*-	-	�*-	-	�*-	####&�&�&�&�####1,�������������)-3�����1,�������������)-3�����1,�������������)-3�����1,�������������)-3�����

�
���6�����������������
����	�����
���6�����������������
����	�����
���6�����������������
����	�����
���6�����������������
����	����



June 4, 2008 15G. Ambrosio - Technology and applic. of high field acc. magnets 

Impregnation
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The reaction fixture can be sealed 
by using a shell and O-rings 
� Impregnation fixture
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Instrumentation
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Short Coils - Results
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Or magnet 
assembly and 
operation, or 
conductor …
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What about long coils?
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LQ coil fabrication
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Long Coils - Results
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Magnet Assembly

Case study:
LARP TQs

“Technological Quadrupoles”
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TQ Magnetic Design
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Jc = 2400 A/mm2 at 12T, 4.2K
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TQ Mechanical Designs
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2 layers

Filler
Keys

4 pads

Bladder

Yoke

Aluminum 
shell

TQC: using collars
Collar laminations from LHC-IR quads
1st time applied to Nb3Sn coils

TQS: using Al-shell
Pre-loaded by bladders and keys
1st time applied to shell-type coils

Yoke
Gap

Collar-
Yoke
Preload
Shim

Control
Spacer

Skin

Collar

Yoke
Collaring
Key

Inner poleOuter pole
piece

Coil Midplane
Shim

FNAL design LBNL design
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TQC Concept
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Yoke
Gap

Preload
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Control
Spacer
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TQC Mechanical Structure

Collars for:
�TQC 1st generation

2nd generation had slot 
instead of tip 

���� LHC-IR quads
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1 2

65
4

3

1 2

65
4

3

Max/Min 
Coil 

Stress
At Coil 

Pos. No.
Pole 
Insert

Control 
Spacer Collar Yoke

Skin  
8mm

Skin 
12mm

300K 140/65 3/1&2 250 50 420 170 230 150
4.3K 150/80 3/1&2 230 150 470 270 400 270
Bmax 145/20  2/3 50 50 460 280 450 300

TQC Mechanical Analysis

Stresses in the coils during collaring < 70 MPa
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• depending on input parameters and end loading,
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• LBNL racetracks at LBNL showed correlation between gaps and training
• FNAL Nb3Sn and NbTi magnets, with minimal and no end loading, have not 

exhibited excessive training quenches in the ends
�-.)������������������F�	�	���G��2	��������
��	���������/�������"-.)������������������F�	�	���G��2	��������
��	���������/�������"-.)������������������F�	�	���G��2	��������
��	���������/�������"-.)������������������F�	�	���G��2	��������
��	���������/�������"

• End force applied by 4 preloaded screws (“bullets”) through 50-mm thick 
stainless steel end plates
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TQC Collaring

Collaring of a mechanical 
model with LHC-IR collars
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TQC Collaring Development
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Stress in different longitudinal sections during 
keys insertion: uniform within +/- 5 MPa
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behavior of coil samples
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TQC Results
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Ramp Rate Studies, 4.5K
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Temp Dep. Studies

4.5K plateau 
1200 amp 
improvement 
over TQC01

1.9K plateau 
~same as TQC01

Expected ∆∆∆∆I
Same 4.5K Iq

TQC01b Quench History

Magnet assembly:
• Collaring + Yoke&skin can 

provide prestress and 
support for these forces

• These collaring technique 
cannot provide full prestress
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Outline of the lessons
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