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I Requirements

Barrel
Yoke

Functions

1) Provide support, adjustment and locking for the sub-detector
2) Provide the magnetic field loop

3) Absorb all particles except muon

4) Provide placing space for muon detector

Requirements

Muon detectors requirements
1) 6 layers of muon detector

2) 40mm for each layer of muon detectors
3) as few detection dead zones as possible

Magnet requirements

1) Yoke material must have high permeability and small
coercive force

2) Minimize magnetic leakage

Mechanical requirements

€ Barrel yoke

1) Ensure sufficient strength and stiffness (Self-weight &
Electromagnetic force)

2) Easy and quick installation

3) High installation accuracy (£ 1mm)

4) Provide convenience for the maintenance of detector

€ Endcap yoke

1) Ensure sufficient strength and stiffness (Self-weight &
Electromagnetic force)

2) Easy and quick installation



I Barrel yoke design—structure optimization

600mm Symmetrical
Barrel yoke structure

Unit: mm

T Self-weight Max Deformation
Material: 10# 19.95mm

Length: 8960mm Spiral
Thickness: 600mm structure
Muon space: 50mmx7
Layer plates thickness:
65. 20, 20, 20. 20,
20, 20, 65mm

Self-weight Max Deformation
12.99mm

Advantage
1) no detection dead zone between modules
2) increased structural strength of the barrel yoke




I Barrel yoke design—structure optimization

Spiral Optimization: add 6 partitions in each module

structure
optimization

AH: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

2024/8/16 9:48

1.0633 Max
0.94511
0.82697
0.70884
0.5907

0.47256
0.35442
0.23628

iy NO partition-module
self-weight deformation
Max 1.06mm

AJ: Static Structural
Total Deformation

Type: Total Deformation
Unit: mm

Time: 1

2024/8/16 9:56

0.37696 Max
0.33507
0.2931%
| 0.25131
0.20042
016754
0.12565
0083768

e 6 partitions-module
self-weight deformation
Max 0.37mm

P: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
2024/8/419:44

12.996 Max
11552
10,108
8.6642
72202
57761
43321
2.8881
1444

0 Min

S: Static Structural 600F 3zt
Total Deformation
Type: Total Deformation
Unit: mm
Time: 1
2024/8/413:21

1.7629 Max
1.5671
1372
11753
097541
078353
058765
039177
019588

0 Min

Self-weight
Max
Deformation
12.99mm

Self-weight
Max
Deformation
1.76mm

partition

Conclusion

The more partitions,
the better the module
strength,

the better the barrel
yoke strength




I Barrel yoke design—structure optimization

Spiral Optimization: add 6 partitions in each module

structure
optimization

Material: 10#
Length: 8960mm
Thickness: 600mm
Muon space: 50mmx7
Layer plates thickness:
65. 20, 20, 20, 20,
20, 20, 65mm
Weight: 566t

S: Static Structural 600Kzt
Total Deformation

nnnnn

Time: 1
2024/8/413:21

1.7629 Max
15671
1372

| 11753

. 097941
078353
058765
039177
0.19588

0 Min

Module- Self-weight Max Deformation
1.76mm

Advantage

1) no detection dead zone between modules

2) further increased structural strength of the barrel yoke
3) side panels can be opened separately to facilitate
detector installation, cable management and maintenance




I Barrel yoke design—installation optimization

Traditional installation scheme
Internal support frame installation scheme

Disadvantage

1) High manufacturing cost of the
internal support frame and material
waste

2) Internal support frame affect the
overall accuracy of the barrel yoke
after disassembly

CMS barrel yoke installation BESIII barrel yoke installation

Internal
support
frame



I Barrel yoke designh—installation optimization

P
Advantage ‘ O

1) No internal support frame during barrel yoke installation, easy and quick installation
2) Using 2 end flanges to support the installation of barrel yoke module, the deformation of barrel yoke is reduced

NEW installation scheme
Self-supporting installation scheme

Installation process 0 | }

O

2 end flanges 12 modules




I Barrel yoke design—installation optimization

Self-weight
Max
Deformation
1.76mm

Self-weight
Max
Deformation
0.59mm

2 end flanges 12 modules

N

Self-weight deformation of barrel yoke is reduced




I Barrel yoke design—installation simulation

Difficulty

End flanges will be deformed during the installation of module
Excessive deformation of the end flanges may affect the installation of module

Q: Static Structural
Directional Deformation
Type: Directional Deformation(Z Axis)
Unit: mm

Global Coordinate System
Time: 1

. 2024/11/12 10:16
Installation o
Sequence :g,g;:(s)sz
rlg ht'left gg;;gg;
insta”ation | 0006767 +
-0.11633
i upwards
Load -0..17501 Min positive
self-weight . .
direction

Max deformation
Top of flange

Deformation of end flanges in the direction of gravity

Deformation 0.12
(mm)

‘ Fixed support

Rectangular bottom of end flange

Result: Bottom module is installed, the deformation of end flanges is small.




I Barrel yoke design—installation simulation

C: Static Structural
Directional Deformation 2
Type: Directional Deformation(Z
Unit: mm

Global Coordinate System
Time: 1
2024/11/1217:45

0.001098 Max
-0.026568
-0.054234
-0.0819
-0.10957
-0.13723
-0.1649
-0.19257
-0.22023
-0.2479 Min

Max deformation
0.24mm

Module-6 install

C: Static Structural
Directional Deformation 2

Type: Directional Deformation(Z Axi
Unit: mm

Global Coordinate System
Time: 1
2024/111217:35

0.0012631 Max
-0.035888
-0.073039
-0.11019
-0.14734
-0.18449
-0.22164
-0.2588
-0.29595
-0.3331 Min

Max deformation
0.33mm

Module-8 install

C: Static Structural
Directional Deformation 2

Type: Directional Deformation(Z Axi
Unit: mm

Global Coordinate System
Time: 1
2024/11/12 17:40

0.00098203 Max
-0.038587
-0.078156
-0.11772
-0.15729
-0.19686
-0.23643

-0.276

-0.31557
-0.35514 Min

Max deformation
0.35mm

Module-7 install

C: Static Structural
Directional Deformation 2
Type: Directional Deformation(Z
Unit: mm

Global Coordinate System
Time: 1
2024/11/1217:28

0.0012162 Max
-0.040665
-0.082545
-0.12443
-0.16631
-0.20819
-0.25007
-0.29195
-0.33383
-0.37571 Min

Max deformation
0.37mm

Module-9 install




I Barrel yoke design—installation simulation

C: Static Structural
Directional Deformation 2
Type: Directional Deformation(Z Axi

C: Static Structural
Directional Deformation 2
Type: Directional Deformation(Z Ax

Unit: mm Unit: mm
G'Iobél Coordinate System Global Coordinate System
Time: 1 Time: 1

2024/11/1217:23 2024/11/1216:58

0.001678 Max

0.0021232 Max
-0.07702 M _0,064608
-0.15572 ey
-0.23442 | 019807
-0.31312 L 02618
-0.39181 -0.33153
-0.47051 | -039826
-0.54921 b -0.465
-0.62791 053173
-0.70661 Min -0.59846 Min

Max deformation
0.59mm

Max deformation
0.70mm

Module-10 install Module-11 install
(End flange deformation increase)

C: Static Structural
Directional Deformation 2

Type: Directional Deformation(Z Axi
Unit: mm

Global Coordinate System
Time: 1
2024/11/1216:51

Installation summary

After module-10 is installed, the deformation of the end
flange increases, which affects subsequent module
installation

0.0023849 Max
-0.059229
-0.12084
-0.18246
-0.24407
-0.30569
-0.3673
-0.42891
-0.49053
-0.55214 Min

How to reduce the deformation of the end flange during
module installation?

Max deformation
0.55mm

Module-12 install



I Barrel yoke designh—installation optimization

1) End flange Optimization

T

600mm

Small width
— Large deformation

900mm

Max deformation
0.70mm

.. . Max deformation
Optimization 0.47mm
Width and height increase

Deformation of end flanges in the direction of gravity (optimized)

_Sequence | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | 11 | 12

Def?r;”rl‘a)m” 009 009 009 011 012 015 020 023 (025 047 044 046

Result: Max deformation of end flange is reduced from 0.70mm to 0.47mm



I Barrel yoke designh—installation optimization

2) Fixed support optimization

Optimization
Add fixed
support

Max deformation Max deformation

0.47mm 0.28mm

Load
Self-weight

Fixed support Fixed support

Deformation of end flanges in the direction of gravity (optimized)

_Sequence | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | 11 | 12

Def‘(’r:]”r;]a)tm” 009 009 009 009 009 009 010 011 (011 028 023 025

Conclusion reduced from 0.47mm to 0.28mm
Increasing the width and height of the end flange and increasing the fixed
support can reduce the deformation of the end flange during installation



I Barrel yoke design—check of Ref-TDR

Ref-TDR barrel yoke design parameter

Isolation strips

940

Integral side panel

~ 2980 il
3460

Layer plates Segmented side panels

4275 [ 4625

Barrel yoke thickness
Increased from 600mm to 940mm
Weight increase from 566t to 1560t



Barrel yoke design—check of Ref-TDR

Self-weight simulation

Max Deformation
0.44 mm

Max Equivalent stress
15.28 MPa

Installation simulation

Deformation of end flanges in the direction of gravity (optimized)

_Sequence | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | 11 | 12

Def‘(’r;]”:)ﬁo“ 009 009 009 009 008 007 007 019 039 055 058 036

Conclusion
All meet the design requirements

16



Barrel yoke design—check of Ref-TDR

Self-weight & Electromagnetic force simulation

Min:_1.001E+03

B [tesla] - = Volume-Force
Max: 3.800 £ ] 3 | [N/m*3]
3.800 F: = ax Max: 7.681E+08
- 3338 y 7.60E+08
6.84E408
- E 6.08E+08
2413 | 5.32E+08
1.951 4.56E+08
1.489 | % 3.80E+08
g6 i 3.04E408
2.28E+08
. Q564 g 1526408
0.102 T L (Y . 7.60E407 S M I t d b C J H I H
Min: 0.102 | : b {1 ki 0.00E+00 Imu a e y ao Ing |
\ LSRR

B: Copy of Copy of Static Structural
Total Deformation 2
Type: Total Deformation
Unit: mm

Time: 1
2024/11/20 10:58

0.54129 Max
048114
! 0421
— 0.36086

| 0.30071
0.24057
0.18043
0.12029
0.060143
0 Min

B: Copy of Copy of Static Structural
Equivalent Stress 2

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
2024/11/20 10:59

: o™
Max Deformation r

Max Equivalent stress
0.54 mm E:sziz

122.75 MPa

27.278
13.64
0.001144 Min

Conclusion
All meet the design requirements



I Barrel yoke design—installation with magnet

Installation with magnet—The chimney of the magnet

3.8T Solenoid

Chimney

CMS barrel yoke: divided into 5 axial sections

Coaxiality problem



I Barrel yoke design—iInstallation with magnet

Self-supporting installation scheme
Alternating installation

Installation sequence

Chimney
(non-removable)

magnet

Alternating installation

Barrel yoke total axial length: 9150mm
Barrel yoke axial design is not segmented




I Endcap yoke design

900mm

Endcap yoke
Advantage:

1) Left and right halves

Space for muon detector

-
Material: 10#
Thickness: 900mm
Muon space: 50mmx7
Layer plates thickness:
80, 65, 65, 65, 65,
65. 65, 80mm
Weight: 265tx2

/ \R4160 00
R750.00

4 sectors
in the circumference

2) Can be opened from the middle for easy maintenance of the internal sub-detector




I Endcap yoke design—structure simulation

Self-weight & Electromagnetic force simulation

B
i
4

3

BER

o

/19 1805

3.7135 Bk

33009

28883

24757

2063

1.6504 .
s Max Deformation
041261

omn 3.71T mm

Conclusion
All meet the design requirements

B:
e
2R
By
EA
202

Max Equivalent stress
113.36 MPa




I Endcap yoke design—check of Ref-TDR

Ref-TDR Endcap yoke design parameter

. I StffenerI

Endcap yoke thickness
Increased from 900mm to 1240mm
Single weight increase from 265t to 700t

6X100




I Endcap yoke design—check of Ref-TDR

Ref-TDR
Endcap yoke Design

Space for muon
detector

A sector is divided into 2 muon spaces
Reason:

1) Divided into 2 spaces to facilitate the manufacture and
installation of the muon detectors

2) Reduce the deformation of the end yoke due to the
electromagnetic force




Endcap yoke design—check of Ref-TDR

Self-weight & Electromagnetic force simulation

B: Copy of Static Structural
Total Deformation 3

Type: Total Deformation
Unit: mm

Time: 1
2024/11/917:26

5.1639 Max
E 4.5901
40164

| 3.4426

= 2.8688

4 2.2951

1.7213

1.1475
0.57376

0 Min

110

Dy —

B mm

Max Deformation SR EERELCOT
5.16 mm

(safe) Z
NN\

i IS IAIL]
TN

B: Copy of Static Structural
Equivalent Stress 3

Type: Equivalent (von-Mises) Stress.
Unit: MPa

Time: 1
2024/11/9 17:26

= Conclusion
The end yoke is safe with self-weight and electromagnetic force
Cause
As the axial distance between the end yoke and the superconducting
Max Equivalent stress magnet becomes closer, the electromagnetic force on the end yoke
222.69 MPa Increases.

(stress concentration)



Summary

We designed the yoke structure, proposed a new installation scheme, carried out structural
optimization and got some conclusions.

During the Ref-TDR phase, we integrated the previously design conclusions of the yoke to
conduct yoke structure design and simulation analysis, with the simulation results meeting the
design requirements.

The structural analysis of yoke is not enough, we will further carry out the modal and seismic
simulation and analysis of yoke structure.

Self-supporting installation design is an innovative design that requires cooperation with
manufacturers to carry out process research and reduce manufacturing and installation risks.



Thank you!




