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Comparison of the Wearing Sensation for Small-breasted Women's Mold
Brassieres according to Type of Polyurethane Foam
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Dept. of Clothing and Textiles, Kunsan National Univ.

Abstract

We investigated the subjective comfort of mold brassieres for small-breasted women in terms of mechanical properties
and thickness of polyurethane(PU) foams used. Experimental mold brassieres were manufactured using various PU
foams with different thicknesses. To analyze the relationship between comfort and the mechanical properties and thickness
of the foams, small-breasted women in their twenties performed a subjective evaluation of the experimental brassieres.
Our results showed that small-breasted women preferred a mold brassiere with a thickness of 27mm, which is made
of the softest foam with the lowest density of those we tested. Tensile strength, tearing strength, and indentation force
deflection at 65% compression showed significant negative correlations with wearing comfort in the correlation analysis
between subjective sensation and mechanical properties. Therefore, when designing mold brassieres for small-breasted
women, we recommended using PU foams those are about 23-27mm thick and have low tensile strength, tearing strength,
and indentation force deflection at 65% compression.

Keywords: mold brassiere, small-breasted women, mechanical property, thickness, polyurethane foam, subjective
wearing evaluation
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Preparatory experiment

+ Used foam materials: H 20mm, M 9mm, S 5mm
= Preparatory experimental brassieres: Hag, Mig, Ha0Ss
+ Subjective wearing evaluation

Composite of the experimental combinations

« Used foam materials: S 9mm, M 9mm, H 9mm, S 5mm
+ Experimental brassieres: S;7, M7, H1Sq, S1g. H1sSs
- Comparison of foams: Sa7, Ma7, HigSsq
- Comparison of thickness: 527 vs S1g, H1gSg vs HigSs
+ Subjective wearing evaluation
+ Measurement of mechanical properties of foams
Analysis of the relations between the subjective
wearing sensation and the mechanical properties

according to the foam types and thickness

Selection of the comfortable foam types and thickness
for small-breasted women'’s mold brassieres

[Figure 1] Research process
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(Table 1) Combinations of PU foams for manufacturing mold brassiere cups

Brassieres Combination Thickness of PU foams(mm)
Hao H(20mm) x 1 layers 20
Mis M(Omm) x 2 layers 18
H10Ss H(20mm) x 1 layers + S(Smm) x 1 layers 25

[Figure 3] Shapes of the experimental mold
cup. A: front, B: back

[Figure 4] Mold case and thermal forming for
manufacturing of the mold brassiere cups
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[Figure 5] Shape of a preparatory
experimental mold brassiere
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Brassieres Combination Thickness of PU foams(mm)
Sa7 S(9mm)*3 layers 27
Sig S(9mm)x2 layers 18
My M(Omm)x3 layers 27
HisSo H(Omm)x2 layers+S(9mm)x1 layers 27
HisSs H(Omm)x2 layers+S(5mm)x1layers 23
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(Table 3) Measured mechanical properties for the experimental foams

Measured mechanical properties

Applied standards

Density(kg/mz)
Tensile properties
Tensile strength(kgf/cmz)
Elongation(%)
Tearing strength(kgf/cm)
Compressive properties
Indentation force deflection (kgf)

- 25% compression
- 65% compression

JIS K 6401

JIS K 6301

JIS K 6301

JIS K 6301

JIS K 6400-2 B

Coefficient of compressed ridges

Resilient property Resilience by ball bounce(%)

JIS K 6400-3

- 337 -



6 =g TS| x| H|253 3% 2016

3hitk. 18]aL Eq. 49} o] AlAE 25% YEAIZE o
E= 3ol dig 65% ASAZES ol == IS HEE o
ERfjo] t&==7|4(Coefficient of compressed ridges)
£ Akkelgck agla dhdEbd(Resilience by  ball
bounce, %, JIS K 6400-3)2 16mm 2749 &4<&2
500mm $lelA] AR YR HBrZ] F HE] 2% =
ol& ZAste] Eq. 59 Zo] Alhketdtt. ojwf Al =2
7)== 100mm x 100mmo]Act.

+ o} <Table 4>} 23t} Friedman 734 23} 95%
Azl o) FAs HEgol] vt T ekl
B} 7k felg Aolrh AR vlEs AH 5
2 BRIt AFEA S ol HAT 20mm Eog
25 Hoo?h 25mm 0.2 A% HaSso] 700 i
Phghe 479} 46032 TS FARRE W] Mise] Al
e Bk 3602 F nejxol] uls) wigick. el
49 HFAL HuSs7} T F Beolur} B
e BT, Haol 714 e Haate vehll sa)

o St a4 7 ALHEAE A Al S & 5 A
I 8 ! 2 gkl BAR R Frelat Aol A kAR
S;: Coefficient of compressed ridges HRE 7Hol 0.97 o)ide] H 2polE Hol &5
Sgs: Load at 65% compressed(kgf) = HFE AuEd, BEix|o] Hyol v BifA|ojE
Syp: Load at 25% compressed(kgf) v|s) wwsia 2hgAZ e o AdaHrhs HrE W
L S¥al, H 28} S 2AlE Z3hete] Al=HgE HyoSs BefA|
R= hmax ...................................................................... Eq. 5 017]_ ZDXH-O/] %}\3(4.9)011/}_ 7]_31%(3’1)’ Z}%@.’(SO) %_9]
R: Resilience by ball bounce(%) oA Al Bej#jo] T 7P 2 #S ESrh
h: rebounce height of the steel ball(mm) oA B aAE] B ol FAE Fd
hpyax: falling distance of the steel ball(500mm) sHAl FAIsH] gl eng, BARANE ¢ 23] A
whael A Bl ARETS ARG M 7
77 sk B AEo] 287 P A olFol
AR FRE 7= Qo F& & A T FUhste] B
I, A7 Holl T Hoe AFAS FHekE e Tod
Ao o Fuut A7) wimsto] HkeE =72 A e
1. ofH|AlE Z3} Ao dekElo] H 2wk 233 792 B lA
= AAATIZIZ SFSAH. ol Hlsl H A QHSol F=
ul g Bejx|olEo] gk A 28 W7 A gle S 212 ARlEte] A2kl HySse thE Befx|o]d)
(Table 4) Results of the subjective wearing evaluation for the preparatory experiment
(n=7)
Brassieres Hy Mis Hy0Ss Sig.*
Measurements Mean S.D. Mean S.D. Mean S.D. (a=.05)
Thickness of cup 4.7 1.4 3.6 1.5 4.6 1.4 024
Keep position of brassiere cup during movement 43 1.8 44 1.1 5.1 1.1 119
Hardness and Stiffness of cup 4.7 1.4 3.1 1.3 3.6 1.3 075
Elasticity of cup materials 4.0 0.8 43 1.0 49 0.9 .076
Lightness of cup weight 34 1.0 4.1 1.8 3.1 1.1 321
Good contact sensation of cup 33 1.3 44 1.5 4.7 0.8 013
Scantiness of cup volume 3.7 1.3 4.0 1.7 34 1.9 522
Suitability of cup volume 39 1.3 33 0.8 4.1 0.9 .186
Naturalness of wearing silhouette 4.9 1.1 4.0 1.6 4.7 1.3 113
Satisfaction for wearing silhouette 4.0 1.2 4.0 1.6 4.7 1.4 309
Comfortable wearing sensation 4.1 1.3 44 1.4 5.0 0.6 .186

" Results of Friedman test
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(Table 5) Comparisons of the subjective wearing evalua

gk zpo)7} A=, 23mm FA|2] HisSs7F HisSo ETh
5 A o 2AAA.)H o vEE@Sy Y =e
Aoz vebgtt uebd gt HEd L= SE9
Z3ro| M= 27mm F712] HisSy ERTH= 23mm 579
HisSs £02 7133t 2= H#A|o)E t] Hd5g 7oz
Jebgth el 2 S AF o E 27mm Zo g
A2kt BefjRjof7t, 1g]al wabet Hep F=ge- S A
A FoME 23mme] o2 Azt B eA]o]
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tion according to the foam types

(n=10)

Brassieres S, My, HisSy Sig.
Measurements Mean S.D. Mean S.D. Mean S.D. (a=05)
Thickness of mold cup 4.9 0.7 3.8 1.5 43 0.8 237
Keep position of cups during movement 53 0.9 5.0 1.1 43 0.8 .020
Hardness and stiffness of cup 2.8 1.1 2.1 1.0 53 1.3 .000
Elasticity of the cup material 5.0 0.8 4.6 1.3 33 0.8 .005
Lightness of cup weight 4.9 1.1 3.7 0.5 39 1.0 .050
Good contact sensation of cup 5.5 0.8 49 1.0 3.7 1.1 .006
Scantiness of cup volume 39 1.7 2.8 1.5 35 1.4 272
Suitability of cup volume 4.7 1.3 3.9 1.4 44 1.2 .690
Naturalness of wearing silhouette 5.0 0.9 43 1.3 4.5 1.4 441
Satisfaction for wearing silhouette 4.9 1.5 4.7 1.3 4.1 1.6 469
Comfortable wearing sensation 54 0.8 47 1.2 4.0 1.1 .005
Overall satisfaction for brassieres 5.3 1.1 4.4 1.6 3.7 1.1 .023

" Results of Friedman test
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(Table 6) Comparisons of the subjective wearing evaluation according to the foam thickness

(n=10)
: Sy Sis Sig.” HisSo HisSs Sig.”
Brassieres | 571m) (18mm) (a=05, (27mm) (23mm) (a=05,
two two
Measurements Mean SD. Mean SD. tailed) Mean SD. Mean SD. -tailed)
Thickness of mold cup 49 0.7 4.1 1.3 .033 43 0.8 4.5 1.1 414
dKe‘?p position of cups 53 0.9 47 13 084 43 08 47 1.1 046
urmg movement
gla;d“ess and stiffness of (B85 1.1 1.6 0.7 016 53 13 52 0.9 655
Elasticity of the cup 50 08 45 1.1 096 33 08 32 1.0 655
material
Lightness of cup weight 49 1.1 5.4 1.1 025 39 1.0 3.8 1.0 564
Sﬁ;"d contact sensation of | 55 55 5 1.1 429 37 1.1 39 13 317
Scantiness of cup volume 39 1.7 42 1.4 .180 35 1.4 3.4 1.1 705
Suitability of cup volume | 4.7 13 4.0 15 008 44 12 4.6 12 157
Naturalness of wearing 50 0.9 49 1.1 739 45 14 4.8 1.1 083
silhouette
Satisfaction for wearing 49 15 41 14 054 41 16 45 15 046
silhouette
Comfortable wearing 54 08 56 12 527 40 11 43 13 083
sensation
Overall satisfaction for 53 11 47 11 084 37 11 4l 1.0 102
brassieres

" Results of Wilcoxon’s signed rank test

23-27mm & E83te] A= Aol 7P HETE A 2AlelME 23mm Fo =2 A2bE Hefx|o|(HisSs)7t 7t

o= vhotEr} Z AsEAY &, 7 A B4 540l uEt Asse
ool ANES AHEGE W, F 2AE FXE S FAE ta gERith

2A7F 7P Az Ed o, Fo] FARE S A= wbA] Sy79F HisSsell gk Wilcoxon F559] A&

27mm FOo=2 AZHE HR|o)(Sy)7), Heb S7F 23tel k2 Stk L A <Table 7>3 o] Hefjx]o]

(Table 7) Comparisons of the subjective wearing evaluation between S27 vs, H18S5

(n=10)

Brassieres Sz7 (27mm) HisSs (23mm) Sig.”
Measurements Mean S.D. Mean S.D. (a=.05, two-tailed)
Thickness of mold cup 4.9 0.7 4.5 1.1 .260
Keep position of cups during movement 53 0.9 4.7 1.1 107
Hardness and stiffness of cup 2.8 1.1 5.2 0.9 005
Elasticity of the cup material 5.0 0.8 32 1.0 007
Lightness of cup weight 4.9 1.1 3.8 1.0 .064
Good contact sensation of cup 5.5 0.8 3.9 1.3 014
Scantiness of cup volume 39 1.7 34 1.1 .388
Suitability of cup volume 4.7 1.3 4.6 1.2 792
Naturalness of wearing silhouette 5.0 0.9 4.8 1.1 480
Satisfaction for wearing silhouette 49 1.5 4.5 1.5 516
Comfortable wearing sensation 5.4 0.8 43 1.3 018
Overall satisfaction for brassieres 5.3 1.1 4.1 1.0 .010

" Results of Wilcoxon’s signed rank test
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(Table 8) Mechanical properties for the experimental foams
Measured mechanical properties Sa7 \% 0% HisSo NTS HisSs
. Mean 28.2 45.9 319 27.2 32.5
Density(kg/m’) S.D 02 0.4 03 02 03
Tensile properties
Tensile strength(kgf/cm®) l\é[e]:';m 83 (1)3 (1)3 83 (l)g
. Mean 197.0 208.5 134.0 185.0 143.0
Elongation(%) SD 6.0 6.7 52 25 48
. Mean 0.4 0.5 0.6 0.5 0.6
Tearing strength(kgf/cm) S.D. 0.0 0.0 0.0 0.0 0.0
Compressive properties
Indentation for.ce deflection (kgf, Mean 63 55 94 6.0 14.8
25% compression)
Indentation for.ce deflection (kgf, Mean 12.0 1.1 248 10.8 25.4
65% compression)
Coefficient of compressed ridges Mean 1.9 2.0 2.6 1.8 1.7
Resilient property
Mean 43.0 8.0 35.0 36.0 34.6
Resili 11 9
esilience by ball bounce(’s) S.D. 1.0 0.0 2.0 2.0 1.8
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