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Abstract

In this study, the properties of various material combinations were evaluated and an ideal material for fab-
ricating protection pads for women's army combat uniforms was determined. Eight specimens were used for the
evaluation: two types of materials, namely thermoplastic polyurethane for 3D printing, T and ethylene-vinyl
acetate, E; two infill densities, namely 10%, 10 and 30%, 30; two types of pad designs, i.e., without holes, A and
with holes, B; 2x2x2=8 and control E. The tensile strength, flexural strength, impact absorption, and weight of
these specimens were evaluated. Results revealed that E was the most flexible material;, however, its tensile
strength and impact absorption were very low. Protection pads made from T (T-10A, T-10B, T-30A, and T-30B)
had excellent tensile strength and impact absorption; however, they had low performance in ease of movement.
Alternatively, protection pad with holes and an infill density of 30% produced using a combination of T and E
had a high initial tensile modulus and exhibited excellent impact absorption. Moreover, it was flexible and
light, which satisfies the standards and conditions required by protection pads. However, if T-E-10A and T-E-
30B exhibited low impact absorption, as required, they can be regarded as appropriate materials for protection

pads.
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T Y R v wE SR S8 Qe FA4 3, 2 o), U Al W A= AR Foll thek vk
o]th(Kim et al., 2016; Lee, 2022). =, == 20004 7} Yol MulA el s o] QS Ao 2 veEldth
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1. A8 H5 IlE 7Y foam 10 o] B4 = ¥|wal7] Y AP L s gj=

of 718l ict.

AlES Q3 HE = 25 <Table 1>9 4] H 1= $t#H, TPU 282 Geomagic Design X program(3D
whol o] & 90| 9lch WA, wE A= AT A LA Systems, Inc., Korea) & AF8510] B4 W7} 2 710] o
FHAS HFElo] 3D FEj7 E = Q== 3D TYE Zo] 3D 2 Y3t & FDM(Fused Deposition Model-
AR E 7| 2O 2 519=1], &R TPU(Thermoplastic ing) TYPES] 3D ¢ EJ(CUBICON Single Plus 3DP-

polyurethane)7} W4, ¥& 2 3]E 0] 4=3} 23]
o iR ARG glo] o & AAshArlung &
Lee., 2022). L&} A]Zof T & 17 Q= H 38 A=
S 2 A AK(Lee et al., 2022) 52 EVA(Ethylene-
vinyl acetate) foam©] A1 Fl Zl o] Wol o] A= A
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Lee, 2020; Lee et al., 2022; Park et al., 2019), & ¢ Lo
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T o= FAIZE 2o 8 1t A A BAE 8l
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B3 jeo] FAE 58 BT = A MekE £ F7bskich
2ot A3}, 10 m o] WY wf 753t &S T Aol 5%
sh7] ol Agstctal A E of(Partetal., 2018) 10 mn = ) QEZUE
SASHAT whekA TPURHO 2 T4E AH g B S NPREL AR FEE BASE 1Y FAT
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238h= A TPUS Sm=E 3D ZHY &8 3 5m A& &3tA]7]7] f18) DA o] o] B s 7FA ok’
Table 1. Types of experimental protection pads
TPU 3D printing conditions
9 types of experimental pads Infill density Hole E\;ﬁaﬁﬁ m Sample code
10% 30% W/O (A) W (B)
TPU 10 mm-10%-A [ J [} X T-10A
TPU 10 mm-10%-B [} [} X T-10B
TPU 10 nm-30%-A ° ° x T-30A
TPU 10 mn-30%-B ® [} X T-30B
TPU 5 mn+EVA 5 mmn-10%-A [J o T-E-10A
TPU 5 mm+EVA 5 mm-10%-B [ J [} o T-E-10B
TPU 5 mm+EVA 5 mn-30%-A ® [} o T-E-30A
TPU 5 mn+EVA 5 mn-30%-B ® [} o T-E-30B
EVA 10 mn Purchased as a control experiment pad E
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w3 o] © 2= 9l =72 31015} o} A| -2 ASTM tisticsIBM, New York, USA)Z A}-&5}o] 2l A| 5} 91 ch.

D790-99 4 A of] ££-8-31], 127x12.7x10 mn Afo] = .2]
QA2 EB = AR Alo]of A2Falar x| A T
Apol o] Ao Al 1 m/min®] % & 5452 7kt 4]
7o) ul 2% o] wheE| ALt 2| Wy o] 5.0% Y=
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3) 3AE+ 4

HE g oA 7 Fadt 895 54
S dupu §ShA A F 42 QleTb ol 7] W ol =
SHEZ YT F7HE AA ST ey @A) o5
I B AR ST Fhe FASHE ol ¢l
of, o] 5-& B35 = S ¢ Aa - (Kang et

al., 2009; Park & Lee, 2016; Park, Lee, & Lee, 2018) 1
Holl e AsEo] Zags}sict Al -2 KOLAS_Uni-
versal Impact Testing Machine 7] 7| & A}-8-3}¢], 217
20mm, AgF30 kg L Hofo] =AAETO|IE 150 mm

wolollA FEAIZl F FHFAUAE SHEA
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eabs)Z <Eq. 1>2 AAFSF T}

Impact absorption efficiency (€abs)
_ Impact absorption(Fabs )
Impact energy(Fimp)

=314 -

A5 2

H3 = 220 m2 s, 2T 22455
e, FA G Aol H-& &4 517 Hal 71&F zﬂ
H 2 (ANOVA), Duncan A5 2498 A A5+

o) 4232 p<.050l|l A HF AT

4or

AEE HE g Sof et It =t Aot
A3+ <Fig. 1>, <Table 3> A A5} 51t
3 7] 9] o] 5 &2 4](jaw)7} 500 mn/min 2]
2 2212 uj, T-10A, T-30A, T-E-10A, T-E-30A=
k300 mm 0] A} Al E| = EAS 5 om, o] ZT-10A,
T-30A+= 4174 A] ¢F 800N o]4f9] & 7}57} BolE ¢
1, T-E-10A, T-E-30A= 2F 600N 2 TPUE Y} o] 2
oM = nj] A or ¥ vt Dl
u}. 3+, T-E-10B, T-E-30B= T-E-10A, T-E-30A%} 7

%

A =49 gl AR, A =7t grdshA
212 ARSI AL E= 7Y T E § 8 9 A=
TS Bk AekS-d o] 42 T-30A>T-10A>

T-30B>T-E-30A>T-E-10A>T-10B>T-E-30B>T-E-10B
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Table 2. Evaluation items and method of developing protection pads

Item Method Code Example of experimental protection pads
165 mm
B == - S
- 10 mm
T-10A — i 10 mm
Tensil ASTM 3
ensile ¥
strength D638 T-10B _—-:#4;—_“'%;-—____ £ 10 mm
3mm k2
T-E-10A £ 5 mm
e ——————————————
T-E-10B : . £ 5mm
“ 5 mm
127 mm
E 12.7 mu
T
T-10A ':' 10 mm
Flexural ASTM .
strength D790-99 T-10B el e S 0 ma
3mm 5
T-E-10A =5 mm
— 3mm
T-E-10B e 5 mm
*5 mm
A0 mm —
B T-10A i_ | |
N
E 6l mam j!'](J mm
A sphere with
a diameter of 20 mm and gl T-108 et 10 mm
Impact amass of 30 kg falls
absorption  from a height of 15 cm -
* No standard S
specifications i’{rh'nti -
T-E-10A k T-E-10B T
y . B
¥ 5o —

=315 -
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Fig. 1. Tensile strength test for protection pads.

Table 3. Breaking stress of protection pads

(unit: YPa)
p];::tgig:fgﬁs Breaking stress

T-10A 6.91

T-10B 3.73

T-30A 8.56

T-30B 5.02

T-E-10A 4.46

T-E-10B 2.70

T-E-30A 478

T-E-30B 2.81

E 1.09
=g B EXS AH R AR A E LT}
o] TPUR Y LA = 3| = 15(T-10A, T-30A, T-10B,
T-30B) 9] 7+ =7} 714 %1 31, TPUL} EVA foam2 23

3t 9 = Z15(T-E-10A, T-E-30A, T-E-10B, T-E-30B)-&
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TPUREO. 2 A & 52 S8 A A ¢-7] 27t
Lo =7t A I(T-30A>T-10A, T-30B>T-10B), 2
2 A7 dEd fs 28] o] e Aol A=
7} 2 EAS B ¢ TT-30B>T-30A, T-10B>T-10A). L

o)L
AT
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Fig. 2. Flexural strength test for protection pads.

T-10A>T-30B, T-30A), }-%-7] W=7} 53 7 -9oll=
Trol Sl "ARQlo] Bt A THT-10B>T-10A
T T-30B>T-30A). Tk, 297 W=7} 10%21 3-S5
2 T-10BL}F T-10A= A & Zpo] 7} YAl ¢35 & = QL
it TPUL} EVA foamS 233 g =9
T-E-30A7} A7) 71 #gten, ym=
(T-E-30B, T-E-10A, T-E-10B)= A 2] §-A}3E &
M= Ao w2 7t Sl

¢

3.4

e
oto

L]

mjeo

fol

5§ 9= 9% gt 34
44.7219] F AN A (Eip) S 7FHS 1,
T A ef ol 1 2| () & 01450
591, 1 A= <Table 4>o] | 4|5}
4 AL T30A>T-E-30A>T-10A>T-
T-E-30B>T-10B>T-E-10B>E = ©. & 923} 7] o

BT old, S 4S8 (ew)®] EeTH

= 5 A~
G

(U8
=]
ov}
V.
-
& -
—
o
>
V

32

Aol #2 AL Yuistng, Al 34558099
(99%) g5 UEbd T-30A s =7} 54 2 3 A 50] 7}
-5 Ao 2 UEHSE AL, EVA foam WO & o] £0f
A HE(E)= Bt 02121%) 2] F4F5&S e
SHRS 5ol 7P R Ao & HrbE ot
o} 7 02 Abw 1w, T-30A9 T-E-30A9] &
A5 74501 242 0.99(99%) 2t 0.89(89%) = Hi-§- -

5] et o m, o) 2 53 3D 21 4] 297 2

Ehe, ol §E 497t R A B Aol 94
3}, TPUO) EVA foamS A &Eslolw 224355 A
o] ZA| WolA| A] ¢= S RIS o] = A&
T = T &Rl Al of & S K uhe H 43 o] 9]¢}
ol & HE F2 MW FET FAHET 5o &
3 A S &2 LeRd A3 o L(Park et al., 2016) 2} 4 = 3t
ZAx}o|t) 3FH, Park et al.(2022)9] Ao A= YAk
WAG Wzol Ag 7Hset andi 58 F4R

SIS AAS 9o KUY L2 E A
B 312 22 crfabA| T 2RI g F TPU 442 3D

Table 4. Evaluation of impact absorption efficiency result for protection pads

(Repeated five times)
T T T T
e E 10A 108 30A o TEI0A  TE10B T-E-30A  TE-30B
Mean (SD)
a;:;f;;gn 021 0.73 0.40 0.99 0.63 0.62 0.40 0.89 0.50
<fficioncy (.044) (051) (.049) (.052) (.045) (.047) (.048) (.039) (.041)
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SHH, TPULE EVA foam& 2 3t s = 9] 4 $-ofl= A
L7 W7} S48 B Y (T-E-30A, T-E-30B> T-
E-10A, T-E-10B), {1 0-7] W=7} Eolsjm, mE =4
200l A g o] S W 7 A R THT-E-10B>T-E-10A
L T-E-30B>T-E-30A). 2Jub&l 0 & o] 9o

=

7 AR o AL 3D YUY A & S
7] fla A= -8 Frol 7hH 2 Al ik sh=dl, o],
7HE 2 oh2 F-9f ol vlel Askar SE5HA A

7] Wl FAE 57 A 4= ek 2y o] 5
28] gobx @l 7h¥o] EE3IE ke H Hio] 4
el W go] w9 ol FA 7 Hol R = Aoz A}
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