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Design and Reliability Research of Spherical Radiotherapy
Accelerator Motion System
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1 School of Mechanical Engineering, Shandong University of Technology, Zibo, 255000
2 Shinva Medical Instrument Co., Ltd., Zibo, 255086

[ Abstract ] At present, the C-arm structure accelerators commonly used in radiotherapy equipment are complex in
operation and have potential safety hazards when realizing non-coplanar treatment. By combining with
medical robotic arm technology, a spherical radiotherapy accelerator motion system is designed. The
beam module is clamped by the medical robotic arm structure to achieve three-dimensional multi-angle
irradiation treatment within the non-coplanar angle range. Firstly, the rotating mechanism, beam module,
and MLC module of the spherical radiotherapy equipment are designed. Then, the double-plane
counterweight method is used to calculate the dynamic balance of the equipment, ensuring that the beam
center point does not rotate during the treatment process. Finally, the strength check and reliability
analysis of the transmission component gear are conducted. The results show that the designed spherical
radiotherapy accelerator motion system can meet the requirements of stable, accurate, and fast precision
radiotherapy, which is conducive to improving the treatment efficiency.

[Key words] spherical radiotherapy accelerator, structural design, dynamic balance, strength check, reliability
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0.0926 0.0926 2.5985
Mms 01114 0.1114 2622
0.1302 0.1302 2.6045
0.149 0.149 2.5675
0.160 0.16 3.445
0.171 0.171 3.533
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& Fll HMATLABZ: ill ) A~ [R] 15 e % A
TR ANl £k, | alan, AR A
X KIEESESE RGN, SO, Erfens At
R, mEA IR 2RI RS AE R A

DI, PR AR [RRAE, IR T RE
Ty, FrLASCATE A DX T LB AT & X R,
FEAEmG N A I, WITBE 2 S AR BRI A2
e A R S IR TR TR, 1B
TG R A A, (S I e A AR e R AL



Chinese Journal of Medical Instrumentation

2025 £ 5494 E14H

FERSaTTRASRE

25 R /(104 N/mm)
(9%} W W
o o S

e
0
T

26| Lo

2.4

0.10 0.15 0.20 0.25
WA HE I AG/(107 rad)

B10 REE#E A TH T -8R E T HE

Fig.10 Gear stiffness variation curve under different gear rotation angle

deformation
oy

XA e iz 8l RGEWICTE S £l b il it
e R T A RS T FE S A (RO E R R H A = 2
B b, AT T —FeRiliEiLE 5 £ fhiz sh Lk
AR S A B ER 1O INE &% 12 30 R LA AT
Z. MXTTORE, %k T LAk Hiaks f30°/Y9E
AL R, 2SRRI L 440%, AR T4%" 7,

Blx R T) A RE S BBk s RS BLTC T E A
Pk BT IRIE, ASCRRH T — M EIRTT ik e A
TTRMREEAT , AL 5 £ iz Sh LI T
W, 2 BT 7 3 R IR AR B ANMLCHE S iz 2l (Y
WE DRCVES - Tie s IS T AR RSt 3 )
FTF K BRI A 1 HE A

EERHORATT B i LSk s . ik&risfTid
P AR ORFE o BERRE B, A SCR BT 1f il
P IR T BURHATT B db AT ah P ik it BdE
Ja, BEBERENTT Eiafrid A i
e mPBELAR . SR, BT BEERER, K
BERHRTT % 43 A SR A

EERP R, AT ORUE R AE SEPn L
FErP R RIS, ASOMAFEHEST T 58 BN B
T, WRIRHEA R SRR ERE D, B RTCHFE
HLEFBE A G PR 1 Ja A7 it

SE

RAVI A, FLORENCE K, FRANCINE E,
Contemporary radiotherapy: present and future[J].

0 0.05

3

et al.

(1]

54

[4]

(5]

, 2021, 398(10295): 171-184.
CHANDRA R A, KACHNIC L A, THOMAS CR J R.
Contemporary topics in radiation medicine, part [: current
issues and techniques[J]. Hematol Oncol Clin North Am,
2019, 33 (6): L.
SRBLH, 20855, 5L, 2. N T8 Re/E MR G yT
o {9 R R [9]. Hh Ak b R B 3 Zk i, 2024, 31(3): 173-
180,186.
ROSENBLATT E, ZUBIZARRETA E. Radiotherapy in
cancer care: facing the global challenge[M]. Vienna:
International Atomic Energy Agency, 2017.
TolkFnfs BALHED, B TR ERZ %, B L RN
BT, FORTEHR "R BTk
Je Kl B n (A% BRI L (2021) 208-5)[EB/OL].
(2021-12-21)[2024-04-27].

HOFFMANN A, OBORN B, YAN S, et al. MRI-guided
proton therapy: a review and a preview[J]. Radiat
Encology, 2020, 15129: 13.

ek, NS, BRXF, 5. B L1 FLZe i g H AR L
w5k EERD]. , 2024, 48(2): 184-
191.

RS He, G, SRk, & HUAUE )P EL IR
H 5 SEIEREEL]. HUR T S5l , 2019(11): 44-46,50.
TH, TR, HAL, 5. 3 T SolidWorks — 1k IF & HY
WEAF L 2R A S IR T BB S HAS
i, 2023, 43(6): 487-493.

ST, i, AR HB S5 ISOHE 17 48 14 1 122 fl ik 57
56 B TR LLER [J]. HLARLI% 3), 2021, 45(4): 156-159,
176.

KPRZE, Btk , ARA T, . RS 25 il 557 I RFFC ot e
5% i ] U TR 244, 2024, 60(3): 83-108.
HRIFk, PhF, TSR, S5 A FEMA & I EE et 3Rk K
HRZNR R 50 AT 9] HUR% 3D, 2023, 47(3): 39-48.
W, 1RAR e, SRIRAR. AT HE D e s 4 I BE TR 5
BEWFFEI]. MUARAE S, 2021, 45(9): 62-67.

BERA, VL0, ThEGRE, . B TR BRI 414
IR A W EE LT, ,2021, 38(2): 151-157.
w1, R, S, 5. 25 18O R R 22 A B ARG
A RIEE R s o e [T]. HLREHE 5HOR, 2024: 1-16.
WriE S, 1RIR e, SPeAR, 5. B AR A A W T
BOTIEME ). R TR 54 (B 28 FH), 2021,
35(1): 97-103.

BRI, 25, R 7T, 5. A8k 15947 2 7 A A A I
AR A W BEFN % B R 22 BT[], S BHE R 224 (B
AREFERR), 2023, 51(12): 73-82.

ROSENBERG I. Radiation oncology physics: a handbook
for teachers and students[J]. , 2008, 98: 1020.


https://doi.org/10.1016/S0140-6736(21)00233-6
https://doi.org/10.1016/S0140-6736(21)00233-6
https://www.miit.gov.cn/cms_files/filemanager/1226211233/attach/20224/36c16383a46b4305b38ab8640f24486c.pdf
https://www.miit.gov.cn/cms_files/filemanager/1226211233/attach/20224/36c16383a46b4305b38ab8640f24486c.pdf
https://www.miit.gov.cn/cms_files/filemanager/1226211233/attach/20224/36c16383a46b4305b38ab8640f24486c.pdf
https://doi.org/10.12455/j.issn.1671-7104.230390
https://doi.org/10.3969/j.issn.1001-4551.2021.02.003
https://doi.org/10.1038/sj.bjc.6604224

	0 引言
	1 放射治疗设备工作原理及结构设计
	1.1 整体结构设计
	1.2 旋转机架的设计
	1.3 束流模块和MLC模块的运动设计

	2 可靠性研究
	2.1 动平衡设计
	2.2 机械臂梁的可靠性研究
	2.3 齿轮的可靠性研究
	2.3.1 齿轮的参数化建模及网格划分
	2.3.2 齿轮的理论强度校核计算
	2.3.3 齿轮的强度校核仿真验证
	2.3.4 齿轮的啮合刚度分析


	3 结论
	参考文献

