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Development of a Sizing System and a Draping Pattern for Hip Protector based
on 3D Data Analysis of Korean Older Women
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Abstract : This study aimed to develop an optimal sizing system and a draping pattern for hip protector based on an anal-
ysis of anthropometric characteristics of Korean older women. A hip protector is a specialized form of pants or underwear
containing pads along the outside of each hip. The 3D body scan data of Korean older women were analyzed to identify
their anthropometric characteristics and a four-size system with 93% of population accommodation was developed by
clustering analysis based on key dimensions derived from factor analysis. The sizing system consists of small/short, large/
short, small/tall, and large/tall. A 3D physical model and hip pads were fabricated; then, a hip protector was draped on the
3D model and hip pads. The sizing system of hip protector was analyzed in terms of size and shape and a draping pattern
was compared on back center, back side, front side, front center and pad. Lastly, the pattern deformation and clothing pres-
sure were analyzed using the virtual clothing system CLO. Virtual system have disadvantage of not to suggest the objec-
tive value. In the future research the wearing comfort and impact absorption of the hip protector needs to be tested and
then a hip protector design will be finalized by considering the hip protector’s size, material, comfort testing results, aes-
thetic appeal, protection effectiveness, and practical utility of everyday use.
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(a) Grid method (b) Clustering method
Fig. 1. Hip protector size system method (red dot: median, gray dot: population).
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(a) RP sample of Size Korea 3D model (b) Pad form production

Fig. 2. Production of RP sample and pad shape sample.
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(c) Design line and base line

Back side

(e) Making flat pattern
Fig. 3. Process of draping pattern for hip protector.
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Table 1. Key dimension for hip protector sizing system
Anthropometric Factor Eigen Variance(%) Cronbach's
Factors . . -
dimension loading value (cum.) a
Waist circumference 0.89
Circumference Hip circumference 0.87
Omphalion circumference 0.95 4.26 (zi) 0.88
Omphalion depth 0.93
Depth .
Waist depth 0.90
Stature 0.75
Length Hip length 0.80 1.99 (32) 0.62
Waist to hip length 0.81
average of r average of r
1.0 1.0
0.84
0.79 0.81 0.79
038 0.8 0.72
0.6 0.52 e
0.45 0.47
0.4 0.4
0.2 0.2
stature hip length waist to hip waist cir. hip cir. omphalion omphalion waist
length cir. depth depth
(a) Correlation between length variables (b) Correlation between circumference variables
Fig. 4. Key dimension selection from correlation analysis.
HAATY r=0452 S FHoAE AT ghol 7P =304 AFHE tEshs AARYS FESATHFig. 5).
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dnkd o g RAFE Tl Al GAl AARAFE A8 T U= o] AR B4 A3t AR A dHolEd)
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Hip protector X5 A& clustering method 7]RFO. 2 <F HOZE smalltall Q1A =dA 3.0mphalion height(HF=H~HY
93%2] AFE F&ale e AFHAE WA FHsid 7+ E£%%), 7Hip length(312]~4), 10.Waist-thigh length(&]2]~3]
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Fig. 5. Optimal sizing system for hip protector.
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Table 2. Antropometric dimension for 4 hip protector sizing system

Hip circumference Small Small Large Large
(850~950) (860~960) (950~1050) (960~1060)
Stature Short Tall Short Tall
(1400~1500) (1500~1600) (1440~1540) (1525~1625)

1. Stature 1449.4 1547.5 14959 1575.9
2. Waist height 892.7 943.0 923.0 965.5
3. Omphalion height 807.7 829.0 801.0 815.0
4. Hip height 694.3 721.0 719.0 741.0
5. Thigh height 736.0 745.0 759.0 799.0
6. Crotch height 672.3 657.0 663.0 701.0
7. Hip length 220.3 286.0 260.0 264.5
8. Waist hip length 198.4 222.0 204.0 2245
9. Waist-omphalion length 85.0 114.0 122.0 150.5
10. Waist-thigh length 156.7 198.0 164.0 166.5
11. Waist width 301.6 259.0 3172 350.7
12. Omphalion width 329.4 308.1 348.8 3835
13. Hip width 347.8 335.7 3713 3819
14. Waist depth 2228 220.1 267.8 300.0
15. Omphalion depth 2319 254.6 299.9 3102
16. Hip depth 211.8 2379 264.4 2515
17. Waist circumference 835.0 753.9 930.3 1043.5
18. Omphalion circumference 895.6 894.0 1043.3 1105.5
19. Hip circumference 901.0 914.2 1000.9 1016.5
20. Thigh circumference 564.4 507.2 595.8 562.0

HA)) X7 large/tall AARE L] X|FHT; & 202 90tE
Aok AFe 31 dFo et smalltall 2D large/tall
AA ] X2} (small/tall) - (large/tall)= Omphalion
height®l 4] 14.0mm, Hip heightoA4] 21.5mm, Waist-thigh
lengthollA] 31.5mmZ small/tall A ZHo] large/tall JFZE
of Hlal EFREe] Holx|7t & ALRE getHint. olgh
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Fig. 6. RP(Rapid Prototype) and 3D model for 4 sizing system.
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Fig. 7. Hip protector size analysis and comparison on flat pattern.
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Table 3. Size details in hip protector patterns (unit: cm)
Circumference
ftem Waist line Abdominal line Hip line Pad
Size wbec  wbs  wfs wic whe abc abs afs afc abe hbe hbs hbe width length -
~wfc ~afc ~hbs
small/short 129  12.1 9 114 454 141 127 125 9 483 165 131 296 173 19 -
large/short  13.1 158 12 112 521 142 171 138 8.9 54 148 13.1 279 174 192 -
small/tall 10.2 121 93 105 421 125 144 124 89 482 14 151 291 175 19 -
large/tall 132 165 136 122 555 15 17.7 145 9.2 564 162 182 344 175 19 -
Length
ftem Back-center Back-side Front-side Front-center
Size ubl wl abc ubl ubl  wbs  abs ubl ubl wis afs ubl ubl wic  afc  ubl
~wbc ~abc ~hbc ~hbc ~wbs ~abs ~hbs ~hbs ~wfs ~afs ~sl ~sl  ~wfc ~afc  ~sl ~sl

small/short 8 8.6 11.8 284 6.2 8.6 11.8 266 3.6 8.6 11.8 24 2.7 8.6 29 142
large/short 5.6 8.9 114 259 58 8.9 114 261 3.9 8.9 6.3 19.1 42 8.9 2.1 152
small/tall 7 11.5 10 28.5 6.5 11.5 10 28 4.4 11.5 52 211 4.1 11.5 1.8 174
large/tall 6.9 11.2 8.5 266 54 112 85 251 5 112 34 19.6 5 11.2 4 20.2

small/short Ato]ze] AR ] 25} Fej& AT ollx]o]

o Hh AgAAL QAR S A7 248§ PE ddS

sleEdds 7w AEsaL HEle] Aot FEE fetst

A3}, pade] $1XNA small/short sizeZ} T} Alo]=of H]F

golgt 2o yeisith. ol= tii AR ] XAl

ERd vle} 7o) small/short Ax T o] Th2 |42 AA =Y

o ®]3] Omphalion height, Hip height, Waist-thigh length2]
FR7F A vERd Rl 7113 fq"&%lﬁ]' Table 3& %]
FAAE hip protector HE1L] FAXFE A|AISH Holt).

£ A-ollA] 7EE hip protectore] 0121].4113 o =t 919

front side back

Fig. 8. Virtual clothing evaluation with CLO program (small/short size).
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(b) Clothing pressure
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Fig. 9. Visual evaluation & design verification.
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Hip protector®] 287+ 758 93t 7Pkl B AolA
AA3E 3D E QA EAT CLO ZE2 a3 AA RS
&3t BHE olulEelE olgste] it 3D HE A
< H=g FREokste fAC BFo] FA3 b
protector &S thit A G F} opufelel] 2851 7%*7%‘«1
£ Z3Y3ItHFig. 8). Hip protector’} 274E T A
¥} olHlERE 360° Hﬁﬂ:&i SHAA 2 AEHE IR F
UEE Aol HAS T3l el D37t 52
TR ERISIIT ‘Ed Fel g 1:]5]]031 lnj—Er?g: Hekalo
AA 28 BEI T P, 2 AL
&3 S tigt Al Bk} E’“O] tE &Af (kevlar,
1=1=]

O_Izl., r_u

o

spandex, neoprene, span mesh, polyester) Z-8-2 F3i
I HAR1 Wste] W 2 e E ASsithEFig. 9).

Hip protector 73&He] 4 A, sfdwige] 45 41:7}
AlE PR L] Wleks ZloR otuglom, 3
Al 1Al TR 882 AWE o R gt 74—i e}

Wt 28y CLO programollA] ASshe dHHd Y S8
AR g2 = ERlo| rheaht 2eta WRRES ARAR]
A2 AN otk ©o] vk wEhA 5 AA e
AR ERIES R OB o Y I35 Fo AAA o
7V EjFehe AE7PL AAlEooF & Zlojtt.

18 E

Y HA, Size
o] 8l (n=27178, ch
EQE oA 2 X5E
s TLPL }Oir/} Hip protector X]—rﬂ]?iﬂ% QJAXTE ézé
sEa golRAsle] HE Fawsa ALY ALE-E
] g TS 2, YHolEdE A3k, clustering method
olg3le] AA =197 93%E FEF F e v
7‘]"rlﬂ7'ﬂ(small/sh01*[, small/tall, large/short, large/tally— F435}t
Atk Yl AFAA FHE FLHF] A X4<= small/short
(el E#: 901.0mm, 2174 1449.4mm), 1arge/short(°4v4 ol

NEY HAJo E

& Hip protector X777 78 % AAE &4 128

7 o L=

dl: 1000.9mm, A7 1495.9mm), smalltall(FEHo1=EH: 914.2
mm, 217 1547.5mm), large/tall(FEe1Ed: 1016.5mm, 217
1575.9mm)=2 24 =t

A, s w=21e] AFAAY] Tl He 3
A4 s & Rapidform SZEJO)E o] 835l H&EZPER

EZEERIRP)IEOE RIS At on, RPE AlxHE B

go] FHe YAHE HA Al ARgEE 1ot FYEHA EH
Attt e ¥4 3D ®H TRl 53lE CAD
softwareE ©]8-3te] AAEICH, FHS A & HrEE
AES A&t

AR, hip protector®] Y|=El-S EHE o148 de] RPE ©]
B3t i Apel=E AAIBIN L
ZR2I88 o]gste] 7t Alo]=d
Sk HEe] x4t Fel= AAVIEAS S8 (waist line,
abdominal line, hip line)2} Z ©](back, back-side, front-side,
fron)= AR 3] Ao, HE YPEudS 7IEeR
Z1zke] RlS ek & F9d Y 9 XFE v s}
Aot 2 oAl AAISE hip protector TE-S St =919]
A FFel BHS UAFEE AFEeR ) F=ele] A
o Ao, o|Z 3| 2Hg Al 2HgpI T2 F
gol 7|i€ct,

niR|gto 2 ke h1p rotector®] TE& 7Rt T2
AE olgsle] HEHFE 23S AR BT 7P &
o] RIS o] &3 et A5 Y WA o5UYE A
7H8 SZRoA metele ZoR AR FXE AR
AABIA Fgtths o] Stk Al thefst 3D B 221
2 7iek AR (CLO: Body Kit) SollA Zjehz<l Hrie} ek
g 715E B F e ZEIHES Y T Atk 2 A
Tl AR °‘5<ﬂf415*94 2 B Fue] A 24E Sk
A 7} Apol= AAIES ARSI thE QAR X+ W
el E3ls 2HAE goz 3 AA 22 o1t o] FolA
of & Aolt}. 5 A g7 =918 o= o A8 F

27k, AR, FAGOVT e 282 Bk} o8, o

I ?_]iﬂ&l PARN

ﬂl

T |

_EL r

Hip protector= = Ale] 3338 FAE oWsh= 3o 7t
A Holok SR oEo|nz A G Al I
g Gyt desit) a8y Y Al SASTE Hoke ¢
dHe= Qs Nxﬂ =18 e R g Hrie o 4%
olt}t. wWEtA, 5 AolA] hip protector testing simulatorE:
Az & 3= S48 FAFTES 594 4485 Bt
f8te A Q1A 24l (finite element human model)®ll hip protecotr
£ Agst] AFY S MY 5L T  Ade /g
24 7tA 3 H7KFEM: finite elements method)ys2 ~3J3]
AAH oz ASE Hart k. 2FEl Uigh Aol A5

¥ hip protector= A GO RTE I3 FHS o

aﬂ&
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& Ao AlmH, ol B3] 1o, A8 olmH] st
Bl wol5e] del A PAD Ao JlEr.

o] &L 20133¥% AREEHTY/E)Y AP
AT ATEY] A YS ol FIYPH U ExATAIEY
(2013R1A2A2A04014195).
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