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Abstract

The purpose of this study is to investigate the effects of napping of knitted fabric on wear
sensation and physiological responses.

Experimental garments were four types of warm-ups made of either 100% PET or 65/35%
P/C and either napped or unnapped respectively.

Two healthy young female adults were chosen as subjects for the experiment. Experimental
room conditions were as follows: Temp., 22+0.5°C; R.H., 544-3% and Air Velocity, 0.25m/
sec or 2.86m/sec,

The subjects exercised on bicycle ergometer and rested alternatively for totally 45-min,

The results are summarized as follows.

1) With napped Warm-up, chest, back, mean skin temp. and microclimates, i.e., temp.,
relative humidity and water vapor pressure inside the clothing, were higher than with
unnapped warm-up.

And there was no difference in pulse rate between napped and unnapped warm-ups.

2) Wear sensations of thermal, humidity, tactile and comfort were ‘more hot' and ‘more
uncomfortable’ in 0.25m/sec air velocity, but in 2,86m/sec condition the tactile sensation was
‘better’ and ‘more comfortable’ with napped warm-ups.

According to Pearson’s Correlation, among various kinds of wear sensations, tactile is most
related with comfort.

From these results, it can be concluded that napped fabric decreases the rate of heat trans-
mission and moisture diffusion through the clothing. Therefore skin and body temp. and
temp., R.H., Vapor Pressure inside the clothing are increased.
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Table 1.

Physical Properties of Materials

PHYSICAL PROPERTY

MATERIALS

‘ METHOD

oo 2 e 0 1B

Construction wales/5cm 47.2 ‘l ’ 63.9 ‘ )

course/sem | efsk.z))» | e | NM{ -
Thickness (mm) | 094 | 112 | 104 | 121 | - Thickness gage Method
Weight (g/m?) ( 219.2 [ 925.2 ‘ 261.8 ‘ 295.1 | " yjeigor f small specimen
Moisture Regain (%) ‘; 0.45 \ 0.43 i 1.90 ’ 2.07 - Oven-Balance Method:®>
Porosity () | .31 | o854 ' 823 | 98.29
Air Permeability(cm”/cmz/sec)l 181.5 ) 118.5 90.4 70.3 ’ + Frazier Method!™
Thermal Resistance (%) ! 16.3 I 24.3 23.6 3.1 - Constant Temp. Method:®
Water Vapor Permeability (%) 44.11 l 37.51 41.60 40.39 D Evaporation Method®
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Fig. 1. Design of Warm-up.
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Table 2. Garment Combination in Experiment Table 4. Environmental conditions
Garment Material IWeight(g),r‘frggil te) Environment l ]Measuring Instrument
Brassiere 100% Nylon 32 Temp. 1 2240.5°C ‘
Under shirts | 100% Cotton 60 RH iy - Assman Aspiraticn
Short panty 1002 Cotton 25 i 947:3% Psychro-Meter ..
Socks 100% Cotton 36 . Hair' Hygrometer
Warm-up| p 100% PET 612 765 Air Velocity | 0-25m/sec |- Kata Thermemeter
PN | 100% PET 635 798 2.86m/sec
PC | 65/35 P/C 736 889
PCN| 35 P/C
65/35 £/ 800 98 Thermistor &] Sensor & & HEHhid X5tz ¢
) ) SR ZEd % 4600 B
Table 3. Physical Characteristics of Subjects PEe EEEES & 58 M40 £i95 %
Subjects @i:rs) I%iimgilt V‘/(fi{ig?t Ercgy (%5&35)6 el A1 FAAq AL FE NE] HAAY §
ZEf Hedel X2AA 4S 4 28 ¢ Y5 &
A 19 | 152 | 48.3 1.42 sl o
B 19 151.¢| 48 1.41 o
J HWEe & EHrtd 1369
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iﬂ iaﬂ;?ﬁ = JH0.725 ¢ Tio0.428 X72.46
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Table 5. Load of Exercise

low load heavy load
| (8km/h) {rest | (14km/h) | rest |

35 45(min.)

| rest
30 (min.) 0 15 20
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1. rectum
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8. leg

9. forehea

Fig, 2. Measuring points of skin and rectal Tem-.
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Table 6. Scales for Thermal, Humidity, Tactile & Comfort Sensations
r;;l};g §E’f§?ﬁf’”»’i‘hermal( 7 Z+) l Humidity (%-& 7;}) " Tactririe_ (%7‘}) o Coinf&t EHA =D
1 Hot Very Dry Very Good Very Comfortable
CESEES ’ Gl Azs) % Ft) CEREEERD
o [ Warm Dry ; Good Comfortable
| &) A =3}eh) b b (4 4 skeh)
3 Neutral Indifferent Indifferent Indifferent
(4 &step) (RSolth) (BFeleh) (%ol eh)
4 ‘\ Cool Moist Bad Uncomfortable
!i & = (%3 (Gmrh) (EH s
5 Cold Dripping wet Very bad Very comfortable
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Fig. 3. Chest and Back Skin Temp. with 4 Types of clothings in Both Air Velocities.

Bl A= AR PCN & Al9stat abgd 4 -
o @Al P/CRY KMEPC, PCNYol w3z,
HHAAL HEE P& Adstze PETR Y &R
(P.PN)e] ket

ol AL AT BEFl Y WA= KM
8 FA =z fRifiEe] F P/CRY Kikel o4
w2 A e, REe Kikel WAE] e
Wl A 2SI B& T3 AL P/CHR &
Mol ABESEHER 8 EEA debidzm 44
=t

zEl . KRGS BA el mEge] NgEfiie) #F
WELT ¥ AL b A58 & sl
AR BES TRZR] Wifid €& 2 A7
7158 Aok ERAnE Q% HRER A feldtn
44,

EB EEEAAE REEEAR AR FEBRA
Mz &Rl wl& A vebhtz oleld A F A
AFEANA Frabsbgl v

A

o K

Akl A e o2 ¥ A AFL ¥
o & pEfile] dolAde A& 2 4 dkd oy
& A F A gle] FE—sie,

Kigel THY HHEE BEEKR] EREBEXR
a #lal E2A vEbvz 5 oobA ERESDA F—3t
v A ez ol E el BEA che Beeh

KBRS 5122k Bl gdelAnk KIRMY HES =
B ddx, JAA AdAs HET ER/ el
R gkoken, 5 I 25 vl - M 9 EF
WEE RolAl FUth

THR-: 7 s24x 25 KREY BEEE 24
voabeE A7 - el W2 AEEE Mol st

o] o} o] KERel TR Kl wrx, wietof - 48
d & HEEN RE AHL A U] 2R
oo Aud BERERE HHsty d2axety =g
F dEAdo® ge FHR sk o Wi Kot
ARz mAAefo] A S ulzbe]l o sknel Forced



Vol. 11, No. 3(1987) 7
Table 7. Local Skin and Mean Skin Temperature
. | ' Locations; ) : ‘ ) | Mean
]Delgt)s 'eé§0c1tv \ rectal ’ chest | back ug)glr af;){rf hand thigh:; leg ‘forehead §‘kin
~__lm/sec) Clothings\ . : ~ o I, ! (TSK)
} ' P | 37.16. 34701 34.25| 32.04| 32.32| 32.59 | 31.65‘; 31.38 34.93 | 32.95
L g0 ) PN 37.21° 24.68 . 34.82| 33.20 30.78 | 32.72!31.72 30.76] 34.81 ; 32.98
| PC 37.03| 34.74 34.11| 31.33 | 32.56 | 33.35 ' 31.43 30.31] 34.75 | 32.66
i | PCN | 37.05 2357, 34.62| 32.64| 32.44| 32.37 1 31.70' 30.28 34.56 | 32.92
A -
i P | 37.16 33.73| 23.58 | 31.38 | 30.35. 29.87 | 31.46 30.88 33.81| 32.13
I | |
286 PN | 37.17 1 34.65| 34.60 | 81.49 ' 82.22 32.55 31.72l 31.11 34.29 | 32.84
| | PC f 37.11, 23.85 | 33.79 [ 30.93 | 30.39 I 30.52 | 31.29) 30.24| 33.84 | 32.09
\ | PCN | 37.17 34.07 | 34.27 | 31.94| 30.98 | 31.26 32.43! 30.63 33.53| 32.57
I p 37.20 | 25.13 | 34.05 | 32.15| 33.41| 32.60 | 30.57. 30.48| 34.97 | 32.68
| PN | 37.08 | 25.11| 34.52 | 32.57 | 31.98 | 91.87 | 32.20 31.91] 34,521 33.22
25 |
0.25 | pc | s7.23| 35.19| 34.21| 82.17 | 31.38| 31.39 |30.91 31.01 35.21| 32.73
PCN | 37.10| 34.87 | 33.98 | 33.18 | 33.18| 33.56 | 32.00 31.48 34.52| 33.17
B | ‘ ;
i 7 P | s7.17 | 34.56 | 33.87 | 30.17 | 31.09 | 30.76 | 30.14/ 30.86 33.30 | 31.99
’ PN 704 | 34.46 | 34.27 | 3101 3110 $1.95|30.78 31.12 34.02 | 32.42
=86 | PC 37.13 | 34.40 | 34.21| 30.73 | 30.53 | 51.38 | 30.58] 30.81) 34.59 | 33.26
‘ | PCN | 87.19| 34.76 | 34.25| 30.91 | 30.13 | 30.53 | 31.14; 31.48 33.68 | 32.43
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TEMPERATURE RELATIVE HUMIDITY WATER VAPOR PRESSURE
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Table 8. Correlations between subjective Sensations

Thermal |Hurnidity ‘Tactile Comfort

Thermal 1. 000
Humidity -0.728 1. 000
Tactile 0. 455 0.540 1. 000
Comfort 0.581 0.714 0.787 1. 000
+ .
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Fig. 10. Sensations of Thermal, Huwidity, Tactile
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* Probable difference (p<{0.05) among clothings
** Probable difference (p<C0.01) among clothings.
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Table 9, Pulse rate with 4 Types of Clothings in
Both Air Velocities (beats/15 sec)

Air Velocity

W 0.25 2.86 | Average
Clothings -

P 23.25 24.00 23.63

PN 22.46 23.63 23.04

PC 22.38 24.17 23.27

PCN 24.17 23.25 23.71

Average 23.06 23.76
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