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Functional Underwear Development for Elderly Woman from 3D Body
Model applying PCM treatment
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Abstract : This study aimed to develop functional underwear for elderly women in their sixties in terms of good fit, wear
comfort and body temperature regulation. To satisfy elderly women's physical and metabolical needs, an automatic tem-
perature control system via PCM treatment was applied. Underwear pattern was produced by producing body surface
replica, which was derived from 3D body parametric model. Differential ratios of outline length and area between 3D sur-
face and 2D plane were 1.4% and 0.5%, respectively. The reduction rate was determined as 10% through the expert’s
evaluation. PCM treated fabric showed higher Q-max, meaning that it can facilitate the thermal transition in hot situation.
Moreover, it also showed higher insulation to preserve heat and keep warm microclimate in a cold weather. Heat dis-
tribution measurements on various body parts revealed that the temperature after PCM treatment was significantly
higher. The clothing pressure after 10% pattern reduction showed higher before reduction, at the same time, even lower
than the comfort clothing pressure range of 5~10 gf/cmz, implying that experimental garment of this research is accept-
able in terms of clothing pressure. Evaluation results on the comfort to move in various motions proved that adequate
clothing pressure improved the wear comfort in various motions.

Key words : PCM treatment(PCM 7}&-), 3D body modeling(3x1¢] 214 =d &), elderly woman(= &J4]), underwear
(A glo)), body temperature regulation(H]&=4)
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Table 1. Fabrics commonly in use in underwear companies
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2= wol ARSI Sles o T 91912
3 715744 2AE ARl s & —’F 91011:} olH g
73 apell, & A8 2AEe
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Table 22} 7t}

Lﬁi

Aol JIAYHES S48 A HHE 2HAS B
2 o]FoA gith B AFeME FAPETE AEA, HE
=, dolg AR 9 85t 22 331 A 27 dHolHE
gasle] =l oJAde] Ay At Ardo] siEle] 7o)
e ES Az, A szp F=el AR F2ARE

S(Korea Agency for Technology and Standards[KATS], 2004)

oA AARE 60t Aol ASTFE T 37, 12, JHeld
A, v, S 58 Xk 207 FEolA [FEl(E
FRR TP REAY 192 Jgrhdo APsac
(Table 3).

Table 2. Properties of selected fabric

Type Composition  Yarn count Stretch(%)
P (%) (denier) Wale  Course
Single jersey PET 97/PU 3 150 151.8 3123

Company General material Functional material
A Cotton, Polyester, Nylon, lace, Cotton/Modal, Spandex, Organic spandex Heating material, Moisturizing material
B Cotton, Tencel spandex, Polyester, Micro-modal spandex, Micro-fiber Nylon Heating garment(Black Silica)
C Nylon, Polyester Infrared radiation material(Nano magic silver)
D Cotton Knit Anti-aging material(PDP fabric)
E Cotton, Cotton/Modal, Polyurethane Soy Protein material
F Polyester spandex, Polyester
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Table 3. Measurements of subject and reference measurements of Size Korea(KATS, 2010)
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(unit: cm, kg)

ltem Size Korea Subject ltem Size Korea Subject
Mean S.D. Measurement Mean S.D. Measurement

Bust Breadth 28.6 2.1 29.0 Waist Circumference(Omphalion) 88.9 84 85.0
Waist Breadth(Natural Indentation) 28.0 2.6 26.5 Hip Circumference 92.6 53 89.0
Hip Breadth 322 1.7 337 Knee Circumference 345 2.4 332
Bust Depth 24.4 2.5 25.0 Shoulder Length 11.5 1.2 12.0
Hip Depth 225 2.4 252 Waist Back Length(Natural Indentation) 38.4 2.4 36.0
Waist Depth(Natural Indentation) 22.6 3.0 21.6 Interscye Fold, front 359 29 33.0
Armscye Depth 10.7 1.5 10.0 Back Interscye Fold, Length 36.0 2.8 36.0
Bust Circumference 94.1 7.3 93.0 Waist to Hip Length 180 25 19.0
Armscye Circumference 40.1 2.7 422 Stature 152.3 53 156.8
Waist Circumference(Natural Indentation) 85.6 8.2 79.0 Weight 57.8 8.1 53.0
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Table 4. Reference points and lines for 3D anthropometry
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Reference point

Reference line

. FL-1. Front Neck Line .
. BP-1. Cervicale . BL-1. Back Neck Line
FP-1. Anterior Neck . . FL-2. Center Front Line .
. BP-2. Posterior Waist BL-2. Center Back Line
FP-2. Lateral Neck, right . FL-3. Front Arm Hole
. . BP-3. Lateral shoulder, right oo BL-3. Back Arm Hole
FP-3. Anterior Waist . A . FL-4. Top Split Line 1 O
. BP-4. Posterior MidAxilla, right o BL-4. Top Split Line 3
FP-4. Lateral shoulder, right . . . FL-5. Top Split Line 2 I
. A . BP-5. Posterior Axillary Fold, right . BL-5. Top Split Line 4
FP-5. Anterior MidAxilla, right . FL-6. Side Seam L
. . . BP-6. Axilla o BL-6. Back Waist Line
FP-6. Anterior Axillary Fold, right . FL-7. Front Waist Line o
. BP-7. Scapula Protrusion o BL-7. Bottom Split Line 4
FP-7. Nipple . FL-8. Bottom Split Line 1 Lo
S BP-8. Buttock Protrusion oo BL-8. Bottom Split Line 5
FP-8. Midthigh BP-9. Posterior Juncture of Calf FL-9. Bottom Split Line 2 5y o pom Split Line 6
FP-9. Midpatella FL-10. Bottom Split Line 3 P
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FL-11. Front Knee Line BL-10. Back Knee Line
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smart 3D body scannerE ARE-3te] 27M-E HAIEIAT). 28],
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Table S. Types of experimental garments
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Type

Pattern reduction rates

PCM treatment

Control Garment(CG)

Experimental Garment(EG1)

Experimental Garment(EG2)

0%
10% application
10% application

PCM 31° treatment

Table 6. Types of experimental garments (unit: cm)
. Subject . Subject
Measurement item Meantlc Measurement item Meantlo
1 2 3 4 5 1 2 3 4 5
Bust breadth 29.0 31.6 28.0 29.0 29.0 27.7-31.9 Knee circumference 332 355 350 340 36.0 32.2~36.8
Waist breadth 265 30.8 262 260 28.0 259~31.1 Waist front length 31.0 36.0 32.0 30.0 30.0 30.6~36.0
Hip breadth 337 341 340 29.6 340 31.1~34.1 Bust pointbust point 20.5 20.0 19.0 20.0 20.0 16.9~20.9
Shoulder breadth 338 39.0 350 38.0 350 31.6~39.2 Cervicale to popliteal length 90.0 93.0 90.0 88.0 86.0 86.6~100.2
Bust depth 250 270 260 250 260 229-275 “ast back length 360 420 380 350 350 352-42.0
(Natural Indentation)
Wasit depth 206 268 215 215 218 214270 “ast back length 450 470 430 460 460 41.6-47.6
(Omphalion)

Waist depth 216 270 220 230 240 214-274 Shoulder length 120 140 120 110 130 112-136
(Omphalion)

Hip depth 252 260 210 247 250 20.1~26.9 Biacromion length 38.0 40.0 37.0 37.0 360 34.0~444
Armscye depth 100 11.0 100 9.0 11.0 92~11.6 Back interscye length 350 38.0 37.0 34.0 350 33.9~39.1
Chest circumference 92.0 98.0 97.0 91.5 950 87.5~98.1 Back interscye fold length 36.0 38.0 37.0 33.5 350 31.8~414
Bust circumference  83.0 90.0 87.0 85.0 90.0 76.9~90.1 Wasit to hip length 19.0 22.0 20.0 19.0 200 17.7~253
Waist circumference 79.0 94.5 91.5 80.0 90.0 78.8~95.0 Weight 53.0 66.0 61.6 53.0 56.0 51.7~66.5
Waist circumference 85.0 99.0 95.0 84.1 92.0 84.1~99.3 Height 156.8 160.4 159.0 153.0 151.5 151.3~160.7
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Table 7. Evaluation on the appearance according to the pattern reduction rates

Pattern reduction rate

Part Items F-value
0% 5% 10% 15%
Ease at front neck line is suitable. 28a 32a 39b 32a 8.064*
Ease at bust part is suitable. 23a 32b 41c 27a 28.281*
Front Ease at waist part is suitable. 26a 29a 43b 24a 30.418*
Ease at abdomen part is suitable. 2.7 ab 28b 43¢ 24a 37.924*
Ease at hem line is suitable. 24a 28a 42b 26a 28.678*
The position of front armhole is suitable. 22a 2.4 ab 40b 28a 25.946*
The position of shoulder line is suitable. 3.1b 26a 40c 29ab 14.309*
Ease at bust part is suitable. 23a 30b 40c 24a 23.973*
Side Ease at waist part is suitable. 22a 30b 42¢ 26a 32.123*
Ease at hem line is suitable. 24a 29a 39b 25a 22.115%
Side seam is vertical. 3.1a 32a 44b 26a 17.528*
The position of side seam is suitable 29a 30a 4.1b 28a 11.643*
Ease at back neck line is suitable. 23a 28b 40c 3.0b 19.395%
Ease at back width is suitable. 25a 26a 38b 22a 25.803*
Back Ease at waist part is suitable. 24a 29b 37c¢c 22a 20.678*
Ease at hem line is suitable. 27a 29a 40b 27a 15.175*
The position of back armhole is suitable. 26a 23a 42b 23a 42.654*
The length is suitable. 29a 32a 40b 29a 9.614*
g}i]e Ease is suitable over the whole parts. 23a 28b 41c 19a 43.766*
The whole silhouette is suitable. 23a 3.1b 43¢ 25a 32.557*

1=Strongly disagree, 5=Strongly agree
p<.05, a<b<c(SNK test)

s
=

1) point data 2) mesh 3) curve 4) convexation 5) surface 6) flattening

Fig. 1. Processes to make replica of body surface.

7) replica
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Table 8. The difference ratio between 3D and 2D in out-line and area (unit: %)
Patch
Difference ratio Mean Total
1 2 3 4 5 6 7 8
Out line 0.1 2.5 0.9 0.1 0.0 0.1 - - 0.6 05
Upper
Area 0.1 1.8 0.0 0.8 0.2 0.0 - - 0.4 05
Out line 6.5 43 0.5 0.8 3.0 0.0 1.3 1.4 2.2 14
Under
Area 2.4 0.7 0.1 0.0 0.8 0.6 0.2 0.3 0.6 14

e

-y

—Replica ===-= Pattern
1) Upper body

Fig. 2. Replica of 3D body surface and pattern.

Table 9. Measurements on Q-max, insulation and heat conductivity

. . Q-max Insulation Heat conductivity
Experimental fabric a Jom?- 0 €0) (Wim°C)
PCM 31° untreated(S2)  0.184 13.7 0.0432
PCM 31° treated(S3) 0.275 277 0.0282

E3h= PCM 31°F ARS8l A5 718k H, Table 401
A AAF EGIZ EG2E EE PCM7FEel whE d3 B4
< S 3ATH(Table 9).

HEL2YH(Q-max) £-3 4
ozx QA7 AEe FEEHAS Z ol3le] =7+
AE2o d F5HE A3 dao|th. 2 AFolA A=
PCM 7H5S 3HA %2 2A(S2)9 HE2¥72 0.184)/
em™°C, 7FEE 3 2AY(S3)= 0.2750/em’°CE A= o] 7k
S 3 A9 G FrFo] 33% o) AAS] = Uehd A

7k

N
N
9
=
-z
=2
o ol
I
i
E=)
¢
N,
rr

e I

30 —+-S2(before processing) —+S3(PCM31)

Temperature (°C)

Time (min)

a) Fabric surface temperature(the wrong side)

Fig. 3. The change of surface temperature according to the lapse of time.

Replica -=--- Pattern

2) Under body

BeAd &4 43, PCM 71 A(S2ele 13.7°C, 7
(S3)elE 27.7°CE PCM7Esl| e}t 14°C A= o]k A
] 50.5% A5)E Hol, PCM 71 Al B4 A a3=
AT F AAh ST T 2 AFS YERle] PCM
7 A(S2)e] EAELEE 0.0432W/m°C, 7 F(S3)olE
0.0282W/m°CE Ueh} 71 ol 34.7% A= old, PCM
7Hes & A7 AR Aol 2EE fA6] o F2 1
245 1A F e 540l e AR Asdnh

Fig. 32 A|7ke] 380 we &A] ¥ 2% HIE Yepd

=0

By B o i ST A—akAah

281 —+—S82(before processing) — S3(PCM31)

Temperature (°C)

1 5 9 1317212529 33 37 41 45 49 53 57 60
Time (min)

b) Fabric surface temperature(the right side)
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Table 10. Heat distribution of various body parts (unit: °C)
PCM untreated PCM treated
Body part Right after After 30min B-A Right after After 30min B-A’
wearing(A) B) wearing(A") B
Bust 30.3 30.7 0.4 304 31.8 1.4
Abdomen 294 29.6 0.2 30.0 30.6 0.6
Back 30.0 30.5 0.5 30.2 31.1 0.9
Hip 284 28.6 0.2 285 29.0 0.5
Mean 29.52 29.85 0.33 29.78 30.63 0.85
I A3, PCM 7 A3 o] AAjel S29F S3 BF 3E Table 11. Comparison of heat distribution before/after PCM treatment
YEAAAE S S W} 2out st olfEe (unit: *C)
o] Wk} Ao Qe AL :9,_1]_01 & 47} Q). a3, 2 Part Temperature pvalue
9 ol &£5= PCM 7} A, T 24 BE H|SSE 22 PCM untreated PCM treated
Uehigont, 9171 fgw g ole] Yok HW Bust 307 318 0.043"
o9 AS PCM 7FES & A9 3] Lo Ao ] Abdomen 29.6 30.6 0.043°
PCM 29| 29 . upd 7% %L:_O] 31902 J|Hos 98 Back 30.5 311 0.042°
FHEFoEA 1-2°C A% WA et Alexd 715 2 Hip 286 290 0.042

o] Xel O~
e G 5

AT

Wilcoxon singed rank test, *p<.05

2) = A48 Adlele] € #x 4 T AT 2HY {9485 FHotatr] 8 vEs AF<
PCM 71 A%o] AHE EGIF EGo| 2& A & ¥ Wilcoxon signed rank tests A5 tHTable 11). =, PCM
AEE AT E7] S8l dsld FekE o83t Fed=E 7FEAEel WE GEE S4X] Wk fods w4 4
d FEE e, 2L A5t 2L 30w F 54 4 71, ¥, &, FEol Tl FeH R PCM 7H ol =
£ Table 109 A|AIEATH 2 Zlo= L}EP* o el A= Aexd Sl A=
28 A% 249E A4S PCM 7H f5el mE 213} i dg ojEd PCM 7I~L°l At 7154 7Y AXrkehe
£ AR oR F Aol HolX| eigkont, A8 308 & =4 A=
Alel= PCM 71¢] &7t gds] et 1S & + ok
PCM 7Fe-5 P4 &2 Z-9olle #8308 F 02~0.5°C(B- 34. LHOdE I8t ArRlol] FHolXEy =4
Aol PAIS 2= ¥IskE BT ol B, PCM 71a-& g 1) o589t &4 A3} 14
Agelis 248 30 Fol 05°C-14°CE-A)e] AAT L= Arislofe] A5 Al A HgHEe gouw g A
HlE LISl on, 53] 7IeRge] _& Aol 7 & A Aol PR bzl 2EES A e ok ol
o2 el ol A F QA T4 e 2HE A HE F48 F&o BE &I A FHFEE Fols|
/4€ gl 93] PCM 7Fgol 283k 2102 Ho|w, PCM 7} 46}04 Table 414 AAEFRARO] F4ES HEoA] 2 4
FoE Qe &% A5 a7t sk o2 739l Hlal] 2.6H1 E(CG 10%2] F485 H83 AP E(EGL )l thal &
AL A Jehte AS g1 & ATk < Jﬂ7]% AAEI e, 1 A= Table 1290 AASHAT-
28 A5 B JRYE PCM 7R -7 wlgl & Hg} oJES} 4L AXS T 9] T wiE AL BE &
7 e 2L 307 - ST GRE A thal Tt oM F4& A8 F FOHOR oJESte] =2 Zo=E Ve
Table 12. T-test results on clothing pressure before/after application of the pattern reduction rate(n=5) (unit: gffem?)
e Garment cG EGI pralue - Garment CG EG1 pevalue
Shoulder 0.26 0.92 0.043 Scapula 0.32 0.88 0.042°
Bust 0.44 1.20 0.042" Hip 025 0.87 0.042"
Waist 0.21 0.96 0.042" .
. Thigh 0.17 0.76 0.043
Abdomen 0.27 0.82 0.043

Wilcoxon singed rank test, *p<.05
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Table 13. Evaluation on wear comfort in various motions (n=5)

Garment Motion Item CG EG1 p-value
The neckline is comfortable. 2.0 34 0.038*
Ease at interscye fold, length(front) is suitable. 2.6 3.8 0.034*
Ease at bust part is suitable. 2.0 3.8 0.034*
Ease at waist part is suitable. 22 42 0.025%*
Ease at abdomen part is suitable. 2.0 3.6 0.038*
T(;ujzggnat Ease at hem line is suitable. 2.4 3.8 0.038*
The position of front armhole is suitable. 2.4 4.0 0.038*
Ease at interscye fold, length(back) is suitable. 3.0 34 0.157
The length of underwear is suitable. 32 2.6 0.083
Overall ease amount is suitable. 2.6 3.8 0.034*
It is comfort to move in. 2.6 4.0 0.038*

Upper
The neckline is comfortable. 2.6 4.0 0.038*
Ease at interscye fold, length(front) is suitable. 32 3.8 0.083
Ease at bust part is suitable. 2.8 4.0 0.034*
Ease at waist part is suitable. 2.6 4.0 0.038*
) Ease at abdomen part is suitable. 2.6 42 0.038*
:n‘;sr"‘o‘izr'}’l‘;:; Ease at hem line is suitable. 24 40 0.039*
The position of front armhole is suitable. 3.0 3.8 0.157
Ease at interscye fold, length(back) is suitable. 32 4.0 0.046*
The length of underwear is suitable. 24 3.6 0.034*
Overall ease amount is suitable. 2.0 4.0 0.039*
It is comfort to move in. 2.0 4.0 0.041*
The position of waist line is suitable. 2.0 4.0 0.039*
Ease at waist part is suitable. 2.0 4.0 0.025%*
Ease at abdomen part is suitable. 2.0 3.6 0.038*
To stand at Ease at hip part is suitable. 2.0 3.8 0.041*
attention Ease at crotch part is suitable. 2.0 4.0 0.025%*
Crotch length is suitable. 2.6 34 0.046*
Overall ease amount is suitable. 2.0 3.8 0.034*
Under It is comfort to move in. 2.0 4.0 0.039*
The position of waist line is suitable. 2.6 4.0 0.038*
Ease at waist part is suitable. 2.8 4.0 0.034*
Ease at abdomen part is suitable. 2.8 42 0.038*
Ease at hip part is suitable. 3.0 34 0.157

To squat . .

Ease at crotch part is suitable. 2.6 3.6 0.025*
Crotch length is suitable. 2.6 3.8 0.034*
Overall ease amount is suitable. 2.6 3.6 0.025%
It is comfort to move in. 2.6 3.8 0.034*

1=Strongly disagree, 5=Strongly agree
Wilcoxon singed rank test, p<.05
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