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2 ATt A= AHAM HLW-1-2013[22] Aol 9= 100% H2A =&
AbgsLA T F40 W= towel?} pillow case, bed sheetg ZH2Z} 1371,
A, 20 S golA AR AP Al F-oF A 8bE kel gt 1
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Table 1. Specification of the cotton base pillow case[23]

Pillow case

Substrate Long staple pure cotton 100%
Yarn Ring spun
Twist of thread Warp 600£20
(T/m) Weft 500£15
Number of thread Warp 33+1
(tex) Weft 33+1
Weave Plain 1/1
Number of picks Warp 24+1
(picks/cm) Weft 24+1
Mass per unit area (g/m?) 185+10
Length 800+50
Size -
(mm) Width 800+20
Thickness 0.84+0.02
Weight per piece (g) 240+5
Water uptake in (%) 138+10

Finishing

desizing, boiling off, bleaching,

stiffening starch




2. A7 R =Y

2.1. AlE7]

2 AFolA = 17kg & F9] =AM 7] (Samsung, WF7500K) & AF-&

CAEEAE BEE A= Sl #ES fd =dE 0 £

Oft
o
3R
i)

ADe wAHstel vs JWe FHSA Axsdch AR B Al

g7t wEe Az glol A% atE Agetgth AgE A 2

Washer for fabric movement Washer for evaluating
analysis detergency

Figure 1. Photos of front-loading washers for analysis of fabric
movement(left) and evaluation of detergency(right).
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Figure 2. Seven factors of lifter shape.
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Table 2. Specification of lifter shape(Lyer, pLL1-pL8)

Wy | We | Wo | Hy | Hy c L.

Back From  Back From (mm) | (mm) | (mm) | (mm) | (mm) | (%) | (mm)
L., D=y 68 | 68 | 46 | 52 | 25 | 50 | 342
b1 » .. | 136 | 34 | 92 | 104 | 125 | 25 | 442
L2 e s (34 | 136 | 92 | 26 | 50 | 25 | 442
L3 — 136 | 136 | 23 | 26 | 125 | 100 | 442
! et 34 | 34 | 23 | 104 | 50 | 100 | 442
L5 " 136 | 34 | 92 | 26 | 50 | 100 | 171
L6 ‘ - 34 | 136 | 92 | 104 | 125 | 100 | 171
L7 el 3 136 | 136 | 23 | 104 | 50 | 25 | 171
L8 —_— — 34 | 34 | 23 | 26 |125]| 25 | 171

g9 17 el=Zg e AHA 2% ARE wgom 144 ey
4 29 F Al 4esE nAd 99 UeA ARyl F
Gee A 4744 GEE Y aQle] W, ¢ Hy, HS AL WgE
o2 EEFAT. Wa o Hy, HO 47474 2208 729 2z
gulalel 35zow wAsiel A%d 18709 AzeE(clel 27 ey,
LAz E7)E AAAxel A AFwach A&H 23 2Ze e 2A
@ AFEe ¥ 30 dEAY
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Table 3. Specification of lifter

shape(Lyer, L1-118)

R R c i
Bt At Front | (mm) | (mm) | (mm) | (mm) | (mm) | (%) | (mm)
L1 16.0 | 36.4 | 175 | 10
L2 61.0 | 52.0 | 25.0 | 50
L3 78.2 | 72.8 | 375 | 80
L4 16.0 | 52.0 | 375 | 10
61.0 | 72.8 | 175 | 50
—= = 78.2 | 36.4 | 25.0 | 80
= e 16.0 | 36.4 | 375 | 50
[ 61.0 | 52.0 | 175 | 80
- 78.2 | 72.8 | 25.0 | 40
61.0 | 61.0 342.0
[ 46.0 | 72.8 | 175 | 80
L m— 61.0 | 36.4 | 25.0 | 10
L 78.2 | 52.0 | 375 | 50
[ . 16.0 | 72.8 | 25.0 | 50
D 61.0 | 36.4 | 375 | 80
(B e P 78.2 | 52.0 | 17.5 | 40
777 s 46.0 | 52.0 | 25.0 | 80
bl 61.0 | 72.8 | 375 | 40
| e 78.2 | 36.4 | 175 | 50
68.0 | 68.0 | 16.0 | 52.0 | 25.0 | 50 |342.0
_ 14 _
o ,a—] L=



7159 HEZHE A3 203 gIZHE AR g 21l A
IEC pillow case 4vfel thaliA AlEsFs WAt A 7IHA =AY W
Ag=Ass dFAY. FHTF AETZFS AgEA5Y & 713
gol3 80LY AtEs FH e AlgsEe 1200, 1H o B2 16.0Lo|th

22 FZH 9 MEEAES A& uo= IEC pillow case 49 Z A}

o] Aes BFEs7] &olstal, Asor AYgFds ¥
[e]
o
A7l 799 T35 F2(SH-WBIR, Samheung Energy)& AF-& 3¢
°

=2 15TC= st5a, AgdAd &

Table 4. Amount of water used at each experiment condition

of fabric movement analysis

With or without reference lifter With lifters

Water(L) 3.0 12.0 16.0 8.0

HeolA 24M7E o) Ad AxA AHE H
9%, 1% 02%e £AR desl FYsa

T AL &S mE RS A

Al & (pillow case)™

% 33 2ol A%

il

o
i
rfot
i
=l
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Loading example

Figure 3. Loading example of pillow cases according to AHAM
HLW-1-2013[22].

AEGEAZS B Ao AA7 H7td A AEo] dojpa BF
S walsty] wiZel AAE HorskA sk

2 oAgoA A& Ag ZAE “Eco Cold” RER 47rpmel 3] 7
52 JHAT AEYE 4% B9k AT 62 B9k Wi Alo]2S
R ST Alo]Z e AlA wEkow 3| Ast= Ato]Z 3 ukAlA wako
2 3]sk Aol 2 U th & 54 vERG A H, A8 14%
T AA HFom ST ] 6% WFAIL WAA WFOR 143 I
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Table 5. Operating condition of front-loading washer for analyzing

fabric movement

Operating conditions
Drum speed
. ) 47rpm
(revolutions per minute)
: 14s on
Reversing rhythm

6s off

14s on 6s off 14s on 6s off

Spin clockwise Stop  Spin counter—clockwise  Stop

_17_




32. AlgErE &3

oA g 7hi 2} (Digital camera, Samsung NX-mini)E ©]&3fo] =g
A7l W MgE Ass 9t 7o #9210 F5RE0
A =2 1/500, ISO 1600, =9 30Z#¢] #FJo =z HAAs AT A&7}
o F&3] s F s Ag7] A 108 $5H #2995 A AEA
tl A7) ZE 108 FRE AFow dolrhy] A7 B2H9E 3 T
Fe A HFHE &4 94 dd(avi)E AGst Aot AA T4

S OGG Video Converter 6(Hoo Technologies)E ©]-&3lo] AFA (jpg)Ll
H

2 FEodv. FE2E AR FollA EA A o] 7HE F Hola, Al
FdolM Hetd= As=s Ase 7 & Bgedtal ddo] H O HkA
A W&l & Alolgs 24 tde® Asiddt ¢ dES FeiA A

Al &I WA A W] Abo]Fo] AEE Aol Aelrt flae FHUs)

AEEASTS BA4387] 98] TEMA motion(Image systems)S ©] &

SEATE G WEAA W Alo]E3 01% HAo® dho] 14727 ¢
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Figure 4. Tracing and digitizing of fabric movement in a

front-loading washer.
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Table 6. Fabric movement index[25]

Index

Definition

Conceptual
image

Distance from
the center of
drum

Distance between the center of the
drum and the center of the fabric

Changed angle
of center of

Changes in the angle of the center
of fabric between frames

fabric
Speed Diff bet ) o
difference ifference between the spinning
e cenlatum speed of the drum and moving
and fabric speed of the fabric

Outline length

Outline length of the fabric

Fabric area

Area created by the fabric outlines

Shape factor

Value of dividing the fabric area
with the outline length

_21_
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Total distance Sum of distance the center of
moved fabric moved between frames

Number of times the fabric

Number of dropped from first or second
falling quadrant to third or fourth
quadrant

Number of Number of rotating attached with
rotating drum wall

Number of Number of sliding or rolling down
sliding in the fourth quadrant

Number of | Number of being folded (number of
folding peaks in the graph for fabric area)

Values from dividing the number
of appearance of the center of
Position factor | fabric in the second quadrant with
the number of appearances in the
fourth quadrant

Longest . .

5 Longest distance between width or
distance of . .
Siarie aresl height of fabric area
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4. ARAY F7}

AT E JATLAEE AHEStIA YZH o =A% g=Zy ¥
ol whgl Ml ZHAgo] ojBA dEtX=A H7IeATE SwissatestAFol A
7938 EMPA 109 Q13 EXE AFESIATH A3 HxE A& o
37 2T

Table 7. Soiling composition of artificial soiled fabrics[22, 23]

Composition

Synthetic pigment

; Kaolin, Flame soot 101, Iron oxide black, Iron
oxide yellow

Pigment/ y.
Synthetic sebum
sebum ) .
;  Beef tallow, Lanolin, Free fatty acids,
Hydrocarbon mixture, Cutina, Cholesterol, Fatty

acid triglycerides

Carbon black/ | Carbon black

mineral oil paraffin oil

Fresh pig blood stabilized by 10g/L Ammonium
Citrate

Blood

Chocolate and | Unsweetened(unalkalized) cocoa and sugar,

milk full-cream cow’s milk, water

Red wine Alicante red wine
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EMPA 109 29 ¥+ 12cmx12cm@ ¥ 3 (unsoiled), pigment/sebum
(]38} sebum), carbon black/mineral oil(®¢]3d} carbon black), blood,
chocolate and milk(®]3} cocoa), red wine®] 3t =2 AZAE o] =4,
o] stripg WO Z 1yo] Ztzte]l 9 dE7F E% 6emx12cmeo] H A &g}
A AbEE T AleES AFEStY] AT HXE strips pillow caseol F

25 rh2d 5).

Unsoiled piece
(manufacturer's marking on top)

Soiled pieces;
pillow case sebum,
} carbon black,
blood,
cocoa,
red wine

L

]
| Sewing line

Figure 5. Attached artificial soiled strip on pillow case.

2 FAearh d¥edEE H24F pillow caset 20.0C, 65% RH *
% 7](PL-3KPH, ESPEC CORP.)°| YolA #AuM st

AFeALE WY HHse] odBAY YRo] WANE AL FAFH
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AHd H7E AP AR A Ee AlgE
s A TA3A pillow caseE AFE3G T B ZE Y FE ofFo wE
MAA F7r Ao 2009 pillow casedt SlFQAEE A3 2nf
9] pillow case, & 4719 pillow caseZE AF-&3tth 1% 2 ZE 9 A
AL Hrtsls AP A= 12919 pillow caset 4Wie] 21F ¢
Z-=] pillow case, & 16712] pillow caseE AF&3FA T 23 @ ZE 9] A
A7 A7F AgolM= 2vh9 pillow casest AEFLAEE F-2HT 2v) o
pillow case, & 4" 9] pillow caseE AF-&3F

g ZE AR oo mE AHAE Hrh Add 23 =Y AHAE 3
7 Aol NEE ¥ Wele AgEAE 24 283 Az o

M=

Y 33 2ol AR AE g FYsh
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4.1.4. AA

AA= AHAM HLW-1-2013°4] ¥+ AdAMA=Z HAs AHAM
HLW-1 Formula 3 A A[22]& At&3stgom, AAle] =4S 7 89
ER Ao

Table 8. Ingredients of AHAM HLW-1 Formula 3[22]

Ingredient %
Linear alkylbenzene sulfonate, sodium salt (LAS) 11.3
Nonionic surfactant 6.0
Sodium soap 4.1
Silicone, suds suppressor 5.0
Sodium aluminosilicate solids 36.3
Sodium carbonate 14.9
Sodium polyacrylate 3.1
Sodium silicate solids 3.8
Carboxymethylcellulose 1.5
Phosphonate 3.6
Optical brightener 0.3
Protease (Savinase 8.0) 0.5
Sodium perborate monohydrate 1.0
Sodium sulfate Balance

AHAM HLW-1 Formula 3%¥ IEC 60456(5" edition)ell Al %3 23
AAZ WA IEC reference detergent A9} 1%9 Perborate
MonohydrateE 412 A3 £ 2AES 7FXo. E3 IEC reference
detergent A"¢} 15%9¢] Sodium Perborate TetrahydrateE 41 Z o=
A= 5 AoH22].
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AAE EE=AY FA022]0 wA 4919 pillow caseE AF&3F 74

= 35.0g, 16919 pillow caseZE AF-&3F

itk 71E9 PxE e FHoro]

S.f_
450+ 59.0gel AAE A&

weh Al A
Aol mmst] s

A HE AR AE

Table 9. Amount of water and detergent used at each experiment

condition of detergency evaluation

With or without With primary ) )
. ) With lifters
reference lifter lifters
Water(L) 8.3 12.3 16.3 12.5 8.3
Detergent(g) | 35.0 52.5 70.0 59.0 35.0
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42. AR B

w33 = (Minota CM-2600d)E ©]-&3te] AE A} ME $o <

S HdE 520nm el tF A vAbE TS SAHG] AHAEE H

=43 WALES Kubelka-Munk equation(2 1)& o] &3t K/S

o WA F 4 28 olgate AHYL AN

(1-R)?
R [Eq. 1]
K: absorption coefficient

S: scattering coefficient
R: reflectance

— (K/S)s _(K/S)w
D = (g/sy (k7). X 100 - [Eq.2]

D: Detergency

(K/S).: K/S value of the soiled fabric
(K/S),,: K/S value of the washed fabric
(K/S),: K/S value of the original fabric
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5. BARN @ NPE B4

gz o] YA AgEAT, AFHAG e AREAT 3
7] 918l EA =229 IBM SPSS Statistics 238 AF&-3H)

12 2z e G4 AlHA dolgol thai A Pearson®
S| EA S AAeaL, 23 Y EZE Y FAH AgEAE, AHE dol
Holl tial A Pearson®| F¥iEA, 3 AN S HAAISHAH

-

2o AFA BEZE FAaglo] MARAde ome ¢S FeA A
HH7] 93] AF8 PIDO(Process Integration and Design Optimization)
=<2 PIAnO(Process Integration, Automation, and Optimization)& ©] &
a3ttt PIAnO (PIDOTECH)OIA Algst= setvEd 2HY 7|HE
o]-§sto] AAIZ WIFFE A9 A= vhsd Zo21]

T, dEZEY Jd o THAE xR kAL ZF o9 E E AH

=EER(IE 6). 5, 4 o9y 4 fZy dAJAAY w9E 15l
TSHA A g Slvh 1sel Al TH, TEolAl 139 A s Folste W
Ao JtEAE Fu 1 A9E A A9z A Fo3% 9IS
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Figure 6. Example of sensitivity test by PIAnO.
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Table 10. Fabric movement indexes of experiments without lifter

according to the amount of water

Amount of water (L)
Fabric movement inde S 1208 18408
_ avg. 27.33 24.16 28.69
Distance d{frggl 2:?;131 )center of std. 714 389 065
avc. 4.31 1.69 0.30
avg. 21.11 6.19 5.33
Changed angle of center of [7giq T 2354 | 2468 | 2620
avc. 15.26 18.37 29.01
_ avg. 15.16 69.11 140.32
Speed difference between | std, | 5252 | 4248 2.46
avc. 42.71 33.43 2.66
avg. | 103.65 94.61 111.25
Outline length (cm) std. 27.05 24.49 3.41
avc. 10.51 7.79 2.07
avg. | 417.25 233.28 437.58
Fabric area (cm’) std. | 176.69 94.14 25.37
avc. 83.16 29.98 9.24
avg. 3.93 2.39 3.93
Shape factor std. 0.88 0.57 0.17
avc. 0.43 0.26 0.10
Total distance moved (cm) 1898.42 | 1110.82 71.14
Number of falling 15 5 0
Number of rotating 0 0 0
Number of sliding 1 8 33
Number of folding 6 5 0
Position factor 4.29 0.00 0.00
. _ avg. 34.01 21.57 30.11
Longest distance of fabric 'giq | 763 7.29 0.33
avc. 4.17 2.76 0.29
_ 34 _
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Amount of

8.0 12.0 16.0
water (L)
——  Lno-04/Point#3 : Visualizer [/] ———  Lno-04 12L/Point#3 : Visualizer [/] ——  Lno-04 16L/Point#3 : Visualizer [/]
[em] XY Diagram #1 T=14.6000 5 [em] XY Diagram T=0.0000 s [em] XY Diagram T=0.0000 5
il [T1T]
I [l
. . =]
Visualized - ERAESSRANLS
i — NEE
movement

pattern of tracer

fabric

<
i
IS
PR TISNET
)
—
e e e e

40 = 20 10 0 10 20 40 [em] 40 E -20 -10 0 10 20 40 [em] 40 B E -0 0 10

Figure 7. Visualized movement pattern of tracer fabric without lifter

according to the amount of water.
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Table 11. Fabric movement indexes of experiments with reference

lifter according to the amount of water

Amount of water (L)

8.00 12.00 16.00
Fabric movement index
. avg. 24.17 22.65 26.88
Distance df;ggl (t(l;gl )center of std. 505 784 6.71
avc. 2.46 3.47 3.03
avg. 27.16 19.79 9.82
Changed angle of center of 7grq | 1875 | 3050 | 3895
avc. 13.02 24.18 37.85
' avg. 22.35 39.44 45.35
Speed difference between | g, | 3362 | 4717 | 67.19
avc. 18.59 24.77 47.56
avg. | 124.00 128.53 36.42
Outline length (cm) std. 24.31 37.74 31.19
avc. 9.56 13.11 18.46
avg. | 500.06 597.17 334.32
Fabric area (cm’) std. | 26327 | 35511 | 17764
avc. 88.26 112.47 91.22
avg. 3.89 4.41 3.60
Shape factor std. 151 1.59 1.21
avc. 0.49 0.59 0.62
Total distance moved (cm) 1793.42 1543.96 | 1457.72
Number of falling 3 11 9
Number of rotating 5 1 1
Number of sliding 0 1 7
Number of folding 6 7 10
Position factor 29.63 11.94 6.85
avg. 38.78 41.48 27.55
Longest distance of fabric | g | 885 10.46 8.86
avc. 4.67 4.89 6.00
— 37 —
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Amount of
8.0 12.0 16.0
water (L)
Lref-04/Point#3 : Visualizer /] Lref-04 12L/Point#3 : Visualzer [/] Lref-04 16L/Point#3 : Visualzer [/]
[em] XY Diagram #1 T=0.0000 s [em] XY Diagram T=14.6000 s [em] XY Diagram T=14.6000 s
T [T
. . L 1] N [
Visualized ] HHH i
movement B2 /g H
* i
pattern of tracer N §
(8 {1 11
fabric ] : g
. il
N L
I~ |
ERNANANANAGE:=: SauiNNARARANI LI i
feml 20 E 20 -0 0 10 20 40 [em] Jo | o e T P MY X [em]

Figure 8. Visualized movement pattern of tracer fabric with reference lifter

according to the amount of water.
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Detergency (%)
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Figure 9. Detergency without lifter (Lno)

according to the amount of water.
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Detergency (%)
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Figure 10. Detergency with reference lifter (Lrer)

according to the amount of water.
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Figure 11. Total detergency(%) of primary lifters(,L1-,L8).
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Figure 12. Detergency (%) of each soil of primary lifters(,LL.1-,L8).
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Table 12. Correlation between seven factors of lifter shape and

detergency (%)

ors of lifter shape
Wb Wf Wm C Hb Hf L
Detergency

Pearson correlation

A79 | -.063 | 308 | -.039 | .240 | .206 | .338

coefficient
Sebum Significance probability | .507 818 .246 .885 371 444 .200
N 16 16 16 16 16 16 16

Pearéo‘n correlation 099 070 A 300 181 | —o00s 76
Carbon | coefficient

ek Significance probability | .715 | .796 .029 .255 502 717 151
N 16 16 16 16 16 16 16

Pearson correlation

256 | 255 | 507" | 5017 | 229 | 202 | .459

coefficient
Blood | "gionificance probability | .338 | 341 | 045 | 048 | 394 | 452 | 074
N 6 | 16 | 16| 16| 16| 16 | 16
fj:frf?z;nctorrda“m 329 | 116 | 279 | 404 | 269 | 427 | 445
Cocoa [ gignificance probability | 214 | 668 | 295 | 120 | 314 | 099 | .084
N 6| 16 | 16| 16| 16| 16| 16

Pearson correlation
Red coefficient
Significance probability | .095 | .279 .005 217 367 448 .446

432 | 288 | 6607 | 326 | 242 | 204 | .205

wine
N 16 16 16 16 16 16 16
Pearson correlation 347 | 179 | 5127 | 378 | 224 | 281 | 403
coefficient

Total Significance probability | .188 | 506 | .043 | .149 | 405 | .292 | .122
N 16 16 16 16 16 16 16

*, The correlation coefficient is significant at the p-value level of 0.05

x*%_ The correlation coefficient is significant at the p-value level of 0.01
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Table 13. Fabric movement index of lifters(I.1-1.9)

Lifter L1 L2 L3 L4 L5 L6 L7 L8 L9
, avg. 26.32 25.35 24.16 25.96 23.73 25.25 24.65 25.30 2257
Cgfetﬁn(ffe df;j’rrn“ (t?ri) std. 6.46 6.32 6.33 6.55 6.30 7.24 6.18 6.47 5.87
avc. 3.29 3.15 274 3.26 277 3.23 293 2.36 2.79
avg. 26.17 24.74 23.71 2855 29.03 26.99 25.87 27.92 26.10
e e O std. 22,69 25.96 26.69 16.10 1879 21.82 2183 19.06 2508
avc. 15.21 15.81 1952 10.78 13.03 1555 16.67 13.79 17.81
Speed difference avg. 11.32 1761 22.27 10.03 22.59 14.74 21.02 17.78 30.92
between drum and std. 40.92 41.86 39.14 38.65 33.06 42.33 41.74 40.89 36.03
fabric (cm/s) ave. 26.05 22.24 21.33 23.43 18.00 2553 24.60 23.73 20.73
avg. 115.75 105.71 111.26 117.10 115.47 110.98 115.65 106.50 114.49
Outline length (cm) std. 27.24 20.44 36.85 29.51 30.09 40.96 29.72 35.21 28.36
avc. 10.93 801 10.53 10.59 9.40 12.81 12.94 10.75 10.74
avg. 499.48 416.87 334.11 417.06 481.38 420.44 468.29 406.04 450.98
Fabric area (cm’) std. 240.85 179.12 207.70 207.13 239.60 259.61 233.97 22559 181.77
avc. 83.79 70.14 76.81 86.97 32.67 82.25 96.39 78.38 31.93
avg. 412 3.83 3.27 3.39 3.98 3.50 3.36 355 3.88
Shape factor std. 1.20 1.06 0.99 1.15 1.19 1.30 1.32 1.14 0.84
avc. 0.44 0.43 0.43 0.47 0.47 0.47 0.53 0.45 0.42
Total distance moved (cm) 1954.49 1862.74 1794.69 1973.40 1790.03 1904.52 1812.95 1860.15 1668.35
Number of falling 12.00 10.00 9.50 11.00 9.50 10.00 10.00 9.50 10.00
Number of rotating 1.50 2.50 3.00 2.00 3.50 3.00 2.00 3.00 2.00
Number of sliding 0.00 0.50 0.00 0.00 0.00 0.00 1.00 0.00 0.50
Number of folding 7.50 6.50 9.00 9.00 .00 9.00 7.00 3.00 8.00
Position factor 19.64 25.56 32.54 28.75 33.10 27.10 24.58 20.83 23.98
, avg. 38.98 35.92 35.13 39.01 3751 35.68 36.47 35.76 37.22
L‘f’gﬁgit frljga?g;)"f std. 8.17 7.02 10.70 9.19 9.30 11.49 895 14.24 9.18
avc. 5.06 456 451 5.33 4.36 491 5.04 5.31 4.69
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Table 14. Fabric movement index of lifters(L10-118)

Lifter L10 L11 L12 L13 L14 L15 L16 L17 L18

, avg. 23.73 25.65 2417 22.02 24.39 23.11 2417 24.29 26.45
(Distance from (t?;) std. 6.47 718 658 6.30 6.46 6.41 6.36 6.49 6.82
ave. 279 3.76 2.9 3.16 3.20 2.87 3.10 3.32 3.22

avg. 28.82 28.77 26.31 23.88 26.57 30.10 30.99 28.63 25.29

e e O std. 17.42 20,56 2055 24.87 21.09 17.93 1564 18.64 2494
ave. 12.93 14.63 14.15 1853 1431 12.63 10.93 1273 17.27

Speed difference avg. 22.46 9.09 20.33 32.04 1761 23.70 19.02 19.40 13.12
between drum and std. 34.44 3958 32.63 34.15 33.87 34.36 37.07 38.93 45.60
fabric (cm/s) ave. 19.68 24.35 19.29 22.72 1955 21.62 20.47 22.37 27.44
avg. 123.36 123.73 114.11 119.36 134.14 133.99 139.56 117.95 124.40

Outline length (cm) std. 30.56 35.48 30.17 32.77 30.54 34.47 35.73 24.87 36.80
ave. 9.91 11.64 959 12.23 10.65 11.72 9.59 9.83 11.20

avg. 531.37 504.85 461.01 460.57 546.95 475.98 612.04 461.89 533.09

Fabric area (cm’) std. 252.44 264.86 212.36 198.64 273.30 206.93 328.60 177.49 274.81
ave. 97.82 98.53 85.11 9354 97.97 83.63 111.39 7876 108.09

avg. 415 391 391 3.80 3.99 3.47 418 3.83 411

Shape factor std. 1.07 1.32 0.99 1.04 1.41 0.97 1.44 0.90 1.33
ave. 0.49 0.50 0.43 0.53 0.48 0.43 0.56 0.44 0.55
Total distance moved (cm) 179184 | 1987.00 | 182296 | 165192 | 186261 | 177376 | 184208 | 183647 | 192823
Number of falling 11.00 1250 1050 12.00 1150 11.00 11.00 1150 10.00
Number of rotating 2.00 2.00 2.50 0.50 1.50 2.00 1.50 1.00 2.00
Number of sliding 0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.00 1.50
Number of folding 7.00 9.00 9.00 8.50 9,50 .00 750 750 7.00
Position factor 31.78 23.34 33.96 22.45 24.81 31.02 35.97 21.95 22.50

, avg. 39.94 40.37 37.93 38.42 42.36 4361 4451 38.47 40.79

L‘f’gg?iit f;:;a?g;)"f std. 9.55 10.96 9.38 9.58 8.83 10.51 9.99 752 11.50
ave. 5.25 5.38 481 5.02 5.34 561 5.20 475 5.45
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L7 (best detergency) L13 (worst detergency)
———  L7-04-2/Point#3 : Visualizer [/] ———  L13-04/Point#3 : Visualizer [/]
[em] XY Diagram #1 T=0.0000 s [em] XY Diagram #1 T=0.0000 s
HHHHHHHH} HHHHHH\H}
Visualized T i
] ﬁ,_ | -
movement i M i
SEREZS Al | |
pattern of N Rl : : -
tracer fabric il il il
} [1] [I1] } | |
T e I B
— L7-04-2/Point#3 [x/v] — L13-04/Point#3 [x/y]
em] XY Diagram T=0.0000 s em] XY Diagram T=0.0000 s
Visualized BBy
e e b
movement & feseass
pattern of i
center of it | ] /
. |
fabric i s ]
S i
\
LI
-40 -30 0 0 1 40 [em] -40 -10 1 40 [cm]

Figure 13. Visualized movement pattern of tracer fabric and center of

fabric at best detergency(L7) and worst detergency(L13).
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Figure 14. Detergency(%) of lifters(L1-L18).
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Figure 15. Detergency (%) of each soil of lifters(L1-L18).
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Table 15. Correlation between each fabric movement index and four

factors of lifter shape

Factors of lifter shape

. . Wm C Hb Hf
Fabric movement index
) ] . Pearson correlation coefficient | —.052 | -.030 | -.512" | -.020
Distance from the center Significance probability 765 862 .001 908
of the drum (avg.)
N 36 36 36 36
i ; N Pearson correlation coefficient | -.133 | -.220 | -.338" .068
istance from the center Significance probability 440 197 .044 .693
of the drum (avc.)
N 36 36 36 36
— . Pearson correlation coefficient | .078 | .051 | 499" | -.019
LSS CRISCNES WSEEit | [eg e s ool 651 | 770 | 002 | 913
drum and fabric (avg.)
N 36 36 36 36
Seed dift . Pearson correlation coefficient 047 -013 | -415° | -.073
peed ¢ erence. etween Significance probability 785 .939 012 671
drum and fabric (std.)
N 36 36 36 36
— . Pearson correlation coefficient | -.015 | -.172 | -.467" | -.133
beed @ erence. etween Significance probability .930 315 .004 .440
drum and fabric (avc.)
N 36 36 36 36
Pearson correlation coefficient | -.155 | .371" | -.380" | -.177
Fabric Area (std.) Significance probability .365 026 .022 .300
N 36 36 36 36
Pearson correlation coefficient | —.267 301 | -.587 | -.049
Shape factor (std.) Significance probability 115 075 .000 N
N 36 36 36 36
Pearson correlation coefficient | -.078 | -.051 | —.499"" .019
Total distance moved Significance probability .651 770 .002 913
N 36 36 36 36
Pearson correlation coefficient | .156 337" 302 -.007
Position factor Significance probability .364 .044 073 .966
N 36 36 36 36
Pearson correlation coefficient | .248 333" | -.144 | -.286
L?;ﬁeistacrhesga(réctgl)o f Significance probability 145 047 403 .091
N 36 36 36 36
. Pearson correlation coefficient | -.122 | -.008 | —.369" | -.154
Lgll)gr(iecs tagézta(r;(ifecyf Significance probability 480 963 .027 370
N 36 36 36 36

*. The correlation coefficient is significant at the p-value level of 0.05
% The correlation coefficient is significant at the p-value level of 0.01
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Table 16. Correlation between four factors of lifter shape and

detergency (%)
Factors of lifter shape
Wmn ¢ Hy H;
Detergency
Pearson correlation coefficient | —.130 | —.499™ | -.382" 139
Total Significance probability 449 .002 .022 419
N 36 36 36 36
Sum of Pearson correlation coefficient | —.083 | —.466™ | -.594™ | 277
sebum and Significance probability 631 .004 .000 102
carbon black |N 36 36 36 36

*. The correlation coefficient is significant at the p-value level of 0.05

% The correlation coefficient is significant at the p-value level of 0.01
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Abstract

Fabric movement and washing
efficiency as lifter shape
changes in a front-load

washing machine

Choi, Han Ra

Department of Textiles,
Merchandising and Fashion Design
The Graduate School

Seoul National University

The objectives of this study was to investigate how fabric
movement and detergency changes by lifter shape. In washing
process of front-loading washing machine, the lifter affected fabric
movement and detergency by lifting up the fabric and making it
falling. Therefore, in this study the fabric movement and detergency
were examined with or without lifters. Then, seven factors of lifter
shape, back width(Wy), front width(Wy), middle width(W.,), ratio
between top and bottom width(c), back height(Hy), front height(Hp),
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length(LL), were changed to find out the most affective factors of
lifter shape. The most affective factors were middle width(Wy,), ratio
between top and bottom width(c), back height(Hy), front height(Hy)
according to sensitivity test. Then, the four factors of lifter shape
were changed to find out how fabric movement and detergency

changes by lifter shape.

The fabric movement with reference lifter(the original lifter
attached in front-loading washing machine) was similar in three
experimental conditions which used different amount of water. The
detergency increased as the amount of water were increased. On the
other hand the fabric movement without lifter was different and the
detergency decreased deeply as the amount of water increased. The
movement of fabric was limited to sliding as the amount of water
increased. Therefore, it is clear that lifter made the fabric movement
diverse regardless of the amount of water used. Also, lifter is the

key facts which maintained the detergency above certain level.

When the seven factors of lifter shape were varied to 50% or
2009 to reference lifter, the detergency was increased in primary
lifters except one with every factor at 50% size. From the regression
equation of detergency and result of sensitivity test, the most
affective factors of lifter shape were middle with, length and ratio
between top and bottom width. Detergency was expected to increase
as the three factors were increased. With limitation of inner drum

deepness, the length of lifter was excluded from the most affective
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factors. Then, front width and back width were also excluded
because they had the lowest sensitivity to detergency.

Middle width(W,), ratio between top and bottom width(c), back
height(Hy), front height(H;) were varied within practical use. From
the result of correlation analysis, back height and ratio between top
and bottom width affected fabric movement and detergency. As back
height and ratio between top and bottom width were decreased, and
front height was increased, detergency was increased.

From the result above, it was examined that lifter induced the
fabric movement and maintained detergency above certain level. In
case of changing seven factors of lifter shape, as middle with(Wy),
length(L) and ratio between top and bottom width(c) increased,
detergency increased as well. In case of changing four factors of
lifter shape practically, as back height(Hy) and ratio between top and
bottom width(c) decreased, and front height(H;) increased, detergency
increased. The lifter with ideal shape had 8.6% higher detergency

than reference lifter.

keywords : lifter, factors of lifter shape, fabric movement,
detergency, front-loading washing machine
Student Number : 2014-22899
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