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ABSTRACT

Since radiation therapy is irradiated with high-energy X-rays in a variety of at least 20 Gy to 80 Gy, a high
dose is administered to the local area where the tumor is located, and various side effects of some normal tissues
are expected. Currently, in clinical practice, lead, a representative material, is used as an effort to shield normal
tissues, but lead is classified as a heavy metal harmful to the human body, and a large amount of skin contact
can cause poisoning. Therefore, this study intends to manufacture a measurement sheet that can compensate for
the limitations of lead using the materials Tungsten, Brass, and Copper of the 3D printer of the FDM (Fused
Deposition Modeling) method and to investigate the penetration performance. Tungsten mixed filament
transmission measurement sheet size was 70 x 70 mm and thickness 1, 2, 4 mm using a 3D printer, and a linear
accelerator (TrueBeam STx, S/N: 1187 ) was measured by irradiating 100 MU at SSD 100 cm and 5 cm in water
using a water phantom, an ion chamber (FC-65G), and an elcetrometer (PTW UNIDOSE), and the permeability
was evaluated. . As a result of increasing the measurement sheet of each material by 1 mm, in the case of
Tungsten sheet at 3.8 to 3.9 cm in 6 MV, the thickness of the lead shielding body was thinner than 6.5 cm, and
in case of Tungsten sheet at 4.5 to 4.6 cm in 15 MV. The sheet was thinner than the existing lead shielding body
thickness of 7 cm, and equivalent performance was confirmed. Through this study, the transmittance measurement
sheet produced using Tungsten alloy filaments confirmed the possibility of transmission shielding in the high
energy region. It has been confirmed that the usability as a substitute is also excellent. It is thought that it can
be provided as basic data for the production of shielding agents with 3D printing technology in the future.
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II. MATERIAL AND METHOD
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Fig. 1. Shielding sheet output for dosimetric
measurement.
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1.2. 3D Printing &3 % 3 A|E A2}

STL v9 & Wty 3D RdS &gfolyd T2
@(Cura 4.9.1, Ultimaker, Nethelands)2 ©]-&3}o] =
g AA3}AL, G-code® WE3IATE HWEH G-code
£ o]&3te] 3D ZHEHE FHste] FiE 54
NEE Aztstsitt

Table 1. The output parameters of 3D printing

Parameter Value

Temperature of printing (C) 223 204 200

Bed temperature (C) 65 65 60

Infill Density (%) 100 100 100

nozzle size (mm) 0.6 0.8 0.6

layer height (mm) 0.3 0.4 0.3
Filament Tungsten Brass Copper
w00

2. 73& 53

Azg Fag SAH ANES FRAFS gelst

A& 7147] (TrueBeam STx, S/N: 1187)°l
A BAE 6, 15 MVES Water Phantom®} Ion
chamber (FC-65G), elcetrometer (PTW UNIDOSE)<-
ARE-EFTE 28]lal SSD 100 cmell A B £ 5 cm
off Z}z} 100 MUE ZA}she] Fig. 29 o] Fah&
< 3 7Fsk3lth chambere] 79 2021 59 44 7
A W2 A5 ARE3}S TH(chamber calibration
factor, Npw.co = 4.787 ¢cGymC). F& 54 A E7}
Sl Ao A%E 545k, 1 m A FaE
AEE 10 m 7HA] F75 S7H71H T35
Akt A2 Table 29 Zom A2
5 3] SA4&%lth Ha AFS AAEste R
Akstal o

=
-
S
=
ke

Mo N Ay ox

Table 2. Parameter for dose measurement

Parameter Value
Energy [MV] 6. 15
Field size [cm] 10 x 10

Filter [mm] 1 ~10

Depth [ecm] 5

MU 100

With 65.4cm
or without ~

100cm

10x10cm

(a) Schematic of experimental methods

(b) Dosimetry according to shielding sheet

Fig. 2. Dosimetry on a linear accelerator.

Transmission rate (%) = %X 100 1
0

W radiation dose and dose rate as measured at the

Transmission

radiation dose and dose rate as measured at the

Wo: | on-Transmission

(Da— Db)

(a—b) (a_x) (2)

absorbed dose = Dy = D, -

Da,: absorbed dose to know

absorbed dose of the irradiated surface that is
D, : one step larger han the irradiated surface area
you want to know

Dy : absorbed dose of one smaller irradiated surface
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[I. RESULT

AR AW 98] Foe
3} ol Zahgint.

(a) Tungsten

(b) Copper

(c) Brass

Fig. 3. Transmission measurement sheet.

2. XA 6 MVIA 9 Fi& SH

6 MVE A}-&3}o] Fig. 29} Zo] A3 Ay
Fi& 54 A EZF §lS o] A2 17.1 nColH
Tungsten 1 mm9] H A 16.63 nCE FH&&
0.968%, Brass 1 mme| H{ A2 16.94 nCO=
0.9828%, Copper 1 mm2] H %2 1699 nCo=
0.987%% S E Tl Tungsten 5 mme| A%
< 14.79 nCS. 2 0.861%, Brass 5 mm2] X2
15.83 nCo 2 0.918%, Copper 5 mme| A&
16.06 nC22 0.933%% 4 Th Tungsten 10
mm¢] HEAHFL 1294 nCLE 0.753%, Brass 10
mme] H AL 14,56 nCO = 0.844%, Copper 10
mme| HFAHFLE 1499 nCZ 0.871%= ZH =3
T} webA Tungsten®] 74-%- 5% F3-&¢1 432 HVL
< Eq. 17} Eq. 20 W&} Table 3& o] &3] A%ts|
B9 oF 38 cm?} 3.9 cm, Brass& 6.1 cm@} 6.2 cm,
Copper= 7.3 cm®} 7.4 em= UEFSTE

flo

3. X4 15 MviA Y F34& £A
15 MVolA e 553 3o =4 Ax= H3)
i SA ANEZF S W] B AdFw2 193

Tungsten 1 mm<] HFHAZFL 18.74 nCZE 0.974%,

Brass 1 mm% HT AL 19.06 nCZ 0.987%,
Copper 1 mm2] B2 19.07 nCZ 0.989%=

SAE AT Tungsten 5 mme] H# AL 17.03 nC
2 0.885% Brass 5 mme] H{AZFL 18.11 nCE
0.938%, Copper 5 mm®] A% 1830 nC=

0.949% % A% ATt Tungsten 10 mme] A&
© 15.22 nCE 0.791%, Brass 10 mme A%
H o e

2 17.00 nC= 0.881%, Copper 10 mm2] ¥
S 1740 nCZ  0.902%= Zﬂﬂ‘”u} A
Tungsten®] 4% 5% F24<1 432 HVLS Eq. 13}
Eq, 20 we} Table 3 o]-&3f ZA4tsirw oF 45
cm® 4.6 cm, Brassi 7.9 cm®} 8.0 cm, Coppert
9.7 cm®} 9.8 cm=Z YEFTE
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Table 3. The result of the radiation shielding sheet tests in High energy X-ray (6, 15 MV) (unit : nC)
- S Tungsten _ Brass _ Copper _
(mm) Average Tran?‘r]zl) ssion Average Tran?(r)zl)sswn Average Tranz(r)zl)ssmn
Open 17.10 1 17.10 1 17.10 1
1 16.63 0.968 16.94 0.982 16.99 0.987
2 16.25 0.946 16.67 0.966 16.73 0.972
3 15.78 0.919 16.37 0.949 16.52 0.960
4 15.23 0.887 16.11 0.934 16.27 0.945
5 14.79 0.861 15.83 0.918 16.06 0.933
6 14.46 0.842 15.58 0.904 15.84 0.920
7 14.05 0.818 15.30 0.887 15.62 0.908
6 8 13.60 0.792 15.07 0.874 15.41 0.895
9 13.22 0.770 14.81 0.859 15.22 0.884
10 12.94 0.753 14.56 0.844 14.99 0.871
39 0.040
61 0.051
74 0.049
Tungsten Brass Copper
MV thé;:rl;rrlle;ss A Transmission Transmission Transmission
verage (%) Average (%) Average (%)
Open 19.30 1 19.30 1 19.30 1
1 18.74 0.974 19.06 0.987 19.07 0.989
2 18.42 0.957 18.81 0.974 18.88 0.979
3 17.96 0.933 18.58 0.962 18.68 0.969
4 17.48 0.909 18.34 0.950 18.50 0.959
5 17.03 0.885 18.11 0.938 18.30 0.949
6 16.74 0.870 17.88 0.926 18.13 0.940
7 16.31 0.848 17.66 0.915 17.93 0.929
15 8 15.90 0.826 17.44 0.903 17.76 0.921
9 15.49 0.805 17.23 0.892 17.57 0.911
10 15.22 0.791 17.00 0.881 17.40 0.902
46 0.041
80 0.048
97 0.054
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IV. DISCUSSION
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