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Abstract

Proton therapy, as a new radiotherapy method for tumor, has the advantages of more accurate lo-
calization, less damage to normal tissue, wider indications and fewer complications than conven-
tional y-ray and X-ray therapy. The accelerator is one of the most important equipment in proton
therapy system, so it is of great practical significance to design and study the accelerator. Magnet
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is a key part of cyclotron, the design of magnet is directly related to the working performance of
the accelerator, the content of magnet design is closely related, this design process is based on the
principle of magnetic circuit, according to the specific requirements to select the basic electro-
magnetic parameters and calculate the main magnet geometric structure parameters. In this pa-
per, used for proton therapy of 230 Mev cyclotron magnet as an example, the main conventional
medical cyclotron design process is introduced, the application of finite element analysis software
ANSYS under the main magnet in the two-dimensional magnetic field analysis, the main magnet of
the magnetic field distribution, the simulation results show that the design of the main magnet in
the peak district in the plane of flux density can reach 1.72 T, In the valley region, the plane mag-
netic density can reach 0.2 T, which can meet the acceleration of particles.
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1. 53|

JRFRH 1 AN IERARR T, 2R TARRARG 7. H TR RIETEH), ABEERA
JRF-(H+), 28 [R5 SR i id 25 D0 21T 638 5 N T8 97 & FoBm o T 3 1 B KRR 2 B HE N A&
W IR B Bragg I, TEJE UG 2 JT F-F3H BeAR O PR (Plateau), U i @& — AN SEAR IS BE B - HH
T Bragg W& K2R, FrUAnEd RG-S s K /AN & /Y Bragg & (Spread Out Bragg Peak, SOBP)
[1]o XFF/NidgE, BT DRI B e N IR B SR IR T-Re i, 8 Bragg WEF7E MR AL & b X -THOK 1 il
Je, AT LU R T RE RS Bragg R TE RS IR R AR Y o IXFER T LA A R S TR T
(O IE 223, o P Jgd i TR P AE 5 AR5 /s o A SE B IR T F L2 —, TRTiR YT DA MRy
R0 A T 55 ZEL 2P DA P AR K o ke T8 240 B 7 A AR B 1k P A TR T VR ) R AR T8 5, R I 2%
T IRIT RAF IR ORE . TRTIRIT IES AR R 70~250 MeV 2 [a], FHBLT % i R 2 288,
K 3~40 cm FIIREE, RITSREEMIZRAE nA % . BT R FHERGR TR FIORkEE, RILR a7 aRE
HHELR TR RE R RE S IE SR Y

H ATt S R Va7 ACINIE &8 20 = BRI SR . RIS s A A B ek 2%, R Rl s
G N A BATERE . RIRARE MR AT R, BRFIRYT IR R A S R A e e
TRAR AN B B R R A . — B SRR I A B R R G MRS B TR ARG HR
i, WK R4, HRG. HTRA. AEHRGMA[2], FAriek 2 502 B ik &8 4 i 5 21
Z—, AR R SR A HUORL - 7E B i A B IE S SR S B BT T A R, Bk ZRBE . HIE
ENE N

AR A BT SR P 230 Mev = FH 5 122 20 [l g It 28 1) - Bk R AT T

2. BABBSHAIERE

WERTARIE R . [ &8 — i F EUR BT HERY, R RIS ah-F 2 KPR, Zikgfa s, "=
e ife MR AT 8D, LTI SR T 51 e 223 il 3
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Figure 1. Schematic diagram of structure of box magnet
1. FIERE KSR REE

AR FL R B ACE AR, VU7 2 — IR R SR N T R, B & AN SHU R L Ry ik
12, Hy NABRAEEE, Ry NEZRREISMERE OAIIEE R, Ry NHIBEN 142, Ry NHEHEAN AR, H, HZERE F
HoF IR EE RS, Hy RGN B3 rh-P AR, Hy N BB - e, R Ml Hs 73 AR 2 3 A
) 25 AR 2= A2 R B  FE

7R 2 s Svive PRSI R [E1D i) ISk At O il & 0 U N e A A=A 1978 17 R N 7L 1 G 0 N 7= <
[3], XH A 10 S4(C = 0.07%).

A v B R U X WIEA ik FR: 3% IBA A7) 235 Mev it 7[RI B Ik 85 S 5[4], [BREE H,
%9 0.08 m, WIGHIEX ] o =54°,

W3y P I REIR SR FE By WEBSUE(E By WA AE By MIERE: {ERENIEE BR — &ML T,
Rocl/B, 1fi R, BV K, K, BN, ROERESATRERH) B 1 [ iE ik 2% 1 #i
FERLA IS AR PR AN KRB & 2570, XA A AT RERRL 7 (— 8O HO) P RIBS[5]. A THE
e EI R BUR IR G S BV BN, B MAKT 1.3 T, HWR TAEEEEMX, ZHREHRIR K IR
W, XERNMVIEEFEB N 1.0T[6]. XM B. By By ZIAI*RK:

_a e
B_908H+@.90j& 1)

AT LW B X 5% B, =17 T, RIXH#% B, =0.1T.
MU O I8 LR HEREAERUAS . A H ) NER N, & I VBB 1.5 Amm? [7].
AR FH 2R 50 ¢ BCA 086 £R P 11K Al B (R LUAL A BCA) 1.5 544 R0 THT 5 28 Pl 7 11 A 4 T A
LR 7 BN 0.67 [7].
3. EMHKEHMRT REMBHSHEITTE

1) WEPARE BR THEL: HUAHXHE IR BT RE DT FE AT B L o Hh 1 ia 3y 2 X[ 7] -
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v=c 1—(ﬂj @)
m
W = mc? —m,c? (3)
v=gBr/m (4)
AT DATHE A
{1+ sz -1
mv m,C
BR=—— — =243T-m ®)
q q

X WONIR TR hfg, Bl 230 Mev, q T AT (H), B 1.602117 x 107 4, mo MR F )
R, fHN 1.672648 x 107,

2) IEZHHR IHE: IS LA — DA AR 4 BRmias,  BUBT 7k Xt YA, il

LA B A O T AR 1) 4 {5, B

28

f=4f =——=5.1x10"Hz (6)
m
3) HRAE RN W] LA S AR 42 Ry s
1BR_R
==——=—=283m 7
R FB ¢ @)

4) U HER IR IE Bo HOTHAR: MR S5 Ik SR AAR X 8 T 5 i B A IZ 3 75 R T AT 21

By = By[1- “Rif —065T ®)

5) AR R 35 B T LSt Bk 72 r(i)ﬂ@%@@ﬁ@ B(i):

—_— ©
[nR f}
6) K (9) =i AT LR H R —2 42 r(.)wﬂmﬁa
_ B, (10)
2
{ 1— (T’:Rlz) _BV](B
\ 4c
7) HAbLEHS
H, HZA 58 A k1S :
H,=04R +H, =1212 (11)
BRI R 5 B AN E R IIIE B Z 228 Rys Ros IME AL A KT 15
R,; =0.0342857R, =0.0977 (12)

Hy FME RS IR 1 B Ry Rom HiSk:
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H, =(R,—Rz-R)A+H, (13)
Ry A H, B 250 A A3 2I[7]:
H, =0.012aR, + H, (14)
R, = %+ R? (15)
AR 4 FL I A 1
> HL=NI (16)

WRIEE 1 o, ZHEER VYR R 1, b I3 AVRBREG, | BURIRLER N 98 B I X T BH, KN

BorfooHy IzEﬁﬁ@ﬁé&@@ﬁi&%ﬂa%%ﬁfﬁﬂﬁa—180(B|'j|R1aH 1 gy DR TR e s
4113

REF K A RTUN 0.9 BH, ﬁfgﬁ% R MR 3 I KT BH, KRy Hyf2s A4

10 54 B At 2 RT LASR HY 5% Bl ) 7 56 P
il 2 T 5 ) 3k 5N 8]«

NI =273 (R, =Ry —R, )’ a7

M A7)MA6)FT LA : R, =3.76 m
1 Rg MME 2t TSR A HLAdLAE

4. HRIBR SRR kSR
Bt S Bl (32 1)

Table 1. Structural parameters of the main magnet model
1. EHSRBEHSH

ZH HfE (m)
R 2.83
R, 3.662
Rs 3.76
Ry 58
Rs 4.98
H, 0.08
H, 1.212
Hs 2.46
H, 4.29
Hs 3.49

£ AnsysMaxwell i 37 EHEER K 2D A BR 7O (1/2) an il 2 Fros[9]. B, Xk AL J9mgi s X (4
N XA N R), A2 #ibik, A3 J9BEHE, A4 N2klEl, A5 xS, A6 K.

DOI: 10.12677/m0s.2022.116159 1697 e RSE TR


https://doi.org/10.12677/mos.2022.116159

B

A6

Figure 2. 2D model of main magnet (peak)
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Figure 3. (a) Magnetic field line distribution in peak region; (b) Magnetic field line distribution in valley region
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Figure 4. (a) Mid-planar magnetic field distribution in peak region; (b) Mid-planar magnetic field distribution in valley region
4. (a) IEXFPFEEIAS; (b)) BRPFEEEANE

il 2 NP 3 W RAE H, ERRBRIE XTI BRSPS 08 172 T ik, A X AP BT 5 in N
0.2T A1, HBiHEMZEAK,

5. &

1) A R EEE R T 230 Mev i F-VE ST ORI 4 3 AR F E A ARG S EL, e Sk
S AR T R Bl 2 BB e T B

2) NFHA BRICH T ANSYSMaxwell Xt i FREER L T 2D WA BRI,

3) it ANSYSMaxwell FAF0F B TE 1) B RERAT T R T 5, T8 R W FERERRIE X P 1
WEREEREIA R 1.72 T A4, EAX P BB FEERIAR 02T Af, e &iER,
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