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Abstract

According to consumer’s washing behavior, the washing efficiency of three different types
of washing machines-pulsator, agitator, and drum was studied. Their detergency, rinsing
efficiency, and the degree of fabric damage, tangle, and wrinkle were evaluated.

The results showed that efficient washing capacity was different from the specified
capacity of washing machine. Détergency and rinsing efficiency were apparently decreased
when more than 50% of capacity was loaded in washing machine of pulsator type, and 80%
for agitator or drum types. They were also affected by detergent adding methods, and
decreased in the order of water-detergent-washing load>> washing load-detergent-water>
washing load-water-detergent. Rinsing efficiency was significantly improved when the
rinsing temperature was set above washing temperature. In addition, it was revealed that
detergency, fabric damage, wrinkle, and tangle were highly correlated. The relationships
between detergency. and tangle were different for different types of washing machine.
Positive relationships were found for agitator and drum types, whereas negative for pulsator
type.
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Table 1. Characteristics of the swatches for evaluation
of gentle action of washing machine

Material Dacron Polyester
Weave Leno (Marquisette)
Yarn denier 70

Fabric count 100x 64
(ends X picks/5 cm)
Color White

(5) Al M|=|

Sodiumlaurylsulfate(99%) = A% 55§ AH-8-8t9
aL, Methylene Blue, sodium sulfate, surfuric acid,
hydrochloric acid?} chloroform2 AJe} 138 AR
ggich, AA= A7 AR A1 AR B2
ARG FHAAE AT,

2) AlEeHY

(1) Mty

ARg FHFAFE el Aold AFA(Bkg &

), LA(8.2kg &%) 9l A= A47](5kg
%) 5 AHRste] e, ARz, Aw 2 gE
&, AF g, BeA AA Fou4E way
71 A el ey, Mleg4-o] X 46 ppmo| it

(2) MY E "7}

Az} AAAdFel ed¥xe| FunutalE-2 Macbeth
Color-Eye 2146F AF8-3t] 520 nmofA 4%}
Kudbelka-Munk4]ol] w& K/S7te.2 A& 52 A4t

shole}?, oluw), A48 EMPAI1169] YXol 90olxe)

K/SE 77} 0.02199} 2.614°] 21k

(3) 30|12 AHENH H¥

ANSI/AHAM HLW-1-1987< 2£]#4le] Methy-
lene BlueWol 23t -So]& AW BAAE A7
chloroforme 2 2% ¥, £33 <4 2 650 nmel 4
FHES EHele, 71A9) FrEie Fad Akl
o5 F¥ Folg AMFAYAY k& A4bsiick £
Aol 7 ZFAde] 39 4 Y=0.2848 X—
0.01270]deh, ojwll, Y+ Alw@AQA e ofolw, X+
620 nmoil ] 2] -S-<fo] Fgxolc],

4 22 &5 g7t
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A Al e Aashgic,

#)Z+] (Rinsing Ratio) = A;B

714, A= F] §ol& A A A o}
B=#ge) 59| Fol& AR EA ) <k

@ MH HAHE

ANSI/AHAM HLW-1-1987¢] < A3}ed, 7.5
cmX7.5cmE AR F o] FoA HEE 2w A
g AP WEE 2032 Fedch 1032 WCS(wash
concentration swatches, 4l =3 wig) g AL
3k, 1042 RCS{(rinse concentration swatches,
Aet-daF AA AR 4L AF) 2 5709 Aeg
off 2904 Fof Metsigich 4] AutzmAcNA A
Ze AAE Tzt A=A 102 243 F A8
REL WCSAHL 1038 Aol 1527 AR ¥, ¢
A3 A2 AHEE AA L3 adE o] RaizizA|
e AE7)E Al 2Edle gatA] whA 3 e
24 RCSZE #Hojvo] Aadziz=Alzich. WCSe}
RCS 28 57 =2 838 48l A2 £33 + A
W ZAEse A BAA 9] & Methylene Blued
22 HuEtw, el #H wrA A=zA17l WCSe
RCS] FAE &4t oh& Ao o3te] AFol o
A A AA L AR

A4 A 7]-& (Detergent removed, %)

:ﬁ—-“/ b=/ 100

o} 7] A,
a=WCS 2] o] A4 2l ok (mg)
b=WCSA £(104) 9 & 57 (mng)
c¢=RCS W8] Fol-¢ Al B4 Ae] of(mg)
d=RCSA&(108) 9] ¥ FAl(mg)
6 s &3
ANSI/AHAM HLW-1-1987¢l o7 ske] 2439
on] AR HEzE KSC 96089 o]dled #)=hale] o},
FA 3 IRk M) AHE- Aol AlAM e R A
=8 gl Fo] 2 EHKo g IIEE d4H oz AF
= ool AlgE-g Faleida, A4 Afele 4
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AA FA%, Aged W AHTEA 27} A8EF
Table 20 Alsigieh ol AL, ad] AEFL 1
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vehie) s FA g ae 19 §at 13 A= 749
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Table 2. Effect of capacity of washing machine on the washing load

. . Minimum Mean Maximum
Washing Machine Washing Load(Kg) Washing Load(Kg) Washing Load(Kg)
Capacity (Kg)
Average Std. Average Std. Average _ Std.
4~5.5 1.41 0.724 2.61 0.670 3.78 1.00
5.6~-7.0 1.59 0.946 2.57 0.767 3.76 0.897
7.1—8.5 1.38 0.621 2.76 0.558 4.52 . 0.906
8.6—10.0 1.65 0.713 2.84 0.659 4.45 0.924
F 0.4807 0.1760 1.0168
Washing Load
24,58 10, 44 .44 12.84 65.58 14.39
/Capacity (%) 0.02
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i,

7
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GAZE 13808 27 AA Autsle] AL Azw o
A AAFch, AHAY A7 Table 49} Fig. 1~3
ol A A1k, o

Table 4o o}3had AEHAlzke] VAT S oAl L
A7) 83ke] 50% o)Ak, Al B WAL 80% ol
o) MEEL 54 FA AAFo] WoiAs) Az
stelch, MAE Age] FFAEE vehiel, 354>
RA>H A ez ol weh Fasigich AREY
ol Z7lotd Wt o % AsAs, At A)EA)
S0 80% FUA BFAES) FA% Frkhn AA
Fol WolA wtAsA 24 Ae® vk 2 A
Yol AHEH SHAL FRTAolA HEEako] gholx
A 317} FolAwd AEHAZho] BoiA 5 4] o)
glof MAEL] AoHE LAY % Aot Aheaol o
4 Frslelet A Fig 1o] vehd 4444 =
= AErEapo] F/HEAE AsR,

Table 3. Washing conditions

Washing Load/ Pulsator Agitator Drum
Capacity (%) Level Ratio Cond.* Level Ratio Cond.? Level Ratio Cond.*
100 High 1:9.9 15/2/5 High 1:7.4 15/3/7 - 1:5.4 50/3/6
80 High 1:12.6 | 15/2/5 High 1:9.7 15/3/7 - 1:6.8 50/3/6
50 Med. | 1:15.5 | 14/2/5 Med. 1:13 15/3/7 - 1:9.4 50/3/6
30 Low | 1:16.5 | 13/2/4 Low 1:19 15/3/7 — 1:13.3 | 50/3/6
“Washiong conditions: washing time(min.) /rinsing cycle/spinning time(min.)
Amount of detergent used : 0.63g// )
Washing temperature: _ZO"C
Table 4. Effect of % washing load on detergency
Washing Load/ Pulsator Agitator Drum
Capacity(%) Mean Std. dev. Mean Std. dev. Mean Std. dev.
100 74.55(61.12) 16.30(20.71) 72.55 14.61 76.65 11.72
80 79.28(65.93) 14.55(14.41) 76.47 12.97 78.02 10.45
50 76.49(67.51) 13.53(13.27) 77.81 10.32 80.61 6.79
30 74.48(74.48) 9.18(9.18) 79.08 8.22 - 80,75 5.16

*Values in perenthesis are detergency and their standard deviation where the washing was done at-constant time

(13 minutes) in all water level.
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Fig. 1. Effect of % Washing load on fabric damage.
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Fig. 2. Effect of % Washing load on rinsing ratio.
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Fig. 3. Effect of % Washing load on % detergent
removed.
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Fig. 4. Effect of the method of adding detergent on
detergency.
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Fig. 5. Effect of the method of adding detergent on %
detergent removed.

5% 21 A, B o] AlAAR dF4le) =h 43}
e ol AA7} o] ZAA A& FajEo] AHH e
G453 3= AHE vehdeh Col B9 wye F
A= AR AE4E 2gem D) wbilel] o
s AR FFAde] 25 ol 7hg wlEgA<)
AT olet & 4 glek 2Ry AER] =49
A A E vEgiRe] Dol ofdle] H|AE F4]3)
£ AL HaAle) 26.8%00 FEla gl AN A6
ol o MAe setald o AFA Aslol o b2
Agol AfrEAde LA op2|A7) 2R ZHlE A
Y AR ARERS Fook T Aol

4. NEH i 250 HE

AN HEA EA 2R o5t ARt Y A% S

9

2524 75 df8¢] 66.9%H . 2, oE
7HE AR 53l vlE] AAE L ex2A
oA riH oz ARYAE 2 Aoz eyl =
T, AR o] Aletge) Ex Hl YR d
4-(44.2%)v} ©1&4-(33.6%) & AHEgohs 2589
of Y2 AR 8 A E0A S8z A4)7)
FHrsle A o] WA Er] HE Ao g YrtEe, o
u], AAELY = A A2 HF4Yo] T g Fo
g} of| 4Elo], MAl 55 0.63g/LollA 974 A=z
At 124, AF 28], #4458 = AHAHE
Sk, oful AE-EFL 2.7kgo|Sl o, 4K 59
£ Aol A AYelA 7H3 AHA o] $47 AAF
WAl Ak Zhg AAEe] 22 Db A
Mg 10~40CE A7 A AAFYA] o
A Y4z} WgAdel o)A Ji& =A}Ee] Fig. 6~9
o vyepuiglch

Fig. 6¢] 2=wisle] ofg A4 A3 unl, 43
Sx7 F/18te] =l Agger AAE £qEE
A% 719 AAQA 748 2olx dovt DYz
AAE F9151918 AS-ollw 30T ol4 Hojof F7} &
o] AR ole LE7} F71el whel A-Fo} 294
Hiol AAM gt AdRoke AUFHe] G A
A Fal=st Frlsle] A} F715 Aoz 4
7=, o]F As} D] ol AAlY Saze} 7
A7 Yk B o|hde PAL AFA AR

50

Detergency (%)
b4
L

40 e A method .
‘ 8 D method

30 T T T T
0 10 20 30 40 50

Washing temperature(C)

Fig. 6. Effect of washing temperature on detergency.
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Fig. 8. Effect of washing temperature on rinsing ratio.
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Fig. 9. Effect of washing & rinsing temperature on %
detergent removed,

Washing temperature : ®20C m30°C 440C.
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Table 5. Relationship among tangle, damage, wrin-
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Variables Pulsator | Agitator Drum
TangleXDamage | 0.8649** 0.9649**| 0.7437**
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*p<0.05 **p<0.005
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