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Design of 3D compression upper wear based on skin
deformation during arm abduction

Kim, Nam Yim - Wu, Yan Jun - Kyunghi Hong*
Dept. of Clothing & Textiles, Chungnam National University

Abstract

Lines of non-extension (LoNEs) on torso surface during arm abduction were investigated to provide appropriate
location for inserting less-extensible yarns which can be used as seams for design and or clothing pressure variation.

As experimental methods, reference points about 3 c¢m apart were marked on the skin and scanned at 30, 90 and
135 arm abduction. Skin deformation was measured by connecting reference points in horizontal, vertical and various
angles of diagonal directions. Observation of skin deformation was made within the separated sections of the torso
as well as integrated ones to cover the various occasions of design application. LoNEs of front and back torso were
provided as mapping lines. Actual compression wear of three types was constructed with different pattern reduction
rate at each separated section using LoNEs as boundary cutting lines. Clothing pressure and subjective evaluations
of those three compression wear were evaluated by six subjects. LoNEs found in this study were useful as seam lines
to differentiate clothing pressure at each part of the body, providing positive wear sensation. It is also expected that
LoNEs can be paths for less strechable conductive yarns of IT-integrated upper garments.
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(Table 1) Size specification of subjects and average size of male in 20’ in Size Korea 2010

(unit : cm)

Measurement Subject Size SizeKorea 20's S.D
Stature(cm) 174.0 173.5 52
Weight(kg) 70.0 69.2 9.0
Waist Height 103.8 105.1 3.8
Waist Height(Omphalion) 98.9 102.2 3.8
Hip Height 84.2 86.7 3.7
Breast Circumference 102.3 90.3 6.1
Waist Circumference 80.0 78.4 7.1
Waist Circumference(Omphalion) 82.6 80.3 7.3
Hip Circumference 93.4 92.5 5.0
Waist Breadth 28.7 27.9 24
Hip Breadth 329 32.6 1.6
Waist Depth 21.2 19.7 2.2
Hip Depth 24.4 22.6 2.0
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a) (b)
[Figure 1] Sections for the observation of skin deformation
(a: divided area at front and back, b: lines created on 3D images are identical during arm abduction)

(Table 2) Nomenclature depending on the location of measurement, angle of abduction and the direction of
connection line

Frontal Plane Division Angle of abduction Dme.c thIl. of Nomenclature
connection line
1 90 ALF1-90V
1 135 ALF1-135V
2 90 Vertical ALF2-90V
2 135 ALF2-135V
Whole 90 ALFW-90V
Whole 135 ALFW-135V
Whole 90 . ALFW-90H
Front(F) Whole 135 Horizontal ALFW-135H
1 90 ALF1-90D
1 135 ALF1-135D
2 90 Diagonal ALF2-90D
2 135 ALF2-135D
Whole 90 ALFW-90D
Whole 135 ALFW-135D
1 90 ALBI1-90V
1 135 ALB1-135V
2 90 ) ALB2-90V
2 135 Vertical ALB2-135V
Whole 90 ALBW-90V
Whole 135 ALBW-135V
Whole 90 . ALBW-90H
Back(B) Whole 135 Horizontal ALBW-135H
1 90 ALB1-90D
1 135 ALB1-135D
2 90 Diagonal ALB2-90D
2 135 ALB2-135D
Whole 90 ALBW-90D
Whole 135 ALBW-135D

ALF1-90V: Vertical skin deformation at area 1 of the front body during 90° arm abduction
ALF1-135V: Vertical skin deformation at area 1 of the front body during 135° arm abduction
ALF2-90V: Vertical skin deformation at area 2 of the front body during 90° arm abduction
ALF2-135V: Vertical skin deformation at area 2 of the front body during 135° arm abduction
ALFW-90V: Vertical skin deformation at whole torso of the front body during 90° arm abduction
ALFW-135V: Vertical skin deformation at whole torso of the front body during 135° arm abduction
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(Table 3) Experimental compression garment and pattern reduction rate

(unit : %)
Wale Course
Exp.
arments % of fabric Z-applied %stretch / % of fabric Z-applied % stretch /
& Stretch(Z) (Pattern reduction rate) Stretch(Z) (Pattern reduction rate)
1 Base panel-60 / (5.9) Base panel-76 / (10.7)
Tight panel-75 / (7.4) Tight panel-81 / (11.4)
) 9.8 Base panel-60 / (5.9)) 14.1 Base panel-76 / (10.7)
' Tight panel-80 / (7.8) ’ Tight panel-86 / (12.1)
3 Base panel-60 / (5.9) Base panel-76 / (10.7)

Tight panel-85 / (8.3)

Tight panel-91 / (12.8)

Exp.: Experimental
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[Figure 2] Vertical skin deformation in the area 1 at each degree (a: vertical connection line, b: amount of skin
variation in vertical length from 30° to 90° arm abduction, c¢: amount of skin variation in vertical length from 30° to
135° arm abduction
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[Figure 3] Vertical connection line in the area 2(left)
and whole front body(right)

() ol uke 7kezdo] wiske 2 LoNE 4

©

[Figure 4] Horizontal skin deformation in the whole front at each degree (a: horizontal connection line, b: amount
of skin variation in horizontal length from 30° to 90° arm abduction, c: amount of skin variation in horizontal
length from 30° to 135° arm abduction
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©

[Figure 5] Vertical skin deformation in the area 1 at each degree (a: vertical connection line, b: amount of skin
variation in vertical length from 30° to 90° arm abduction, c: amount of skin variation in vertical length from 30° to
135° arm abduction
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[Figure 6] Vertical skin deformation in the area 2 at each degree (a: vertical connection line, b: amount of skin
variation in vertical length from 30° to 90° arm abduction, c: amount of skin variation in vertical length from 30° to
135° arm abduction

(@ (b)

(©)

[Figure 7] Vertical skin deformation in the whole back at each degree (a: vertical connection line, b: amount of
skin variation in vertical length from 30° to 90° arm abduction, c: amount of skin variation in vertical length from
30° to 135° arm abduction
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Anz, Z7zke] 91 zhwo) ulel LoNES] 9x|¢} o+
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[Figure 8] Horizontal skin deformation in the whole back at each degree (a: horizontal

()

connection line, b:

amount of skin variation in horizontal length from 30° to 90° arm abduction, c: amount of skin variation in
horizontal length from 30° to 135° arm abduction

[Figure 9] Various diagonal length observed for skin deformation in each area
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[Figure 10] Various diagonal length in the each area

90°(a) 135°(b) 90°(a) 135°(b)

[Figure 11] Mapping of LoNE at each degree in the torso
(a: at 90° in the front, b: at 135° in the front, c: at 90° in the back,
d: at 135° in the back)

B 90°% A Aol G 2T B BEH B AFoE te Wy 7
B wygae [Figue (), b)]e 2ol Mapt 2w 2 71l Arigke: 9i3) am 2a3te) ﬁﬁn

ol 3] -

219ick. A o Al AR ST e sdel &

sgke] %9 skl Wlsl Thre) LoNEZ} AZHglor]  olghe 9l8) Aasiel, Fuel Aol o 75 s

Azure] 9ol LoNEZL gt o)z nizsdh 9 & wefsla 5 288 AXs) S8 XA Qe A4
oJ

2olli HEHo] o] g tARlel wet A=kl 4 ok
Ndeg &8 7hsdict.
B A7+ 55 238 F A= [Figure 12(b)]ek

2 WHEHA FE glol ==3} 0|2 =23t Hmy 2O %9 3D-2D ”H‘?j:% AREIAIE, Al 231 7]

A 9o A

B AFoxE= Figure 12(a)]9} o] A olr =
o] 9ldlo] F2 135° WS WollA] o] FolA 1L gl7] wji
o B AFerE, TS 135°% 9 Al AZE 3T 7
FH(LoNE)S gHg3te] 713 Tl 2hele skl

oo
n
L
o
o,
N
N

z

i o &4 6dCsEd B
102.4cm, i35 slelEd Wit 88.6cm)S thdAte

AN
2
ol
Lo
[N}

l‘

- 096 -



= o™ Al

S50 )% walz SA} 0|2 @88 3D Az

2o 4| 1

@

(b

[Figure 12] Performance cutting line using the LoNE(a) and 3D-2D pattern(b)

A7gskglom, <Table 3>3} o] Azt 3%2] HARS
NG 53kt Baek & Choi, (2007)2] ¢A7-ol|A,
oJHolo olalo] Aeka] S=xuto 7 o|Hd)| t)at 27t
o] A=E Frlalr] ook A7EdE EYE Y
ol theh Jria A ol 79 o, =5 9 IdE
A 912 A4 Tl disl F34 747
=3t

4 ¥ e,

B A 7

EEDE R

oJEQt =4o [Figure 1319} o] % 2 712
P3)3} 719} si'd(P2, P4)ollA S8, Fld-e

J(Pl,
]EI_J_HL%

(Table 4) Measurement points of clothing pressure

(P3)3} 7133 d(P1, P2, P4)ollx] SA3T}. o &3} &7
AH= B 2 oEer AN AMI 3037-2(AMI
Techno, co, Ltd., Japan)E AME-3l4aL, 244 dlojgl&=
AglientA}e] dloJe] =317] 34970AE 53 1% t4o=
13 B3t 7]1E3kdrt

A0 R 7Rkl o 3% AEs
EQt 7} AT <Table 4>9} 2t} A3E 19 7]E 1
ge 0.24~0.48 kPaglat, 719t e 0.38~0.67 kPa
2 SAAA A wet tha Aol AAARE HAH o= &

FegA dates Ax2 JriEdot A

H gde 022~0.61 kPag AdE 13 5

= =aa]

[e]
[¢}
2 AgAAT DA 0= s} spde] JFow clsf A

ol gk 9

é

Front

Back

Experimental Clothing Clothing
garments M.p. Z-applied % stretch pressure Mop. Z-applied % stretch pressure
(unit : kPa) (unit : kPa)
P1 W60/C76 0.28 P1 W70/C81 0.67
| P2 W75/C81 0.53 P2 W75/C81 0.57
P3 W60/C76 0.24 P3 W60/C76 0.48
P4 W75/C81 0.58 P4 W75/C81 0.38
P1 W60/C76 0.25 P1 W80/C86 0.69
5 P2 W80/C86 0.56 P2 W380/C86 0.72
P3 W60/C76 0.22 P3 W60/C76 0.61
P4 W80/C86 0.62 P4 W80/C86 0.50
P1 W60/C76 0.23 Pl W85/C91 0.84
3 P2 W85/C91 0.62 P2 W85/C91 0.91
P3 W60/C76 0.19 P3 W60/C76 0.64
P4 W85/C91 0.78 P4 W85/C91 0.72

- 697 -



12 st2ugn

SH5|X| M|24Z 5% 2015
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1 kPan|qko 2 &gl Jdo] Zg=]rh(Park & Chun,
2013; Kim & Hong, 2012; Lee et al., 2015).
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[Figure 13] Location of
clothing pressure
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