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Abstract: This study measured the effect 3D printing products comprised of different materials and shapes on heat trans-
fer in clothing to derive fundamental data on thermal comfort among clothing comfort. The variables were three types
of material (EVA foam, TPU-10%, TPU-10%+EVA), two types of shape (without holes, with holes), and two types of cov-
ers(without cover, with cover). All samples (12 types) prepared by combining these variables were placed on the hot plate
set at 36°C, and the surface temperature was measured at three points for 10 minutes. The surface temperature change
was dependent on the material, shape, and cover of the sample. The sample printed with TPU exhibited higher tem-
perature transfer compared to the EVA foam sample after 10 mins. In addition, the temperature transfer was better when
there were holes, and rate decreased when the sample was covered with fabric. We confirmed that material selection of
the pad and thermal conductivity of the cover are extremely important in solving thermal stress to the human body caused
by functional clothing with protectors. Additionally, as the protector, it is recommended to design the outer shell with a
passage, such as a hole, to allow the rapid transfer of heat to the external environment.
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H3lE Fo] g FEAY EAS Fog & ool gt &
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TFERE o] RX 7157 A7t EEHA o] gk 7 A
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2017). TE3F A At oF SHAME Hol o]FoiAaL 3l
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Table 1. Experimental variables(variable 1: 3 materials, variable 2: 2 shapes)

) Shape Without holes With holes
Material
12.5mm 13.0mm 12.5 mm
EVA foam
Each circle hole area:
Y 50 mm?(=3.14X4% mm)
TPU-10%

Each square hole area:
49 mm?*(=7x7 mm)

Thickness: 10 mm

TPU-10%+EVA 5 mm

212,339 2dy 2 =Yg AES AL AMEE HAES AU FRE UUE
3D ZAYE PZL Fig 1. QEZRA HE uie} o] & (84.9%)3% ZT]%-aek(15.1%) EY2ANE ARSI Aol
4202 90x90cme AALE R Zol: 0.5ecmet thet 722 EAL Table 2004 HiE nle} 7do] WEE (536

1.0em?) #9o] i 729 7.0 x 7.0 mm FAFH o] L /5 em(Wale®F )2} 256.05/5 em(Course )R, F7=
3670 7FH Eo)7t 0.5emét 1.0 cme! 22 2dY si9iu 0.88 mm, AFL 264.5 gm’, BHEEE 0.077W/(mK)ZAT.
2982 Geomagic Design X program(3D Systems, Inc.,

KoreayS AM-3191.0H, &L 3D ZHE|(CUBICON Single 22 &8 44 3 o[ 24
Plus 3DP-310F)2} Cubicreator Program= A&}t o 22.1. AYrrEF
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2.13. #AH 54 ol golgle AE B 99 255 108 Bt 33elA &
AE 7Ave 5y B AMRE Bol ARE e # st o ¥
9.0 mm 7,0 mm 6.0 mm
PP I
9.0 |mm H o J h
Ve EEEEEE
EEEEEN
EEEEER
EEEEER
EEEEER

(b)

Fig. 1. 3D modeling results and produced experimental sample; (a)without holes, (b)with holes, (c)thickness of samples.
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Table 2. Characteristics of the knit used as the cover of the sample

Characteristics Measurement methods

Wales Courses

Density(Determination of number) KS K 0512:2017
Thickness KS K ISO 5084:1996

Ratio of fibre mixtures KS K 0210:2018

Mass KS K 0514:2017
Organization visual judgment method

Thermal conductivity KS K 0466: 2021

153.6 stitch/5 cm 256.0 stitch/5 cm

0.88 mm (Applied pressure: 0.1 +0.001 kPa, Press area: 2000 + 20 mmz)

nylon(84.9%) + polyurethane(15.1%)
264.5 g/m”
Warp knitting
0.077W/(m*K)

3l7] il ALEEUTE 29AlE BET ANE Bol ARREE
HE 2402 @ Yd&d} Zfee A= AHE
<+ T 659 ASE Hot plate?]el] &85 & ol TH 2
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T 20+2
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Hot Plate?]ol] &S &8F JEIZ A4S Y3 Ach(Fig. 2.
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=

=
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<Surface temp. sensors>

(2) Measurement location of temperature

[Step 1: samples without cover]

@F

@ ®)

[Step 2: samples with cover]

(a) (®)

Fig. 2. Measurement equipment and measurement location; (a)without holes, (b)with holes.
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Table 3. Temperature change depending on the material and shape without cover(Two-way ANOVA)

Variable Type 1l Sum of Squares df F p-value
Material 1.30 2 447 04"
A\2min Shape 28 1 1.95 .19
Material x Shape 26 2 .88 44

Material 411 2 21.99 00"
Admin Shape 44 1 4.76 05
Material x Shape 13 2 .67 53

Material 6.34 2 26.25 00"
A6min Shape 80 1 6.61 02"
Material x Shape .07 2 29 75

Material 9.17 2 56.21 00
A8min Shape 72 1 8.88 o1
Material x Shape 25 2 1.53 26
Material 11.16 2 46.98 .00
A10min Shape .85 1 7.15 .02
Material x Shape 1.01 2 4.25 04

A2 min : Temp. change after 1 to 2 min.
A4 min : Temp. change after 1 to 4 min.
A6 min : Temp. change after 1 to 6 min.
A8 min : Temp. change after 1 to 8 min.

A10 min : Temp. change after 1 to 10 min.
*p <.05, *¥**p <.001

T, 68 T, 85 T, 108 Fo exusds
o] Ll l FEAHLA (Two-way ANOVA)SIIC™ I A3e
Table 33} 79kt}. o] A& 3ES EVAE, TPU-10%, TPU-
10%+EVASLe ™, 2 222 $io] gle AF 7.0 x 7.0 mm
A 7o) 3670 e Aol

Az} P2 Wele w2 M3} xjo]S o|Yujx] BALE

6 8?‘:} I;’; ==
o zel7t I=AE AHE A3 g Wlel wet FAF At
o8 HIOH(p<.05 p<.001), 6F F, 8 F 23l
M 72 Rl wE e FAF 2jolE B .
ofdl Aol W} 28 F, 42 F, 68 F, 8 F 2R

> rfil
g
)
il
T
-
BN
1t
e
2
£ o
‘
H
E
)

A (Two-way ANOVAYS E3 A Az} 28 3 48 T 6 2ol 7} YERAEA Duncan AF7A (Post-hoc)yS S #-4]8}
Table 4. Duncan Post-hoc Result of temperature change depending on the material without cover (unit:°C)
EVA foam TPU-10% TPU-10%+EVA F
Mean 76° 77° 19°
A2min 447
SD .16 16 16
Mean 1.79° 238 1.21°
Admin 21.99
SD 12 12 13
Mean 207" 334° 2.09° 2625
A6mi .
i SD 14 13 21
Mean 2.12° 3.83¢ 265"
A8min 56.21
SD 12 .19 .14

A2 min : Temp. change after 1 to 2 min.
A4 min : Temp. change after 1 to 4 min.
A6 min : Temp. change after 1 to 6 min.
A8 min : Temp. change after 1 to 8 min.
**p < Ol, ***p <.001
Duncann test: a<b<c
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%) % (*p<.05)
< 3.5
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é. 0.5

2 0.0 Without hole  With hole Without hole  With hole

A6min A8min

Fig. 3. Temperature change depending on the shape without cover after
6 and 8 min. (unit: °C).

RA3L(Table 4), FZ2(FY 5ol w2t 62 F, 8%
slo)] x}o]7} 21EAZ Bonferroni AFEAAL B8l 481t
(Fig. 3). =3, A5 7= 7+ 232EE KB 6EFHE 3
T x FZ 2%)9 108 & 2513} *}o]= Duncan AREHA
< &3l A5 tH(Table 5).

AERRIY M2 2=RstE ATE ZI(Table 4), 2%
TPU-10%+EVAE 2ZH3P7F A9] §iglout Alzte] x]dol ot
g HA 7S ¢ 4 STk v EVAZOR H AEE
g 22 Foe 076°C, 42 Fole 1.79°CE HlE 2%=7h
7R 2 olF 6% F, 8% Fol= 2.07°C, 2.12°CE
SEHshE 719 QIIeh Wi TPU-10%= th2 A5l Bis)
& st A7 e, 22 Fole 0.77°C2 EVA
A 2= ZI(p < 001, 42 F, 67 F, 8% F
Z.Z} 238C 3.34°C, 3.83°CE th A= W3l &4
2ERsPE A4 YERTHp <.001). &, TPU-10%

8E Tﬁ}ﬂ drdo] 7P & o FoIHAL EVAEFS &N 4

A=A RE Grddo] o]FoiA Tyt L o] Fell= LM}
A QAT ¥ TPU-10%+EVAE 57+ A% £ A
o] o]FARE & F AU} ol dye 4
o] A& Ao Az, HAATE B3l EVAES] Ed=
L 0.030~0.046W/(mK)HS & 4 A thJeong et al,
2009). =3 TPU A5 FHAZE(KS K 0466) AadA+
ZAFH(Fei et al, 2020; Wondu et al, 2021; Zhou et al.,
20210014 0.21~0.22 W/(m'K)E UERST). EVAZS] 7%

=go] Yol 2xRslyt 7P A9, TPUAIEE EXl=
ol 2xHsly 7P 24 Yeid Aoz Azt
TPU-10%+EVAE TPU%} EVAZS] %oz o|Roix7]
o LxHst 1 F7F AEE UEhd AoE Bt

TRl WE 2EWst xjole 6 T 8% ol UL
Wed (Fig 3), 74l 9 w‘aiu} Tl e Fxo &
TP & S ERIEA 6 F 25wslE AuEy

+ov

@

2 FH ﬂrlo e
Mook O

Hol Qe FXo XHLL271°C)7 +Hol fle X%
(2.29°C)E T} H %7}'8}M¢(p< 05), 8% Tl ol =
T2 W57t 3.06°CE 7ol flE F2(2.66°C)EEt U
LEHsiyt 2 AL U AATHp < .05).

AHE A9A] 2 Aol A7 2xWsE A49E F
I 108 Folle A5} 7= Wl wazakgo] Yeht 6%
A& 3Tx72 2%)°] WSt g xo]& Duncan At
$77 (Post-hoc)o = A B QIT(Table 5). 2 A3}, 7+ -5
o} Jglo] EVAZORE o]Fojzl AlR5e] 2xmsrt 2.08°C
(EVA foam without holes), 2.25C(EVA foam with holes)Z
71 @9ith, 2 tS TPU-10%3 EVAZS| o= o] Fo]
1 AZE(TPU-10%+EVA without holes, TPU-10%+EVA with
holes)®} FH$lE TPU-10%(without holes)’} ==WH3p7t it
3, 7ol Q& TPU-10%(with holes)®] =317} 4.64°CE
7P A YERETHp < .001).

3.2, HE 42 Aol xi=et Px0 mE 2=}
7S A8 Had) d=o] g9 2Ews ARGF) T
2% "t gEAE FIs] ) 22 F, 48 T, 6k
T, 88 T, 108 Fo] 2 WS AReIaL o] el x4t
2] (Two-way ANOVA)S 2r]3te] Hlel w2 5412 xle]
£ 351 TH(Table 6).
A3}, 2%
o, F= tB_OJoﬂ tﬂr%
Fokck. ey 4% &
FollX e A5}t += tH_OJOH wWE WS Ao UERTE 4%
Foll&= 5% frolasolr Azt 7z e &
AF zolg BHo) 68 F 2xsFME 1% foles
AN FAH Zolg BT 8% Fb 108 FolE 0.1% F¢)
FeoA 2emsiEkl| 5% Aols KT ulEbA Al5e}
T2 7 wsFAEE Bl 6ERE 3T x 7R 2%)e 2&=9
s} zolE FAH SR Hwsl7] 918 Duncan AMFAAEES A
ABIAaL 2 A= Table 7914 Hiulel 7).
AEGE) F202F) Hlo e 2SR xjolE AF
B A3} 47 Folle ol AT TPU-10%(1.27°C)eF o]
SE EVAZ(1.39°C)0] 237} 714 IA UeEPL(p<.05),
6% Folr FHo] ' TPU-10%(2.00°C)st +Ho] gle
EVAZ(1.85°C)°] 2x®s} 7P 3A| vepkom o] 3l
= EVAE(0.73°C)e] 2=msPt 78 A JERITHp < .001).
8% &, 108 Fol= THo| & EVAES 2&=®sbt 73

ol

ty #e

il
&SrE “

o N

Table S. Temperature change depending on the material and shape without cover after 10 min (unit: °C)
EVA foam EVA foam TPU-10% TPU-10% TPU-10%+EVA  TPU-10%+EVAwith F
without holes with holes without holes with holes without holes holes
Mean 2.08" 225° 3.54° 4.64° 297 3.00° o™
SD 35 33 33 40 41 21

Duncann test: a<b<c
*rkp <001
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Table 6. Temperature change depending on the material and shape with cover

Variable Type III Sum of Squares df F p-value
Material .82 2 1.34 .30
A2min Shape .04 1 14 72
Material x Shape 20 2 33 73
Material 1.69 2 4.80 .03
A4min Shape 34 1 1.93 .19
Material x Shape 1.48 2 420 04"
Material 1.84 2 7.17 01
A6min Shape 30 1 2.31 A5
Material x Shape 1.83 2 7.13 o017
Material 3.96 2 19.90 00
A8min Shape 85 1 8.58 01
Material x Shape 2.67 2 13.43 00"
Material 5.84 2 29.09 00
A 10min Shape 57 1 5.70 .03
Material x Shape 2.17 2 10.80 00"

A2 min : Temp. change after 1 to 2 min.
A4 min : Temp. change after 1 to 4 min.
A6 min : Temp. change after 1 to 6 min.
A8 min : Temp. change after 1 to 8 min.

A10 min : Temp. change after 1 to 10 min.
*p < .05, **p < .01, **¥p <.001

Table 7. Temperature change depending on the material and shape with cover (unit:"C)
-10%+ ~10%+
EVA foam EVA.foam TPU-10% TPU-10% TPU-10% TPU-10%
ithout holes with ithout holes  with holes EVA EVA F
witou holes withou without holes  with holes
Mean 1.39° 39° /7% 127 46" 24° .
Admin 3.988
SD .09 .03 .62 29 45 .61
Mean 1.85¢ 73 1.62"¢ 2.00° 1.06™° 1.03*° 615"
A6mi .
i SD 08 06 48 23 36 59
Mean 2.16° 66° 229° 2.60° 1.55° 143°
A8min 15.050
SD .08 .02 47 22 34 46
Mean 2232 90° 2.77%9 3.01 1.85° 187°
A 10min 17.099
SD 12 .07 45 .30 34 43

A4 min : Temp. change after 1 to 4 min.
A6 min : Temp. change after 1 to 6 min.
A8 min : Temp. change after 1 to 8 min.
A10 min : Temp. change after 1 to 10 min.
Duncann test: a<b<c<d

*p <.05, ***p <.001

S UERAIRE 88 - 2ERsE 7P w2 ekt 2l ot fa AME H9A 2 A6 AvE AR A

o] Sl&= TPU-10%(2.60°C), *H°] §l= TPU-10%(2.29°C), $(63)2 ZF HaE9 HolHE +H5S Asgied 1 4
o] §l= EVAE(2.16°C) °]AUTHp < .001). 107 Foll= o} F= Table 8ol K= upe} Attt

2 HAES v2Ps o 7Ye| U= TPU-10%°] 3.01°CE B o] AHES Hox] ke Aol AMES AP u)

7P w2 RERISE BHATHp < .001). AT (Hot plate) Bl AgE BHZFe 2LHslE H|w

St A, AME 9K oks wl Fxido] F o]Foix FA

3.3. 7 F2o mE 2= Hog fFouaH 2ERs =2 2E & F IATHp < .01,

7] el et 2Rl o A= Aot UeAE & p <.001). Akl w2} FAH o duEd AuE H9A] &
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Table 8. Comparison of changes in temperature without or with cover

Without cover With cover
t
Mean SD Mean SD
A2min 57 46 -.08 53 39317
Temperat Agmin  1.79 58 77 57 5269
Y€ Aemin 250 71 138 57 52037
change -
) A8min 2.86 81 1.78 1 4261
AlOmin  3.08 92 2.11 76 3467
A2 min : Temp. change after 1 to 2 min.
A4 min : Temp. change after 1 to 4 min.
A6 min : Temp. change after 1 to 6 min.
A8 min : Temp. change after 1 to 8 min.
A10 min : Temp. change after 1 to 10 min.
*kp <01, **¥p < 001
e W 28 F 2571 0.57°C, 4% FolE 1.79°C, 6% ol
50°C, 8% Foll= 2.86°C, 108 Foll 3.08°C EokA

LWzl —0.08°CE A9

F emus
. 6 T 1.38°C, 8%

0.77°C,

.03 29.0
Py
5 280
s
g
g 27.0
&
26.0
25.0
24.0
3
230 I min. 2min. 3 min.
------ EVA foam without holes 245 251 257
— EVA foam with holes 242 251 258
—TPU-10% without holes 237 245 254
— TPU-10% with holes 235 242 252
—TPU-10%+EVA without holes 23.8 237 242
= =TPU-10%+EVA with holes 241 245 249

1.78°C, 102 & 2.11°CE £EWsl7t A ¢le ARt} A
A3 Z7Fehe A ERISIALE &, & A3 Har H= A
HE AR-E UAE84.9%) Z2]$-elgh(15.1%) SHAl=
drige] W g ol Hrls 8] dxide] o]Fo
AA e A & Ak

e Bad = A5e} 2o e dHES £ 9 A
o] BA3] 28l AW el wep 228E 2EHolEE +
gste] AT 4 AT Qe e dER 2&
(36.0°CyF W= rHow HAddE LxHsl Hgd Avnd
Fig. 49} Zokth A& 25 548 Al & 1% 39 255 4
HEH EVAEC| 242°Ce 24.5°CE =& WhH TPU-10%=

23.5°Ce} 23.7°C2 2A YER I TPU-10%+EVAS] 7%
23.8°C, 24.1°C2 57+ Ax9] L=t} ol A A:AI7F 7

A7 Qe LE EoE AT, AR} Fxo| BE 108
o] eEuslE AvnE EVAEOR olfolxl =] 7
7 AR ow
w7t 7S] Yo
Aol Aol molA|

o

2

S 257t 7RIy a2 o)
AL, TR T

& A1,
AT WA TPU-10%% 7Fg &%=

b1

i e o o
r

4min. Smin. 6min. 7min. 8min. 9 min. 10 min.
260 263 264 265 265 266 266
262 264 264 264 264 263 264
260 265 268 270 272 273 272
259 266 271 275 276 278 28.1
248 253 257 261 263 265 267
254 259 263 265 268 270 27.1

Fig. 4. Temperature change according to material and shape without cover.

:3 29.0
2
2 280
£
L
j=
g 270
&
26.0
25.0
24.0
23. v .
I min. 2min. 3 min.
------ EVA foam without holes 250 256 26.1
— EVA foam with holes 260 259 26.1
—TPU-10% without holes 25.1 249 254
— TPU-10% with holes 247 249 254
—TPU-10%+EVA without holes 25.0 248 25.1
= =TPU-10%+EVA with holes 254 249 252

Fig. 5. Temperature change according to material and shape with cover.

4min. Smin. 6min. 7min. 8min. 9 min. 10 min.
264 266 268 270 27 272 | 272
26.4 26.6 26.7 26.7 26.7 26.8 269
26.0 264 26.7 27.1 274 27.7 279
260 264 267 271 273 275 2717
25.5 258 26.1 26.4 26.6 26.7 269
25.6 26.1 26.4 26.6 26.8 26.9 27.2



37t Zlom, 1020] Ad W7 A&HHow Frkshe s
& & ATk EI TPU-10% 2A1E F2FH-) wet
xRzl o7t UedErl He s e 2 WSk
Holx] eigtort o1 o]% FHo] Q= TPU-10%2] 2=Wsht
w43 S7kkE AL & 4 AU TPU-10%+EVAE A4
o7 IrFeIou O 2t £ TPU-10%E = A0
B 230 d= 9 o] e A7t e Aewot
= #9257 ¥ w7 debgth &, TPU-10%, TPU-
10%+EVA, EVAE AR dxido] & o]fojxon, o]
JE A7t flE ARt ddge] o & o|RoAe Ae

sholakich.

Hod = 9 AME A T HH 23} Heg A
& A7KFig. 5), EVAZOE o]Fo)7] FuE&= AHE #$X
7k

%o 3 A 1 F BE 2nv
o] et Lxwslyt = ¥tk EI TPU-10%Y TPU-
10%+EVA 2% ZullE 2xHsbr} §lar A8l wE xjo]
&= yehA] egkont Alzte] Adel wet TPU-10%0] 12
=7 o A JEiETh v Y G5 dEide 2=Rs)
of & )5 Holx| egit)

=, AHE HE A9 ANE HoA] e A9 Wl
e LrHslEke Avnm (R Fo| exwslge] 7P 2
21 o] YE TPU-10%2 2EMskgol] Aole QAT
2 AL vzl vErdS & ¢ JTh e 2 A 8
i A s 2emsiEelA AR AE9S HolXe ottt
5 ] ook W 8% F/HA AEV PR
f gk zlolE Hel vhH AHE 29E de Al
B9} 7t 2=dstgd @7 9Fe Rl AS T F
AAT}. o]HFF AFE= Lee et al(2022)2] AFo) TE LHE
H3ls 24 A ANE 2 Ao 284 49k o &
ARt 73S Bthe AATe) o A=kl o= A3
A2 A4 wele] Aol YA 2 AFelME As
oF 2 wgle] ¥ IHEQ] WEoE AztEch EE A
H AEE AREE 24 AEELS 0.077 WimK)OIJ=T
o] F2& TPU A82 FHELEHTH0.21~0.22 W/(mK)y= S
Q7 EVAE GH-E8(0.030~0.046 W/(mK)ETHE E37] o)
ol gAg &7 "ol o7t 2 & IUg Aot} wEhA
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3 2 Al dFAe] St A= ot AIRE G
2} 712AFE AAEH. e AE Ed 3% EVAE,
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3D Zgg Hory) /fere flek AE9) 7<) mhE FHY HF 505
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o] SlE FEAT B9 Bt} A= H8-str] s AAurt
Aol -9} 7 glo] HeHe B2 o] ¥U 228

24t

Walers AvE 43 29 427K Al wE zpol7t
B O § 8RR AE ol me 2wkl 2t
olE Bl AEE AolE AWEH TPU-10%= A&HH 0=
LEslge] 7P FA VEREA, EVAES 2N 282 TPU-
10%S} ZFo] 2= wsige] Zivt 2 5 A or sl
oL 6t $HEle 2EHshE A9 iich v TPU-
10%+EVAE X1 £=wstol 7HE Aglout Hak St
A 8 Folle EVAF Hoh 2xwskgo] A7) yepdth
o ofgt 2=wsl A Zutell= Aolrt gl o 61 FHE
T el wet skl Ajolzh vkt HF 10ie]
A Foll= ARGEERE T2EF)] TS =7 ke, &
659 Wl F FHo| e TPU-10% =9 &x=wsr}
464°CE 7P 22 I o g 7ol §lE TPU-10%, 71
U= TPU-10%+EVA, 74 S1E TPU-10%+EVAS] 2>=%3}
7} 3A Jelgtt &, $7 1.0em EEd dj=e] ddde] 4
S AT Fol FBell F 2 sE A= A5 3
7P Bol Woky o Folle 7o IS I W
AL & F Ak Ed 102H =7 A Folli= 3o
o

FFol & ¢ AAA B

i=]

of
i

it kN Ol? M et e ow
ofr
N

A, 105 o)A

R N R (< 1}

N
il

e F 7R AR 23 59 =
3] o] FOIR|TIr} AlZte] Aol Wt &
TPU-10%+EVAS} Z3to] A3 = g Flo]

it
T
L
N
>
)
:‘.":‘

U 4% IHEE st TR w2 3o
102 Folle= o] e TPU-10%2] &=H3l7} 3.01°CE 7f
A et e AR OZ AWE A9 kS o
B} 2rmsiake] AN Amet R Walshs Aol
T2A YeRTh ol & A7l ARE AW &Ale] EHe
£o] EVAZ HEERTR= =47 TPU AFHRTR= W] o
o2 A7 ulgbA AW GEAES A¥ Al A5
AelMe Bor si=9 MRS} FRE FasHAT AW &
ALER & 9T "X= A
AAE BEOR FF U GXETE 2 AAE A7 A
A AU Sl= ARE thdsA WAt A, &, A

A 249 neY) dse] Pat AR 5 A
S Qe g A vAUE el 7Fsd o e,

MY o
1



506 Bl FRIYSlBIR] A5 A4E, 2023H

HAe| 2

o] A¥e FeFAUEy Ug FEATHE ALHUS
(2021).

References

Babar, A. A., Miao, D., Ali, N., Zhao, J., Wang, X., Yu, J., & Ding, B.
(2018). Breathable and colorful cellulose acetate-based nanofibrous
membranes for directional moisture transport. ACS Applied
Materials & Interfaces, 10(26), 22866-22875. doi:10.1021/acsami.
8b07393

Bates, S. R., Farrow, I. R.,, & Trask, R. S. (2016). 3D printed
polyurethane honeycombs for repeated tailored energy absorption.
Materials & Design, 112, 172-183. doi:10.1016/j.matdes.2016.
08.062

Eom, R. L., & Lee, Y. (2020). Comfort evaluation by wearing a gait-
assistive rehabilitation robot. Journal of the Korean Society of
Clothing and Textiles, 44(6), 1107-1119. doi:10.5850/JKSCT.2020.
44.6.1107

Fei, T, Li, Y., Liu, B., & Xia, C. (2020). Flexible polyurethane/boron
nitride composites with enhanced thermal conductivity. High
Performance Polymers, 32(3), 324-333. doi:10.1177/095400831
9862044

Han, Y., & Kim, J. (2018). A study on the mechanical properties of
knit fabric using 3D printing - Focused on PLA, TPU Filament.
Journal of Fashion Business, 22(4), 93-105. doi:10.12940/
jb.2018.22.4.93

Harada, T. (2001). Comfort and microclimate of clothing. Journal of
the Korean Society for Clothing Industry, 3(2), 100-104.

Hong, K. H., & Lee, H. (2020). Development of hip protectors for
snowboarding utilizing 3D modeling and 3D printing. Fashion
and Textiles, 7(1), 1-19. doi:10.1186/s40691-020-00236-3

Jang, S. (2021, August 03). JE& % &&, FHr=Z =4 o F
o/ of & & 822 [Diseases to watch out for during summer
leisure activities and hobbies?]. Cheonji Daily News. Retrieved
April 3, 2023, from https://www.newscj.com/news/articleView.
html?idxno=886479

Jeong, Y. S., Choi, H. J., Kim, K. W., Choi, G. S., Kang, J. S., & Yang,
K. S. (2009). A study on the thermal conductivity of resilient
materials. Thermochimica Acta, 490(1-2), 47-50. doi:10.1016/
jtca.2009.02.015

Ju, J., Shi, Z., Deng, N., Liang, Y., Kang, W., & Cheng, B. (2017).
Designing waterproof —breathable material with moisture
unidirectional transport characteristics based on a TPU/TBAC
tree-like and TPU nanofiber double-layer membrane fabricated by
electrospinning. RSC advances, 7(51), 32155-32163. doi:10.1039/
C7RA04843B

Jung, 1., & Lee, S. (2021). Effect of surface roughness of fabrics on
tensile properties of 3D printing auxetic re-entrant pattern/textile
composites. Textile Science and Engineering, 58(4), 167-176.
doi:10.12772/TSE.2021.58.167

Kim, H. A., & Kim, S. J. (2017). Assessment of wicking and fast dry
properties according to moisture transport measurement method of
knit and woven fabrics for garment. Science of Emotion and

Sensibility, 20(2), 117-126. doi:10.14695/KJS0S.2017.20.2.117

Kim, S., Lee, O., & Lee, H. (2020). Women's comfort temperature
range and dynamic temperature change for maintaining thermal
comfort in low temperature environment. Fashion & Textile
Research Journal, 22(6), 853-861. doi:10.5805/SFT1.2020.22.6.853

Kim, T. G, Song, M. K., Lee, C. M., & Kwon, O. K. (2018). Thermal
comfort of the sports/leisure clothing with the heat storage/
reflection function-wearing evaluation under the condition of
0x00B1; 1C and 50+5% RH. Fashion & Textile Research
Journal, 20(4), 474-481. doi:10.5805/SFT1.2018.20.4.474

Kim, T. H. (2022a, September 30). 72/ #=7] &4 o] F =325
$# 79 57} [Increase in imports of water leisure products
after distancing is lifted]. Le Desk. Retrieved March 20, 2023,
from https://www.ledesk.co.kr/view.php?uid=3115&where ke=
a&keyw=%EA%B1%B0%EB%A6%AC%EB%91%90%EA%B
8%B0%20%ED%95%B4%EC%A0%9C

Kim, C. H. (2022b, November 22). 3] &%/ B2 &7] 1. & ¢
# 7] o] 75 3t ${ T} |Getting to Know Marine Leisure 1. The
number of marine leisure visitors is rapidly increasing]. Hyeondae
Haeyang. Retrieved March 20, 2023, from http://www.hdhy.co.kr/
news/article View.htm1?idxno=17902

Kweon, S. A., Lee, J. M., & Choi, J. M. (2003). &/ &7 9] ¢] g}
% % & [Clothing and the human body's adaptation to the
environment]. Seoul: Kyohakyungusa

Lee, H, & Hong, K. H. (2019). Survey on injuries during
snowboarding and wearing satisfaction to develop snowboard
protector. Fashion & Textile Research Journal, 21(4), 497-508.
doi:10.5805/SFT1.2019.21.4.497

Lee, D., & Lee, S. (2022, April 24). # &) 5 o] <ofg] 2% ¥ A]
o» Fof ofg] g o]l Zz} 5o}’ [“Pandemic opens the
golden age of outdoor leisure, and outdoor activity infrastructure
needs to be expanded”]. Economy Chosun. Retrieved February 14,
2023, from https://biz.chosun.com/industry/company/2022/04/24/
EVIJ56UTINBDFDEJHRGW5Q2IDI4/

Lee, S., & Park, S. (2023). Effects of relative humidity and fiber
properties on the moisture permeability of multilayer fabric
systems. Journal of the Korean Society for Clothing Industry,
25(1), 119-126. doi:10.5805/SFTI.2023.25.1.119

Lee, H., Eom, R. 1., & Lee, Y. (2015). 3D modeling of safety leg
guards considering skin deformation and shape. Korean Journal of
Human Ecology, 24(4), 555-569. doi:10.5934/kjhe.2015.24.4.555

Lee, H., Eom, R. I, & Lee, Y. (2019). Evaluation of the mechanical
properties of porous thermoplastic polyurethane obtained by 3D
printing for protective gear. Advances in Materials Science and
Engineering, 2019, 1-10. doi:10.1155/2019/5838361

Lee, H,, Kim, S., Lee, Y., & Lee, O. (2022). Analysis of changes in
temperature and humidity by material combination using 3D
printing. Fashion & Textile Research Journal, 24(1), 127-137.
doi:10.5805/SFT1.2022.24.1.127

Milosevi¢, P, & Bogovi¢, S. (2018). 3D Technologies in individualized
chest protector modelling. Textile & Leather Review, 1(2), 46-55.
doi:10.31881/TLR.2018.voll.iss2.p46-55.a6

Park, J. H., & Lee, J. R. (2019). Developing fall-impact protection pad
with 3D mesh curved surface structure using 3D printing
technology. Polymers, 11(11), 1800. doi:10.3390/polym11111800

Park, S., Lee, H., & Lee, Y. (2019). Suggestion of crotch protector
prototype for cyclewear based on 3D modeling and printing.



Korean Journal of Human Ecology, 28(2), 147-157. doi:10.5850/
JKSCT.2020.44.4.739

Shim, H. S. (2016). The evaluation of water vapor transport and
waterproofness properties of the waterproof and breathable
fabrics. The Korean Journal of Community Living Science, 27(2),
295-304. doi:10.7856/kjcls.2016.27.2.295

Wondu, E., Lule, Z. C., & Kim, J. (2021). Improvement of dielectric
properties and thermal conductivity of TPU with alumina-
encapsulated rGO. Polymer Testing, 102, 107322. doi:10.1016/
j-polymertesting.2021.107322

3D Zgg Hor) /jure FjF AR T whE GEG BF 507

Wu, S., Zeng, T, Liu, Z., Ma, G, Xiong, Z., Zuo, L., & Zhou, Z.
(2022). 3D printing technology for smart clothing - A topic
review. Materials, 15(20), 7391. doi:10.3390/mal15207391

Zhou, Z. M., Wang, K., & Wang, Y. H. (2021). High performance of
thermoplastic polyurethane-graphene oxide self-healing composite
film. Coatings, 11(2), 128. doi:10.3390/coatings11020128

(Received May 19, 2023; 1st Revised June 7, 2023;
2nd Revised June 29, 2023; 3rd Revised June 30, 2023;
Accepted July 6, 2023)



	3D 프린팅 보호대 개발을 위한 재료와 구조에 따른 열전달 평가

