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Abstract
In this study, the appearance change and the heat - moisture transfer properties of
knitted fabric by yarn shrinkage were examined to obtain useful data on the develop-
ment of thermo-sensitive functional materials. Eleven types of knitted fabric were
knitted using highly bulky acrylic-blended yarn. After shrinking the specimens using
dry heat treatment, the appearance change and thickness were measured. An HEC
simulator was adopted for measuring the heat - moisture transfer properties of speci-
mens by yarn shrinkage. When holes were arranged vertically in the mesh structure,
the specimens with 2,500 and 5,000 holes showed high percent change of hole area,
appearance, and thickness. When holes were diagonally arranged in the mesh struc-
ture, the percent change of hole area in the specimen with 1,250 holes was larger
than the one with 2,500 holes. However, the dimensional stability of the specimen
with 2,500 holes was better because of its smaller appearance and thickness change.
In the tuck structure, the percent change of hole area in the specimen with 625 and
416 holes was relatively large compared with the appearance and thickness change.
Furthermore, the hole size in the tuck structure was smaller than that in the mesh
structure but the percent change of hole area was larger. Therefore, it was proved
that the tuck structure is more suitable than the mesh structure for developing
Heat -
that the change of hole area by yarn shrinkage enabled obtaining the thermal effect

thermo-sensitive functional materials. moisture transfer property test verified

due to the distinct temperature difference in the inner layer.
Keywords: appearance change($2]E ¥3p), thermo-sensitive(-:2=ZS), heat -

transfer properties(% - TEIAGES), HEC simulator, Human-Clothing-
Environment simulator( QIR 0J22- 817 A[E-O]EE), smart fiber(AOFE 2

moisture
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I. Introduction

20008t 2744 713714 JERAE 7129
%54 AeaATRE ATE AT So] Auate]
B A Q] 4Fo] A TFANS 7|uto 2 St V| sAT
4ol 45 3 AR 7154 Asadz 84

W97k SejElolzka e 58 AR Al 7%
g nxsto] YL FAAA TheFer 7| st

8% % Y S¥o] avHE Aexd Bl 7%
4 g A7Age] T3 WY F st

ot MEL 752 ofREo] Ax=Y ot of
Yg}t v R 9] By A A H (breath thermo), HlE] A 9]
BB A A (Kim, 2013), 183 FUSE 9] 3| E€(heat-
tech)¥} Z-2 H224 I 7|52 7H 4t Hol&
AESIAAE 83 AEF 82102 &5

Ao Aexds A 7154 HraAo g
< @&d] AAESE f't oF A Ha7lsl
obd 7haZAQl &5V 2e HA/HL sEHR v

_%
O

o
2
=2
i)

X,

AedS AssliE
= AHE 715E 7HAAL = AA(Chittenden,
2017)7RS Aot Qloem=E A5F A-f(smart
fiber)2}T1 8 4= 9}, FujelHo Fuks) AYH T
01}_—_ Z,]J_g] _Q_E_ZX—] _1‘:]_-?;1_%_ X]L‘cilé A _?r__g] 7H}:ﬂ-_’] gﬂ
ATHY ALA JEIJE o] 85l A7|A vty
?‘T‘li FRE5ZZH 9] “Heatex”(Lee, 2015), B35}
FE (21O 22 Al2he2 &dtsto] A2 whAb
3 Hedg F7A FUEAS S ' (Kim,
Heo, & Kim, 2015), 2™ 7jdo] o3t &5 - ¢
AGE 0]83t 5LLF 9 “warmfresh”(Yang et al.,
2015), AFAo] B2 ZHALo] gt 2.2 4821 “OUT-
LAST"(Sim, 2014) 5o] 9Ie}. 919 A e28L 95
eSS B B2 UAE g5 54 2 ¥e e
2l dSsh] A8l e 2A4= shute] Rz
BT} §714 7152 B 2ol He 29 5
7hAA 2750 ZAfjof Higt A - A
e B AFolt,

2 971 20] et Ahela Sl T §47)
AR o] tigt AH(Balk, Behl, Nochel, & Nendlein,
2012; Bothe, Emmerling, & Pretsch, 2013; Ebara,
Uto, Idota, Hoffman, & Aoyagi, 2012; Hu, Zhu,
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Huang, & Lu, 2012)7} ZHsiR|H A 31491 7|+
o] Ziwet Fe Halo] mE 714 WISt 7hsstod
F9ih 910l 8% 4 e 7154 Lt Aol o
St 7|2A47F 2FEH A Qi E5] 43 AlEA
57]@ HLeX m 11371 =og 7] = _,]T'_oﬂ m—o]
AREE I Sl BAES 2200wt 9Fo] E2hA]
o i) $EA w0 WA E REo] W TR
FH} B FEY 4 Uh(Sang, Lee, & Park,
2015). BHZHL WPl whet et 57 9

)

=4, o]% 371x] HAY¥E 2l plain(knit), miss, tuck
< 7|20 = 3 YHAgdL AEo|v FHA ) Hlsl &

A4, A4, Aego] <ok WYY 2§00
2 et $82AE TN 5= Ark(Sang & Park,
2013). 2|2 (plain) ZZ oA X (loop)S AT v}
Lo] 2= olFAl7|H ¥l 3o oA AE|X|(lace
stitch)2k1L o= W2 7]Fo] 7Y, vl=& Hojy
A BeE 7129 FX(held loop)et EFE € T
(tuck loop)°ll 2sIAH = 7]50] 7™ B AE A (tuck
stitch)2kaL QFch(Spencer, 2001). ©]23F AE]X]0] 9]
3 A71= 715ES HAES 9A EXAYY oy

[¢)
H 2 A % Utk BhBY 2HS 943 57

Hog Hud FEAHel Wo| R7EE Anxgolit
£8 olFo] ol F8¥1 U, olH /5o
218 AdHoR 28 & Itk ol58 oRE

g ohe}, B24o] 8
3 4 9lol AR 28T 5
Aok,

wehA] &2 Aol A= @7 =0 7-8-5te] AlEol
Aol Aexdol 7hst 7154 ARMLL 9AT
N2ARE AZI] g8, e 5% o] w2
o3 BB P2 WslE Jolry ojuwlay
o) 83 AR A} $7 ALEHL Holsio]
Hste HastEA B8 £7147 BeAe
ofg % = WAz tTt ATES SPstuAt
Rt olF fsto] 7159 27, 9k, HiES EEst
of oA 291 wj4(M, mesh) ZA 3} E(T, tuck)
225 #wAste] #580 W ¥ K course
T, wale ', T 7159 WA WIS AW HEQL
ot} St QA-9E-27 A]EYC]E|(HCE simulator)

W olgsol 0] ME g Wyzdel @ -
1=}

o] 1— _’] = 7H]:ﬂ—o] 7].__‘6‘1-
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Il. Experiment
1. Appearance change

1) Yarn and condition of shrinkage for specimens

2 4gol A8 AU ARL AT YA L
ol gAtet wlate] 97t F2to] Wol At Sk
o) wisto] wet u]iwa] §52 Wgol 418 High bul-
ky 755 o= ¥ (Kadolph, 2011)& AH&_t 4] 714
HAF AEJA| HAFS] High bulky acrylic 50%/Wool
50%, lply, 2/30Nm ®FHAE AMGSIATH #3549
242 7] 919 WS 30em¥ A2 F 22} 80C
9} 100C 9] ALE7]0l 58&, 108, 158, 20& &%
FHETE & Aol A2olA 12 FAsHH. 53] §E
5 3 $5E9 gagts AR 23 72 A
A AZAIZE 102 o 7P & e5H0E Ho £
AEE AT FE52M02 PESHGUTH(Table 1).

2) Knitting and shrinking process for specimens

APdH HAS 98] Shima Seiki(Japan)ALY] 12
gauge Computerized flat knitting machine(SSG 122SV)
£ AMESto] X377 46(stitch value)d] ZAHCE F
10539 22/(W4] 65, 8 4%5)2 30cmx30cm 7]
= AYHE "w/dshainh. A% Alms (Table 1)
Zo] ApEAE Aaet AeFAY Are] B
ZZ5A FEAIZ

3) Principles of knitting structure and image of
specimens

7t AHY ZAZE (Table 2)9 2o HAY
g et 2k

- Ml _IA, 1B, 1C, 1D, 1E: Wj3]%2] 44 A 2=

<Table 1> Condition of yarn shrinkage

Shrinkage Oven temp. Drying time
(%) ©) (min.)
LST" (1.87) 80
” 10
HST  (12.73) 100

* LST: Low Shrinkage Treatment specimen.
" HST: High Shrinkage Treatment specimen.

wAgolT

hzof QAFet 2uE §A FHAIA FL7}
X 713S BARAIH Y] WAEG 7|F5
of wet A, B, C, D, EZ HA|SFZH
M4 4B2, 4D2: Wi 22 A4 A REE o
FoZ A FHAE 4ET QEZ0R
optm gzlom, olnf AL 7]Fo] o
WFo g Qlystal A=A wiA|sH.
T4 W1, W2, W3, W4: B 84 A] Y (wale) ¥
FO= AT 479 FnE FHAA st &
g BAAFTE ojf W offFo] Fxvl oY
WFOR 4Z(row)THE BolgBA WA FX
o] 3717k AA 7150l A7, €229 U=
of w=t Wi, W2, W3, W4Z HA|5}F ).

e 1

9]

ANrE o
(RN

4) Appearance change measurement

HALS] SEEo] whE ARO] YFHst S42 11
T YEARE A7 Standard(FEA A AlR),
LST(A5 #2] AlR), HSTQALS A AlR) 374
# FH|sto] HAA R FIFEY LT /A A
100 stitches x 100 rows THE HA|SH & T A(course)
L A(wale) o] dolE 4o, =
AL ol&st Alro FAE S5HAT AlRd 7]
2o] MHust 24 Belo] FojA ARS wET
B 902 ojuAg AL YIS olgd
Stereo microscopy(Discovery V.8, Carl zeiss)S ©]-&
stA=tl, AE o|nAE 58 St tha Image pro-
cessing software(AxioVision Rel. 4.8)9] tool& ©]&
sto] 7159 S weE 1Y & A5 m S
= 7I3HAL TESITHFig. 1). MI_IA, 1B, 1C,
ID, 1E, M4 4B22 M= 9237} shetol A 2kt Sem

goj7l oA FE FL A e 715 2070

7 [e]
S35t H249) Aol Ru} JUgFoR
ol A WA SRS ofe] A9 71Fo] AT
dow Q5 A7l vER 2 ol e 712
BES sl 17]9) 71 BoR s, A%

A3} sfekolA] 217 lem Hol W Eo|HRES] B
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2. Heat - moisture transfer properties

o5 AP Bt Aol e EI A

. gk

ol - o7gs}

Yoo, 2004)& o]8519it}.

1) Specimens

73 AlEH°]E|(HEC simulator; Human-Clothing-Environ-
ment simulator)§](Hur, Yoo, & Kim, 1996; Kim &

Y54 Yotry] 913 Aol Bast Nzol 3] el ALSEAY Ao G Wyge) 72
7h a1 Blw A @Azt £4o] Thst QA|-9E-g A WIS AT AES FolA HlE Pt
<Table 2> Notations of knitted specimens
Mark M1 1A Ml 1B Ml _1C MI1_1D Ml _1E
(hole no) (0) (5,000) (2,500) (1,111) (625)
Notation = = £ t - B = 2%
7 I's
¥ I'd
I'd o7
Mark M4 _4B2 M4 _4D2
(hole no”) (2,500) (1,250)
[ ] 7
H/
4
A T = ] ‘ [~]
< = 7
v < [~]
. v = =
Notation ! H { ]
< [~]
i = 7| |
-/ < =
v | ] [~] H/
I'd
o
v B[]
Mark T4 W1 T4 W2 T4 W3 T4 W4
(pattern no"™) (1,250) (625) (416) (312)
v v v
v v v
v v v
v v v
T v v v v v v v
v Tv v v v v v v
v v \i v ) ) \i V'
Notation V v v v v » v v y v v . v
v v v V Vv
LA v v v
VI 1V v v Vv
v v v v v v
v v v v v v
v v v v v v
v v v v v v

.
Hole no.: no.

of hole/100 stitches x 100 rows, = Pattern no.: no. of tuck pattern.
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<Table 3> Structure image of knitted specimens

A S50 M ogy BB

Yepasiel o - SR AUEY

Mark

(hole no”)

Ml _ID

Standard

L’o‘ﬁa fﬁf.%l

(1,111)
e q

T T AT 3
LA N
T

' oq-i f
i »
»

LST

A= ] ---.:gf-‘..
-

—————

HST

P ]
i = s i | i
[ I S| -

L e e 1

N T -

Mark

(hole no”)

Standard

LST

ol
p;-b"

gy

e g
f‘O‘-c.\\
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F
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F -
i N e

S|

Mark

(pattern no")

T4 W4
(312)

Standard

|
i

L

-
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%
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»
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«

B
%

=

3

s

’

[,

o
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<

By e <
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wd Al
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C g

Fi

SR A

?
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» ’ Y.
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Q
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Hole no.: no.

of hole/100 stitches x 100 rows,

pattern no.: no. of tuck pattern.
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v AW \d
1 e 3 »
Y, Y, Yy & .
AT UA Sl SN0 L i N P el A A
Voels e DL R AR ™ Bt AT =
RORRAY REORLE SRR
A DT s AN M | e "tf"‘
Standard LST HST

(5 times enlarged)|(5 times enlarged)|(5t imes enlarged)

<Fig. 1> Stereo microscopy & measuring
hole area of specimen

HomA 13wl Wshe A4 Feusks 245

ol - o7gs} 167

SheiA B9 B4 B Foll 4 Ut
BHYRHolT B AR 1F(T4 WS 473
sto] AL A BRI 100CONA 1083+ ABH
U3 5o BB Yt 2 ADPEES FYAY

th(Fig. 2).

2) Equipment

A1&dS 935t HEC simulator®] ¥ (chamber) &7
2 1204 A0 7 WISIA]7]= warm temperature
(30T—20T)2} 204 #2202 BSHA]7]E= cold
temperature(20C—10T) 27}x] LW} X0 Z A
Aotk HIAE g0l A7 20em7} HES AlRE
Ay =ZH Yol THAIA vertical skin modelo]] FZFA|
13 7 220 B2 222 HAAE0I%E Ay
oA 3087F =EAIT] T W2 252 HAAE o] 9]
= YR &4 308 23R BE XA &
TE 50£5%E AAHAZFOH 33CE GRS e
hot plate®} A]= layer AFO] < inner layer®] 0]A|7|&
o A& layere} Bl A= O] = FEA Aol
Z outer layero| A2] A|ZHS] Aol ThE 29 F
9] WslE =743} th(Fig. 2, Table 4).

vz At 9K

g s B

1. Hot plate with the sweat distributor
2. Temperature and humidity sensors
inner layer

3. The layer of specimen

.

microclimate of inner layer

4. Temperature and humidity sensors
outer layer

P microclimate of outer layer

Before shrink

After shrink

<Fig. 2> Human-Clothing-Environment simulator, schematic diagram of the vertical skin model & specimens
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<Table 4> Test condition of HCE simulator

F5o| OE thed BgE FHisiet 4 - o2 Y54

wAgolT

Chamber condition Temperature (TC)

Humidity (%) Operating time (min.)

Warm temperature 30C — 20T

50+5% 30 min.

Cold temperature 20C — 10T

50+5% 30 min.

. Results and Discussion
1. Appearance change

1) Appearance change of mesh structure by no.
of hole placed in vertical direction

73S FHMASAS W W42y wYR| 9
e 3H(Fig. 3, Fig. 4)°A1 EF|RA(plain) £ oy
Aol QJFustgo] FagFolMurt o
A vegth. GRS )l e APt
Hlo s 7159 Jli4 2,50070 & o 2249 A
o W 7ho] 919 Wspr g 7ow, thgol 5,000
A, LI17R, 6257 <=olU=Hl, ol= H4 Al dofut
= HAE9 9 (distortion) FE 2] A9} YA FH=
Aoz Hol, 4|22 WYE 713 w9 At
W A S dhEadge] aglo] Ho, ol ok
T S| YL vA= Ao w HtE 3
7139 Us AL 71394S 8 S 22
7ol It 402 Qs 5]8 JPHSE i
9] 9lolo] H= /\_E o dAeFol i 9
Fush MM E 15EAE ARY o WY F
W Qg ¢ T77ﬂ %9}7} A vEt FA |
3t JA] QjFrastel 2 A3k Hol HAYARY] 7]
29| 27] Walrh 3aet dAuere) WslE v opy
2}, FA0 osiAE FFE Be AR AZETh

25

20

15

10
WHST

Thickness change (%)

M1_1A M1_1B M1_1C M1_1D MI_1E
Mesh structure

25

20

15 BILST Course

QLST Wale

10
WHST Course

Appearance change(%)

BIHST Wale

M11A M1.1B M1.1C M1.1D M1_1E

Mesh structure

<Fig. 4> Thickness change by number of hole placed
in vertical direction (mesh structure)

Wz ajo] w2 7| Zo] F7|MaKFig. 5, Fig. 6)0]A]
L7139 et AXE #Y A FRHOE AP
S37E G gol Mot 7139 A7) 958 Ho}
Atk G52 HLAAE A5EHY AR 0

4.0

NStandard
@LsT

- WHST
| L \ \

Hole area (m'/hole)

ML 1A M1 1B M1 1C M1 1D M1 1E

Mesh structure

<Fig. 5> Hole area by number of hole placed in
vertical direction (mesh structure)

@LsT

WHST

% Change of hole area
g

M11A M1.18B M11C M1.1D ML_1E
Mesh structure

<Fig. 3> Appearance change by number of hole
placed in vertical direction (mesh structure)

<Fig. 6> % Change of hole area by number of hole
placed in vertical direction (mesh structure)
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Bop 3524 ARY 4 7139 27171 5 Ao
o 37] Wsle] AFE o FHeted, 715 2717t

75 S48 Worlth

2) Appearance change of mesh structure by no.
of hole placed in diagonal direction

7182 A e wiAsHEE w 7189
iR Al 1Y F DYSHAE f2 dojubA] kgt
=, °le W V(&2 rowyrtt} 7152 A5 9
3 ol 5sh= Fo| wefo] Hio] Ao ® ¥y
£ FAIs] mige 2 AZE De2H(7]3 7)ol
g miHE2A HAdE0 JEHSKFig. 7, Fig 8)5
Ao EH, AR o} v R eSEAE Al
29 1 "4 & FF Y Wekeo] zloH, 7
T B A EFARA] ] LAY €
@ Hkeo] IARFIMET Ztk 718-9] 7l 2,500
7H(M4 4B2)Y WjE T} 1,2507 (M4 4D2)Y w TAH}
o] Wokee gastgloLt, YU Holge
L35 FsotAem, AeSAHY AeEAE AR
o BF 22 AFE HEdH. FA= 7159 A
4 2,500707F 1,25071Y iRt FAHOoH, HilE

olul4] - 9735} 169

EQ AN QY WHoled g2 B UEIth
(Fig. 99} (Fig. 10)2 A4 FFo= 7| FHA]
Al WEAHT)E 7)ol T 7189 7] WEkE yEt
Zoltt. 7189] #AujA| Mok g2 7139 U
7t 2 1 71537] ERE Hoy 27Hske2 devt
A2 ) B 235 27 Ueidth dakeE E 7]
SHS} v A A qet 2L FFE HA
o, 71F 747 2,500/ 2 2 M1_1C2F M4 _4B2
£ Hluge b dizid wiA A19] 71EHA o] tha 3}
=, ole 84 Al AT B2 9] IS A
o2 7| go} 7129 377} AA Aoz werEc).
AEE vl A e 2eEAE AR 1 7139
27l Aoy 271HEeE o A Yebdth

ET:

ul

[¢)

i

2. Appearance change of tuck structure by no. of
tuck pattern

USA(E HY o] e 927 e
WskFig. 11, Fig. 12)04%, T5%42] A2
K] oF W 9 Wago] Hor], Heola ]
S2vppel Mt Aol M 9 Wakgo] 2
A dergeh £8 dAZ YEKE 09 )t 2

o

mO
o £ g
e

25

20

15 BLST Course

ELST Wale
10

BHST Course

BEHST Wale

Appearance chnage(%)

M4_4B2 M4_4D2
Mesh structure

NStandard
@LsT
WHST

Mesh structure

<Fig. 7> Appearance change by number of hole
placed in diagonal direction (mesh structure)

<Fig. 9> Hole area by number of hole placed in
vertical direction (mesh structure)

@
3

N
o

N
3

=
&

@LsT

"
1]

BHST

Thickness change(%)

o

M4_4B2 M4_4D2
Mesh structure

<Fig. 8> Thickness change by number of hole placed
in diagonal direction (mesh structure)

@LsT

30 BHST

% Change of hole area
3

M4 482 M4 4D2

Mesh structure

<Fig. 10> % Change of hole area by number of hole
placed in vertical direction (mesh structure)
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wAgolT

n

N
S

5

BLST Course
ELST Wale

=
5]

BHST Course

«

EHST Wale

Appearance change(%)

o

wi w2 W3 w4

Tuck structure

B Standard

@LsT

Hole area (mr'/hole)

Lol
.
o

BWHST

T4_W1 T4 W2 T4 W3 T4_W4

Tuck structure

<Fig. 11> Appearance change by the types of tuck
structure

@LsT
10 ~ BHST

Thickness change(%)
-

w1 w2 w3 w4

Tuck structure

<Fig. 12> Thickness change by the types of tuck
structure

e Yetdth 5 #skeE ke
E5] Adurare] Hakeat

A9 H|=39t ABS Hol gxA9] FAWHS= YL
! 3 Biglol] & JFE W= A= wodh
gx29] drxig g $)of w2 759 7]
WSKFig. 13, Fig. 14)o4%, SHtiAto] == 715N
5, A siEE2 tha o]A9] A7} A,
2 AFoR d2 folEE 7HX I Hu S o ui4
19] 715 A8 g§x39] 7% 2717t Agke
AAsE-2 © IA Uehd 8& o83 HAR
PSS HAaslolHA 24 BV B
ofgd 4= = WA E = S Aoz

S AEAHE W )7 EE 715 |
2ol 713 wH Biskg2 o FloH, dAkeE
ol AeEAE ARG of 22 F%S Bk

N

SO
1)

i)

oo T

H#lofﬁog_l
o
—V‘-‘_ln:

3. Heat - moisture transfer properties

1) Warm temperature condition
229 T4 W30 15EAe A3 T RS 7

<Fig. 13> Hole area by the types of tuck structure

100

@LsT
BHST

% Change of hole area

T4 W1 T4_W2 T4_W3 T4_W4

Tuck structure

<Fig. 14> % change of hole area by the types
of tuck structure

N

o

b2 AH(30T, 50+5%)°] 3027 =EAFH T
Fo (20T, 50+£5%)2 o]55to] 3087 LEA|
2 9] AIZHE inner layer®] 2EHSIE AHHEH
(Fig. 15, Fig. 16), A& 9F 102 B2tolE I+EA T
A 5 A=7re] & Fol7h Ag] giglont, WA
IFEEA T ABZY 2&7F ZASH A UE
s} olelgt AL 308714 ojojAlth gjRgAe]
Hstel A 2T J= SF43] oo, A 2%
7} ERtsHA| Asste] 1T AsdlEste 42 1
P+, ol&= A2 93} inner layerd &7]&0] H
YA R2AIE ASA7|E A02 Bk whg,

o)

35

34

33

— 8- (Before) inner layer temp

Temperature (°C)

32
—a— (Atfer) inner layer temp
31

0 10 20 30 40 50 €0
Time(min.)

<Fig. 15> Temperature change in inner layer over
time under the warm temperature condition
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<Fig. 16> Temperature change in outer layer over
time under the warm temperature condition
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<Fig. 17> Humidity change in inner layer over time
under the warm temperature condition
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<Fig. 18> Humidity change in outer layer over time
under the warm temperature condition

<Fig. 20> Temperature change in outer layer over
time under the cold temperature condition
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<Fig. 21> Humidity change in inner layer over time
under the cold temperature condition
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