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Table 1. Specification of the cotton base load items [22]

Criteria for )
conditioned new Bed Sheet Pillow case Towel
items
Substrate Long staple pure cotton
Yarn Ring spun
Weave Plain weave 1/1 Huckaback
Mass per 121n1t 185410 220+10
area(g/m?)
Length(mm) 24004150 80050 1000+£50
Width(mm) 1600440 800+20 500+£30
Weight per 795415 24045 11043
piece(g)
Water uptake 138+10 138410 250415
m %
- desizing, boiling off, singeing, bleaching, no filling or
Finish . . .
stiffening size
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A 413k S 71E0 2 4vHA Rt 25%(3.25kg), 50%(6.5kg),
75%(9.75kg), 100%(13kg)el| == AEE S F40d wURE

TSR, 748 e & 29 Zoh

Table 2. Base load combinations of each load size

Number of Number of Number of Total
towels pillow cases bed sheets weight(kg)
25% 8 4 2 3.25
2% Gall 0 13 0 3.07
pillow cases)

50% 25 10 2 6.50
75% 32 14 4 9.65
100% 40 18 6 12.92

2 dFlA As #EE A% O Fige JdFLEEE
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Washer for evaluating detergency

Washer for fabric movement analysis

Figure 2. Photos of front-loading washers for evaluation of

detergency(left) and analysis of fabric movement(right).
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Table 3. Amount of water at each laundry load

100%

44.2

5%

28.6

50%

25.3

25%
(all pillow

cases)

16.5

25%

17.1

Water(L)

Bl Lss

g

=
=

Samheung Energy)

|(SH-WBIOR,

Sate] £EOR AEr|el FFSAT

A E(pillow case)= “F2olA 24413 o]
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l

A
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=
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Loading example

Figure 3. Loading example of pillow cases according to [EC 60456

[22].
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Table 4. Operating conditions of front-loading washer for

analyzing fabric movement

Operating conditions

Drum Speed
(revolutions per minute)

34rpm, 46rpm, 50rpm, 54rpm

16s on time
Reversing rhythm
4s off time
16sec 4sec 16sec 4sec
A A | A
( | [ |
phase A phase B
- > —
clockwise off counter-clockwise off

- 16 -




d.o
ol
Ho
o

—

NI

8ol

o]

=
=

tjx g 7hw 2H(Digital camera, Samsung VLUU PL50)

__oﬂ.h
o
i
No

& ol A

)

&

]

il

EELT

Table 5. Video recording conditions

[®)
E | ©
O
i )
Sl
—
1)
i<
[92]
<
=
op
=
s | S
< | B
= | 8
mc
= | B
213
[av]
—
mw
S| B
© B

=
mh
S | »
Y
)
@)
=t
«©
S
B2]
)

~~

o
Ho

iy
i

)

™
B
o

e
N

FSA T

S

Hd(avhz A A

Aot

3

g

33 H e Ase

]

7

33) A (turns), =7] 33A,

7]l A

z7]

oju

40]

C
— =

R

3] A (turn)o] &

A

Fsdlem 0.001

T2IHS ARES

ol Zj(Daum pot encoder)

Aol &=

w3

4r

™
J

_17_



TEMA motion(Image systems jil) 213§ A8l o, 134

oft

18311 tAc® Uirol 13-oA 871e Z#Hdes FETHA

H2s AT

5 4 2T e



T
il
~

.w.o
Ho

"
N
T
A
of)
o

—

NI

TEMA motion(Image systems

i

9

51)4

171

9

)=
CRY

o
=

1

7

h=i
=

]

A
A)
outline-tracker 715< &

timetable

L2 9]

=3

Aot

—_
0

-

o

wr
of

o)
of

NI

£

—_—

=9

[e)
&34

T FHLFA),
zz 3o XY Diagram 7]%< ]

SE

shof

&

FoluAE AUt

N
O

382 (Phase)S 2+7t

= BF
3914, 771 3814, #7] 3FH R e A,

16

o] o
= -

=

=}

o
o
Mo
To
Ho

A

O

1

+od

°

Hh7 3o o

1

9
yi

Fol7h wm)

S

=:]
=

M

Ho

T

sl

—_—

NI
el

)
o
ﬁo

o
=

ﬂv‘_

o

of

- 19 -

ST

Sk

]



33.2. A% B A& AF AF

FAg AFe SFJHAE FAFS] A O" 49 dF
2ol AEr|e FAS& AHOrigine® R, AAAOZ AgEs

£ % HRef 41, Ref #22 7|Z20 2 24972 HuHAL

i
o
0

AR T2l AEE HAgelu ME AE2] FA FA4l(Center of
gravity) A" S (Outline)ol A e HFH o

watd o s AoHQth 18 49 2 E2Z3 o] 231U HIFHH

ol 2HE A EC] o]F AF, ]

olgA FAIE A& As AHAHE 7S

o
2
il

AE AFE EFsan 10714 HEAs Ao B9

WRES F5 Tl YERi Sl

- 20 — I 'I_;' L~



Example for fabric outline-tracing and movement analysis

Figure 4. Tracing and digitizing of fabric movement in a front-

loading washer [21].
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4. A=A H7T

=

JELAEE Agst AHE AF 54 wWstol wmek AlAEA
ofgA  EEAEA ¥ ¥ kst B dAFdA=
TestfabricsAtoll /] 4§ carbon black/mineral oil (EMPA 101),
sebum/pigment (EMPA 106), cocoa (EMPA 108) JFdxE
ARSI T 91 Al 7HA JIELFEE AEA ZIAEY IS
H7td o ARREE AFAEEMN, 7 LE9ES 2AHE oY %

63 2ot

Table 6. Soiling composition of artificial soiled fabrics [22]

Composition

Carbon black/mineral oil Carbon black
(EMPA 101) Paraffin oil

Synthetic sebum
Cows fat, Wool fat, Free fatty acid,

Sebum/pigment . .
(EMPA 106) Cholesterol, Squalen, Coconut oil, Hard paraffin
Pigment
; Carbon black, Kaoline, Iron oxide
Cocoa Unsweetened cocoa with sugar, full-cream
(EMPA 108) cow’ s milk and water
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6cmx12cme] =Z7]2 Z2F 3+ Ao pillow caseoll 1¥

—

bl o

S|

AR A%

v}
han |

AN ZAL,

pillow case¢} %

Zel pillow case A}olo

oy

Sk

}o] pillow case2] 2ol 4

A

3+

ksl

=

T
2o

Aol th2A JYetd==, pillow caseol

E
=

2
3|

@ 2 =1

HEAL

pj]

22

FSATHS].

file)
M-
0y

0

S AR

X

[e]
=

4 Az ghol

g2

Al

- 23 -



pillow case

Sewing line

[ Soiled fabrics

Figure 5. Attached artificial soiled fabrics on pillow case
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4.1.2. NEEH

AAd H7F AdoA AL AgEe AEAS 4 A4
AHESE A T3 pillow case 13FS AEE O E|(dummy) 2
AHESEAT BRk AlRHA RIS fstd Al ZY JIFAETL
225 10%9] pillow casesES AF&3FA T}

k)
rﬂ){_n’
N
N
N
fu
I

®
w
k%

ol AB7E AWM #e W 2 PPoR F Y AR
A EQsAnh o W, ATeoAEI HHEA g 34
pillow casesE WA FEUSHOr], I Fol AFLAZI} H2uof

A& 1049 pillow casesE FsHTh
413, AErgs

Agg&rs A FFHE FES 1BCTE %59
AgEtAT 9T 2x AEEFE HHoE FFdFTI
sk, Mg fd¢ FFAXGH-WBI0OR, Samheung Energy)S
A8 AT

AgFge & 3d vele AE A #F A FYHAH
A T3t Fgstach. ols AAl A" @A A

g AEHow RyHe Bo ¥& 2ol 1n=
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4.1.4. AA

AlAlE EC 60456(5" edition)ol A & AFAAE HAE EC
reference detergent A* M A[22]E AF83stF o, MAS 242 &
7 Yelf At} IEC reference detergent A*= &4 3} AF
FAAR] SKE g3k 71 g9l Al HEH|E-4
FArst YEF, 28 204 3AQ 4-opM oDt ol o] A
A2 BEse JAtHIl amE 7+ JE-S [EC 60456(5" edition)
Ao wet Qo BA" E=ANE 77% : 20% : 3% HEE
=gsto] ARESATHIL

AA ) F& AEgre EH0EF, A0 sl EC 60456("
edition)ol A AAsE AFEEQ 2g/LE AFREATH22] A2d A

15C 2] 05L9] &l AAE AT & & AlAl FUAFE F3+

m{m

AAE BEsA,

- 9% - B



Table 7. Ingredients of IEC reference detergent A* [22]

Ingredient %
Linear sodium alkyl benzene sulfonate 8.8
Ethoxylated fatty alcohol 4.7
Sodium soap(tallow soap) 3.2
Foam inhibitor concentrate(12% silicon on inorganic carrier) 3.9
Sodium aluminum silicate zeolite 4A(80% active substance) 28.3
Sodium carbonate 11.6
Sodium salt of a copolymer from acrylic and maleic acid 2.4
Sodium silicate(SiO2:Na,0=3.3:1) 3.0
Carboxymethylcellulose 1.2
Phosphonate(DEQUEST 2066, 25% active acid) 2.8
Optical whitener for cotton(stilbene type) 0.2
Sodium sulfate 6.5
Protease(Savinase 8.0) 0.4
Sodium perborate tetrahydrate(active oxygen 10.0%-10.4%) 20.0
Tetra-acetylethylenediamine(active content 90.0%-94.0%) 3.0
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K/S=~——"— .. [Eq.1]

K: absorption coefficient
S: scattering coefficient
R: reflectance

_ &/, ~ /S
K/, — (K/S),

100 ...[Eq.2]

D: detergency
(K/S)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

n_ d2
Unevenness of Detergency(%) = ’Zk‘Tl X 100 ...[Eq.3]

d: difference between the average and the individual detergency(%)
N: number of the measured artificial soiled fabric
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100% = Average of 3 times
90% —
80% =
70% =
60% —
50% —

40% 7 45.6%
30% =
20% — |:| Measured beginning 3 turns at each phase

[l 1 1 1 [l |
LI g B LI L LI} 1
Phase A Phase B Phase C Phase D Phase E Phase F

Occupied area ratio(%o)
while rotating

10% —

0% T T T T
25% (3.25kg) 50% (6.5kg) 75% (9.75kg)  100% (13kg)

Load ratio(%0)

Figure 6. Occupied area ratio(%) in front-loading washer according

to load ratio(%) at every beginning 3 turns of drum rotating.
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Macro dimension analysis Micro dimension analysis

Figure 7. Two different viewpoints for fabric movement analysis

[23].
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Table 8. Occupied area(cm® by laundry loads

rotation speed

at each drum

34rpm 46rpm 50rpm 54rpm
Average occupied area(cm? 980 1199 1404 1442
M.axllmum value of occupled area |/ 139 163 181 197
Minimum value of occupied area
Maximum value of occupied area(cm?®) 840 920 930 860
Minimum value of occupied area(cm? 1170 1500 1680 1690
Standard deviation of occupied area 88.7 118.2 79.9 106.0
|:| Measured beginning 3 turns at each phase
L1 L n L1 Ll L
LIL LI LIL LI LI L
Phase A Phase B Phase C Phase D Phase E
1
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50rpm 54rpm

Figure 8. Visualized macro movement pattern at each rotation
speed.
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Figure 9. Occupied area(cm® at each drum rotation speed.
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Moving distance of fabric

Shape of fabric

Shape of fabric

C2

R1|Sy;

Definition of R

R2 | Sy

R3 | S31

Moving distance of fabric

R1 Position factor 1
R2 Position factor 2
R3 Position factor 3
R4 Position factor 4

Definition of C

R4 | Sy

C1

50%<Shape factor<100%

(67

25%<Shape factor<50%

C3

0%<Shape factor<25%

Figure 10. Classification of micro fabric movement.
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Moving distance of fabric

Shape of fabric

Shape of fabric

Shape of fabric

Shape of fabric

Cl|C2|C3 Cl|C2|C3 Cl1|C2|C3
o

RL | 2% RL | 3% RL | 2% ] 19-5%
| R2 |5% | R2 | 5% | R2 | 2% [ 6%-10%
g g g [ 119-15%

R3 | 0% | 1% | 2% | 2| R3 | 3% | R3 [ 2% 2R3 [1%
: : : B 1696-20%
R4 0% 0% [0% | |R4|0% |0%|0% | |R4|0%|4% 1% | |R4|2% |2% I 210-25%
34rpm 46rpm 50rpm 54rpm . 26%0-30%

Figure 11. Appearance frequency of micro fabric movement at each drum rotation speed.
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Table 9. Visualized micro movement pattern at each rotation speed.

PhaseA-1

Phase A-2 Phase A-3

34rpm

46rpm

50rpm

S4rpm

i e e e

LI

e
[ISS==Ss===8s:
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Detergency(%o)

Unevenness of Detergency(%6)

60
T +
55 — L
T
50 —
45 —
40 — 56% 57% 53% 47%
35—
30
34rpm 46rpm 50rpm S4rpm
Drum rotation speed (revolutions per minute)
Figure 12. Detergency(%) at each drum rotation speed.

30
25—
20 —
15 —
10 —

0 4% 3% 4% 3%

34rpm 46rpm 50rpm S4rpm
Drum rotation speed (revolutions per minute)

Figure 13. Unevenness of detergency(%) at each drum rotation

speed.
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Table 10. Fabric movement indexes

Fabric
movement Definition Dimension
indexes
1. Occupied . .
Occupied area of laundry batch in a front-
area of laundry )
loading washer
batch
2. Maximum Macro
and minimum Ratio of . . o o fabric
atio of maximum to minimum occupie
value ratio of , P movement
) area value of laundry batch in a front-
occupied area )
loading washer
of laundry
batch
3. Distance
between the )
Distance between the center of drum and
center of drum ) i
the center of gravity of tracer fabric
and tracer
fabric [5]
4. Speed
difference . .
Difference between drum rotating speed
between drum ) )
and tracer fabric moving speed
and tracer .
fabric [5] Micro
fabric
5. Area of
i Observed area of tracer fabric movement
tracer fabric [5]
6. Outline
length of tracer | Observed outline length of tracer fabric
fabric [5]
7. Total moving . . .
) Sum of moving distance of tracer fabric
distance of
i per a turn of drum
tracer fabric [5]
8. Appearance | Ratio of the number of observable frames
-":I'\-\._-!: - |-. 1 I :
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frequency of
tracer fabric

to the number of total observed frames

9. Tracer fabric
position factor

Positioned area of the highest point of
tracer fabric according to the classified
position of a front-loading washer

10. Tracer
fabric shape
factor

Ratio of imaginary circle area to tracer
fabric area.

*imaginary circle: radius of the circle is
the distance between the center of gravity
of tracer fabric and the point which is the
furthermost point from the center of
gravity of tracer fabric
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Table 11. Correlation between each fabric movement index and

detergency(%)

Average of occupied

Standard deviation of

occupied area of
area of laundry batch iy ratichn
Detergency Pearson correlation coefficient -.786%* -.060
Significance probability .000 .567
N 12 12

Average of distance
between the center
of drum and tracer
fabric

Standard deviation of
between the center
of drum and tracer
fabric

Detergency Pearson correlation coefficient -.307%* 0.302*
Significance probability .000 .003
N 108 108
Maximum and

minimum value ratio
of occupied area of
laundry batch

Total moving distance
of tracer fabric

Detergency Pearson correlation coefficient -.670%* 116
Significance probability .000 .267
N 108 108
Average of speed | Standard deviation of
difference  between | speed difference
drum and tracer | between drum and
fabric tracer fabric
Detergency Pearson correlation coefficient -.254%* .093
Significance probability 0.014 .375
N 108 108

Average of area of
tracer fabric

Standard deviation of
tracer fabric

Detergency Pearson correlation coefficient -.052 .028
Significance probability .622 788
N 108 108
Average of outline | Standard deviation of
length  of tracer | outline length of
fabric tracer fabric
Detergency Pearson correlation coefficient -.078 .159
Significance probability .458 129
N 108 108
Appearance

frequency of tracer
fabric

Position factor

Detergency Pearson correlation coefficient -.456** -.123
Significance probability .000 .239
N 108 108
Shape factor
Detergency Pearson correlation coefficient -.093
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Significance probability
N

375
108

**. The correlation coefficient is significant at the p-value level of 0.01

(both sides).

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

(both sides).
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9. Tracer fabric position factor
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Classified position of a front-loading washer for position factor

1)y = 2E — 05x° —0.0095x? +1.5448x — 20.982
2)y = 2E — 06x° — 0.0027x? + 0.8026x + 98.959
3)y =8E — 06x°~0.0016x? + 0.2709x + 200.76

Figure 14. Classified position of a front-loading washer
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10. Tracer fabric shape factor
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Folded tracer fabric

Half-folded tracer fabric

Unfolded tracer fabric

Four points of tracer fabric

< Center of gravity
¢ Up

@ Right

@ Left

¢ Down

Figure 15. Calculating shape factor for various tracer fabric shapes.
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Abstract

Fabric movement analysis of 3.25kg

laundry load in a front-loading washer

Yoonkyung Cho
Department of Textiles, Merchandising and Fashion Design
The Graduate School

Seoul National University

Fabric movements in a front-loading washer were analyzed and the
correlation between fabric movements and detergency was
investigated.

With 3.25kg laundry load, 25% of maximum load, various fabric
movements were induced with different drum rotating speed. Fabric
movements were observed by macro and micro dimension and they
were digitized and visualized. Finally, the influence of fabric
movements on detergency was investigated.

As for the macro fabric movements, the occupied area ratios by
laundry loads in the washer were varied according to the drum

rotating speed. As for the micro fabric movements, the movements
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of tracer fabric were divided into 12 movements. The tendency of
micro fabric movements as well as the degree of interactions
between fabrics at each rotating speed were investigated. The
characteristics of macro and micro fabric movement also influenced
on detergency and resulted in the maximum detergency at 46rpm.
Among ten fabric movement indexes, five indexes (occupied area
of laundry batch, maximum and minimum value ratio of occupied
area of laundry batch, distance between the center of drum and
tracer fabric, speed difference between drum and tracer fabric,
appearance frequency of tracer fabric) came out to have a
statistically significant correlation with detergency. Also, a regression
equation of detergency was obtained with R* value of 0.707 and p-
value below 0.01. The two independent variables of the regression
equation were ‘average value of distance between center of the
drum and tracer fabric’ and ‘appearance frequency of tracer fabric’,
with an inverse correlation with detergency.

Therefore, it was concluded that not only mechanical force like
falling movement but also interactions between fabrics like abrasion
and mixing were needed to improve detergency for practical laundry

loads.

Keywords: front-loading washer, practical laundry loads, fabric
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movement, mechanical action, detergency
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