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Development and Evaluation of Fall Impact Protection Pad
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Abstract: In this study, we developed honeycomb pads using foam and polymer gel and verified the impact protection
performance of pads for the development of a fall protection pants for elderly women aged 65 and over who have a high
risk of fracture due to falls. The results are as follows; In the first experiment, the impact protection performance was
evaluated for four honeycomb pad samples (CR foam, EPDM foam, hardness 15 polymer gel, and hardness 30 polymer
gel) manufactured to a thickness of 5 mm using a single material. When the force of about 10757N was applied to the
specimens, all four pads reduced the impact force to 3100N or less. Polymer gels showed better protection than foam
materials. In the second experiment, the thickness of the protective pad was set to 8 mm in order to improve the shock
absorbing performance of the protective pad. As a result of evaluating the impact protection performance of the foam sin-
gle pad and foam gel composite pad, the impact absorbing performance of the foam single pad was better. Finally, four
kinds of protection pads were made by assigning the foam single pad and the foam gel composite pad to pants type and
underwear type respectively. The pad thickness of the main protection area was set to 8 mm to enhance the protection,
and gradually decreased to 5mm and 3mm toward the edge to improve the appearance and fit.

Key words: fall (), elderly women (94 =

@l), impact protection pad (34 X &3] =), impact protection performance

FARZAET)

1. M = AN, AL TR o R Qlste] BRI tigk oS Eol

H, ABHoR fFEo] $25E TR &t XJ‘M

U= w9l QT FEE w37 A7HEA7E @] & A7l Q2le] FrkSohng et al., 2001).
Z23 AL ‘”H]i Q1A ¥ T ) O™ (Yoo & Lee, 2009), =3I IIE ZHe Nﬂl@, Agd BEAE 714 M, ogH|Z 2l
o] AZEAIE AA7E st 7P Bl AoR x5} S AAE FEs ST, $EeR Qg 27 A}U*" f

2 e 28, F¥77, A77E, Baege] A 0}7} IE wek = oloma %*Je& 1k S WR|she Zlo| v

AA el mE 2d W] 7eAE Eole avlo] HI Q3itt 9 ZREEE LR Qs PFew gk 2d
JTHKim & Lee, 2006). AEo] ZHAaEths B3t A ¥H(Harada, 2001; Kannus et al.,
ke AsFel axunl oz}l Ao an ggke n 2005), 71 AMgEIOR 3] Z2EEE dlee] Fujrt AN <

A =], PFoE s 2141
Al golEA] EEThs e vl

£40] QoL shePhe o

=Rle) AAY dEs A

tCorresponding author; Jeong Ran Lee

Tel. +82-51-510-2841, Fax. +82-51-583-5975

E-mail: ljrj@pusan.ac.kr

© 2018 (by) the authors. This article is an open access article distributed
under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/), which permits unre-
stricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

422

RO FA U WITN FESI Pase e 50
o gtk wWep AgHolI $AFF 5] $5H Y xd

B S Pt A1E F2 ARSI E 2 ol
TR 24 AHgElel JEE sk Sl Bast, oAl
o $292 wele A=Fejol the AT o] FolHok T,
ols} BT Ayl 7)o Y TzHEE FAUNE
bl deish oloju waom e 4 glglom, d=g)

3

A2 gudt ZejrE, e E AE Fol ARE A
< gelst 4= 99tk Van Schoor et al(2006) 1052] A%



At g AR EFsle] 2t
7¥3t9. 2™, Choi et al.(2010)S Fej<}
FAZ g2 FEgjd Ao AlFTE 3% tigle] Hod
=9 9| wE FAUs A5 vt Li et al(2013)
2 Ry o gadt g isle] S4o] 7Rl bt
Al 2AE DElsle] ol wE FAHL AolE AvE=
AL ST FHolXE oo Feje] FA USR] A
| o3 AF(Kim, 2009; Park & Kim, 2012), § Z=HH
o] FedA o] #3F A (Jeon et al, 2016), X HETE
F2-EXo] #3F AF(Jeon et al, 2014; Jeon et al, 2017)
18 =]o] git). 7]e] 3 Z2HEC] HoASS Wre
19 A=l =] dlen ¥ Z2HEE et
T HEdA 2 ZAEEAS dolred X Joerg,
tFe 2AE AR F4RSE I= s i B
5o gk Wy a7

B ARAE AdAer] GRS A= gist Ms%
AHPark & Lee, 2014; Lee et al, 20142 ulgroz it
SES trRIsINSH, 7|Ed FARS A2 de] AMgE
F 2AE 83t 7KK ErYel H=E AlZ(Park & Lee,
2016)3taL ©]5 M=ol AQlste] g4} O o R H7kPark &
lee, 2017)5 AASA=H, AN, B3, 248 d= F
A 224wz gisle] 2 Hris Wgith webA B Ay
M= 718 AFEHE vReR 274F H=E e,
Z A Qo= ZHAS AN Tl=E AREle FHRS
TS Hrisla o AxE Hkdsle] 2E Had=s gkl
At Stk REE s A=Y} £230 7 o] 7}
7+e] EXol wA AF =2 AL Aoz Zd 9
ol =& 654 o] md AL U= g WPYHSE
AL 3 A8E AAStA Fie)

A=) chste] st
o FASE 452

o o
o8

L FHo

o 2

(

o]

o2
)

22 oo
>

W

£

BN

2. o7 9

2.1. 454 H5il= cixtel

B Ape) YR BIv=s A3AT(Park & Lee, 2017)
oM Aol =2 Zlog WY 224 =9 trklE
A g3l on, 2 Fel= Fig. 1] At 248 = &
AR S E H=ANE g el dolr) 15mmel 857 278
2 7FEE o] w4l Ak T A Aolol] MPRLORE wjx|s}
I §74Y AlelatelE gAlate] g% o, H=rt Q1A
o] FAQdell et FAS FHolng AP H 84S
E7 gk w4 o] 492 Table 190 #1813

2.2, taEA Hoax)|

PIEd Z2HE i 93 TS MIE E F
ZAe ALt F 2AlE AP AF(Park et al, 2016)2]
B4 2 FAST A%HUIA 94 ZeE JeRd

CR(Chloroprene rubber)¥ 1% EPDM(Ethylene Propylene

Py WIS Y B Hp 423

Fig. 1. Structure of honeycomb-typed pad.

Table 1. Mesh fabric property
Polyester 100%

Material KS K 0210:2007

(Coolmax®)
Weight(g/m3) 148.9 KS K 0514:2011
Thickness(mm) 0.53 KS K ISO 5084:2011
) Wale 13.0
Elogation(%o) KS K0352:2010
Course 73.6

Table 2. Foam property

Material CR EPDM
Thickness(mm) 5.30 5.09
Density(kg/m’) 160.0 149.5

Tensile strength(MPa) 7.00 0.70

Elongation(%) 210 294
Hardness(Type E) 20 15
CR foam EPDM foam

Fig. 2. Foam material of hexagonal pieces.
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Table 3. Polymer gel property

Material Thickness Densit}y Hardness

(mm) (kg/m”) (Type E)
Soft open-type TPS-SBS 4.64 5339 15
Hard open-type TPS-SBS 491 379.7 30

'Hard(30) open-type

Fig. 3. Polymer gel material of hexagonal pieces.
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Fig. 4. Impact protection pad sample.
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Fig. 6. Material for 2nd pad.
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Fig. 7. Falling simulation.
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Table 4. Results of 1st impact protection test for Smm pads
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(Unit: Newton)

Ist 2nd 3rd 4th 5th 6th M SD F
CR foam 2503 2461 2839 2548 2693 2612 2609° 139
EPDM foam 2892 3026 3005 3019 2801 2744 2915° 122 38207
Soft(15) open-type Polymer gel 2340 2463 2454 2503 2463 2539 2460° 67
Hard(30) open-type Polymer gel 2212 2155 2274 2224 2287 2427 2263¢ 93

I

p<.001, a>b>c>d: Duncan’s multiple range test
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Table 5. Results of 2nd impact protection test for 8mm pads (Unit: Newton)
Ist 2nd 3rd 4th 5th 6th M SD t
CR foam(8mm) 1088 1095 967 991 1012 1067 103 s
Polymer gel(5mm) +CR foam(3mm) 1348 1351 1374 1365 1400 1280 1353 40
T p<.001
9 % WS selt Az, el ol W YR § %A ROUE Hg A9 YAAF Aol2E FPska A1
FHow Rovl Pesy 1A FE AVATCak & B A8 ST £ BNE HAYS Fa}
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TP o 2 HE R JAAFRY 9%oR §7 34. 2 RsUco] 2y
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T B3 Fele] f1X|9} WAS Table 6ol AATsIATE £ 5 AHE B o] WAy JeE wet A= £
P AFEAAMNE 5L W02 JIAFS AP E o7 AlAfsle] F 450 WS At = g 2
FABIAL o5 FElel] ST, £ AF 3] AFAel = Fig. 8l AABIeH, Hadl=E Fig 99} o] H=e]
UM o]E UlE = F9lol| 283 g j=o] Ale]=r} 9 Al

Table 6. Selection of fall protection area and pad shape
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Mark of protection area

_________ Ink mark
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Ink mark.
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Total
T pion

Main

-

Total
E.‘Ir:.J‘[ll.’\;llllﬂ Tou[il i
Main Brea
protection Main
. . area i
Edit of protection area i protection
r’\::pn:!hpad 15t pod
S aled - 2nd pad
3rd pad Last pad
Last pad
Final
Final mﬂ:llw
Final protection area e
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CR foam 3mm

CR foam 5mm
CR foam

CR foam 8mm

Fig. 8. Cross section of impact protection pad.

Pad for pants

Pad for
underwear

Fig. 9. Structure of impact protective pad.
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Table 7. Impact protection pad

Polymer gel Smm
Polymer gel + CR foam
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CR foam 3mm Mash

Stitch

Polymer gel Smm CR foam 3mm
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@ =,
s 858383820
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OO0,
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Category Foam pad of single material

Combined pad of foam and polymer gel
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