
Technology and applications of 
high field accelerator magnets
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ACADEMIC TRAINING

CERN June 2-6, 2008

Lesson 4:

• Magnet assembly – II
Shell-based structures
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Outline
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Magnet Assembly

Case study:
LARP TQS

Technological Quadrupole
with Shell-based structure
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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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TQS Concept
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TQS Cross-section
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Bladders-&-Keys Concept
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•• increaseincrease in Lorentz body force = decreasedecrease in pole pre-stress
• No coil separation  = No change in shell stress  (zero net change in force)
• Coil separation = increase in shell stress

Courtesy: S. Caspi 
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Assembly, cool-down and 
excitation

2D mechanical analysis: pre-assembly condition2D mechanical analysis: bladder pressurization2D mechanical analysis: cool-down2D mechanical analysis: excitation

Courtesy: S. Caspi 
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Shell structure development

RD2 - 6 Tesla RT1 - 12 Tesla SM-01 - 12 Tesla

TQS,  quad

SQ01 short quad

LR01 3.6 m long cc, 11.5 T 

HD1 - 16 TeslaRD3-b - 14.5 Tesla

Concept developed by LBNL
Small Quadrupoles (SQ), TQS, and Long Racetrack are LARP R&D 
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Supporting Structures
Cos-t 
dipole

Cos-t 
quad

Block 
dipole

CC 
dipole

Courtesy: S. Caspi 
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Limited axial support
Full axial support ~ 350 

kN

Island End-shoeSpacer

� ���������������� �$
���	�������$
���	�������$
���	�������$
���	������

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

End load



June 4, 2008 12G. Ambrosio - Technology and applic. of high field acc. magnets 

TQS sub-assemblies
Shell and yoke sub-assembly
Yokes held temporarily with gap keys
Assembled using bladders and 
dummy coils

Coil and pad sub-assembly
Pads held by bolts 
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TQS Final assembly

strain-gauges

Coil Island 
instrumented
to monitor 
stresses
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Azimuthal pre-stress 
(bladder operation)

Bladders are inserted than pressurized with water
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FEM analysis

± range

Short sample 4.2K

Short sample 1.9K

4.2 K

14kA

• Azimuthal stress in layer 1 (Bronze pole with friction)
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TQS01/02 Strain/Stress at 4.4K
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Island Strain    µεθ �������������������� ����������������

Island Strain    µεz ���������������� ����������������

Island Stress    σθ ���������������� ����������������

Island Stress    σz ������������ ����������������

Coil Strain    µεθ �������������������� ��������������������

Coil Strain    µεz �������������������� ��������������������

Coil Stress*    σθ ���������������� ����������������

Coil Stress    σz ������������ ������������

*Outer layer azimuthal stress with Ti pole: 180-190 MPa
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TQS01c post test inspection
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High strain
discoloration
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Axial strain in turn 1 (ANSYS)
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TQS Results
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Magnet assembly:
• Al-shell w bladders&keys 

can provide prestress and 
support for these forces

• Very short assembly time
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Further development
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Long magnets:
���� Long Racetracks and quadrupoles (LQ) addressing long magnet issues

LRs have two flat racetrack coils, Bcoil > 11 T, 3.6 m long coils
- NO aperture

LQs have same features of TQs, Bcoil > 12 T, 3.5 m long coils 
- 90m aperture, 200 T/m grad, NO coil alignment

Coil alignment:
���� High gradient quadrupoles (HQ) to explore performance limits

1 m long, 90-130 mm aperture, Gnom > 250 T/m, Bcoil > 15 T

Others: helium containment (additional ss shell), heat transfer  
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LARP Long Racetrack
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From 0.3 m to 3.6 m

Results:
- 1st test: Iq= 90% ssl;   2nd test with segmented shell: Iq~ 96% ssl
- Shell stress variation during 1st test ���� Shell should be segmented
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3D mechanical analysis 
Full length or segmented shell
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LARP Long Quadrupole
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LQS design
3D components
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Assembly: Yoke and pads 
lamination stacking
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Assembly: Single shell-yoke 
sub-assembly
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Assembly: 
Yoke/shell pair - assembly
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LQ Assembly: 
Final yoke-shell assembly
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Assembly:Insertion and pre-load 
of coil-pad sub-assembly
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Full contact between ring and pole key

-during assembly

-during cool-down

Contact with 2.5 µm gap on the outer edge 
during excitation

Structure 1

Structure 2

Compression at 45 degrees

-during assembly

-during cool-down

- during excitation

Shell structure with 
coil alignment 
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Hybrid Design
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Test of shell-based structure for 
long quadrupoles (3.8m)

LQS01 test: Feb 09

Test of shell-based structure with 
alignment features (1m)

2nd test of HQ: TDB
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Outline of the lessons
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