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Rotating gantry for carbon therapy using SC magnet
constructed at NIRS, Japan

Advantage of SC magnets
v High magnetic field
v' Light weight
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Excitation pattern of magnets in a rotating gantry
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NbTi magnets cooled by GM cryocoolers
used Iin the gantry

Their disadvantages include the small temperature margin of
NbTi as well as small cooling capacity of cryocooler at ~4.2 K.
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Cooling capacity of GM cryocooler
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RDK With. increasin_g temperature, larger
~ cooling capacity is available.
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Heat leak and some unknown thermal
disturbance as well as ac losses are

concerns at lower temperat

ure.
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Applications of coated conductors to dipole
magnets for rotating gantry

0 Advantages
m Larger temperature margin

m Operation at higher temperature

O Larger heat capacity of materials leading to potential better
thermal stability

o Larger cooling capacity available
0 Disadvantages
m Large ac loss caused by wide tape shape

m Screening current deteriorating field qualities

-

Ac loss evaluation by electromagnetic field analyses of
a dipole magnet wound with coated conductors
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Specifications of analyzed coll

Current per conductor 200 A
Number of turn (conductor length) 2744 (5.48 km)
Length of straight section 700 mm
Length of entire coil 1082 mm
Inner radius of coill 60 mm
Separation of turns 0.1 mm
Dipole component 2.64 Tm
higher multipole components <10*

1st layer 2ndlayer 3rdlayer 4thlayer  5th layer
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Governing eguation and constitutive equation
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Consideration of three-dimensionally-curved
coated conductors

Source point on same strand

Field point

Wide face of coated conductor
Source point on other strand
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This term representing B in Faraday’s law is calculated by Biot-Savart’s
law based on currents on arbitrary 3D-shaped conductors
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Nested-loops approximation and block approximation

Nested-loops approximation  Block approximation

(@ (a) (b)

Turn Turn

A continuous piece of coated
conductor wound spirally in a coll is
replaced with the nested-loops of
coated conductor.

A coil is divided by blocks; the
current distributions in coated

conductors in a block are assumed
to be identical.
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Superconductor

Width 5 mm n
Thickness 0.2 mm E=E, i
Superconductor thickness 2 um JC

n value 30

Critical current density at
zero magnetic field J.,

Constant of Kim’s model B, 10T

1.2 x 1011 A-m~?
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Mmagnetic field distribution, load lines, |. — B curve
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Layer-by-layer analyses

1stlayer 2ndlayer 3rdlayer  4th layer 5th layer 6th layer

« Coated conductors in one layer are analyzed, while the currents in other
layer provide the time-dependent “external magnetic fields” to the
analyzed layer.

* The nested-loops approximation and the block approximation (20 blocks
per each layer) are applied to the analyzed layer.
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Temporal profile of magnet current
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Current distribution at the 1st turn in the 1st layer

AR

\
Analyzed layer \ﬁ\ !

10+ Last turn .\\ihi; |
0 L \*r‘_lﬂ B8 B
0 2 4 @ & 10
X (mm)
Current
— — B, @ Center of Str.
""" B, @ Nose of C.E.
250 T r T I T T I T T T 7T
c -2
2001 |
_ F 4
Sasof  free---d\ ]
5 S AR :/"; 0 s
5 100 ~_ i~ i 3
o f . I
50 ]
b : : 2
0 | I I I 1111

— — Jc @ Center of Str.

”E ______ Jc @ Nose of CE
a 12:‘ LI LN R B
o 101, L7
T L \\ : : ’l 4

sl o L. —
AN A
o 6 : : 7]
8 i i
8T ]
5 2 .
E O_\ L1 | L1011 | L1l I_
Z2 0 50 100 150
© Time (s)

N. Amemiya, CHATS-S 2015

Current density (Almz)

Current density (Almz)

1x10"

-1x10"

-2.

1x10"

The 1st turn in the 1st Iayer

Lateral position (mm)

Center of straight part
15

Current density (Almz)

Current density (Almz)

1x10™"

-1x10""
2

1x10"

Fp - -

M
)

Lateral position (mm)

Nose of coil end

Leading Innovation >>>

©



Current (A)
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Current distribution at the 1st turn in the 1st layer

The 1st turn in the 1st layer
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Current distribution at the last turn in the 1st layer

The last turn in the 1st layer
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Current distribution at the 1st turn in the 6th layer

1st turn

y (mm)
By85883388

-
o O
T

.

Analyzed layer
\

2 Ciritical current density ("1010

1 The 1st turn in the 6th layer
| 1x10" — %10 —
20 4 & & 100 N'g N’g
X (mm) E 2
Current el -
— — B, @ Center of Str. % %
250 BN OTEE § 0 ko 0
: -2 = =
2001 : 5 o
L 5 5
WL AT TN 0 - © ©
100i __________ ] = “x10™ L L ~1x10" PR R T TR N S R S
: {1 25 0 25 25 0 25
50;— 5 Lateral position (mm) Lateral position (mm)
— J'C'@'cgﬁt;r‘o} - Center of straight part Nose of coil end
TP — @.N."T? oIl
o Edge near
s L magnet axis - = :
o A (negative —» = }
4 . lateral edge) ! |
2k ; , - . : ;
(R T T 20 Alline Straight part Coil end
0 50 100 150 —_
Time (s) t=50s -

. Amemiya, CHATS-S 2015

ToSHIEA €O

18



y(mm)

Current distribution at the last turn in the 6th layer
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Magnetic flux line at the last turn in the 6th layer

Assuming uniform current distribution in each coated conductor
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Current and ac loss distributions (t = 30 s)
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Current and ac loss distribution
at the last turn in the 1st layer (t = 30 s)
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Ac loss is generated by the
penetration of magnetic flux.
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N. Amemiya,

Current (A)

Ac losses (W)

Temporal evolution of ac loss power
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Ac losses (W)

Ac losses (W)
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Ac loss energies in ramp down and ramp up

Ac loss energies in each layer and entire magnet

-----nm

Number of turns 1372

Ac losses

. 7/5.0J 40.7J 21.3J 25J 11.3J 798J 231J
in the 2nd ramp up

Ac losses

. 91.2J 494J 248J 28J 128J 952J 276J
in the 2nd ramp down

Ac loss energies per unit length of conductor in each layer and entire magnet

-----nm

Ac losses 252 124
inthe 2nd rampup mJ/m mJ/m mJ/m mJ/m mJ/m mJ/m mJ/m
Ac losses 307 151 24 2.5 10 68 50

inthe 2nd rampdown mJm mJm mJm mJm mJm mJm mdI/m

N. Amemiya, CHATS-S 2015

Tosues . €O

24



Ac losses and coo

Ing capacity of a GM cryocooler

Current (A)

Ac losses (W)
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The average ac loss power is ~5W.

RDK-415D Cold Head Capacity Map (60 Hz)
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Summary

0 We carried out the electromagnetic field
analyses of a dipole magnet wound with coated
conductors using a 3D model.

O Ac losses and field harmonics can be calculated
from the results of analyses.

0 Calculated ac losses are small enough to be
cooled by GM-cryocooler at 20 K.
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Field error (SUST)

N. Amemiya, CHATS-S 2015

4 \',\'l(v‘.‘/”
48 TOSHIBA (C
‘,";’”W s Leading Innovation >>>
DED

27



Reproducibility and stability in a magnet for rotating
gantry for carbon cancer therapy (submitted to SUST)
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