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Motivation

Two upcoming hybrid tests in the 90 mm, ~8 T dipole magnet CCT5 place
metallic material in regions of spatially changing field which see high dBdt
during extraction (leading to net transient force)

HTS CORC joint

S

What is the impact of transient forces due to eddy currents in this
conducting material?
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Testing of demountable CORC joints in CCT5 for fusion applications

PAPER

Performance of low-loss demountable joints - - < L
between CORC® cable-in-conduit-conductors at Vertical field on the jointin CCTS

magnetic fields up to 8 T developed for fusion

magnets - 172763

.68956I
1.55188

2.41421

To cite this article: Jeremy D Weiss et al 2023 Supercond. Sci. Technol. 36 085002

3.27653
4. 13885.

5.00118

5.8635

6.72582

'7.58815.

Field gradient on

high RRR copper
Reed Teyber
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Testing of BIN5 in CCT5

Vertical field on the
aluminum extensions

|
—.202057 1.06943 2.34092 3.61241 4.8839
.433688 1.70518 2.97667 4.24815 5.51964

Laura Garcia Fajardo / Tengming Shen
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Overview

* transient electromagnetic modeling approach in ANSYS to
determine dynamic forces from eddy currents

« model/results for the planned GA CORC joint test in CCT5

« model/results for the planned BINS5 test in CCT5
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Existing 3D magnetic model in ANSYS for CCT5

conductor layers

ANSYS solves the coupled electric-magnetic problem to predict

the current decay of the magnet in the test facility circuit

* no assumptions about the magnet inductance or decay curve (part
of simulation)

* no quench resistance growth or conductor losses (only structure
eddy currents for now) conductor and Al-bronze mandrels

e S0ild97 (A,curr,emf), Circul24 (V,curr,emf), Solid237 (Az,V,emf)

SCR (switch)

FEM: Layers, shell,
bounding box for
magnetic B.C.

2 Power Supply
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Circuit-Coupled Eddy Current Models

The finite element mesh (full or periodic) is coupled to a simplified test facility circuit

Rdump

for magnetic B.C.

SCR (switch)

Cap bank trigger

2 Power Supply

E D

ANSYS solves the coupled electric-magnetic problem to predict the current decay of the
magnet in the test facility circuit

* no assumptions about the magnet inductance or decay curve (part of simulation)

* no quench resistance growth or conductor losses (only structure eddy currents for now)
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This 3D model agrees with standalone test of CCT5 and answered the critical

guestion of how coupling to the aluminum shell impacts extraction

extraction at 25ms, FEM decays in QP circuit (40mOhm dump)

15000 r . . . .
5 —pure L/R 600 . . . . . ) )
£ / e measured during test e ANSYS shell
e ANSYS circu coupled (no eddy) * ANSYS mandrel
e ANSYS circu coupled (w/eddy) 500F
loss in Al shell
10000} S 400} /
§ § | loss in Al-bronze mandréls
% 200
5000f E
100F
00 50 100 150 200 250 300 350 400
0 . : : - = t (ms)
0 50 100 150 200 250 300 350 400
t (ms)
MITS Edump (kJ,%) Eshell (kJ,%) Eman (kJ,%)  MIITS is halved due to eddy losses
ANSYS (no eddy) 3.76 150 (100%) 0 0 *  b52% of the stored energy is
ANSYS (eddy) 1.80 72 (47%) 70 (46%) 7 (5%) dissipated by eddy currents, the
Test Data 1.76 71 (47%)  unknown unknown majority of which is in the shell
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Assumptions for CCT5 during the insert testing

.032741
e 15.5 kA starting current (7.7 T in model — with no iron) -BszsaZI
. . 1.73322
e Extraction with 40 mOhm dump
2.58346
ANSYS 3.4337
POST1 SURFACES 7192 4.28394
VALUE= BY JAN 16 2024
SMID 10:04:53 5.13418
STEP-1 PLOT NO. 1
SUB = 5.98442
TIME=.025 -4.3732
6.83466
-3.02917 I
7.6849
-1.68513
-.341099 1265-03
1.00294 '873999I
2.34697 1.74757
3.69101 2.62115
3.49472
5.03504
4.36829
6.37908 s 24187
7.72311. 6.11544
6.98901“
7.86259
CCT3: Magnetic Circuit
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Overview

« transient electromagnetic modeling approach in ANSYS to
determine dynamic forces from eddy currents

« model/results for the planned GA CORC joint test in CCT5

« model/results for the planned BINS5 test in CCT5
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Assumptions for the GA Joint Simulation

Joint Assembly R5

Reed Teyber for Lucas Brouwer

Nov 29, 2023

To supplement step files / placement
of joint in bore

Inner mandrel S
at this face S
o
|

600.0000
400.0000
295.2250
85.7750

200.0000 203.2000

Science
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Assumptions for the GA Joint Simulation

3 merged copper blocks

Fixed resistivity

* no temperature effect

* no magneto-resistance

* solve for RRR=100 and RRR=5 to see sensitivity
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Fields on the eddy current regions (Cu) of joint

NCDAL SOLUTION

STEP=1

SUB =1
TIME=.025

BY (BAVG)
RSYS=0

SMN =-.172763
SMX =7.58815

CCT3: Magnetic Circuit

\

Field gradients
create net
forces

ANSYS

R19.2

JBN 16 2024
10:08:10
PLOT NO. 1

-.172763

.68956

.55188

2.41421

3.27633

4.13885
5.00118

5.8635

Bz

6.72582

7.58815.
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APPLIED PHYSICS DIVISION

~

-~ .“\
Il

rereerre

BERKELEY LAB

& U5 DEPARTMENT OF

»)ENERGY

.205637

.330334

542544
417847
293151
168454
043757

.08094

.45503

.579727

-.761373
-.6002
-.439027
-.277854
-.116681
.044492
.205665
.366837
.52801

.689183
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The current decay of CCT5 is not impacted by the additional eddy currents in

the joint Cu (it iIs dominated by the aluminum shell of CCT5)

16000 T T
== \vith insert (RRR=100)
== \ith insert (RRR=5)
14000 - no-insert i
12000 =
10000 [ =
< 8000} -
6000 f -
4000 | -
2000 f =
0 [ 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400

time (ms)
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Post-process the model to find the net force vs. time in each copper block

Bus1 Cu Block

3000 T T T T
== Fx (RRR100)
= Fy (RRR100) .
2500 Fz (RRR100)| Find the net force on each element and then sum
= =Fx (RRR5) . .
Example — -Fy (RRRS) all elements within the block
2000 | Fz (RRR5)
= 1500 | -
@
2
£ 1000 | -
ANSYS
NODAL SOLUTION R1922
500 STEP=1 JAN 16 2024
10:08:10
PLOT NO. 1
-.172763
of SMN =-.172763 I
SMX =7.58815 .68956
1.55188
-500
0 50 100 150 200 250 300 350 400 2.41421
time (ms) 3.27653
4.13885.
5.3.4.1. Lorentz forces 5-00118
5.8635
Magnetic forces in current carrying conductors (element output quantity FJB) are numerically integrated 6.72582
using: I
7.58815
=]y By devon (5132
Vol
where: CCT3: Magnetic Circuit

{N} = vector of shape functions
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Results for all blocks

Bus2 Cu Block

Bus1 Cu Block 3000 T T T T
3000 r T T T T — R
Fx (RRR100) ——Fy (RRR100)
= Fy (RRR100) 2500 Fz (RRR100)[]
2500 F Fz (RRR100)|4 - =Fx (RRR5)
== =Fx (RRR5) = =Fy (RRR5)
— =Fy (RRR5) 2000 Fz (RRR5)
2000 FZ (RRR5)
1500 | e
3
= 1500 | - 8 1000 E
-~ (<)
§ w
£ 1000 F . 50
0-
500 |
-500 |
of A6 i i ; i ; i i
0 50 100 150 200 250 300 350 400
time (ms)
-500
0 100 150 200 250 300 350 400
time (ms) ANSYS
NODAL SOLUTI R19.2
el e 3008
. = M M ~
120 ——JdlptCyBlock ThE= 0 ror Mo 1 e ~600 lbs force peak
——Fx (RRR100) B ree -.172763 .
L = Fy (RRR100)| | -
100 Sy S = 172763 ,mssl (towards axial center) for
— =Fx (RRR5)
80 = =Fy(RRR5) . 1 —_
e 155188 each bus with RRR=100
ok 2.41421
R e * bus bar blocks are worse
Z 40 \ . .
~ 413885 then the joint because they
e 20r 5.00118 .
oL 5 8635 are in the ends where
20} ey there is a strong field
7.58815 .
“of gradient
w0 e
0 50 100 150 200 250 300 350 400
time (ms) CCT3: Magnetic Circuit
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Summary for GA joint test

* Asymmetry of the system leads to unbalanced net force during
extraction - just due to the interaction between induced eddy
and fields (nothing to due to with insert powering)

* Transient forces from eddy currents should not be neglected in
the mechanical design (~1200 lbs net force on bus bar)
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Overview

« transient electromagnetic modeling approach in ANSYS to
determine dynamic forces from eddy currents

« model/results for the planned GA CORC joint test in CCT5

« model/results for the planned BIN5 test in CCT5
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Assumptions for the BINS test

Assume symmetric Aluminum cylinders with no features (cuts etc.)
* Fixed 4 K resistivity of 1.4e-8 Ohm-m

=
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Field on the Bin5 extensions

|
-.897868 -.520575 -.143282 .234011 .611304
-.709222 -.331929 .045364 .422657 .79995

We expect dBy/dt with a

field gradient to create
— axial force towards the

high field (center of CCT5)

I
-.202057 1.06943 2.34092 3.61241 4.8839
.433688 1.70518 2.97667 4.24815 5.51964

This is similar to GA joint,
but now symmetric (so
minimal total net force on
the system)

Bz

|
—. 583962 -.316072 -.048181 .219709 .4876
B © -.450017 -.182127 .085764 353654 621545
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Net force on the individual extension tubes peaks at ~1300 Ibs-force

Tube1
2000 T T |TUbe2| T T T 7000 I Ll Ll I I I 1
Fx —FX
[|——Fy | o - 1
1000 o 6000 Fy
or l ~—— ————— 5000 | -
-1000 f E 4000 | E
Z 2000 - Z 3000 -
(2 -3000 F . S 2000 F i
-4000 | - 1000 | E
-5000 F A oF ——— —_—
-6000 [ - -1000 | \/ / o
-7000 1 1 1 \ 1 1 1 1 1 -2000 L . I 1 1 1 1 1
20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
time (ms) time (ms)
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Power deposited into the cryostat due to the eddy currents

Power
12000 i i
16000 1 1 1 1 1 1 ] ]
10000 | i 14000 F i
12000 F 4
8000 | -
10000 F -
= 6000 | 4 < 8000 g
o =
6000 |- -
4000 | i
4000 -
2000 F - 2000 | -
‘ 0 1 1 1 1 1 1 1L 1L
0 1 1 L . 1 ! L L 20 40 60 80 100 120 140 160 180 200
20 40 60 80 100 120 140 160 180 200 time (ms)

time (ms)
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Summary and Next Steps

Summary

mechanical support of upcoming insert tests (GA joint, BIN5) are in
regions of spatially changing magnetic field

the eddy currents induced during extraction of CCT5 induce non-
neglibile forces (independent of insert powering)

Next steps

~
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evaluate impact on mechanical support structures

include more detail about part geometry (e.g. extension tube cuts)
which may reduce eddy currents, but break further symmetries (so it’s
not clear if this is better or worse).
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Next Steps

Extra

& DEPARTMENT OF Office of

— A "
el s A T P)) ENERGY | scence

BERKELEY LAB




