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Abstract

This study explores and selects an appropriate material that considers light and soft physical properties as
well as activity for impact absorption pads that can be used to develop practical impact protective clothes
worn during daily life by the elderly to reduce the impact of falls. Physical properties, impact absorption
performance, and compression characteristics were evaluated on 5 types of foam, 2 types of 3D spacer fab-
ric, and 3 types of polymer gel to select a material appropriate for the pad to be inserted into impact protec-
tive clothes. The evaluation of the physical properties showed that 3D spacer fabrics had lower density com-
pared to other materials and polymer gels had the highest density. The elongation percentage was higher in
foams than 3D spacer fabrics and EPDM foam had the highest elongation percentage. The impact absorption
performance of honeycomb polymer gel was better than foams and 3D spacer fabrics. As a result of look-
ing into compression energy and compression characteristics of materials, ‘CR foam A’ was found to absorb
the largest amount of compression energy, 24.1%, among foams and polymer gels. A high energy absorption
rate of 50.0% (or above) was indicated by 3D spacer fabrics; however, foams and polymer gels showed a pro-
gressive deformation of energy compression / recovery curve with 3D spacer fabrics that showed drastic
deformation. Based on characteristics of materials, ‘CR foam C’ and EPDM with relatively high absorption
performance can be used as protective pad materials among foams. Among polymer gels, 2 open-type poly-
mer gels that have relatively low impact protective performance but a relatively lighter weight on human
body (compared to closed-type) are considered appropriate protective pad materials.

Key words: Impact protective materials, Characteristic evaluation, Physical properties, Impact absorption

performance, Compression characteristics; 5425 24|, 54 B7h =4, $485T 45,

o L__,ZT_E_/H

*Corresponding author

E-mail: ljrj@pusan.ac.kr

B R0 walele] o] QJHo

B = 20139 AR-GLE1 AR )] A
A A ] A Qg vl alg
057684).

Yoz =
AT-2)(No. 2013R1A1A2

LM

rhu

FUlF oz B o) YA ALILE 654 o] 9] =Qle

AX AAE 20%

])\]- U]—}” = 50% ;q = u]—/\g 3]_% 7)4\

S 2 Ve O™ (Hur, 2007; Lee & Kim, 2003), 7541 ©]

© 2016, The Korean Society of Clothing and Textiles. All rights reserved.

—495 -



88 S=20|F SISl K| Vol. 40 No. 3, 2016
=919 ARLE QI AP T o] TP B ARl 71l = T4 S AT EE 4
Ao 2 8% THDellinger & Stevens, 2006). =21-& < Y3k §2 F92 hTE Aol T8 FE
e FUE R Qe ofsk FA T FHEo] A o= Al FRA 02 SE7F AHES SFaL 5 30] A4
=HI(Kim et al,, 2007), ZFo] LAY =¥ I &E3t= 8] ¥zl o JEF sfFolof sk, e E9, &
o] 23 A|Tko] A M, Tl B 7sAde] = < e, FEHE SAlle TE A 25Tl AAE W
3L, o] dol F43] WiAHA AMES FTHTE slet F AEEF st AA| 9 A= Fole 9L gt
alo] @t wpebA] =Rl0] ks 4hS F9lstal 7+ (Watkins, 1995/1998). 455 A9 /2= S
S8 7| By A AES o7] 8] FA o] 28 F, F5, gk, ZsleA], 3D o)A sjEg,
FAHTE Fa8lth STF(Shear Thickening Fluid) 52 & 4 Ut 824
PHORE Qg 2 kM E I3d e FE F A= ol 22 Ato] 29 7158 Eol 7EA I 9l
< 3R oW 3| Eo| HA| S HxR sl 7] o] &57do] HouH, |, Eejogd, ZE =
£ 2 7] A AFolM = JZZEE A Al O 23 Zejogdd So] TEA} A E7F BEA | F
HZo| Wlele 2A4L Zo2E 7} QLS B 2 AM-E T (Lee, 1994). T4, AEHe) 2 47743k
%1 tHLaing & Robinovitch, 2008; Minns et al., 2007; o} 2+ dets AR S A= S 0] AlAd HEH
van Schoor et al., 2006). SFAIRF I ZZEE7F F4S 7 A BIIEE AT AF = BO 2, AL WA A
2AAFEY EHQ vhH 2hg A g w7 B 713, @7EAY 25 ol E AV e 54 ¢l
3, AHET T Y 22 EAEEC] AAEH AT E5 golgn, Zgolunt 4R E F5ote o
ks R o] Eih - FYE A Fel st S 3tH(Choi & Kim, 2011; Watkins, 1995/1998). 3D
= AAER YH7&] FEt A]Jﬁ}l A 22 A 2Ho|x HBELE T Fo] AE Alo]of o]5& AAF}
FNEE Fote] HEs Fofe] ZAE S /M F U= £ 27 0]A] ¢KSpacer yam)e] ol 321¢) 4 ?Ml =
2 Al ofof g}, Ql xo] Aek 241(Yip & Ng, 2008)2 58, Wi+
AA e S FAIGNA A= Y= FAES 7] A, 45T 2 57150 Hov, 83 & WiE
52 71 RAEL T2 AT 0]E FA0Z 9 o] Houf Al A S WA et 54 S 7}113} STF=
T A S gk Sl siEE o] AR T JFA L BgAoll = FEd e dHE fA ) $42 we
oA Pt} -2 3ol A s Y3 FHES o F A 2 UAE TR BAEC] AF st 27k
= o] JE AAo|t} gt FARS o]Fe tigh o] detsl| = Aol
FHe] AFEE 2= FEH FARSE] I FARS A A0l =2 HIE NLS
gah BA0) 33k A (Park & Lee, 2003), oo} A2 A= Ao BEAS Totslal Age 2AlE AR
EEAb)Z oo &3 A(Choi & Do, 2005), 2= Sh= Zlo] w88t ool £ A= W A =919
$LHE B35 8 EnkR] Aol 33 AT (Lee, 2009), ol A 2AF A (Lee et al, 20142 HlEO R Z=ARS
ofwl-S -85k W 2 WA Al=Flel #AgF A (Kim, Nzl ok FAFTT LA S ATEHR
2009) 5ol Yo} tF-FEo] 2x = AH FHARGE g,
ek Aol i 2 A E 9 oo A=
At T3]0 thgh o] AX o Eo R Hgsrlde I, o178
A7 ATt
219 7|t o] oA w35 Bt 3 7 1. AMMHE Y Axfe| EM
733l Bl axt sk =91 lTE S8k 9o, A
FH o7 AS|EEolu) of] S Fefdte Ao R 1 FANUA F-&o2 de] ARS-EY v wF 7R
Ehtar sl E}T“Jr*i =R19] AAEES AokslA] L FA8e Ad 18R 34 AR 457155 7R
870 -3 Sl ohde m=AE A B34S 7t 3D 2o H B, F-54 B LEAAR] S A
Zof & A]@Olﬂ#, oS oz A EelA 2Hg < IR SAHRSE HE 2A2A 0 A4S A
S Hd Al A S FHAsE 5 e A8 54 E31rh
RHEE s)ule] B g 5}, 5579 IEA}F A1 ENBR, PU, CR(Chloroprene Rub-
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ber), EVA, EPDM(Ethylene Propylene Diene Monomer))
= WEolZl F 1652 F35te] 3B, NBR &
47 Mol PU Fe 71t e s 3 o] ot 5
o] itk AF EVA £ st 4
A ol%e) 2R ALga 7)ol 1A
wate] 2915}, BHele] QJoRAE
& CR % 3&% 3LUE EVA ¥ 1%, EPDM ¥ |
B A2 AA AT

3D o)A FjHEe Zjo|AHALE HAE 44
555 TR A, F94, 7, S W8 T
= st 255 AT

EHAd2 TPS-SBS(ZE|”l# FEltdle] &5 &
Z 3, Styrene-Butadiene-Styrene Block Copolymer)S
ARE-3le] Tl = e ol 23t A8 A7 (Park et al., 2014)
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Fig. 1. Polymer gel design to test physical properties.

Polymer gel A
(Hard open-type)
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(Soft closed-type)

Polymer gel C
(Soft open-type)

Fig. 2. Polymer gel developed to test physical properties.
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Table 1. Properties of materials Ao Type C ACAE A3 T
No. Type Material Th(lr‘;lkéll;e s ](?(egljlrsrll?), ~
4) &4 (Absorptivity)
1 Foam CR 474 | 1121 £ 3D Ao TR, T mAe] F24E s M
2 Foam CR 5.30 147.8 ISO 6200 Z3}od 70°C, 90% RH.&] Z7olA 244]7F
3 Foam CR | 530 | 1600 WA 5 FAMELE 240l WA 2] Tl 9} vl s
4 Foam EVA 530 40.0 o] MEg® 7 7S FA|EYTH
5 Foam EPEM 5.09 149.5
6 3D spacer fabric | Polyester 5.89 78.9 5) B4+ 4=
7 | 3D spacer fabric | Polyester 6.66 72.8 &, 3D &so|A HBY, ZmAe FATT H5S
8 | Polymergel | TPS-SBS | 491 | 379.7 AW E7] 98] A& Bl Qhv)Ee] e
9 | Polymergel | TPS-SBS | 480 | 6684 HoAgtel tigh SA5 45 A9 8™ (Korean Age-
10 Polymer gel TPS-SBS 164 533.9 ncy for Technology Standard [KATS], 2009)2 83}

k. 540.05kge] S 2=Ego]7A 7t 10cme] EelollA 37
o] A|HE sl Faksle] oF 25,000N¢] 3] 78] d

AHEsle] F9] AR =E 5T o AlEH W AR T3 FHHS SAst A FAS T
S AREEle] 984S 500mm/minZ S 30, Al sileH, I gho]l A= AjHe SAFTH] =2
7= Video-ExtensometerS ©]-&3}o] AL&-3lo], 7] A& ofm| gy,
Al et gk A| AR E S48t A& SA AT
KS K 035291 =3} Universal Testing Machine2 A} 6) AFUHX| 5N
43} 3D 2704 HEE ] AES SH AT = 2 Aol s EF3} 3D &7 o)A sHEE 9 ¢ty
3l 0.22NS 283k ATl E 271 TAZH L2 1o, 137 A B4E A E7] 913 KS M ISO 20865:2008(21 -
F IR ZHA 9 100%0] JAGEER oF5 AdFHE + A%l tigt Al FHH -GS A S T8 TH
slod 81 15N o o] AAES =459 Universal Testing MachineS AH&-3to] A1E-S Z18)35191
om 27 20eme] 9F 7HtEe] AlEH B Sl
3) Z=(Hardness) 10mm/min2mm/min®] %2 -8 715] 9000N°] 2 u]
ASTM D 22409]] F=38ke] A|FHL A|FH 2 Ao 7 A S I 45 £ dksS siAlake] 0N
S8, AEA Y 1kg?] o= 7tsted, $A] L 3hS o] F w7}z o] A|gAH ] M-S 4t ss/dE
7153819tk &2 Type E AEAIE A3, E8]9 A<Fig. 3> AL 29 w2 FEoluA] M=
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(1 Absorption energy (S-S'): Hysteresis, difference between S and S'
(2 Energy that corresponds to compression cycle of the material, expressed in Joules
(3 Energy that corresponds to recovery cycle of the material, expressed in Joules

o

Fig. 3. Compression/load curve.
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A HS XS 25t SHES ANMEH 8} 91
Ut 22 <Eq. 1>2 ARE I 2. MZEE(Elongation)
E=frds e Eq. 1 A SUE AvRy| 98 A5 AR
Y & ZollA= ‘EPDM &’0] 7F% %71] e, ‘CR
E : Compression energy Z A7F 7S @A JERETHFig. 5). 3D 2Fo]A] S
F : Load (N) g A ES AL B wkon], IS
s : Deformation (mm) L A7} Y =4t Fig. 6)—(Fig. 7).
. 2z 2 & 3. 4= (Hardness)
1. QI&Z = (Tensile strength) oo AT E AWur] 98 AEE =43 A3}
Z FAE ‘CR ¥ B’9} ‘EPDM #°°] A% 152 7}
7T (AU E EVA £ 71 ok, ‘CR ¥ F RFEYE ZoR ERIFHAL, ETHA A H]3
C7t 7V 738 7 0. 2 JERIThHFig. 4). ZelmAd Brot EEHA C7F FEEE ZAoE e
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Fig. 4. Tensile strength of foam.
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Fig. 6. Elongation of 3D spacer fabric (wale).
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CR foam A CR foam B CR foam C EVA foam EPDM foam

Fig. 5. Elongation of foam.
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Fig. 7. Elongation of 3D spacer fabric (course).
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I oH(Fig. 8)-(Fig. 9). o & FAX TAFT Aol B2 AT Hg
e Bk
4. &M (Absorptivity) W3] ZgmAo] E F71 3D &uo|A] FjEed) 1)

sl FAFF A5l 4R A0 ehgor, 81

o) &o] HH Ao JEFS vA FUE T FES Z2wA 7}¢HWE 3 & Ho| w3 w4 e <Zgy
2AE 7hl A2 2ol QAT F449L ‘CR & C A B7F 1830N2] HUhe B 43 2455 A5

7} 7V A UShom, EPDM B SR o3 B & BAT, AR FAME AV O S s
S B4l glea] 84 ate] kg 10). ARe) FeleA A7 RED e AR FelnA ©
RO} 2AES o] $5E Ao thehdrhTable 2),
5. SAES Ms (Fig. 11)~(Fig. 13).
£ R0l B FAFS S 33 W AYL 6. LHULIX 54
B9 AR A3, B2 TR Eelve) SR B
7l~h°ﬂ w2} A3ghe] A xpel7F YElstth ‘CR ¥ C A9 AFeUR] S-S AR 98] AEAL ¢
= 233 U 2270 6458NOE 22 F 4 A 5o = 9 3 &ste] 2 2E 2detal<Fig. 14>—<Fig. 16>,
V3 BShom, WUE EVA ¢ BT A FAL 9% 2 918 A 2elne] WAL Fole] o) <bq
°] 11090NS.2 7H /d50] FA] ¢ A o2 Yepgth 2>} Zho] olUA] F-&(%) fh2 Arteti o Aa=
3D 2#o]x] H%I—"— ‘AE AT A FAze] <Table 3>%} Zt}. Al A] F7& AN A 8k #7H
6694NC.Z ‘B’ HU FAFS Aeo] & oz Yet 100~9000N 2.2 191t}
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Fig. 8. Hardness of foam. Fig. 9. Hardness of polymer gel.
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Fig. 10. Absorptivity of foam, 3D spacer fabric, and polymer gel.
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Table 2. Impact absorption performance test

Maximum impact value passing through specimen (N)
Category st nd rd
1 2 3 Average
CR foam A 9,510 9,434 9,172 9,372
CR foam B 7,883 8,097 7,887 7,956
Foam CR foam C 6,426 6,436 6,511 6,458
High expansion EVA foam 11,205 10,938 11,127 11,090
EPDM foam 6,441 6,599 7,042 6,694
3D spacer fabric A 8,381 8,973 8,965 8,773
3D spacer fabric -
3D spacer fabric B 10,177 10,682 10,395 10,418
Polymer gel A (Hard open-type) 2,902 2,805 2,889 2,866
Polymer gel Polymer gel B (Soft closed-type) 1,995 1,820 1,715 1,830
Polymer gel C (Soft open-type) 4,574 4,501 4,468 4,514
FN)
14000
CR foam A
12000 CR foam B
| CR foam C
10000 T EVA foam
8000 EPDM foam
6000
4000
2000
0 O —
0 5 10 15 20 25 30 35 Time (ms)

Fig. 11. Evaluation of impact absorption performance of foam.

F(N)
14000

3D mesh A
12000 | D e —— 3D mesh B

10000
8000
6000
4000
2000

0 5 10 15 20 25 30 35 Time (ms)

Fig. 12. Evaluation of impact absorption performance of 3D spacer fabric.
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FN)
14000
Polymer gel A
12000 (Hard open-type)
Polymer gel B
10000 (Soft closed-type)
2000 Polymer gel C

(Soft open-type)

0 5 10 15 20 25 30 35 Time (ms)

Fig. 13. Evaluation of impact absorption performance of polymer gel.

F(N)
10000
CR foam A
~~~~~~~~~~~~~~~~~~ CR foam B
8000 CR foam C
EVA foam
6000 EPDM foam
4000
2000
0
6 s (mm)
Fig. 14. Energy compression/recovery curve of foam.
F®)
10000
3D mesh A
~~~~~~~~~~~~~~~~~~ 3D mesh B

8000

6000

4000

2000

6 7 s (mm)

Fig. 15. Energy compression/recovery curve of 3D spacer fabric.
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FN)
10000
Polymer gel A
(Hard open-type)
8000 Polymer gel B
(Soft closed-type)
fffffff Polymer gel C
6000 (Soft open-type)
4000
2000
0
4 5 s (mm)
Fig. 16. Energy compression/recovery curve of polymer gel.
Table 3. Compression energy absorption rate
Category Energy absorption rate (%)
CR foam A 24.1
CR foam B 17.0
Foam CR foam C 20.7
High expansion EVA foam 18.1
EPDM foam 19.1
. 3D spacer fabric A 63.5
3D spacer fabric —
3D spacer fabric B 523
Polymer gel A (Hard open-type) 28.3
Polymer gel Polymer gel B (Soft closed-type) 18.6
Polymer gel C (Soft open-type) 21.7
Energy absorption rate (%)=~ - Eq.2 o Ao 2 velydtt Tk gt o] st=sk Aol <=
, 2ol A Tk Bl 3] W) 27 Belo) 2 =)
(Area of compression graph 2] ore= Ao 2 el
—Area of recovery graph
- x 100
Area of compression graph
IV. 22 ¥ Q0
H=olvA o] & 849, #F 7HedlAE R #F
A7} 241%2 7P & \A F s8E 7o, AT E 201 e R 3} AR E s
EPDMo| 71 wid o] A dojub= A= Yepsith = fEl FAFT HER AR A 2 E '
3D Z#o]A 3B 2] 2 o] FelTA] F7E2 50.0% A A F 5%, 3D 2ol HBEY 2%, Z2
oo ® A WA, AR 45/3E 5448 A4 w350l thete] 243 FAST e, E5H ®
B F3 Efeell A 1 wige] dojd A3t 7+e AAlskA
TEA vl= 2000N H=2] golA &2 71 ofstell A =/9%7F A3k, 3D 90|14 sjHE o] ThE 2l E
T4 o] dojub= Aoz veyith Z2vd 7} Hal D=7t vigken, Eejudo] vt 7 =& A
M= Y st= AE e FEmA ATF |A & o2 vepsith A3ES Fo] 3D &FojA] sjEg Rt
&0 =ow, HHE AZE Ao EewA Bt E=2 J0% Yeston, ‘EPDM #0] 71 =2 A%
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£S5 Bt E5AL Ao mE xlol7F ALY = A Hur, J. Y. (2007). Knowledge and attitude toward falls among
o7 solg 9} elderly inpatients. Unpublished master's thesis, Yonsei Uni-

FAE5 4% 87 Felrde] F FF1 3D 2 versi, Seoul
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