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» Report and update EM (Electromagnetic) analysis of the
modular coils

» Report magnetic-structural analysis of the structure
responses from magnetic forces:
-ANSYS solid modelling
-ANSYS shell modelling

»  Possible structural design for the coil structure



Updates of the ANSYS EM Analysis
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Geometry of the | Nov 10 2005
. i'; : ;a‘ v — - 11:51:03
modular coils arc || '

B

imported from Pro/E [jEESe

MIN=.622149

CAD modeling. MAX=18.555

The 6 coils are meshed
by nearly 30000
Hexahedral elements
and 45000 nodes.

The local maximum
magnetic flux density in
the modular coils are:

.622149 4.607

B(M 1 ): 13. 8T, ARIES-CS EM m;l;is
B(M2)=18.6T,
B(M3)=17.1T. 3




New Plots Showing the Nodal Forces In
— the Modular Colls
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» The maximum magnetic forces are found in the modular coils where
there are small bend radiuses of curvatures at winding pack.
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Fully Symmetric Magnetic Forces In
—. the Modular Coils Were Found
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NOV 10 2005
11:53:05

ELEM=8113
MIN=20895
MEX=.220E+07 i

» The nodal forces vector plot shows a full symmetry for the pair of coils from
the top view. 5




Net Forces in the Modular Coills
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F., MN Fo, MN | F,, MN
MIL -52.2 -289.2 0.2
MIR -52.2 289.2 -0.2
M2L -168.3 -141.3 95.4
M2R -168.3 141.3 -95.4
M3L 114.5 -65.77 122.9
M3R 114.5 65.7 -122.9

Sumofall | -212.0 0 0

6 coils




EM Results by Different Code: Field In
= the Modular Coils

EM ANALYSIS:

v MAGFOR calculation using ~1100 20-node elements;
v" Coil current = 12.2 MA for all coils (revise to 10.1, 12.2, ,12.2);
v Maximum field at coil surface = 19.2 T. 7



EM Results by Different Code: Element

<= _Forces Iin the Modular Colls *
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EM Results by Different Code: Element

? Forces Iin the Modular Coils %\%

Elem Force (N)
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__ Magnetic-Structural Analysis
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The structural analysis is to evaluate the structural response form the magnetic
forces of the coils and provide guides for designing the coil structure.

The nodal forces obtained from EM analysis will be applied in the structural
model.

A sequential coupled EM-structural analysis can be adopted in the ANSYS solid
structural model, and the nodal force loads in EM analysis can be transferred in the
structural model by using the identical nodes and elements.

It 1s easy to simulate the openings/penetrations in the structure for the ANSYS
solid structural model.

The ANSYS solid structural model requests large amount of nodes and elements,
computer memory, and computing time.

ANSYS shell structural model uses much less nodes and elements and computer
resources, and the thickness of the shell can be easily optimized. 10



Material Properties Used In ANSYS
= Structural Modeling

UC SanDiego
Material Incoloy 908
Yield strength 1227 MPa at4 K
Tensile strength 1892 MPa at4 K

Modulus of elasticity

1.823 x 101! MPa at 4K

Poisson’s ratio

0.303 at 4K

Design stress

818 MPa at 4 K

v The design stress is taken as 2/3 of the yield strength at 4 K.
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Status of ANSYS Structural Solid Model
tor the Magnetic-Structural Analysi~y,
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» ANSYS university version has very limited nodes and elements to be used in the
solid model.

» ~250,000 nodes for the model plus the contact elements between winding pack and
coil case causing the total of DOF exceeds 1.5 million, and requests more computer
memory (1 million DOFs need over 1 Gb ram).

» There is not sufficient memory to run this solid model in my computer.

12



ANSYS Shell Model of the Structural
= Analysis

UC SanDieg
Boundary conditions:

1. Continuous shell (NCSX case), bucking
cylinder ring

ROT SYM BC

2. Separated filed-period structure tube,
bucking cylinder ring (not finished)
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EM Element Force Loads In the Modular
= Coil M1L W/
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EM Element Force Loads In the Modular

Coil M2L
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EM Element Force Loads In the Modular
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Coil M3L

Running Load (MN/m)
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FEA Model and Initial Input Thickness for
_=tha Structural Analysis of Colil Structur~,
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Shell region Strongback regiot
(t=60-cm) (t=120-cm)

Center region
(t=200-cm)
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DiIsplacement based on the Initial

Uci-— Thickness E%E

ANSYS 10.0

ocCT 23 2005
20:42:25

NODAL SOLUTION
STEP=1

SUB =1

TIME=1

SMX =.007681
.653E-03
.001434
.002215
.00299¢
003777
.004558
.005338
006119
.0069
.007681

MO0ORECEN

BANSYS 5 job created on 23-0ct-05 at 14:32:1e

v'Support at midplane to check symmetric response.



DiIsplacement based on the Initial
Thickness

1 ANSYS 10.0
QCT 23 2005
20:47:07
NODAL SOLUTION
STEP=1

S5UB =1

TIME=1

UsTM (BAVG)
ES¥S5=0
PowerGraphics
EFACET=1
AVEES=Mat

DMX =.007681
SMN =.653E-03
SMx =.007681
.653E-03
.001434
.002215
.0029%&
.oo3T
.004558
.005338
.00&119
.0069
.007681

UIC SanDy

BLLOREOEN

Undeformed Edges

ANSYS 5 job created on 23-0ct-05 at 14:32:16




Stresses of the Coll Structure Based on the Initial
Thickness of the Shell, Strongback and Center

= Reg 10NS %;
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OCT 23 2005

20:38:18
NODAT, SOLUTION
STEP=1

SEQV (AVE)
PowerGraphics
EFACET=1
AVEES=Mat

DMX =.007681
SMN =.143E+07
SMX =.280E+09
.149E+07
.324E+08
.634E+08
.944E+08
-125E+09
-156E+09
-187E+09
.218E+09
.249E+09
.280E+09

BCLOREOEN

Undeformed Edges

BNSYS 5 job created on 23-0ct-05 at 14:32:16




Example of the Stress for Optimized Thickness of the
_Intercoil Shell, Strongback and Center Regions
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Undeformed Edges



Example of the Displacement for Optimized Thickness of
_the Intercoil Shell, Strongback and Center Regions

v"Max. Displacement Vector Sum=3.65 cm

To reduce the displacement, it may need to increase the side thickness at the both ends,
gussets or racetrack beam may be helpful.

What is the design limit of the displacement for the coil design?




Example of the Displacement for Optimized Thickness

of_the Intercoil Shell, Strongback and Center Regions
gl S
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Max. Uy=1.94 cm
Max. Uz=3.24 cm
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Status of the ANSYS Solid Model Plus Shell
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ELEMENTS
REAL NUM

NOV 17 20085
11:38:52

Center
region

Intercoil shell

Strongback

ARIES-CS EM Analysis

del for the Magnetic-Structural Analysis

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SEQV (AVG)
DMX =.024047
SMX =.612E+09

NOV 17 2005
11:31:14

0 -136E+09
-G73E+08

ARIEZS-CS EM Analysis

2TZE+09

-d08E+09
. 340E+08 .4TEE+0D

-544E+09

-Z04E+0% .Gl2E+0%

» Continuous tube structure and bucking cylinder

»Solid element type for the winding pack, and shell element type for the intercoil structure,

strongback, and bucking cylinder.

»Assumed thickness: Intercoil shell=0.35 m, Strongback=0.35 m, Bucking cylinder=0.65 m

»Max. Displacement vector sum=2.4 cm, Max. stress=612 MPa

»Need further work to confirm this results.




Possible Coll Structural Design for One

= Tube Seament (1

Coil Tube

v ~0.02-0.05m

0.65m

v'Coil tube (Intercoil shell) is about ~0.35 m;

v'Strongback is about ~0.65m;

v’ Bucking cylinder ring is ~0.85 m.



Possible Coll Structural Design for One

-i' Segment gzg %@?

0.35m

v'The results of ANSYS solid
model plus shell model are most
suitable for this structure

design.
v'Coil tube (Intercoil shell) is about ~0.35 m;

v'Strongback is about ~0.65m;

v" Bucking cylinder ring is ~0.65 m.
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sSiple COoll Structural pesign For Full

Field-Period: Bolted the Three Tube

— Segments Together *
UC SanDiego Bucking Cylinder

Coil Supporting Tube 27



Possible Coil Structural Design for Full Field-
Peroid: Separated Tube Segments
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Bucking Cylinder Ring

Do not have
the structural
results for this

case, yet. Coil Supporting Tube 28




L_esson from the NCSX Coll Structure

- Design
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»The modular coils are supported by the integral
winding form and shell structure.

» There are 18 shell segments bolted together to make a
continuous shell structure.




sSummary
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»  The maximum magnetic flux densities were found in the modular coils where
there are small bend radius of curvatures at the winding pack.

» The results of EM analysis show that both the net vertical and toroidal forces
of the 6 modular coils inside one field-period are zero, and there is only the
net centering force with a magnitude of 201 MN.

» Two different approaches of the EM Analysis show very good agreements.

» The thickness of the intercoil shell, the strongback and the bucking cylinder
are about 0.35 m, 0.65 m and 0.85 m, respectively based on the continuous
coil tube design.

» Three tube segments (one segment each field-period) can be either bolted
together (like the NCSX ) or separated . This needs the ANSYS runs to

confirm the separated case. .
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