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Huazhong University of Science and Technology is developing a set of new proton therapy facility (HUST-PTF). = s s | rc2 e 1. _De5|gned_ of the two scanning magnets meet the requirement of uniformity
The scanning magnets change the trajectory of the proton beam to illuminate the tumor area accurately. - I I tsocenter Point of integral field.

The scanning system consist of two mutually perpendicular magnets, scanning magnet Y (SMY) and scanning I - . . .
magnet X(SMX), SMY placed before SMX. 2. The heat transfer coefficient of the scanning magnet should be slightly

smaller than 14 W/(m#-K). Therefore, the simulation should be carried out in
a more practical way.

The energy range of the incident proton beam is 70 MeV-230 MeV and the scan field 1s 30 cm X 30 cm.

Layout of the treatment nozzle

Coupling analysis of multiple physical fields Is carried out by COMSOL
electromagnetic thermal module to optimize the magnetic model of HUST-PTF
scanning magnet.

The maximum deflection angle of the scanning magnet Is determined by the
scanning range and the source axial distance (SAD). According to the desigr
requirements of the device, the corresponding scan range Is 30 cm X 30 cir

Assume the ambient temperature iIs 20 ° C, the scanning frequency Is 50 Hz,
and the heat transfer coefficient is 14 W/(m#K). A steady state analysis of
SMY deflecting a 230 MeV proton beam by 150 mm was conducted. The

and the SAD of two scanning magnets are 1950 mm and 1550 mir The simulated proton beam follows the Gaussian distribution on the forward track. maximum temperature of SMY without slits is 175.96 ° C, and with slits is
respectively. The relative errors of integral field of 70 MeV and 230 MeV deflection 150 mm and 5 73.13° C.

The models of the scanning magnets is shown below. mm respectively are within ==0.25% According to the Stephan-Boltzmann formula, 1t 1s available after
The key parameters of the two magnets are as follows. simplification.

SMY

length

0.1% 0.5%

4.4%

Normal Curve
Standard Deviation

/

19.1%]19.1%

-3 25 -2

-5 44 L5 0 05 {1 15 2 25 8

05 | |

., ——70MeV' Proton defects Smm

bzr ~&~T0MeV’ Proton deflects 150mm |
230MeV Proton deflects S

or e * 230MeV’ Proton deflects 150mm |

=1 —y
=
N

Relative error{<c)

30 20 A0 i o 2 30
Beam incident position

The actual m

hrad — EO-(chmb + Tz)(Tamb + T)

¢ IS the surface emissivity. Since the surface emissivity Is related to the
materials, surface roughness, temperature and other properties, the surface
emissivity of the magnet is set to 0.1-0.9, respectively.

aximum temperature of the magnet should be between 75.45 °C

- 108.68 °C,

meeting the design requirements, but greater than 73.13 °C.
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