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Development of coil pattern design method of arbitrary magnetic field considering electromagnetic force balance
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A technique to search a force balanced coil was developed, based on coil pattern design method which calculates
optimized coil shape on a surface. Starting with the coil shape, the new technique minimizes a net thrust force through
the linear programming method. The new technique suppresses the magnetic field degradation to set up restriction
conditions considering current direction and magnetic field in initial state. Test calculation was done in Gradient field
coils pattern design for MRI apparatus, which are pulse coils in strong magnetic field. The applicability has been

confirmed.
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Fig. 1 Desired magnetic field and current vector potential.
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Fig.2 Electromagnetic force on current currying surface.
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Fig.3 Electromagnetic force on triangle element.

3.2 BERHEEC X 5 ER ) ik

AT CERAL L7z Fan 25/ MET 2720121, 2(T7)
b, BMAT VU VEEETIULI N &350
B, ZIZTHED aA NVEHOHSEITETTHY, E
INTERRT v VOBIAER THDLZ &0 0, #
TEETETA[13] 2 IV 7o, SRS T 2 Bt R ETH
BT T TV a REFRBEERCST VT 4IETHE, K
Zt% BB AGAT e B O E AT 2 WENATH
RITNUTR BT, SENGE T D KD BB T
M LEHRBERDERIZ AR - T LE 5 BICKRISHIRE
AR LN E WS REZFFOI-OZ Tl L
e, LUFIZ, foMed 2 BROBEUR O, 94
DWTHIT 5,

3.2.1 HR9BE%K

BREIIDOENER/NETHI-D, BRIEEKO #LIF
DI HITHRET D,

0= IF all, x — Ftarget, X

+|F all,y — F target, y| + IF all,z— F target, z|

®

ZC, Fegt [ZBEET2ERNETITHY, Xyz
%a"bjcz}’L@EkﬁJ\: WICRELMEZ L HHDET 5,

3.2.2 RS

BHIBAS & J/ M D & 5 BT v i
—EICRE LR, BOPITIE, BERESS D
ORE TNDLORRYE ENEE R e = A LR Y
— ERDLOBIET D, EDT, ERT DS

608 (38)

X B 1Current C{\ing surface
o, e

Tj"}'l Tl],_;+1 .

Fig.4 Current potential and magnetic field at node j,
J*+1 ,and current density between node j, j+1.

I3 M OV AT RIS 23T 2.,
oA { B NC BT D lRSR I, T LT 5,
BYi— BY ideal, i <,B’Bd0,i—Bd ideal, i )

T, BIGIHEBRETESTHAETH D,

BT IR MET, BV & o8/, j+1
TOEBRRT Y MET, Ti+1 2O TERET D,
ZOBERIVDERDOKRE I 1 -T 1L, Hiafo—
KRBT J ; & RS r 2D | T [ r 2R ER
Do [AERIZ, FIEIOEFDORE X To,j+1-To,; ITHIEA
BIREBEJo, BRWT | Jo,j | r &b, LoT, T;,
Tj+1 DEHRIZLLT DO L 51272 D,

T or=Tj = (7 40, |XT0, 41~ To, )
< (J max/lJo,jl)(To,j +1="To,j) (10)

ZITC, Toj+1>Toj L, Jma TEEREEED
HIPRME D HIRET D,

KA, =ZA VEEROBENEPHZ K L TWEH,
%%@fmm%ﬁMﬁﬁm@&:)?§Wﬁ@@Lf
b, BROOEHOEIMINTH D, —F, BES
mwk%&k_)fiwbm%¢®@®f¢wﬁ@A
TNIRELE(NT B, £2C, HiEj, j+1 TORSSE
AEEBRE L TRI0VEELEET 5, Fig 4 (RT LI,
Himj, j+1 COMHEE B ;, B* ;.1 &AWV
YRR ABes; | LT D X 9 IR T 5,

lABCCSj =B ;+1-B*%;

(11)

KADDOERESETOZRKIEE | AB S j max | &5
ETABS; [/ AB® j max 1Z 0B 1 ETOEE L 5,
Z OfEEFNO)DOFADEIZENT T, | ABSS; |=0(T)D &
ESHHOERDOKE ETo,j+1-To,j; LB XL
NS HEUTOXIZET D,

\ABC“J J max
Ti+1-Tj £ {mr——— —1|+1¢(To,j+1—To,;
e {IABccsj,max (lJo,jl ] }( se=Toa) (12)

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HA AEM #4543k

Vol. 20, No.3 (2012)

3.4 EBREAEES A N E — R TFE

A CHESE L= ) ol L 7 B 15 2 i B T
N ARE = ERTE LR A DY, LTI
SHEFIELTT, 22T, BOUEIES 10 215,

1. FEIERRT L To} #RET D,
2. RO)VCERRT v VoA (I 2155,
3. BIEHERIC & B BRI R CRIRT v
S VAR T2} 135,
4. BEUTORTEHT S,

B= max([A]{T2}— {Bd ideal})/max([A]{Tl}— {Bd idcal}) (13)

ZIT, max EEORKELEEKT D,

5. (T2} ZANERAT ¥ AT ICRTET Do

6. 2-5 % B ROERNT > ¥ ¥ VORI (SR T)
AT 5 E TR IR, BOREMFE, ARSI
9% BTERHE & BUEEREDAED 25T DEIGD 0.1 %A T
LilpgolbE &35,

RN LB B OFEHT, KDL D FHHEFHDIK
720, FER, MFOBBLHANEINTN, 20
HE T, BEBMRER ATRER IR RIF S H Z L3 TE D,
F7z, B R OREE ARSI I E S D55
1, EE1-5 2FENERORTERL, BVOBYS %
BAZRERICER U A A T 6 DIURE R ZFEET 5.,

4 JKFREHE MRI FRIERIES D 1 )L~ OE A

EAIBES = A /L1, MRIZEE O SRS B7 17 (2),
REFHE1(x), HEST ) Z A EIUTHTBI LT 5/ UV A
WO ZERT D, ZOWMEEIMINITREShOHE
Tl o A VK ORERASEE ORI E Y L B
SHREIEILEERE 52D, VARSI, H
PO EY T IRERZ A U S, RIGIETICRE R
BERFAESELHOERSLEFIEEZT, ZOMWE
AT 5720, FIERESSERESED A
=14 /(Main Coil : MOIZHNZ, Zav & e & D& A
Fi+ L —/L K2 A (Shielding Coil : SC) & Bl &3 2, 6
RS = A VITERESR S L 0 BRI 0MB < 25, BT
PIFIET 5 & B EA R 2 5 XEHEELS ORI 7232
BAEELT 5, £, OB TR AR
BN, WHENDFET 5 & MRIBRGREOIRE 2B L,
EELHLREBRE A &I, £o7C, WE/(ERS
BINEARIR LTz A B — 2 55 T L3, 1iER
#ib, MR EICEH ST HZ L0 D, LLFTH, y
EREBE A N E L, ZOEZRLCHERRIZON
T, BRESINT L ARAEBE LA NANF =D

Bz,
4.1 5% LA

Fig. 5|2 y RIS 24 VOFERRE T, R
W% 35 A= Ak %8 3% (Gradient Magnetic field Generation
Surface:GMGS) T A3 5 EH {Bzoc} IZLAT D L 9
IR B,

{Bzoc}=C-{y} (14)

I IT, CIMERBUERET/M|ThH D, Tz, BHE
WtE i (Magnetic Shield Evaluation Surface : MSES) T3
REHUE BE DI DS O(T) & 72D X 9 70 BAERES 510
EERET D, GMGS & MC, MSES % SC DS
fEEE L, 2D 2 DOFRTHWORSGZ BRI
L D BN ERRT v VS EFET D, R
(14) & Fig. 5 DR D, JIFRGFEEZ D Z L BT
A1z, x=20, y=0, z=0 OEEOAL THEAERETH
%, Fig.5 TiE, 5 &T52E%4573720, GMGS
FOMSES 133~ C O Z FR LT\ 5, Fig 5
OEAEIE, SC D% 1000 mm & L 7ZFFOFRHET
¥ 5, HARIT Table 1 (ZF0ET 5, BT /V 26— 12
SURERTREE L B b BT R S OBERND, WIS
I ERESOHREN D, BENRE-TEY, &
W& L, 2 A VEER 1000kg D 1%LLF & LT,

T 14N

Ma?n c field Generation Surface | (unit:mm)

(GMGS)

Fig. 5 Gradient coil model and gradient magnetic field.

Table 1  Specification.
Parameters Values
Static magnetic field strength(T) 3
Gradient magnetic field strength (T/m) 0.04
Magnetic energy (J) <140
Maximum value of residual magnetic field in MSES (T) | <0.004
Net thrust force (N) <100
609
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Fig. 6 Magnetic field on current carrying surface.
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Fig.7 Calculation result of coil pattern design method
using force optimization.
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Fig. 9 Calculation result of coil pattern design method
using force optimization not considered with effect of

magnetic field in MSES.
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Fig. 10 State of convergence of coil pattern design method
using force optimization not considered with effect of
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