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Comparisons of Thermal-moisture Properties in Combination of 3D spacer
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Abstract

To identify optimized thermal properties of mold brassiere cup for improved thermal comfort during summer, we
compared the thermal resistance and the water vapor permeability of Polyurethane (PU) foam, 3D spacer fabric and
the two combined materials of the PU foam and the 3D spacer fabric. Four experimental mold brassieres were made
of the materials for wearing test. Six women in their twenties evaluated the wearing sensation in the hot and humid
environment. The changes in microclimate temperature and humidity while wearing test brassiere cups were measured.
Results indicate that thermal resistance increased as more PU foam were combined, while the water vapor permeability
was higher as the content of the 3D spacer fabric increased at thickness of 18mm and over. However, in the wear
test, the PU foam brassiere was the most preferred in all ambient conditions due to its soft, flexible and smooth texture,
despite its high thermal resistance and low water vapor permeability. This indicates that the textures of mold foams
are more dominant properties than thermal properties for mold foams in determining the wear comfort of mold brassieres.

KeyWords: Polyurethane(PU) foam, 3D spacer fabric, mold brassiere cup, small-breasted women, moisture transfer,
thermal insulation
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[Figure 1] The flexible shape (A) and the cross sectional shape (B) of the 3D spacer fabric,

- 286 -



2c Haixio] Zio| MAS I3t 3D AHOIM THHE{T ZalPREPY) B ol e &

coE e SY Hln 3

9 F AL FAE G A 58S gotabr] 9
g PU #2] st A &A= Fo, 282 18mm A= Fig,
342 27Tmm=E Fyr 2 770 whet £718h3laL, 2]
HBHE 374(Sy), 68(Sis), 9B (S27)7HA A4 PU &3}
FU3 FAR EBo HdIdxAE ARech FAE
27Tmm7EA] HshAZ] AL A AT (Lee, 2012)04] H1
oF F1 A EA 7S AEHAA BEfR]o] He| PU
F FA7F 26mm%7] whzel olol] gk FAVA] A
S 3h7] Aol Al AR ZdFo]A FjEEe
7338 gk HolojA ofg] H AAAE E= H AR
o] 7ksgt oIt &g PU & AoAjel 23jo]A] A&
A7F 232 A5 oug 23t deAe etstr] L8
T A28 9mmA 37E0 8 o] Z§3 27mm F<
SFSy73} FSFy %= A% Z3tol| X3AIZT}. SFSye 29
o[A] A7} g mpEEol, Tga 7heHlel] PU Zol
A 2AjolH, FSFy2 % upgEol PU #ol, 7k
glol] 2so]A] A7t HehE Aol 2e]al Azt
< fEME FA8T 78S FAATI) SIE wlAIgE 2=
zeo] HAA} ARSETE B2 B54 S A
390 ALAEe) AL <Table 1> AT

1

T4 HJrhE Hg BE= BR|o] A 299
A 2AE 97 A EAFEE shlells ofelsol Sl
o], Fis¥ Si139] 7 720l Bt50] SFSy3} FSFx 9| 7
Ag z2daqet. 2elv #9971 9mme] PU &34 3mm

of 3ol el 18mm FAE Bio] Zieh

AL olggo] 9lo] FSF& ‘Fo + S; + Fo'¢] A& PU
¥ 2743 2ol 142 21mm A9 A2 Hzts}
9tk 22]3L SFSE “Se + Fo + S¢'¢] 412 PU E |
A3t zsllo]M 44 z3tete] 2imm TS BRI
dala FA6 whE Beks v gl e Bl AL
|9 7 Al 47 SFSy ¥ FSFy 2 313t 29
o|A] sjrele] Aol o] Rl i AAE =
o] glo} We] suele P2 Bes} gliou, PU
F A9 BS EZeldzHE UE A st 4e

(

Y
BN
o
ol
Lm
il
o
i

oAM= PU Fo] §ro g “&us= Fig
¥} FSFy o= HEe] & HF2AFT o] e Edloll=
HZ 100%E A4 EQIE AANER F/4= 33 vt
& 443 0.45mmo|qict. webA F AAlE vhE A&
AEHT AL F Hrolle B2k 2ol At, AA Al
F AL Alellw E71Eg Az o)) wliEe] o]Zle] ¢
AAZRD vy oletar desteict.

2 B2MIl E54

=d Hlu

neAe FITAAT ojzlstel Sgsteon),
ASTM DI1518 (ASTM, 1998)q] ul} <dAFg
(thermal transmittance, W/m>K)< 33| vhE =43},

olZ clogto g rlkste] Beds BAs9).

U =P/Ax(T,~T)] (1)
U, = (U, < U,)/(U,,— U,) Q)
U, (w/ m*K): combined thermal transmittance of
the specimen plus the air

UZ(W/ m2:K ): intrinsic thermal transmittance of the

(Table 1) Characteristics of the experimental materials for the measurement of flat specimens

ID Fo Fis Fy; So Sis Sy SFSy7 FSF»;
Materials PU foam only 3D spacer fabric only Combined
Thickness | 18 27 9 18 27 27 27

(mm)
Figures

|:| PU Foam

E 3D Spacer
Fabric
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fabric alone

P(W). power loss from test plate
A(mz): area of test plate

T, (°C): air temperature

T, (°C): test plate temperature

Uy, (w/ m2K ): bare-plate transmittance

k= U, xt;/1000 (3)
t;(mm): thickness of the specimen

E(W/m-K): intrinsic thermal conductivity of the

fabric alone
Specific thermal resistance (Clo)=1.137/k @)

FE5A(WVP, water vapor permeability, g/mz/day)
< BS 7209 (BS, 1990)°] we} Z7g3Fdom, oF 8cm
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= B 247K EF SEE RS S5k ol
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X 87 Aol el sAl SAEk e 33 g3t
o Hks St

WVP=24M/At 4)
M(g): the loss in mass of the assembly over the time
period t
t(h): the time between successive weightings of the
assembly

A(mz): the area of the exposed test fabric
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[Figure 2] Experimental brassieres
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(Table 2) Experimental process of the wearing test
Steps Experimental Process

1 Rest and wearing of the experimental brassiere and clothing. Attachment of sensor.

2 Room temp. - Rest (15min)

3 High & humid temp. - Rest (15 min.)

Measure the wearing sensation & the
microclimates of brassiere at the last

4 High & humid temp. - Exercise (10 min.)

3min of the each steps

(Table 3) Questions for evaluation of wearing comfort

Questions of questionnaire

The front panel of the brassiere is fitted well without gaps.

The upper part of the brassiere cup is fitted well without gaps.

Fit of brassieres

The inner part of the brassiere cup is fitted well without gaps.

The thickness of the mold cup is appropriate.
The brassiere cup is contacted well on the body during exercise.

The cup material is soft and flexible.

The elasticity of cup material is suitable.

Sensation for

The cup material is light.

Mold cup L .
materials The volume of cup material is suitable.
The contact sensation of the brassiere cup is good.
The contact sensation of the brassiere cup is smooth.
The inside of the brassiere cup is hot.
The inside of the brassiere cup is stuffy.
The inside of the brassiere cup is clingy and sticky.
Thermal ] . up gy y
comfort The brassiere cup is damp.

The brassiere cup is dry and downy.

The inside of the brassiere cup is humid and hot.
The thermal and humid sensation of the brassiere cup is comfort.

Overall wearing
sensation

The overall wearing sensation of the brassiere cup is comfort.
The ranks of the brassiere cups according to the satisfaction.
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(Table 4) Comparisons of the mean thermal resistances of experimental materials

Material
Thermal aterials
Resistance (clo) F, Fis F»y So Sig N SFS»7 FSF,;
Mean 1.71 3.13 4.09 1.24 2.53 3.41 3.83 3.80
S.D. 0.040 0.101 0.157 0.030 0.065 0.121 0.126 0.140
60 250.0
8 > * F
< pt 200.0
g 40 f 150.0 :
20 2 3 1000
= —o=F 3 E
200 5 00
- 9 18 27 s ' ‘
Thickness(mm) = 9 18 27
Thickness(mm)

[Figure 3] Changes of thermal resistance of the PU
foam and the 3D spacer fabric according to thickness

E2-x)(Water vapor permeability, g/m’/day) =74 2
5} <Table 5>9} o], PU EZwto s z3d AAse
omm & 3 Ao o|Fol A%, FA e 2
ol HL} Frao] ozt ] F& Aoz et 17
U 287EQl 18mm 7 o]ie] ZgtellME 2do]A]
o F4do] PU Enrh ¥ $20a Ao et @
A, 7 2AE £t =7 SFSy9 FSFye 4%
WP ol 23lolx7t 23 SFSye] Fol o e
Aoz Yeh}, 77 EE HS AR Afols PU
Enrps 2sjolq e o ke FH4s AT F

& = U [Figure 4]= PU 3 29fo]x 2279
Aol whe F54e WEks adze AXNG Aotk

Sl mlo

[Figure 4] Changes of water vapor permeability of the
PU foam and the 3D spacer fabric according to
thickness

o} o] ATAR] A5R AYEAe] ]l
2sfo]A] sjuele] PU & Hrt HeAe shu FHye

Eol o A 242 FrHE

A3 Ao} &5 oXel HA| glo] AF BHROIE
ol thgk #uk2]0] = <Table 6>3} ZEgkc). Befxjo] 7
Bro] FA(cup thickness), 25 3 2] Ry &
oIKsoftness and flexibility), BHAd(elasticity), “H=Ad
(lightness), &%t 57 (volume), = “=Z(contact

(Table 5) Comparisons of the mean water vapor permeability of experimental materials

Water vapor Materials
permezability
(g/m“/day) Fo Fis Fyy Sy Sis N SFSy; FSF»;
Avg. 203.0 148.0 106.2 192.4 153.3 126.7 118.8 108.1
S.D. 7.2 25.2 7.5 5.0 53 5.7 7.5 4.6
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(Table 6) Comparisons for the overall wearing sensation for the experimental brassieres

xperimental Brassieres Fis Sis SFSy; FSF», Sig*
Measurements Mean S.D. Mean SD. Mean SD. Mean (a=.05)
Front panel of brassiere  5.33°" 1414  6.11° 0900 578" 1.003  6.06°  0.639 0.102
Upper edge of cup 5.50 1.295 5.67 0.970 5.11 1.132 5.72 1.447 0.439
Fit of
b t O Inner part of cup 5.39 1335 539 0.778 5.8 1.074 533 1372 0.990
rassi1cres
Cup thickness 444" 0784  3.50° 0514 361" 0979 444  0.784 0.000
Contact of cup 506" 1162 461"  1.195 450° 0985  5.39° 1.037 0.065
Softness and flexibility 5.56° 0922  4.11° 1278  439° 0698 550 ° 0.618 0.000
Elasticity 511° 0471 411° 1132 461 0698  5.17°  0.985 0.001
Sensation " b b .
for Mold  Lightness 5.06 0873  4.17 0.924  4.50 0.786  5.17 0.857 0.002
cup Volume 417" 0924 378" 0732 3.67° 0767 433"  0.594 0.033
materials
Contact sensation 517 0985  417° 1150 378" 1.166  4.94° 1.162 0.001
Smoothness 5.22° 1.003  3.67° 1283  3.83°  1.098 517"  0.707 0.000
Hot 3.72 1364  3.94 1434 4.50 1.581  3.78 1.478 0373
Stuffy 3.83° 1249 422" 1166  4.61° 1290  3.67° 1.372 0.125
Thermal
comfort ~ Clingy and sticky 3.11 1451 294 1259  3.78 1734 3.00 1.609 0.333
Of the ab ab a b
inside of Damp 3.06 1.798 3.8 1.638  3.83 1917 250 1.339 0.134
brassiere  pry and downy 3.83 1.790  3.11 1491  3.17 1465  4.00 1.495 0218
cup
Humid and hot 3.78 1.833  3.78 1478  4.61 1.501  3.56 1.580 0218
Thermal comfort 3.67 1455  3.89 1410  3.50 1.043 433 1.414 0.280
Overall wearing comfort 4.94° 1434 439" 1420 3.83°  1.043  522° 1.309 0.011

" Sig. of ANOVA
" Results of Duncan grouping.
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(Table 7) Comparisons for the wearing sensation of the experimental brassieres during rest in the room

temperature

W Fis Sis SFS», FSE; Sig.”
Measurements Mean SD. Mean SD. Mean SD. Mean S.D. (a=.05)

Front panel of 53 15 62 10 60 09 60 06 0.541

brassiere
Fit of Upper edge of cup 5.5 1.4 5.7 1.0 5.0 1.3 5.8 1.5 0.712
brassieres Inner part of cup 5.5 1.4 5.5 0.8 53 1.0 5.2 1.5 0.956
Cup thickness 45 0.8 35 0.5 35 1.0 45 1.0 0.089
Contact of cup 5.2 1.0 4.7 1.2 4.8 0.8 5.5 1.0 0.509
Softness and 58" 08  42° 13 45 05 55 05 0.008

flexibility
Sensation  giagticity 52 0.4 42 1.2 47 0.8 52 1.2 0.235
forcﬁg"ld Lightness 52 08 42° 1.0 47" 0.8 53" 08 0.106
materials | Yolume 42 1.0 3.8'b 0.8 3.7b 0.8 43 i 0.5 0.458
Contact sensation 5.7° 0.5 43" 1.2 42 1.2 5.3° 1.4 0.078
Smoothness 57° 08 3.8° 1.5 43 05 53 05 0.008
Hot 2.8 1.3 3.2 1.5 3.0 1.1 2.7 1.2 0.916
Thermal ~ Stuffy 2.8 1.2 4.0 1.3 42 1.5 2.8 1.0 0.137
comfort of Clingy and sticky 2.0 0.9 2.3 0.5 2.8 1.3 1.8 0.8 0.280
the inside of Damp 1.8 0.8 22 0.8 2.5 1.2 1.8 0.8 0.528
brassiere  Dry and downy 55 05 38 15 38 1.0 48° 04 0.015
cup Humid and hot 2.2 12 3.0 1.3 35 1.4 2.8 1.5 0.399
Thermal comfort 4.8 1.0 4.8 1.0 43 0.8 5.0 0.9 0.630
Overall wearing comfort 5.5° 1.0 47° 12 40° 09 57° 08 0.032

N Sig. of ANOVA
: Results of Duncan grouping.

(Table 8) Comparisons for the wearing sensation of the experimental brassieres during rest in the hot and humid

environment

W Fig Sis SFSy; FSF», Slg*
Measurements Mean S.D. Mean S.D. Mean S.D. Mean S.D. (a=.05)

Front panel of 53 15 62 10 58 12 60 06 0.609

brassiere

Fit of Upper edge of cup 5.5 1.4 5.7 1.0 52 1.2 5.5 1.6 0.928

brassieres  Inner part of cup 5.5 1.4 53 0.8 5.2 1.2 5.2 1.5 0.959

Cup thickness 45 0.8 3.5 0.5 3.7 1.0 43 0.8 0.131

Contact of cup 5.0 1.1 4.7 12 4.5 1.0 5.5 1.0 0.431

Softness and flexibility 5.8 0.8 42" 13 43° 08 57° 0.8 0.010

Sensation  Elasticity 52 0.4 42 12 47 0.8 5.3 1.0 0.140

for Mold  Lightness 5.2 0.8 4.2 1.0 4.7 0.8 4.8 1.0 0.297

cup Volume 42 1.0 3.7 0.8 3.7 0.8 43 0.8 0.433

materials  Contact sensation 53 05 42 12 38 12 50" 1.1 0.066

Smoothness 53 05 3.° 14 40" 09 52° 08 0.012

Hot 35 12 35 1.0 4.5 1.0 3.5 1.0 0.318

Thermal  Stuffy 4.0 0.9 43 1.0 42 12 33 1.0 0.383

comfort of Clingy and sticky 2.7 1.0 2.3 0.5 32 1.5 2.5 0.8 0.540

the inside of Damp 22 0.8 2.5 0.8 32 1.5 2.0 0.9 0.243

brassiere  Dry and downy 3.7 1.8 33 1.4 4.0 1.3 4.0 1.1 0.814

cup Humid and hot 3.8 1.5 3.3 12 45 12 3.5 1.5 0.478

Thermal comfort 3.7 12 3.8° 13 35 05 50° 1.1 0.103

Overall wearing comfort 4.7 1.2 4.5 1.2 4.3 0.8 5.5 0.8 0.248

oo Sig. of ANOVA
: Results of Duncan grouping.
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(Table 9) Comparisons for the wearing sensation of the experimental brassieres during exercise in the hot and

humid environment

3

W Fig Sis SFSy FSFx Sig.
Measurements Mean S.D. Mean S.D. Mean S.D. Mean S.D. (a=.05)
Front panel of brassiere 5.3 1.5 6.0 0.9 55 1.0 6.2 0.8 0.509
Fit of Upper edge of cup 5.5 1.4 5.7 1.0 52 1.2 5.8 1.5 0.826
brassieres Inner part of cup 52 . 1.5 5.3b 0.8 53 . 1.2 5.7 . 1.4 0.915
Cup thickness 43% 08 35 0.5 37 1.0 4505 0.091
Contact of cup 5.0 1.5 45 1.4 4.2 1.2 5.2 1.2 0.552
Softness and flexibility ~ 5.0 1.1 40° 14 43* 08 5305 0.126
Sensation  Elasticity 5.0 0.6 4.0 1.3 45 0.5 5.0 0.9 0.184
for Mold  Lightness 48 1.2 42 1.0 42 0.8 53 0.8 0.124
cup Volume 42 1.0 3.8 0.8 3.7 0.8 43 0.5 0.458
materials  Contact sensation 45 14 4.0 1.3 33 12 4.5 1.0 0.332
Smoothness 47° 14 3.5 12 32 15 50° 09 0.056
Hot 48 0.8 52 1.0 6.0 0.9 5.2 1.0 0.179
Thermal gy gy 47 10 43 14 55 08 48 1.3 0.384
‘iﬁ?fl‘r’lrstl d‘;f Clingy and sticky 47 08 42 15 53 14 47 15 0.514
of Damp 52 13 52 12 58 12 3715 0.056
brassiere  Dry and downy 23 12 22 13 1.7 0.8 32 2.1 0.371
cup Humid and hot 53 1.4 5.0 13 58 1.0 43 1.6 0.290
Thermal comfort 25 1.2 3.0 1.4 2.7 1.0 3.0 1.3 0.865
Overall wearing comfort 4.7 2.0 4.0 1.9 32 1.2 4.5 1.9 0.467
: Sig. of ANOVA.

™. Results of Duncan grouping.
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(Table 10) Comparisons for the temperature in the wearing experimental brassieres at the each conditions (Unit: °C)

F18 S13 SFSz1 FSF21 Mean
Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Room-rest 34.9 1.0 344 0.8 34.5 0.8 34.6 0.6 34.6 0.8
Hot-rest 35.8 0.5 35.6 0.6 35.6 0.5 35.7 0.7 35.7 0.5
Hot-Exercise 36.1 0.2 35.8 0.3 35.8 0.4 36.1 0.5 36.0 0.4
Mean 35.6 0.8 353 0.8 35.3 0.8 35.5 0.9 354 0.8

(Table 11) Comparisons for the humidity in the wearing experimental brassieres in each condition (Unit: %R H)

Fig Sig SFSy; FSF», Mean
Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Room-rest 53.3 6.0 52.1 6.1 559 11.6 54.0 6.6 53.8 7.5
Hot-rest 56.6 6.0 60.4 9.1 61.8 9.2 58.9 1.4 59.4 7.0
Hot-Exercise 74.2 4.7 76.7 6.6 76.7 6.7 74.0 4.7 75.4 5.5
Mean 61.4 10.8 63.1 12.6 64.8 12.6 62.3 9.9 62.9 11.4
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