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ABSTRACT

As the problem of shields made of lead has recently emerged, research on replacement shields is essential, and
studies on the manufacture of diagnostic X-ray shields with 3D printers are also being actively conducted.
Recently, with the development of metal mixed filaments, it has become possible to manufacture shielding
materials easily, but studies on the nozzle size and output setting of 3D printers are insufficient. Therefore, this
study aims to compare and analyze the results through a shielding rate experiment using a brass filament and a
3D printer, outputting the shield according to the nozzle size and layer height, and using a diagnostic radiation
generator. The nozzle size was changed to 0.4, 0.8 mm, layer height 0.1, 0.2, 0.3, 0.4 mm, and output. The
shielding rate test was fixed at 40 mAs, and the shielding rate was analyzed by experimenting with 60, 80, and
100 kVp, respectively. As a result of the analysis, it was analyzed that the printing time could be reduced to 1/10
according to the nozzle size and the layer height, and the shielding rate could be increased by 1% or more.
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II. MATERIAL AND METHODS
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3D modeling

layer layer layer

3D Printing

Fig. 1. Sheild sheet production process using 3D printer.

Fig. 2. Radiation shielding sheet 3D modeling.
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Table 1. Setting value of 3D printer 4. AHAEE o] L3 & AF
Radiation sheild sheet Brass filament®} 3D HE S o] &3] Azl =}
= = ko 2= oldko
Nozzle size (mm) 0.4, 0.8 H AEe =F A7 T Fol7l HAE G
golst] 98 BEAYEE XA BB EERE
Layer Height (mm) 0.1, 0.2, 0.3, 0.4 Do]_%]: ]@' E]—tﬂﬂ. 7]___ ‘ﬂ&t'd o= @i% /;75_]63 _5}_91
Temperature of printing (C) 213 E]'[IS] Ay %LH]L ﬁ7] H A EH@,‘O]] é—ji]% ek
. S HAL A 2R 2] (Provision900, DK medical, Korea)
bed temperature (C) 65
o} FZAMA = A|(Rad-check plus, Fluke, USA)E A&
Infill Density (%) 100 sttt Ado] oA ATHEHAPA R AR o] A
Printing speed (mn/s) 50 e Gl Arle Aol dEg dHE &
o1}t Adle Fig. 49F o] Atgbxo] oS
Filmea denshty @ors” 3‘9 A w7 918 BE71sh AAAE Aol E S om A
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Table 2. Parameter for dose measurement

parameter value
Tube voltage [kVp] 60, 80, 100
Tube current [mAs] 40
Colimation [inch] 3 x3
filter [mmAI] 12
4% ZAMIZH D9 mR]E Eq()= 483t
Al &2 e
Shiclding Rate (%) =M 100 (1)
ielding Rate (%) =
K = W
(b) Ultimaker S3 nozzle change
Fig. 3. 3D printer and no.zzle r.epla.cement method used ol Wi ¥ A ES; Qe Ao zARA O]
for manufacturing shielding sheet. )
) wo e AEZE 9% A9 EAZe|t
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(a) diagram of experiment

(b) Setup sheilding test

Fig. 4. Measuring arrangement for radiation shielding
sheet.

III. RESULT
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2 =AAHt 0.8 mm === = =9°] 0.lmm
o A 2A17F 328, 0.2 mmoll A 1A]7F 20
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Table 3. Shielding sheet manufacturing time using 3D
printer

Nozzle
Layer s1ze 04 0.8
height
0.1 mm 428 min. 152 min.
0.2 mm 225 min. 80 min.
0.3 mm 150 min. 54 min.
0.4 mm 118 min. 42 mim.
2 548 A% € A& B}
3DZHE Y] =T F7|ek T Fols Wikskd
Brass filament= A|2}gk X}H A EE o] &3 AF =

A 9 29 & AI}= Table 49F 2k

60 kVp 40 mAsel A 2}# A E glo] XAH&
e w M-S 123.8 mRE SAHHAL. ==
04 mm ¢ W, = %°] 0.1 mmolA 3 mReE 54
Hol 2H &S 97.58% % FAIEIE 0.2 mmol A
1.6 mRe] S o] AFH &L 98.71%= A
t} 03 mmolAE 1.6 mRe] S50l ¥ &L
98.71%% ®A= At 04 mmol = v7A =
1.6 mRe] S o] AH &L 98.71%= AU
=3

=Z A7 08 mm ¥ w, T =°] 0.1°1A4 0.4
mm EF 15 mReE =AHFPow Iy&e
98.79% = 21 % A}

80 kVp 40 mAsoll Al x5 AJE §lo] XS A}
S ) M 2124 mROE SAHHYT == A
71 04 mm € W, = %=0°] 0.1 mmo]A 8.6 mRLE
ZA5o] &L 95.95%% EA ATt 02 mm
oA 8.8 mROE A o] AHEL 9586%% =
AMEATE 0.3 mmolA 94 mR S 2} &
95.57%% 21 3tt 04 mmolA 9.8 mROZ
AE o] A &-E 9539% = 2 F AT

=% 7] 08 mm & W, 5 #°] 0.1 mmolA
8.75 mRo % FAH ] S 95.88% = FAHY
Atk 0.2, 0.3 mmoll A= 825 mROE =AFHo| A}
HEL 96.12%= A HATE 04 mmol A= 7.5
mROZ A H o] AHE 96.47%= A= AT

o o
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100 kVp 40 mAsoll A 23] AJE §lo] XA& =
AFRS W MBS 3266 mROE =& HATE ==
7] 04 mm & W, 3 =] 0.1 mmolA] 92.93 mR
o2 FAH A EL 92.93%2 EAHA 0.2
mmol A 23.8 mROE ZAE o] AH &L 92.71%=
EA520E 0.3 mmoll A 24.6 mROZ SAE o] 2}
HE 9247%Z FAEATE 0.4 mmolA 251 mR

Table 4. The results of the radiation shielding sheet tests

o7 =A%l A& 9231%=E B
= A7) 08 mm ¥ W, T =°] 0.1 mmel A 22
mROE FSAE AHE 9326%= A EHATH
0.2 mmol A 21.5 mROZ A= o] 23S 93.42%
2 BEAE9h 0.3, 0.4 mmolAE 2125 mROE
450 A &L 93.49% %2 A F )

60 kVp, 40 mAs

80 kVp, 40 mAs 100 kVp, 40 mAs

Nozzle size Layer Height Dose [mR] i;lti:l([i(i)/r;]g Dose [mR] ?22:16[132‘]% Dose [mR] igti:l%i)};%
non 123.8 212.4 - 326.6
0.1 mm 3.0 97.58 8.6 95.95 23.1 92.93
nozzle 0.2 mm 1.6 98.71 8.8 95.86 23.8 92.71
0.4 mm 0.3 mm 1.6 98.71 9.4 95.57 24.6 9247
0.4 mm 1.6 98.71 9.8 95.39 25.1 92.31
0.1 mm 1.5 98.79 8.75 95.88 22 93.26
nozzle 0.2 mm 1.5 98.79 8.25 96.12 21.5 93.42
0.8 mm 0.3 mm 1.5 98.79 8.25 96.12 21.25 93.49
0.4 mm 1.5 98.79 7.5 96.47 21.25 93.49

IV. DISCUSSION
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V., CONCLUSION
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