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2.1 54 Ag7] | 7|48 Z&

Muir et al. [17]& 7 FFel wet A=el 7heiAs &
A3t 2E ¥WS wegl &2+ cross flow, ¥Wel] taho]
3 23+ through flow, cross flow &} through flow 7} &A]°l
T Al A Aol thete] A=l TheiAl= s #ESkh
O Ay A& A 9 inter—yarn pore 7] =7}= through
flow oA 7} TA dojwtom, o] ZE9] through flow
7V ZFeAl w2 A ou|stth, AlEeA = olgt o] R FAS

galol 4%

‘lE of!
o

LeTE AR

GHoZ AR W Aol Afold A fEol FAHm, vlA
FES A% & 07F 4% woE $uANTH21.
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offt
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AA
sliding, falling, rotating |81 o2 UHv[10]. o83 A% AL
Soto] AEo] R YFS Wwol ¥ W wmpEo] dojdrt A&
AEe &9 3dom A% AAH(Eq 1, AEHR =7 ¥ Apol9
e (Eq. 2), 9 (Eq. 3) ] &g ofs) YA AH[21].

ARELE EAV A FAFE 7 YEF $h[22]. Eq. 1 7 2o
A =A49 AdZgFm), AL 1), 5% (w) ] HAZ 2dEH,
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F.= mT =mrw? (D
F.: centrifugal force
m: mass
v: velocity
r: radius of rotation

w: angular velocity

2
7ro] 4 &¥ (N, mgcosf, mro )X

AG7IN AEe) ndee A2 AF, AB-SHY 4
Apole] whEAe] wldlsth TEm AEo] Sogd 2
Asee (6 )7 AAWA, cos 6 Fkol Badkel, whEEol

=
Zo]Et}H(Figure 1). AEL sliding o thdt 239 (mgcosh) ETHO]

)
=2
R
x
b
AN

fu
bl
[J_gl_',
it
S
™o
=

ohet Aol tet +AFY (mro )% Bi glo], ABo] Age
AA w23 S gmgcosd + ﬂmrwzi e
Atolel  mpEE 2 AEo] Ty Zo FdE
A=7199 mREE As718 G71AY vHAIEA Z]AIEo] A&
7Vl A =5 gkt [9, 25—27]

d

F,= pFy= umgcosO@=umray® (2)

Fs: static frictional force
Fn: normal force

w: friction coefficient



m: mass
g: acceleration of gravity

0: angle of inclined surface (rad)

Figure 1. Force exerted on the fabric when located at the 4" quadrant
of the drum.

i)
ol
2

Y92 A7t BAE ollE Fotdrlv ToE, EAY
Hl g gtth[24]. Eq. 3 o wet AE7|elA A=el A&t T8>
A S APt A= ¥ Alolo] whEe ) AiHRT F
o A #gshd, A=2 st 2 sliding ©] Yojdtt

o

_159. iy

Fs=mg (3)

F¢: gravitational force
m: mass

g: acceleration of gravity



(Figure 1, Figure 2). Zl=°] 4 AW X wo= F2 T
23t sliding force(mgsin 8) ¢} AEHEo] =8 o o

2
&t v (pmro + pmgceosb)o] T Ag-sko] A
nHTH9, 26, 28], AES wpEASTe FATE Fe

Atole] gt whEHol HgehA ofeth wEbd FHol ¥ =

2+8-3510] HE2> &=y osld v ®gkoew FEXHE gdowA
ul 118 2] A ®}, wbde| wiAEgo] FE Rt ¢ oAl #EshA Hd
AeS BHIZHE B Aeete Ase BEAT(9].
A&Zo]l  gXHE Bl Agste] 1 AREd AT o
2 2
ANE (mro ) ¥ "EE( gmro +pmgeos(n—0)) & ZHE9
AT FAE & UEF (9], ¥ sliding force (mgsin (m—
0 N TH(mg) > FHEY 3IATFS et o=z, AEZ
Z835l= THo] dAHRY AXH FES Ystett) [9]. T A E 9
Z=2A7vol HUA Aol olE w(8 = n), =93 sliding force HT}
g3} vpEgo] ¢ W HAEL W 5 FA 9, 26].
pumrw?+
umgcos(m — 6)
) \‘ mrw?
m:os(n'—e) .mgsin(rr—G)
x-axis
0

Figure 2. Force exerted on the fabric when located at the 1st
quadrant of the drum.
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2% T AYAEEO = 1) E 2 AHEHI} 3 AR A=
ME717F Zolrbe WO 2 sliding force 7F ZEstx 1 Hbg
Wgo g wpEgo]l g3, kAR, o] F AREHOA = sliding

wepe] =gl st WEs gomw A3l o Bel JBe

ok wEbA 2, 3 AREH S A= FE G IEE ok A [29].

4% AT 24

2.2.1 A% &4

Balt et al.[30] gamma camera & AR&3lo] Aol F2Hd
WAy EfolAE FAstel A& A% A2 gt dhdlae] #3
APRlE ARESRe] &=E YoM AEY] 91X 2 EolE FA Sl om,
W 25 o wE A%S 8wtk Mac Namara et al.[31]
tracer particle & Ao} AA7F AdstEA A= AR S
F28k= positron emission particle tracking (PEPT) =

o
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Yun et al.[4]> =¥ Ag7] gde] 3% JheetE A A st
AE 7es B9ty A4 AEL a#3dS F489 FA S
LEshs o AeiAs At e dTelMs =dHE W
TS gHoE sto] 2 2 HuEAE A FH, AE FA HAEES
A #HiEzE Wl B3 AE AFATE Ass TA S
AA E4& AASAT Kim et al.[32]9 dFelAes A AT
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AFelN MG A% BY PAS ABFUEL AR W@l 4
Age) A5 AASIE s, fad BN Aol AR
oyethe A AT e gy we Bgel Az s
21 Fhe W oA B £ZESe]sl Bestd, olvA ) &%L

2.2.2 AE ASASF

Yun & Park[10]2 AHAel d&FS vA= AE 7Asd =5
Fel71 flal A& 7AsATE AEsiddt. e droMs AE &

1 kg mREe] Fepelx Ade zFqeto] A& JhE dig
15424 (micro  movement) Figure 3 ¢ X AFTATE
A3 Kim et al. [32] 8] el A= FACIH7E 2ld Alg 7]l A
AEHE 2.5 kg 9 7182 F480H. A" Ass 3
et AE7] oA Bl AE9 gAds Y= A
F7t2 EESTh 2.5 kg FatelME =9 W B AEEC] FAll
FzAgs ®Bol #A AE sywer dA AsE dehd7lel
FEepolvr. wEbA, AEE Al JZdAC] AEQ macro ZEAF7t
T t}(Figure 4).

Yun & Park[10] ¥ Kim et al.[32]> v} =& lvich 2t AFATE
Ad 1 3ol distd AsAFY B, ZETAL

el

Lol
flo

N

FEsgom,
FPARFE mESAG. ABAF EFAGE 2 ZegelA
AgAZS AR AFAea  AolE AFE @ FEA=,
AFAGIE FRORRE Avht RS YEThE UEbAckEq. 4).
RS 7k Y Aol AF A% Hole Bugel FEA=,

=2
[k
&
ks
ot
XL

A W3k AR dUEhls A (Ea. 5). A=
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Standard deviation of movement index= % (4)

x;: fabric movement index of the i*" frame

X: average change of movement index

-1 . -X;
Z{‘=1|Xl+1 1| (5)

Average change of movement index = —

M AFA 5 (micro movement) = A= 3 &9 Ass YeERdTh
ool AEol e 2HEHAS w, 3 FY dNF AES A
AEx AAstol ME A& 49 F45 0. Yun & Park[9]9]
AFoA AHAE HEHe AsS AA sliding, falling, rotating ©.%
Uy gtk old s Ass FAFCE fotatr] fal Ao FASHA,
44, As JHE Yepde iE ASATE iEsksioH10].

TATHAESE Yehdle AsATE 424 ol AEE 9d F
Q1o “‘distance from center of the drum’, ‘angle change of the
gravity center’, ‘speed difference between drum and fabric’, ‘total
distance moved’7} 9% ¢lt}. ‘Distance from center of the drum’<
As FASHY =9 4 Aloe] AgE YERdth ‘distance from the
center of the drum’ #t°] ¥1, XFA7 o HEo] = H
oA 3d F EgoldS AT
from the center of the drum’e] il XFH27} oW

4
Mah FH% ot $AYL wolt AL gtk P el

=
2AFAAE 59 2@ H AAYES W WAL 2ol a1
Zo] g W, A% olFo] AL AL vehl F

10 ___:rx | _k:i_ -I_-]i



WE vehin, Wabze] 2w Ao AT WE e of
AgAse AdwsFs BFAR F ot 4r dass F

2= 0 Wgk d3gto] A dojds LSttt ‘Total distance moved’ =

4% YAZAY ol5d A FFOo, slding A W A A7
YEIL rotating Zse Y W EA YERdH

AE a3XS e+ As ASE+ ‘outline length’, ‘fabric
area’, ‘shape factor’, ‘number of unfolding’ ¢] Ut}. G AESAF+=
A&l o H3le A& yElHTE ‘outline length’+= A &9 oA
Zo], ‘fabric area’™ A& W%, ‘shape factor’:s ZES WHAS
I er e goltk. Al JHE AFATVE oW FE AEC

Ir

BAA Q= AHlw, #How F2 Hzol 7AAAM A sle

Aelolt), EF EEAAS Frusdel ow AYw AL ool

ZZ0 FoFol ol WHASS ou|dttd. ‘humber of unfoldin
5| det= w<k Aol AR IASFE 9wy, 2 IFU) EE55F
A& F34 dol7t SIS yERd

ot
4 =
o

i

A% A= AFE o]FolA Qlrh

Kim et al. [32]¢] <1elM ARS8 AE7|= dAClE 7 =4
A7, FAolEE Edd AE7s v =Y AEY] 2o =9
Zlo](z )R Aol o =rmoRd webd, Mg dHEZ
BA) oM el A& olF AgE YEl= c‘total distance of the z-—
coordinate of the fabric center in the YZ plane’®} YZ o] A9
Az WEF 18 35E YHEhe ‘to—and—fro motion’e] 7iEo]

= 31t} (Figure 4).
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Name/description

Name/description

Distance from the center of
the drum

Distance between the center of
the drum and the center of grav-
ity of the fabric

Speed difference between
drum and fabric

Difference between the spinning
speed of the drum and fabric
moving speed

Outline length
Outline length of the fabric

Shape factor
Value of dividing the fabric area
with the outline length

Number of sliding

Number of sliding from right to
left of the lifter

Number of falling

Number of being dropped by the
lifter

Position factor

Values from dividing the number
of appearances of the fabric
center of gravity in the second
quadrant with the number of
appearances in the fourth
quadrant

p 4

Angle change of the center
of gravity

Changes in the angle of the fabric
center of gravity between frames

Total distance moved

Total length of the traces of the
fabric center of gravity

Fabric area

Area created by the fabric
outlines

Number of unfolding
Number of being folded (number

of peaks in the graph for the
fabric area)

Number of turnover

Number of being turned over by
the lifter

Number of rotating

Number of rotating with the
lifter

Group index

Time ratio of being divided into
several groups

Figure 3. Movement indices developed in the study of Yun & Park
[10].
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= 2~ 1 = =
A3 AE A9 (macro movement):= =H W 29E FE H1A9
O 37 o = = =35 : 5 2~
TS FA5te] =&t} Kim et al.[32] 914 AFgE HE ATA T
= 1= e ! o ! ol 3] © (o)
25 AlgE AEe WA ‘occupied area’st AL & HolQl
1 : 1 :
outline length'7} U th(Figure 4).
Name/description Concept map Name/description Concept map
| Distance from the center of the drum® 4 Total distance of the z coordinate of the |
fabric center moved in the YZ plne” P T
Distance between the center of the Total distance values of the fabric = “ " I‘Iﬂ"l 't,"l
drum and the center of the fabric center moved in the z-axis direction % ] | ALY 1]
on the YZ plane § “U! P-'f ] Y
‘I‘ 'l"
N
Time(s)
2 Angle difference of the center of the 5 To-and-fro motion®
fabric between two frames’ ‘E
The difference in the angle made by The number of inflection points of a
connecting the origin and the center Fourier dominant curve g
of the fabric for one frame and that S
for the next frame N
Time(s)
3 Total distance moved®
Total length of the traces of the fabric
center
| Occupied area® 2 Outline length®

Area determined by the fabric outline

Length determined by the fabric outline

Figure 4. Movement indices that are used and newly developed in the

study of Kim et al.[32]
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AE ATl 71Ag vlA= 9F

ut

Bueno et al.[33] 36 718 =714 EMPA 304 &9 AT XLE
AHgstel ZIAIE e Brredh dld Aol AlE Harh SbE
Azol wA4Y F e AFETE FolE5o] ZIAHl stk
50—60 rpm ©J|slollA= rpm ©] F7tEFE VA Ho] FobRAIRE, 6
o9 =2 rpm oAM= AHEol dA¥HE AA wol =9 M
3] sto] 71 A H o] ZHaskltt

Yun et al.[34]2] AFAE= EMPA 306 Poka—dot A EE
AREskel TS ke A AE T falling o] V1Al 7HE

il

ko
S

tlo
Kul
k=

N

¥k, rotating 9 7)Aol JpF okt Aoz wislFlt. oE
Aol A= A=o] 3 F/7 Awvt B wHo oy '] 5o
EadAoz yUews W ZiAge] A dEwu4]. 5320 AF
W ¥lo]= falling, rotating, sliding, turnover o] Xgrxjo] gQlom,

I
ol

| falling ©] A5 oS w 7iAIHo] 7} =3k}, SHA| W o] =

Amel tigh A2 AA MY @3S midskes dHels

Y
Mo
4
=
1o

)
N
AN
N
30
i3

Kim et al.[32]2 HAolHE =9l8t =7 AE7]e 2.5 kg 9
MeE=S 23 A Asd 71A8S EA483. FAlolH e E9lew
A& 3|d Wao] AE A6 wet dEpAa =F zlo] wEkeA ]
olgo]l s dojwktt. wetx AE I g AEo]l A1
npEshs A E7E Fbekla, HAolHE &S]

HAOIE & EQ8HA & AE7Ind o ¥ Jebwth

oyt AFATE T AE AT VAHA dFe FH,

Aol g% AE 7P AE5HRol JIAYE FTHIIHE AE &

ct.

32

14 A ‘“._, ‘_]l



Yun & Park[9]2 ZAH= 79 A7l w24 s Ass

AT 40 X 80 cm A7]° HES 8 S FUIS W, AE 1
22 24 FYFS "Rt As At FeA vElg g AE 13
g 2 AS EAS u ZEo] BT TEyHo] Ho] RE AL
TFl A= 71AIE o] vl2ekdt) 8 e AES FAAS wl, 479 HE
Ao met dAdgo] = #gste], =y A &% HEo] =§] H

2 A% #do] #AFEHGY A& A7l diste] AE A
v, A= A717F S7Hgel web A Felkrh Srhste] AEol

W= Aol Frbsielvh webA AEe olF Aol Hojx i

3l Ask= H'el o 7 AE AS Gl

amara et al. [31] + 50 X 25 cm cotton terry towel 1 kg,

2 kg, 3 kg 9 =FYS #EE¥I, Park and Wassgren[35]2
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A] =
=y

=
)
o
Z,
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Ago] Afels & 5 9= Frtol Hojgh 1 Aww AF 7
FE3 MY, A8 g8 S5k Fol JAel gasginh o
e $3 F7he Aol Wi AWYAL AA dtel 9 11 olF AN
gAstEs A% 7 AEAen AAGS FAAANAT, 54 e
gl AZol SHUS AAtE Rt Frkskel AE olF
AfETt FolEo] JAYHe] gadths AL % & Ak
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T=m-d (6)

T: torque
m: mass

d: radius of rotation

THAE7]9 =92 REA @A FEEo] = HEEo]
3 At T RE EIE AAMSE 24 Eq. 7 o ©EdW RE EdE
S

el N

T: torque
w: rotational speed
e: voltage

i: current

Eq.6 ¥ Eq.7 o w=w A5 Fs&e]l & o, dAFae] =7
etk 13 =1 3 AL AE BX] g or =/ TheiA=

Fobrb @b By A RFgko] Wety [37].
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AT TR AE Tx27 2L, AEV|E EAge] TR H=
H e} ko]

AES AEEAT. 24 A)8% 50ecm X 76 cm 2719 HA A
Ef

C,65+2 %RH)IA 3 kg Hale] vjs-E wdHow 1 F A8 1342

wa 9/

— - Sewn line

Figure 5. Schematic of the laundry sample.
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2.1 A 2 FA

A& 9] F7+= Peacock dial thickness gauge H (Ozaki Mfg., Ozaki,
Japan) = A2 t& A 5 XS S5 FAE 248 AES 9

#3to] 33 ST,

2.2 J1E%

A P& AEO FA FAF ol gete] Bq. 8 & Fal N TED

Fahqn.

dry weight (2) X100 ®

fabric density (g / om 3) X thickness (cm) X fabric area (cm?)

Porosity (%)= |1
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2.3 244

ALl ZFAAS AL AA THES ASTM D 1388-18, Option A
el wet Ay or =43tk 2.5 X 15 cm A719) ARS A
Abdo g Yol Algo] #o] 41.5° HAMHe| @& wizbx] "ol AlE

9] Zo] (overhang length) & =743} th(Figure 6)[38]. o] Zoj2 A
WS ‘bending length’g} 3tk (Eq. 9). W] Yz A|g#He Zol7p At}

= A2 AEo] Wiwlsto] Aol wu= A= Yuld. 4 AlRvit
33 ol W S35
Bending length(cm)=0verhang length(cm)/2 (9)

Overhang length

Figure 6. Measurement of the overhang length by Cantilever bending

test.
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2.4 BAVEAS

A vREAleE ARAHg SsadEHdM BF SAESIY

A
T s=tas BHe nAste 19 &etol= ZEkA= Universal
Tensile Machine (model 5ST, Tinius Olsen, USA) o] &3>~} 43}
Gt 556N o F=2 FHIE Fy= F33 H, Universal Testing
Machine ©& 9% A& S¥tAE EodA &= (F)S S43A

t}(Eq. 10) (Figure 7).

u= F,/Fy (10)

Normal force
55N
Fabric specimen covering
l, the slide glass

Fixed slide glass
at the bottom
1

Figure 7. Measuring friction coefficient of the fabric specimen.
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sample weight (g) — dry weight (g) (11)
dry weight (g)

Moisture regain (%) =

EF 88 AATCC test method 21 & x}-g3to] =433} 20 *
2°C, 65 * 2 %RH %5 AHolA 20 X 20 cm 2712 A 89 £
= A H, AETIAA AR S8 EH S F5Es S48 flske] Al

£ 10 3k 2ol A8k A9 &5 AA7] fstel 39 =4
o] 0.5m/min £X°] 2bar & ¥¥E Fo AEs FAAN F, 55 F

AE Aol Eq. 12 & ©] 83}

u:1o{r
nﬂo
o
X
2
ol
2
o

water absorbed weight(g) - dry weigkt(g) x 100 (12)

Water absorption (%) = iy welght(a)
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A 32 A7

A&lof AFE3F =Y AMEY] (WF24B9600KE, Samsung Electronics,
Korea) o] 832 25kg olth. A% &487 7|48 H7tgoz 74
e AE7] 2 7t AREEAE A BAE AEVIE Y, 54, =
HE s FYatA Mk (Figure 8a), 71418 BH7tol| Abgs = AlE
7l NEsHA &2 AAIE AE7IE ARE-sEA T (Figure 8b).

Figure 8. (a) Set up for fabric movement observation. (b) Commercial

washer used for the evaluation of mechanical action.

A% BA 7148 Hoto sfjdets Me TEEFS Table 1 9

Figure 9 o " A&}t

24 2 X 2t gk



Table 1. Experiment condition for each set up.

Fabric
movement Mechanical action evaluation
observation
Time 12sec 30min
Weight detection and agitation
1 evele (40 rpm, 5 min) —
Protocol (12ysec) washing (30 rpm, 10 min) —
drain detergent water (125 rpm, 5 min)
— rinsing (46 rpm, 5 min X 2)
Detergent B
(mL) 23
Water
level 23500 23500
(Hz)

25 S



40

30

10

(a)

1 cycle of
washing

0.2 min
30 rpm

0.05

0.1
Time (min)

0.15

0.2

(b)

Weght Insert 1st 2nd
detection detergent . - -
| & agitation Washing Pfﬂlnm% Rinsing Ii)rammglg Rinsing |
1
150 [ | | |
5 min 10 min 2min 5 min 2 min 5 min
40 rpm 30 rpm 125 rpm 46 rppm 46 rpm 46 rpm
100
=
o
(4
) HH Hn HHHHHHHH H”
U werernereeneeen () 0
0 5 10 15 20 25
N 25500 3\
T o
=~ E
o 24500 || ™
K]
o 23500
o
= 22500
0 5 10 15 20 25
Time (min)

Figure 9. (a) Experiment condition for laundering experiments. (b) Washing protocol for laundering experiments.
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Al 42 AZ AT B
4.1 AT 4 ¥4

AE AFS 234 7 (IDT NX3-S301-0117-1555, IDT
NX8-SDE Figure 8(a)¢} o] AlE7] <twdsh dwe] HA|s}ho]
10fps %2 Y33t 2H on—time 1 3o sidst= 12 = &<
120 7R ol A& Sk ol z+zk &Y 3ko] Motion studio 32
(IDT innovation in motion, United Kingdom) ~Z 130 % F3A 5}
A (avi) 2 W E3}AT
TEMA A~ E9o] (Image Systems Co., Ltd, Sweden
AE 71E5s FA818H. EdE TS diew Hx s A6
o ZAAE S 9], ofYl, 9%, 2 E8F HAHH wxt
AAste] A= AAE 3 A HFREE EE55 L, A= &
t}(Figure 10). =3t XY diagram 3}
a¥4o] F44¥ diagram S L3lth

g8 FE3 FHIHES csv. FA2 WIEte] Washer Dynamics

i
>
>
oo
ol
ol
2

juby
tlo
40 %

Mo %

YZ diagram 7] &< AbE3le] A

Analyzer (Fashion technology laboratory, Seoul National University,

Korea) X213 g3t 2l& TAHY o|sHZE Al 235kt

: 5 4 &0 8t



4.2 A% &4 =4

[EC 60456 A<l Wt Ages =9 FAHNRY 7f2 gge
2 QA4gA A5E 99t 59 A5 (rpm), 591, BH operation
time (on/off time) > A AR A AT EoxE A Z119
3] AFstiom, AT Wad 9 =d AME MY ZEAA

% stk 84 9 23500

=

ol

Hz 9, o] oF 11 L o slgsts wolth whek etz S50 26
ol WA FrHW FHE 29 7oV A FA mgebA] ke
o} o] wj, Eo] F7tE FHH] 23500 Hz o aidsts =74 93
Aoz, A 358 59 FTEE ta zolzk 3l F ol AEEs
=AY FEE (20 £ 27 O FHdM] AHgEdn

43 AZ AFAS

A& A-sA 9+ micro movement 2+ macro movement & U]
A8t Micro movement & @4 & Jje A A= FA4
of W3t AEA 41, macro movement + =% U HA AHEQ
FAPS v == AFAFolth. Yun & Park[10] °fA

o

X =
AsAT F, Ay 3¢5 #2427 A4 A= ‘humber

-

o
NI
ftlo
2

X
i)
)

=

of falling’, ‘turnover’, ‘unfolding’ &< o2 wjolx &3}
ofel¢-m, WEAe] wE HAF AA EAelM AeJsiAt. HEF
‘angle difference between two frames’, ‘position factor’, ‘total
distance moved’ AF AFe HAE Fol distel AA FfshA
gow 2 AE FAHoR Qleto] W] BHEHA ol A A
Aleletadtt. Kim et al.[32]o4 7HEe <YZ o] 72’9} ‘to—and—fro
motion’’= & AFNAM AREE ABVIZ= FoeA BEEHA 9ot
A ol A A28kt

28 ___:rx | _k:i_ -I_-]i



B Aot MY dveld A ABAFE F 6 g
AEHom A¥sel ANET Ut AFASS FOF vehit

AEAFR  EREA

‘positions in a quadrant’,

A& AAE YEUe=
‘distance from the center of the drum’,
‘speed difference between two frames’& #Z3A1 A&
Yehf &= AEAF2E ‘fabric area’,
U A
7o ® Aksy] ofH 9] AE7V] 59
AFg-8F 3t (Table 2).

=y Hdow A AgEo 45 9 442

macro movement index &

Table2. Fabric movement indices observed in this study.

Micro movement Macro movement

Index Schematic diagram Index Schematic diagram Index Schematic diagram
Positions in a [ ég Fabric area Fabric area
quadrant (cm2) (cm?) area
. : outline
Distance from Outline Outline length Songth
the center of length (cm) (=)
the drum (cm)
Speed outline
difference Shape factor Shape factor g
between two (area/length) (areallength)
frames
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A 5 & 7|1AE F7}

5.1 71418 37} AEE

AA MY so M AEol Tt A= 7IAIE S BFsk7] flske] Al
g Alg 3x™o EMPA 306 Poka—dot Al 33 (Testfabrics Inc., USA)
9} EMPA 304 %% Alg X (Testfabrics Inc., USA) & H#3lo] 7}
sl th (Figure 11).

8 X 8 cm Z17]°] EMPA 306 Poka—dot & A A& $lof ¥-2a}
71 & EMPA 306 & 2Fste] 7]E9 Poka—dot 9o 7HFE
Image] (National Institutes of Health, USA) & =43t ¥, Poka—dot &
AE Alsel 2ol AE AdS Adeint. AE ZA7F d5d § A
AxE wolual dx § A7ste] Mg § Holglis Poka—dot & 7HF

£ =743ta, Eq. 13 °| w2} Poka—dot removal rate 5 743 th

B2 74 S1AF 499 X
of 914 gkob rhEE )

AW o] el Ak AF A AR & A5 A
d F 9 & A5 vastel $EUS BbekithBq. 14) [40].

total ber of dots — remaining dots
% of removed dots = AT 07 COT8 7 TAMAIMAE €O % 100 (13)

total number of dots

total number of threads — remaining threads
% of thread removal = £ X100 (14)
total number of threads

30 A H_, L]l



EMPA 306
(Poka-dot)

wo 9/

EMPA 304
(Thread Loss)

= - Sewn line
% Tag gun placement

Figure 11. Placement of the EMPA fabrics on the laundry specimen.

EMPA 306 before washing EMPA 306 after washing

EMPA 304 before washing EMPA 304 after washing

Figure 12. EMPA fabrics before and after washing.
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5.2 7148 H7t =4

o A= 23mL 2] AlA| (Persil Deep Clean, Henkel, Germany) 7} 15
QI, vhAw #E ZAZAA AAE H o AFgor B H|Fagith
EMPA Al27} 2& A A8 3 4& 7AW 5, EMPA A28 Ealslo]
TAH A 5 AR Azl

=3

” SR
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||\

Al 62 EE A7 =74

A7 BE AR A Alwd "HEAd eHdZATS
(Qscope V10.2, Samsung Electronics, Korea) S 7% F4 thA| o 4]

AlEZ1 9 dddste] A3 2039 §% 234 S5 (Figure 9a).
A= Q-current & FHE HFE ] Aol H3dH. S4= vl 5
Qscope A AAZEO R 71E5H ARE csv. FYE WEste] A5l
U 283 Qu(Q—current 8 EFHAD) & Qureas (LB on—time 1 3]
sl AF Az AR, = 20 i dEvEE
FabricClassifier (Fashion technology laboratory, Seoul National
University, Korea) X2 138-& o]g3slo] F=3519 . EH on—time 9
ZRE, ok 1 %] g3t dlolE & overshoot HOIHZ AAst It

uH & FE3% o (Figure 13).

Overshoot data Steady-state
_ 4
£ [ Qs
- |
b |
o ||
5 /
9 ’
(] f\’
|
/} Qarears
Time (12's)

Figure 13. Current parameters extracted from Qscope.
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o] &3ttt A= TR wWE AE SEAY A7 FEhv]Ee Ajol&
H) W 3}7) $5+ L nl %] EAHEX (one—way ANOVA) 7}

AFEEA (Tukey’ s pairwise test) = A &9

AE 54, 7E, 7IAY, AR SEbeE Aleld] A##AE
wAsk7] flste]l BE AR, A= 54, 71, 7IAE Abele A
Pearson’ s correlation test & AAlsto] A48T F W AR
A BAY A7)eF WEFS Uetll= A4 H =<l Pearson 9 r #h=
Eoto] R Afoll] WA EA ST RlIfl= —1 oA 1 Akelo]H,
0 o 7k @2 Bd #A7F glas, 1 o 7k e Ad g9
AHAAE, -1 o 7k 3 AFst 59 AdaAlE JEpdTH41].
A5 Fetrlgel AE 54T #AE AL HyEE 1 GAAA L
TAHTE p <0.05 FEolAM ol FofH T 18] il Minitab 21 (Minitab
Inc., State College, USA)S AME3sto] Ao st AgA

JPEE w23ke)
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A3 A 4 uF

S Muste]  olo]  uldte] ALMx  EAHEA (ANOVA) 7
AF$EA (Tukey' s pairwise test)= A At (Table 3, Table 4).

AR Al A Z2 OE T Ha 1 Y] Heel xgHeH,

EAEe] ARHA ¢S A= Aggsdvt(AelE A= Table 3,
4 o)X Moz FA). Table 5 ¢ 6 o #AAE npg} o] HFHow
AE 9FS AT

Table 3. Tukey’ s pairwise testresult and process of selecting fabric

types based on fabric weight.

Weight
Fabric type Mean Grouping
Acryl Jersey 0.87 A
Cotton Twill 0.86 A
Cotton French Terry 0.84

Poliester Fleece 0.79

Cotton Jerse:

Nylon Plain 0.31

Raion Plain 0.30
Poliester Plain 0.278
Poliester Chiffon
Ofgt

P Ol 4 2 T2 a8 WA sAoR sol
2H0[7} LIZ| 7Lt SHIEt0] HATIA| oo} HolE] M=




Table 4. Tukey’s pairwise test result and process of selecting fabric

types based on moisture regain

Moisture regain

Fabric type Mean Grouping
Rayon Plain 10.65 A

Cotton Twill

Cotton Jerse 4.66

(e
lw)

Cotton French Terry 4.30 C D

Nilon Plain 3.49 D E

Acryl Jersey 2.52 E F
Poliester Fleece 1.00 F G
Polyester Chiffon 0.56 G
Polyester Plain 0.19 G

st 9 Fo A= EEH EAAS A4S Table 5 9
= 3 = Table 6 ©f eI

2 AFeA AFES A& AS, T2 = 0.794, p < 0.05), 71F%(r
0.764, p < 0.05)2 FA g A

et A= 4= Table 7 ¥ &t
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Table 5. Physical properties of fabrics.

. Weight Thickness Porosity Stiffness \_/V(_at Water Mmstgre
Fabric (g/m?) (mm) (%) (cm) friction  absorption  regain
9 ° coefficient (%) (%)
Acryl 377 1.55 79 2.4 0.74 54 1.43
Jersey (£5) (+0.05) (£0.2) (£0.07) (1) (x0.11)
gr‘;trtl‘;rr‘l 334 1.25 83 2.2 0.61 200 4.20
Terry (£4) (£0.08) (£0.1) (£0.03) (£8) (x0.15)
Cotton 344 0.80 74 3.6 0.48 141 6.30
Twill (£3) (£0.01) (x0.1) (x0.02) (£6) (x0.21)
Cotton 184 0.54 79 1.7 0.60 225 5.50
Jersey (£3) (£0.01) (x0.1) (£0.04) (£5) (x0.16)
Nylon 124 0.25 55 1.7 0.35 59 2.21
Plain (£2) (x0.01) (x0.2) (x0.04) (£6) (x0.11)
Polyester 77 0.19 79 1.0 0.53 107 0.80
Chiffon (£2) (x0.01) (x0.1) (x0.00) (x10) (x0.29)
Polyester 318 2.44 90 1.8 0.99 461 0.18
Fleece (x4) (x0.04) (x0.2) (x0.06) (x15) (x0.07)
Polyester 141 0.38 73 1.9 0.66 126 0.70
Plain (£3) (£0.00) (£0.1) (£0.03) (6) (x0.16)
Rayon 112 0.21 66 1.2 0.50 151 9.85
Plain (£3) (£0.01) (£0.1) (£0.03) (x4) (x0.41)
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Table 6. Correlations between fabric properties.

Weight Thickness Porosity Wet friction Stiffness ab\é\{)?ti[on Moisture regain
(g/m2) (mm) (%) coefficient (cm) (%F; (%)
et e g 794 667" 0.528 764" 0.281 -0.071
(g/m?) Coefficient
p-value 0.011 0.050 0.144 0.017 0.463 0.855
Thickness Pearson " "
(mm) Coefficient 1 .814 0.277 0.325 .675 -0.359
p-value 0.008 0.471 0.393 0.046 0.343
Porosity Pearson "
(%) Coefficient 1 0.430 0.241 .720 -0.258
p-value 0.248 0.533 0.029 0.502
Wet friction ~ Pearson
coefficient  Coefficient 1 0.465 0.331 0.480
p-value 0.207 0.385 0.191
Stiffness Pearson
(cm) Coefficient 1 -0.064 0.102
p-value 0.871 0.793
HiEiEs Pearson
absorption Coefficient 1 -0.097
(%)
p-value 0.803
Moisture =
regain C ez?fr_s_on 1
(%) oefficient
p-value

38
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Table 7. Image of selected textiles and the number of loaded sheets in a washer.

Code Al CFT CJ CTw
Fabric Cotton Jersey Souon
Image
Number of
loaded 10 11 21 11
sheets
(3 k)
Code NP PC PF PP RP
Fabric Nylon Polyester Polyester Polyester Rayon
Plain Weave Chiffon Fleece Plain Weave Plain Weave
’i:*ui?il‘{ij&f 5” ' g i
T (T T
Image t! ; AL
f R
Number of
loaded
sheets 31 50 12 27 34
(3 kg)
39 Fir ,H
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Limited movement

Cotton Rayon Cotton Cotton Polyester Polyester Polyester Acrylic
Jersey Plain French Terry Twill Fleece Plain Chiffon Jersey

Micro
move
ment
(front)

Single fabric movement limited at the 4t quadrant of the drum due to Single fabric maintaining its rotating radius to some extent, and passing both
interference of surrounding fabrics. ~ the drum wall and the center.
(Low distance from center of drum SD) (High distance from center of drum SD)
High moisture regain Low moisture regain

Figure 14. Individual fabric movement (micro movement) patterns at the front view.
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27 r

'Distance from center of drum' standard deviation

-0.698
Linear fit

— — 95% Confidence bounds

Figure 15. Correlation between fabric properties and

center of drum’

T

2

T T
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Moisture regain (%)

standard deviation.
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15 §F 402 Ye ASATE [44,
45], ‘shape factor’ #ol #ow Aol A% Sl HHE YER A,
AW A&l BAZ FEds YERHAT. ‘Shape factor’ ¢
RTHAE H ‘shape factor’ oA BAME AE, HAWIHFS T
Zg 9 I+ ‘shape factor’ H3IEO HAES Yulsity. AMEES
MNEA micro AEA4 % ‘shape factor’ XTI} H HI SRS
A, A, Ao dFE He JoE Bl
Figure 16 & 7' A& ‘shape factor’ & FHulgtd FHAgkel
Aot a3 tolojafior, AE = WSt HE Al7E &
Aotk A3 T8 cotton twill 2 acryl jersey &= a3 Ao
o e W3tz 34 e H9bd, 7PHT 98 rayon plain 2

polyester chiffon < e W37} vwz A Vel 7pEa gk

‘Shape factor’ & A& Yo

D
2

AEL AL Formw A3V Hi, T JFS @ wol =0
3l AstE Bk oFE He AE A%ste],  ‘shape factor’ 9]
FEd2AE FHI SR ARy 42 o Bt
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Minimum Maximum

Shape factor shape shape
(Avg change) factor factor
Cotton
Twill Bt
Acryl 4 505
Jersey
Rayon 357
Plain
Polyester
Chiffon 0.351

Figure 16. Diagram of the maximum and minimum ‘shape factor.’
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‘shape factor’ Hy+ W32
R e e P o e
AE9 Yy WHIE

AAY, 2

‘shape factor’ H++ W3}&Fo] =7

JE

7Fef A1 A
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Shape factor Outline diagram during falling

High (Avg change)
Acryl 0.505
Jersey
~~
(V)
[ )
g5
@]
86
8_ % Ray?” 0.357
a3 Plain
.C | 8
n Y |
: Light
&
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Figure 17. Shape change of the fabrics by each frame.
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4.3 AF IFv|gE o|&3 I E EF AA

One—way ANOVA ¢} Tukey s pairwise test AFEEA) S Z3)
A5 S E e Fo3k Apo]E o] &ste] AEVIY AE R HEe
ZAbsk Y. A= ER/7F 7P wol UNle AE Qurews & 3 WA 7
ZIEo® sk fFY% et Aolrb glol Fe IFoE ERE
Am> ta WAlelA B Zol7 = e E Y IE3tE $5k

A
wRFskith (Figure 28).

A A EF7elAM, AE Queas ol didte] Hd 3 AFEA S
2139 S W], polyester fleece 29} polyester chiffon & 672.13 9
2ol & 7h & Bt zpol7b Qlo] 7hd WA 77 HAdv(p < 0.001).
83 AXE Qurens ’F =2 polyester chiffon, acryl jersey, rayon plain,
polyester plain ©] 3t THFOC %, AX Quews /F FHH O ZE 2 cotton
french terry, cotton jersey, nylon plain, cotton twill, polyester twill ©]
O 3t 15°® FFHA

T RA BT GANAN, AE Qureas 7t F2 AT T rayon plain %
polyester plain ¥ 23t 2x}Fo]= H<Ql acryl jersey 7} 75 At (p <
0.005). Ax Aejo A rayon plain & polyester plain & 57|, & F3
Aol 7b AA YAl kol AX Qureas & AT APOI7E HAEHA S
Ao 2 BRIty whA acryl jersey + rayon plain 2 polyester plain @}
A Aol7b AERE, AE Qureas O thsle] Folsh Zpol7b e
Ao ARG, AX Queas 7F HlIA B2 AE HAd FoAM=
cotton french terry ¢} cotton jersey 2] 77} o]Fo] % t}. Cotton
french terry $} cotton jersey © R T4 AAR o|Fofd AEZ
FA AZpelel g FFEFE AFol7F FE Qurews WO FFS VA
TR Aoer Helt(p <0.001).
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2 classification 3rd classification

dry Qureass wet Qareafs
) Fabric type N Grouping Fabric type Mean Grouping
Grouping Polvester Chiffon 1386.87 A Polyester Fleece 10053.1 A
Cotton French Terry 6649.9 B
: Acryl Jerse: 5941 B C
g Rayon Plain 1156.95 C
. Classified Polyester Plain 1129.7 € - L
Cotton French Terry 1064.66 D Cotton Twil 5519 c
Cotton Jersey 1027.3 D Nylon Plain 4378.0
Nylon Plain 914.4 E S
Cotton Twill 912.0 = Polyester Chiffon 4274.7 D
1=t classification Polyester Fleece 714.74 F Cotton Jersey 1018.4 E
dl’y Qarea/s
Fabric type Mean Groupin
Acryl Jersey 1210.42 B
Rayon Plain 1156.95 C wet Qarea/s
Polyester Plain 1129.7 C wet Qsq
Cotton French Terry 1064.66 D Fabric type Mean Grouping Fabric type Mean Grouping
Cotton Jersey 1027.3 D Polyester Fleece 10053.1 A Acryl Jersey 1871 A
Nylan Plain 914.4 E Cotton French Terry 6649.9 B Polyester Fleece 1799 A
Cotton Twill 912.0 E Acryl Jersey 5941 B C Polyester Chiffon 1535.7A B
Polyester Fleece 714.74 F Rayon Plain 5857 B C Cotton French Terry 1489A B C
Cotton Twill 5519 C Nylon Plain 13/1A B C D
Nylon Plain 4378.0 D Polyester Plain 970.6 B C D
Polyester Plain 4286 D Rayon Plain 934 C D
Palyester Chiffon 4274.7 D Cotton Twill 818.2 D E
Cotton Jersey 1018.4 E Cotton Jersey 271.3 E

Figure 28. Fabric classification process based on average difference between fabric types.
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Appendix

Table Al. Correlation between fabric properties and fabric

movements.
Fabric Fabric Movement Pearsqn
Properties Index Corre}apon B
Coefficient
Shape factor (avg) 0.742 0.022
Shape factor (SD) 0.923 0.000
Shape factor (avg change) 0.837 0.005
Weight [Macro at the sidel 0.788 0.012
2 Shape factor (avg)
(g/m ) [Macro at the side] 0.553 0.123
Shape factor (SD)
[Macro at the side] 0.632 0.068
Shape factor (avg change)
Shape factor (avg) 0.692 0.039
) Shape factor (SD) 0.822 0.007
Thickness
(tmm) ?hape factc;: (a\(flg]change) 0.427 0.252
Macro at the side
Area (SD) 0.674 0.047
Distance from center of drum (avg) —0.331 0.385
Distance from center of drum (SD) —0.698 0.036
We.t Distance from center of drum (avg _0.157 0.686
friction  change)
coefficient Shape factor (avg) 0.686 0.042
Shape factor (SD) 0.291 0.447
Shape factor (avg change) 0.357 0.346
Shape factor (avg) 0.662 0.052
Shape factor (SD) 0.560 0.117
Shape factor (avg change) 0.864 0.003
Stiffness Macro at the side] 0818 0.007
(mm) _ohape factor (avg)
[Macro at the side]
Shape factor (SD) 0.518 0.153
[Macro at the side]
Shape factor (avg change) 0.615 0.078
. Distance from center of the drum(avg) —0.477 0.194
Mrzlgzii;e Distnace from center of the drum (SD) -0.797 0.010
(%) Distnace from center of the drum (avg

change) -0.122 ﬂO.7EI34
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Table A2. Correlation between mechanical action (thread and Poka—

dot removal rate) and fabric properties.

Mechanical Pearson
Aetion Fabric Properties Correlation p—value
Coefficient

Weight (g/mz) 0.586 0.098

Thickness (mm) 0.135 0.729

Thread Porosity (%) 0.309 0.418
removal rate Stiffness (cm) 0.689 0.040
(%) Wet friction coefficient 0.707 0.033
Water absorption (%) 0.081 0.836

Moisture regain (%) 0.579 0.102

Weight (g/m) 0.847 0.004

Thickness (mm) 0.599 0.088

Poka—dot  Porosity (%) 0.523 0.149
removal rate Stiffness (cm) 0.648 0.059
(%) Wet friction coefficient 0.194 0.617
Water absorption (%) -0.069 0.861

Moisture regain (%) -0.196 0.613
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Table A3. Correlation between EMPA 304 and fabric movement.

Pearson
Mechanical Fabric Movement
Ation - Correlation  p—value
Coefficient

Distance from the center of the drum (avg) —0.386 0.305
Distance from the center of the drum (SD) -0.763 0.017
Distance from the center of the drum (avg 0.013 0.974
change)
Speed threshold number 0.013 0.974
Area (avg) 0.361 0.341
Area (SD) 0.584 0.099
Area (avg change) 0.403 0.283
Outline (avg) 0.529 0.143
Outline (SD) 0.535 0.138
Outline (avg change) 0.070 0.857
Shape factor (avg) 0.537 0.136

Thread Shape factor (SD) 0.547 0.128

removal  Shape factor (avg change) 0.313 0.413

rate [Macro at the side view] Area (avg) 0.539 0.093
(%) "Macro at the side view] Area (SD) 0.336 0.376

[Macro at the side view] Area (avg 0.258 0.503
change)
[Macro at the side view] Outline (avg) 0.447 0.227
[Macro at the side view] Outline (SD) 0.400 0.286
[Macro at the side view] Outline (avg 0.181 0.641
change)
[Macro at the side view] Shape factor 0.719 0.029
(avg)
[Macro at the side view] Shape factor 0.624 0.073
(SD)
[Macro at the side view] Shape factor (avg 0.080 0.839
change)
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Table A4. Correlation between EMPA 306 and fabric movement.

Pearson
Mechanical Fabric Movement
Ation - Correlation  p—value
Coefficient
Distance from the center of the drum (avg) 0.190 0.625
Distance from the center of the drum (SD)  0.089 0.821
Distance from the center of the drum (avg 0.460 0.213
change)
Speed threshold number 0.457 0.216
Area (avg) 0.461 0.212
Area (SD) 0.857 0.003
Area (avg change) 0.787 0.012
Outline (avg) 0.607 0.083
Outline (SD) 0.468 0.204
Outline (avg change) 0.606 0.084
Shape factor (avg) 0.446 0.229
Poka—dot Shape factor (SD) 0.857 0.003
removal  Shape factor (avg change) 0.779 0.013
rate [Macro at the side view] Area (avg) 0.695 0.038
(%) "[Macro at the side view] Area (SD) 0.588 0.096
[Macro at the side view] Area (avg 0.519 0.152
change)
[Macro at the side view] Outline (avg) 0.708 0.033
[Macro at the side view] Outline (SD) 0.801 0.009
[Macro at the side view] Outline (avg 0.774 0.014
change)
[Macro at the side view] Shape factor 0.620 0.075
(avg)
[Macro at the side view] Shape factor 0.467 0.205
(SD)
[Macro at the side view] Shape factor (avg 0.443 0.232
change)
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Table ADS. Pearson correlation coefficient and p—value between

current parameters and fabric properties.

Pearson
Current
Fabric Properties Correlation p-—value
Parameters
Coefficient

Weight (g/mz) 0.338 0.374
Thickness (mm) 0.567 0.111

Porosity (%) 0.238 0.537

Q Stiffness (cm) -0.078 0.843

sd
Wet friction —-0.131 0.736
coefficient

Water absorption (%) 0.083 0.832

Moisture regain (%) —-0.609 0.082

Weight (2/m) 0.509 0.161
Thickness (mm) 0.759 0.018

Porosity (%) 0.454 0.220

Q Stiffness (cm) 0.159 0.683

area/s
Wet friction
0.338 0.374
coefficient
Water absorption (%) 0.550 0.125
Moisture regain (%) -0.208 0.592
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Table A6. Pearson correlation coefficient and p—value between

current parameters and fabric movements.

Pearson
Current Fabric Movement
Parameter Index Correlation  p—value
Coefficient
Distance from the center of the drum (avg) 0.464 0.208
Distance from the center of the drum (SD) 0.675 0.046
Distance from the center of the drum (avg 0.399 0.287
change)
Speed threshold number 0.038 0.923
Area (avg) 0.085 0.828
Area (SD) 0.286 0.456
Area (avg change) 0.182 0.639
Outline (avg) 0.096 0.806
Outline (SD) -0.275 0.473
Outline (avg change) -0.174 0.654
Shape factor (avg) 0.001 0.997
Y e factor D) 0.596 0.090
Shape factor (avg change) 0.197 0.611
[Macro at the side view] Area (avg) 0.124 0.750
[Macro at the side view] Area (SD) 0.361 0.340
[Macro at the side view] Area (avg change) 0.238 0.537
[Macro at the side view] Outline (avg) 0.120 0.759
[Macro at the side view] Outline (SD) 0.482 0.189
[Macro at the side view] Outline (avg change) —0.008 0.983
[Macro at the side view] Shape factor (avg) —-0.044 0.910
[Macro at the side view] Shape factor (SD) 0.225 0.560
[Macro at the side view] Shape factor 0.129 0.740
(avg change)
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Pearson

Current Fabric Movement
ree N Correlation p—value
Coefficient

Distance from the center of the drum (avg) -0.175 0.652
Distance from the center of the drum (SD) 0.126 0.748
Distance from the center of the drum (avg 0.521 0.151
change)
Speed threshold number 0.469 0.203
Area (avg) 0.609 0.082
Area (SD) 0.499 0.171
Area (avg change) 0.479 0.192
Outline (avg) 0.579 0.102
Outline (SD) -0.520 0.151
Outline (avg change) —-0.300 0.432
Shape factor (avg) 0.574 0.106
Shape factor (SD) 0.602 0.086

Qurenre Shape factor (avg change) 0.264 0.493
[Macro at the side view] Area (avg) 0.386 0.305
[Macro at the side view] Area (SD) 0.590 0.095
[Macro at the side view] Area (avg 0.509 0.162
change)
[Macro at the side view] Outline (avg) 0.332 0.383
[Macro at the side view] Outline (SD) 0.316 0.408
[Macro at the side view] Outline (avg 0.291 0.447
change)
[Macro at the side view] Shape factor 0.431 0.246
(avg)
[Macro at the side view] Shape factor 0.612 0.080
(SD)
[Macro at the side view] Shape factor (avg 0.638 0.064
change)
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Abstract

Fabric Properties Influencing

Fabric Movement, Mechanical

Action, and Motor Current in a
Front—loading Washer

Mingyeong Kim
Fashion and Textiles

The Graduate School

Seoul National University

This study analyzed the influence of physical properties of
fabrics on the movement and mechanical action in a front—loading
washer. This was done to derive the key fabric properties and
movements that affect mechanical action, and to examine the
relationship between fabric properties and motor current parameters.

Moisture regain affected the interaction between fabrics and the
trajectory of the fabric movement (standard deviation of ‘distance
from the center of the drum’). Fabrics with high moisture regain
showed concentrated movements due to the entanglement between
fabrics, followed by rapid descent at the bottom right of the drum.
Thickness, flexibility, and weight influenced the extent and
frequency of changes in fabric shape (standard deviation and average
change of ‘shape factor). Thin, lightweight, and flexible fabrics
mainly moved being folded, resulting in less noticeable changes in
fabric shape.

Furthermore, these kind of movement patterns also had a
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significant impact on mechanical action. The trajectory of fabric
movement was related to thread removal. Fabrics that exhibited
movements limited at the bottom right of the drum were exposed to
greater friction and compression from the surrounding fabrics. As the
degree and frequency of shape change of the fabric increased,
mechanical action resulting from folding and unfolding of the fabric
also increased, leading to higher Poka—dot removal.

Current parameters used for the fabric classification process
were influenced by the thickness and moisture regain of the fabrics.
In the dry condition, thickness affected the occupying volume of the
fabric, while in the wet condition it affected water absorbed weight.
Also, moisture regain was shown to influence the interaction between
the fabrics and the drum wall, which is related to the standard
deviation of the motor current. Therefore, it appears that fabric
types can be classified to some extent based on fabric properties
using current parameters.

The present study investigated the relationship between fabric
properties, movement, mechanical actions, and current parameters.
It observed the impact of moisture regain and thickness on fabric
movement and mechanical action. Additionally, correlations were
found between moisture regain, thickness, and motor current, which
enable fabric classification utilizing current parameters. These
findings contribute to the foundational research for the development
of washing protocol that optimize fabric movement based on fabric

characteristics, thereby enhancing washing efficiency.

Keywords : Front—loading washer, fabric movement, fabric

properties, mechanical action, motor torque current
Student Number : 2021-26602
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