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Table 1. Specification of the samples

Fiber category Code |Fibertvpe Weigzh : Construction
(g/m)
100% Broad
Cw Cotton 120 cloth
Ck éc?t?i 140 Interlock
Ww ;?30%1 187  |Gabardine
Hydrophilic
Wk };ér?g(?? 177 Jersey
Lw 100% 179 1/3 Twill
Tencel
Single
Lk L00% | 1316
Tencel jersey
Nvlon
850% .
NSw Spandex 154 Plain
15%
Nvlon
84% _
NSk Spandex 390
; 16%
Hydrophobic
Pw IF?E?'?C 168 Oxford
Pk IE?EE})'I?E 106 Interlock
- 13 - o G_ T -l__
e A2 tj) 8
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Table 2. Specification of the drying conditions

Code Heating Drying Drying
method mode temperature
Heater Heater Tumbling High (75~807C)
Heatpump (t) * Heatpump Tumbling | Medium (55~607C)
Heatpump (h) * Heatpump Hanging Medium (55~60C)
Line Dry - Hanging Low (under 26C)

#(t) indicates tumbling, (h) indicates hanging
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Figure 4. Photos of Heater dryer, Heatpump (t) dryer, and Heatpump (h) dryer.
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4.1. do] 3l B4 W&

A7 = EAXNE Hrlslr] 9stel AATCC Test Method—135
(Dimensional changes of fabrics after home laundering) [20]S
7o g2 Ay A A3t wyowr £ Rekste] o] wWsksy)

Pt

a4 wskge =
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Ol

4.1.1. Aol Wshs
Figure 6 °f Wehd A} dx 5 do] Wk yn] WEe] dols
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Length Dimensional change(%) = 100 x (a'c’—ac)fac - Eq. 1.

Width Dimensional change(%) = 100 x (b’d'—bd)/bd -+ Eq. 2.
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Figure 6. Change measurement before and after washing and drying.
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4.2. 7741 F7}

AZ 3 A5E AATCC Test Method—124 (Smoothness appearance
of fabrics after repeated home laundering) [21]°] w2} Figure 7%}
22 AATCC 3D smoothness appearance replicas ©]-&3&] 3XH9

JdBPRYL 339 AR B W A AwIBY 5

- 923 - #;rx_'! _-:I:I_ 1_-_]



Figure 7. AATCC 3—D smoothness appearance replicas.

Table 3. AATCC 3—D Smoothness Appearance (SA) grade [21]

Grade Description

SA-5 Equivalent to the SA—5 Replica. Very smooth, pressed, finish
ed appearance.

SA—4 Equivalent to the SA—4 Replica. Smooth, finished appearance.

SA—3.5 | Equivalent to the SA—3.5 Replica. Fairly smooth but non—pre
ssed appearance.

SA-3 Equivalent to the SA—3 Replica. Mussed, non—pressed appear
ance,

SA-2 Equivalent to the SA—2 Replica. Rumpled, obviously wrinkled
appearance.

SA-1 Equivalent to the SA—1 Replica. Crumpled, creased and sever
ely wrinkled appearance.

_24_



NEE
87)¢)

1

T

1ol A
A2 77HA]
e

e
1l

A= h

A el A

A&7}

™

T

o4 1 Ak 30

B
T

110ce <

o]

gstgom]

=
=

AE

g
-

WZAA A

™
T

diAlAlolEe ¥

tol

A A

fite)
To

v

o
g
A

lny
.
o

kK

W gk
etz Yeh ATt

AE

SRR

3]

&
=

Ay G AR 273 3

[e)
He

N

- Eq. 4.

100 x (0 — D)/D
_25_

Moisture Content(%)



. 23 9 13z

A e HE

bF
oy

).

fu
N

N

iy
1
{|m

o}
Nfo

N
he

he
N

Nd
he

Aol Al AFE¥ Heater, Heatpump (t), Heatpump(h) %

=

Es

st

Al
=

A

3

2] 2=
T

T—
T

A2 U9 Figure 8 o YERJRITE E Aol

FoAch[11]

S

g

=
= %

Nd

82.4(£0.54) TS} 86.3(*0.23) C=E

19.3(£1.76) Fo]At}. Heater =49 A%

=]
]

F 29.3(£5.21)

)

|

2 AREY A 7 =

o

o

1o

7hg w2 A 80T o)A &7k 71

of wZ Az Ake] Apol7t EAElE SlolekaL

W
B

Heatpump (t)

_26_



64.8(£1.62)C, &5 A= 64.1(£1.30) CT7HA 7HdE o F
I R2E7HA] A™ AR ZH7E 66.7(F1.76)3, 64.7(+1.30)E % 57
=30t} Heatpump () 2419 25 054 At £54 AgEo] 2
AT AY 2 FelAE FAvIE AolT molx gk ol o

64Co E7HA] AZx7F B w7bR] HHd3s] 7Hhdsts = A WA

rlr

Ax7] Wl g =4 fAEe s 8l A" FEERE

S

g Hool o7t o] mmE Zlow Atgdn.
Heatpump(h) 212 A% F &5 349 A% w43 7149 B34S
AFeE= Heatpump(t) 2743 AV AdS el 18y &

B0t AT WA AFE AR Ax7] BH Y GelE Asdsa A=

)
=

T AZAIA AR &%= Heatpump (t) 710l vlske] wE A
9At}t. Heatpump(h) %79 Hi &5+ IAFA AgEy A

A MErEo] 7Z+7F 50.3(+1.75)C, 48.3(+1.75)C gom H1u &%714

_27_



—Temperature  mfH —Temperature  smRH
— 80 -
@) —
_ &
T b
Pust [ -
5 L. 60
[ T T
[ E o
o 4
g g 40
K i
20 A
0 T T T T T 0 . . i i
0 10 20 30 40 50 0 10 20 30 20
Time(min) Time(min)
(a) Heater type dryer& Hydrophilic laundry (b) Heater type dryer& Hydrophobic laundry
100 100
—TeMperature  s——RH —TEMperature  se—RH
80 80 -
g g
£ 60 T _ 60
ERS ERY
ST X
g = a0 g = 40
E £
e 2
20 20 A
0 T T T T T T T 0 T —— — T
0O 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Time(min) Time(min)

(c) Heatpump(t) type dryer& Hydrophiliclaundry (d) Heatpump(t) type dryer& Hydrophobic laundry

100 100

—TEMperature Ry —Temperature —esRH

Temperature(°C)
RH(%)
IS S Z
Temperature(°C)
RH(%)
8 & 8

0 10 20 30 40 50 0 10 20 30

Time(min) Time(min)

(e) Heatpump(h) type dryer& Hydrophiliclaundry (f) Heatpump(h) type dryer& Hydrophobic laundry
Figure 8. Change in temperature and relative humidity in Heater

type dryer, Heatpump (t) type dryer, and Heatpump (h) type dryer.

_28_



+ Figure 9 & &3 & 4 3t
Az 3 74 54 Ax 2719 9st

A% ARA 319 FErk AekAl ek
o A7t ol Mgt wgelq s

oz #udc) [13] A

=7 {71
AlHE+= Heatpump (t) Z71elA 70|

Heater

7} wlneld Frel WwAF A4
AN 4

ol F-zio] wAsHA "k [11]

Az 219 s ZolE AHKRH Heatpump (h)

oA 3o vha A vebdE

T B A vAYUSE] Aol Qg Aow

2014 4 77

o] Al&}A WAsF 11, Heater, Line Dry, Heatpump (t) 12 <=A&2

79l A=7F yebgth Heatpump(h) =79 74
wff wE AIZE Bl Ax7F FRENeH HE

Aoz, AE T "HEH & 7AX AlErt d) AR AxHEA 4

_29_

—

A 21

| &) =

'Iu



o] A 7|37} 5P & Aoz AZLET Line Dry 2719 A9 25T
o]gl 259 A 71 AIZF FF HH3F] AFXHEZE Heatpump(h) =

AoABG Feof ol 7o) BAA Aol Aol HF dx & 739

Jo
Ak
=L
o
o
kil
o
0
=2
2
Mz
2L
1o
Mo
of
o,
o
of\
N
)
O/
ol
2
R
i,
2
14
(o]
=
i
39,

Heater 2719 1% &%= ZgoAH 2 Gy do]&%Q 67-81T o]

t}.[10,22]

_80_



SA grade

Cw

Ww

B Heater

W Heatpump(t)

B Heatpump(h)

Line Dry

Lw

NSw

Pw

Samples
P Ck

Wk

Lk

NSk

Pk

Figure 9. Smoothness appearance grade after initial drying process.

_81_

&) 8t




0

i

<

4 Ashe of

3}

= AdelM A=

a

.

Zolshge W grow LRl

o
i

3}

1.3.1. Aot

Figure 10

HE

=2 A4

PR
“

B U=

2 ol

Az AA el

<
LN

o] Alg oA Heater

ol

wr

N
(-

o7
M

el
|

N
Nd

Line Dry,

2201 Heatpump(t),

V3

o]

Heatpump (h) =42 +=AH=ZE F

=
ar

Heater A4 A

1A=

9

o Z1A ] FAlel 7t

[eX|
=

-0
3T

qEY. ey geleal

_82_



FLCE

7] o A

Ax

| —
R

g, °l

AN

Heatpump (t) 274 714 @o] 453}

AR7E w2A Az A

3

o]g} o AZIt}, Line dry, Heatpump (h) 72

2

AlZo|A Line dry Z7o|Ae]

s, o

%0] Heatpump(h) XY A4 YEL

i
-

o

Heatpump (h) Z7ef H]

shof =) Az

foi3
=

ol

ol

_83_



Dimensional change(%)

-10

-15

B Heater B Heatpump(t) B Heatpump(h) Line Dry
Samples
Cw Ww Lw NSw Pw Ck Wk Lk NSk Pk
—T‘!'-—:_—l-l] T = “‘!_ l‘l‘._—.‘!'*=_
I]_l : I .
I I

Figure 10. Percentage length dimensional change after

_84_

initial drying process.



o
!

__oo

3}

3

1.3.2. vudt

Figure 11 o] YepfAch A

W<}
=

o Vulgg st

EER

o|7} & AR uEhwtt

aF

Ho]—

Mz A ekt wne e wsks 54 Ay, 4o

A%l &

Eal

B

14

= A

b Ae ke e ol: AlE

=
ar

-] A

—

W
T

A

3)

ojt A=

—r

o]O

AT

0

!

2 ©] o]k

=9 4

ol

;OO
=0

3

H

o] AA &= Zo]
o). [15,23] ©iqk, =

s,

o] A e}

s
T

Foz9

el

U]

o
T

]

b

oA F5ol

Eal

Heater =

1A=

JERI e 23 A1) Tt

=} O
S

—_
file)

—

PN
T

;OE

—_—

o

o

FEHAA

T

oA ]

_85_



Dimensional change(%)

-10

-15

Cw

B Heater

W Heatpump(t)

B Heatpump(h)

Line Dry

Lw

NSw

Pw

Samples

Ck

Wk

Lk

NSk

Pk

|

!_!_!I

_86_

Figure 11. Percentage width dimensional change after initial drying process.
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Heatpump (h) conditions

Table 4. Average temperature of Heater, Heatpump (t), and

Average
Heater Heatpump (t) Heatpump (h)
temperature (C)
Hydrophilic samples 71.3 46.9 43.3
Hydrophobic samples 68.3 52.5 42.1
Temperature(°C) Temperature(°C)
20 40 60 80 20 40 60 80
5 5
o 4 %k P 4 ; A ® NSw
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w 3 ] ;“ 3
3 X ¥ m Lk i x X Pk
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Figure 14. Smoothness appearance grade and Area dimensional

change of samples according to average temperature.
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Table 5. Average RH of Heater, Heatpump (t), and Heatpump (h)

conditions
Average RH(%) Heater Heatpump (t) Heatpump (h)
Hydrophilic samples 35.1 39.4 26.0
Hydrophobic samples 35.2 43.3 32.5
RH(%) RH(%)
20 30 40 50 20 30 40 50
5
X
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B = * Wk 3 A NSk
[ | m Lk @ 3 A Pk
¥ ¥ 3
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Figure 15. Smoothness appearance grade and Area dimensional

change of samples according to average RH.
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Table 6. Optimum drying time and ended time of samples a drying

conditions
Heater Heatpump (t) Heatpump (h)

Time (min) optimum end optimum end optimum end
Ck 30 47 40 77 30 37
Wk 30 48 50 69 30 37
Lk 30 48 50 69 30 37
NSw 30 49 50 72 20 40
NSk 30 50 40 70 20 40
Pk 20 50 30 70 10 30

Table 7. Optimum drying time of Heater, Heatpump (t), and

Heatpump (h) dryer while drying dummy load lkg

Heater

Heatpump (t)

Heatpump (h)

Optimum time

(min)

30

50

30
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Table 8. Moisture Content of samples at optimum time and ending

time
Heater Heatpump (t) Heatpump (h)
MC (%) optimum end optimum end optimum end
Ck 0.28 1.50 0.28 3.61 0.93 1.56
Wk 2.28 0.78 3.11 1.72 0.39 2.33
Lk 4.56 5.33 4.11 4.71 2.11 0.11
NSw 2.83 1.72 1.94 2.28 0.17 0.33
NSk 0.89 1.17 0.67 1.17 0.94 0.12
Pk 0.17 2.33 0.78 0.39 0.39 0.50
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Abstract

Influence of Drying Conditions on
Dimensional Changes of Fabrics
and Suggestion of Optimum Drying

Condition

Kirim Kim
Department of Textiles,
Merchandising and Fashion Design

The Graduate School

Seoul National University

The purpose of this study was to investigate the effects of
various fabrics on the drying conditions and to propose efficient
drying conditions for each drying condition. Cotton, wool, lyocell,
nylon / spandex, and polyester were selected as samples and the
four drying conditions were different in temperature, humidity and
drying method. We had examined the smoothness appearance, the
percentage of change of length, width, and area, and the moisture
content. Finally, we proposed optimum drying conditions that save
time and energy while maintaining final drying effect and

dimensional changes by drying condition.
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The woven samples wrinkled more than the knitted samples,
although it occurred fewer shrinkage. Wrinkling and shrinkage of
the hydrophilic samples were not affected by the average
temperature during dying. The lower average humidity during
drying was, the more wrinkle existed at hydrophilic samples,
although average humidity did not influence to the shrinkage.
Wrinkling and shrinkage of the hydrophobic samples were not
affected by the average humidity during drying. The higher average
humidity during drying was, the more hydrophobic samples shrank.
As for the influence of agitation, the shrinkage was large at the
condition of the Heater and Heatpump (t) in which the agitation was
applied, but the wrinkle was partially spread by tumbling. On the
other hand, Heatpump(h) and line dry, which has no agitation,
showed a tendency to wrinkle more even though the shrinkage
was smaller. Especially, the effect of agitation on wool sample was
significant, which is probably due to the felting shrinkage of wool.

After repeated drying, it was found that the clothing material
generally showed dimensional stability than the initial drying, and it
IS necessary to select the drying condition that minimizes the
dimensional changes during the initial drying. Exceptionally, the
wrinkles and shrinkage of wool samples became worse due to
repeated washing and drying, which suggests that the attention
should be taken when managing wool fabrics.

In this study, it was found that there was little change in the
area dimensional change after reaching the standard moisture
content during drying under all drying conditions. We judged this

section as over—dried section. Therefore, we set the optimum
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drying time for each drying condition at lkg of laundry load as
follows; 30 minutes for the Heater condition, 50 minutes for the
Heatpump (t) condition, and 30 minutes for the Heatpump (h)
condition. Therefore, we have found the efficient drying conditions
that save time and energy consumption while maintaining moisture
content and dimensional changes of fabrics by comparing the

optimum drying time with the final drying time.

Keywords : Clothes dryer, Drying condition, Dimensional change,

Wrinkle, Shrinkage, Efficient drying
Student Number : 2015—23096
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