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Iron shield for magnetic field
on PMT of TOF detector
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Procedure of TOSCA calculation

1. Implemented electromagnet in a model

2. Putiron shield
3. Investigated a shield effect for the magnetic field



Simplified the shield model
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Complicated structure = Meshing error
Create simplified model
(Erase small prongs and gaps)
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A %Zi@ Magnetic field shield (1)
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プレゼンター
プレゼンテーションのノート
Simplified the model in order to avoid meshing error.
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ectromagnet implementation
TOSCA model

S S S S R S T 1. Design a shape of

iron with Auto
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ow chart of the calculation

'OSCA)

Modeler (Modeling)

Solver (Calculation)
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Post processor (Showing results)



Electromagnet in TOSCA model

3322015 16:24:43
Map contours: BY
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Magn Scalar Pot A
Current Density A mm?
Power W
Force N

MODEL DATA
test_magnet_20.op3

TOSCA Magnetostatic

Linear materials

Simulation No 1 of 1
4899324 elements

829861 nodes

3 conductors

Nodally interpolated fields
Activated in global coordinates
Reflection in XY plane (Z
field=@)

Reflection in ¥YZ plane (X
field=@)

Reflection in ZX plane (Z+X
fields=0)

Field Point Local Coordinates
Local = Global

FIELD EVALUATIONS
Line LINE 301 Cartesia

(nodal) n
x=40.0 y=-150. z=587.4
B to
150.0
Cartesia CARTESI 200x200 Cartesia
n AN n
(nodal)
x=-1100 y=0.0 z=-1600
.0 to .0 to
1100.8 1600.8


プレゼンター
プレゼンテーションのノート
Coil cross section : 100 x 100 mm^{2}
Current density: 20 A mm^{-2}


Electromagnet in TOSCA model
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Map contours: BY
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’Hagn Scalar Pot A
Current Density A mm?
Power W
Force N

MODEL DATA
test_magnet_20.op3

TOSCA Magnetostatic

Linear materials

Simulation No 1 of 1

4899324 elements

829861 nodes

3 conductors

Nodally interpolated fields
Activated in global coordinates

ﬁﬁschtn XY plane (1
)

Reflection in ¥YZ plane (X
field=@)

Reflection in ZX plane (Z+X
fields=0)

Field Point Local Coordinates
Local = Global

FIELD EVALUATIONS
Line LINE 301 Cartesia

(nodal) n
x=40.0 y=-150. z=587.4
B to
150.0
Cartesia CARTESI 200x200 Cartesia
n AN n
(nodal)
x=-1100 y=0.0 z=-1600
.0 to .0 to
1100.8 1600.8

Conductor


プレゼンター
プレゼンテーションのノート
Coil cross section : 100 x 100 mm^{2}
Current density: 20 A mm^{-2}


Put iron shield in the electromagnet




Whole design in modeler




Tested shield models

1. 12 mm iron plate
2. 6+6 mmiron plate
3. 12 mmiron plate + 1 mm iron tube



Tested model (1)
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Tested model (2)
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Tested model (3)
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Post-processor

UNITS

mm

Density T

Length

Magn Flux

Am!
A

Magn Scalar Pot
Current Density

Magnetic Field

A mm-?

Force

MODEL DATA

test_ma

shield.op3

with_

20_

TOSCA Magnetostatic

Linear materials

gnet

Simulation No 1 of 1
9724018 elements
1636563 nodes

3 conductors

Nodally interpolated fields

Activated in global coordinates
Reflection in XY plane (I field

)

e)

Reflection in ZX plane (Z+X fields

Reflection in YI plane (X field

-0)

Field Point Local Coordinates

Local

Global

FIELD EVALUATIONS

Cartesian CARTESIAN 5@@x30@ Cartesian

(nodal)

-500.0
to 500.0
Cartesian
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LINE
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Post-processor (Configurationl

UNITS

Length mm
Magn Flux Density T
Magnetic Field A m?
Magn Scalar Pot A
Current Density A mm—?
Power Ul
Force N

MODEL DATA
test_magnet_20_with_shield.op3
TOSCA Magnetostatic

Linear materials

Simulation No 1 of 1

9724018 elements

1636563 nodes

3 conductors

Nodally interpolated fields
Activated in global coordinates
Reflection in XY plane (Z field=0)
Reflection in YZ plane (X field=0)
Reflection in ZX plane (Z+X fields=8)

Field Point Local Coordinates
Local = Global

FIELD EVALUATIONS
Cartesian CARTESIAN 5@0x38@ Cartesian

(nodal)

¥=-150.0 y=8.8 z=-500.0

to 150.0 to 500.0
Line LINE 101 Cartesian

(nodal)

%=0.0 y=0.8 z=-10.0
to 10.0




Post-processor (Configuration2)
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Post-processor (Configuration3)

mm

Magn Flux Density T

=

=
on
=
w

—

A m?
A

Magnetic Field

shield4.op

A mm?
N
_20_with_

magnet

Linear materials

Magn Scalar Pot
Current Density
MODEL DATA

test

Simulation No 1 of 1

3

Force
10086825 elements

TOSCA Magnetostatic
1964499 nodes

3 conductors

Nodally interpolated fields

Activated in global coordinates

Reflection in XY plane (I

)
Reflection in YZ plane (X

field

0)
Reflection in ZX plane (Z+X

field

=0)

fields

Field Point Local

Coordinates

Local = Global

FIELD EVALUATIONS

Cartesi CARTESI 200x2@ Cartesi
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プレゼンター
プレゼンテーションのノート
1: (x,z) = (0.0,33.0)
2: (40.0, 33.0)
3: (0.0, 59.0)
4: (40.0, 59.0)
5: (0.0, 561.0)
6: (40.0, 561.0)
7: (0.0, 587.0)
8: (40.0, 587.0)


UNITS

Length mm
Magn Flux Density T
Magnetic Field Am
Magn Scalar Pot A
Current Density A mm™?

Power W
Force N
MODEL DATA

test_magnet_2@_with_shield4.op3
TOSCA Magnetostatic

Linear materials

Simulation No 1 of 1

10086825 elements

1964499 nodes

3 conductors

Nodally interpolated fields
Activated in global coordinates
Reflection in XY plane (I field=@)
Reflection in YZ plane (X field=@)
Reflection in IX plane (Z+X fields=@)

—-1.500000E-01

— -2.000000E-01

Field Point Local Coordinates
Local = Global

— -Z.500000E-01

—150) FIELD EVALUATIONS
Cartesian CARTESTAN 28@x20@ Cartesian
—o00 (nodal)
¥=-100.0 y=140.0 =z=-200.0
T -3.000000E-01 to 100.0 to 0.8
—Z30 Line LINE 301 Cartesian
(nodal)
x=0.0 y=-150.8 z=33.0
-3.500000E-01 to 150.8
-3. 7241 06E-01

Integral = -4.046335E+02

B, plot on this line Opera



Expectation from the 2D Contour plot

UNITS

Length mm
Magn Flux Density T
Magnetic Field Am?
Magn Scalar Pot A
Current Density A mm™?
Power W
Force N

! / : : MODEL DATA
I i test_magnet_2@_with_shield.op3
TOSCA Magnetostatic
Linear materials
Simulation No 1 of 1
9724818 elements
1636563 nodes
3 conductors
Nodally interpolated fields
Activated in alobal coordinates
(Z field=0)

Absorption can be observed !! .,
e - The magnetic flux density [
H- 6 o00000E-07 < ~ S EXpECtEd to be la rge 6x380 Cartesian
\ . around the opening. a7

-7.000000E-02
\ 1 Cartesian

\ \ (nodal)

-7.610249E-02 ‘ x=0.0 y=-135.0 z=33.0
Intogral - -7.448016E+02 N 0 to 135.0
~
- / pera
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Position dependence (Configuration1)
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B, [G]

B, [G]

Configuration difference
12 mm (Conf. 1) vs. 6+6 mm (Conf. 2)
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Shield effect of configuration 2
is better around center
though the absolute value is small.



Configuration difference on linel:

12 mm plate (conf. 1) vs. Edge of Tube
12 mm plate + 1 mm tube (conf. 3)
0 Edge of Plate
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x and z dependences
for conf. 1 and conf. 3
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プレゼンター
プレゼンテーションのノート
1: (x,z) = (0.0,33.0)
2: (40.0, 33.0)
3: (0.0, 59.0)
4: (40.0, 59.0)
5: (0.0, 561.0)
6: (40.0, 561.0)
7: (0.0, 587.0)
8: (40.0, 587.0)


File Edit View Create Picking Operations Properties Model Command Files Windows Help
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HEGRAEERS ~ ¥« ARAOY 2B &Y 2R% i
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Volume mesh 1 26 176 346 286 3

test_magnet_20_with_shield4.0p3 (TOSCA analysis)

[Tyl
Current progress

TOSCA Magnetostatic analysis

File: test_magnet_20_with_shield4.op3 simulation: 1

Created on: 06/Mar/2015 14:44:53

In Directory: /home/dragon/tosca/tof_shield/

By Machine: Node: hyperdragon3. Processor: xB6_64. System: Linux. version 3.18.7-100.
Log Files: Modeller_201503061326559121.log/1p

Simulation created using: Opera-3d/Modeller Version 15.0.27114

User did not enter a title

SI{millimetre) units

3 Biot-Savart conductors (current densities in A mm**-2):
1 Arc
Current Densities: 20.0
2 Straights
Current Densities: 20.0
Adaptive RHS 1ntegrals
Drive sets and functions
DEFAULT_DRIVE Coil drive type Constant

Boundary Conditions: NORMMAGN TANGMAGN

Linear solution
No periodicity conditions have been defined

Materials defined:
IRON
Isotropic permeability: /data/datal/dragon/tool/opera/Opera_15/bh/tenten.bh (2754.5
DAIR
Isotropic permeability: 1.0
AIR1
Isotropic permeability: 1.0
AIR

1964499 nodes in the model

11817827 edges in the model

Both linear and quadratic elements exist in the model
9891251 linear tetrahedra

195574 quadratic tetrahedra

Total 10086825 elements

| 1] 48

Close Window @ Stop Analysis

WIOgeTS=CRI T oA g IMp I ue v I eI oI SerTue vl
LL && GDK_IS_DEVICE (dewvice)) || (GDK_IS_DEVIC

Common: @ | @ | @ Total: @ | 1] 48 )' failed
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I s

Length mm
Magn Flux Density T
Magnetic Field A m
Magn Scalar Pot A
Current Density A mm?
Power W
Force N

MODEL DATA
test_magnet_2@_with_shield.op3
TOSCA Magnetostatic

Linear materials

Simulation No 1 of 1

9724818 elements

1636563 nodes

3 conductors

Nodally interpolated fields
Activated in global coordinates
Reflection in XY plane (Z field=@)
Reflection in YZ plane (X field=@)
Reflection in ZX plane (Z+X
fields=0)

Field Point Local Coordinates
Local = Global

FIELD EVALUATIONS

Line LINE 301 Cartesian
(nodal)
x=0.0 y=-150.0 z=33.8

to 150.8



UNITS
' | Length mm
Magn Flux Density T
Magnetic Field A
Magn Scalar Pot A
Current Density A
Power W
Force N

MODEL DATA
test_magnet_2@_with_shield.op3
TOSCA Magnetostatic

Linear materials

Simulation No 1 of 1

9724018 elements

1636563 nodes

3 conductors

Nodally interpolated fields
Activated in global coordinates
Reflection in XY plane (7 field=@)
Reflection in YZ plane (X field=@)
Reflection in ZX plane (Z+X
fields=0)

Field Point Local Coordinates
Local = Global

FIELD EVALUATIONS
Line LINE 301 Cartesian
(nodal)

x=40.0 y=-150.8 z=587.4
to 150.8
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