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Abstract
This research has studied on the effect of the washing conditions of the automated ultrasonic
washing machine in order to clean the oil contamination and other contamination from the hard disk
parts. This research focused on the use of ultrasonic to clean out the contamination by using Actrel
3356L as a part cleaner. This research illustrates the relation of the contamination, the dryer time and

the spray time by employing the polynomial trend line as a tool. The trend line shows the optimum point
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of the waste from the contamination and be applied to set for a standard working time for each washing

tank of the ultrasonic hydrocarbon washing machine. The prediction interval for the mean

of population is used to predict the mean of the waste of studied parts. The cost analysis model

is developed to calculate the washing cost with the ultrasonic hydrocarbon washing machine.
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Objective function:  Minimize cost Z

Subject to: Constraint 1

Constraint 2

Constraint n
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% Oil Contamination varied from washing (tank1-6) time
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Model
Dryer time

Spray time

Sh-Aries
720, 840
120, 180, 240, 300
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M99 3 WANINARBITUINY Sh-Aries

Test no. Condition Sample NG Proportion %NG
1 Dryer time = 720 sec 880 215 0.2443 24.43
Spray time = 120 sec 850 207 0.2435 24.35

sum 1730 422 0.2439 24.39

2 Dryer time = 720 sec 879 63 0.0717 1717
Spray time = 180 sec 869 182 0.2094 20.94

sum 1748 245 0.1402 14.02

3 Dryer time = 720 sec 866 12 0.0139 1.39
Spray time = 240 sec 834 354 0.4245 42.45

sum 1700 366 0.2153 21.53

4 Dryer time = 720 sec 831 123 0.1480 14.80
Spray time = 300 sec 880 13 0.0148 1.48

sum 1711 136 0.0795 7.95

5 Dryer time = 840 sec 869 347 0.3993 39.93
Spray time = 120 sec 852 133 0.1561 15.61

sum 1721 480 0.2789 27.89

6 Dryer time = 840 sec 426 67 0.1573 15.73
Spray time = 180 sec 862 140 0.1624 16.24

sum 1288 207 0.1607 16.07

7 Dryer time = 840 sec 870 156 0.1793 17.93
Spray time = 240 sec 871 198 0.2273 22.73

sum 1741 354 0.2033 20.33

8 Dryer time = 840 sec 865 139 0.1607 16.07
Spray time = 300 sec 792 321 0.4053 40.53

sum 1657 460 0.2776 27.76
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LA3INTTUIRMTE LD DLNA A RA D 136, Y,
A991MIuT00 3uI% Sl-Aries b 7ia19@8
LA3INTE UMM IR LU Asuaae 156 wax T
fo LasveaeIssassaanloiadaluda
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Minimize Z =

UA 4 auui 8 nsnOAU - SUoAU 2555

X [(840){(0.00406+0.00364+0.00145+0.00738}+(838)(0.0030)(0.0559)] +
Y [(0.0559)838+838(0.0117)(0.0559)]+
X [(840){(0.00406+0.00364+0.00145+0.00738}+(888)(0.0059)(0.0451)] +
Y [(0.0451)888+888(0.0724)(0.0451)}+
X [(600){(0.00406+0.00364+0.00145+0.00738}+(780)(0.0037)(0.0559)] +
¥,[(0.0559)780+780(0.0029)(0.0559)]+
X [(720){( 0.00406+0.00364+0.00145+0.00738}+(967)(0.0036)(0.0451)] +

Y4[(O.O451 )967+967(0.0063)(0.0451)]+
T{0.00406+0.00364+0.00145+0.00738+0.1498+0.1668)

Subject to

420X1+420X2+300X3+360X4+T = 86400

X1+Y1=48
X +Y =31
2 2
X+Y =17
3 3
X +Y =68
4 4
X1ZO
X >0
02
X >0
32
X >0
2
Y120
Y >0
.2
Y >0
32
Y >0
2
T>0

(nmﬁwamwaa%mmlu 17%)
('«ﬁwmuﬁawﬁumuﬂuaa Sh-Aries)
(SwInSonTuITUIE9 Sh-Falcon)
('«ﬁwmuﬁawﬁumuﬂuaa SI-Nighthawk 1HD)
('«i’ﬂmuﬁa@%m’]wuaa SI-Aries b)
(Nonnegativity)

(Nonnegativity)

(Nonnegativity)

(Nonnegativity)

(Nonnegativity)

(Nonnegativity)

(Nonnegativity)

(Nonnegativity)

(Nonnegativity)

A1397 5 1L AINANIIAWIDE UMITAATIZHANITINUNEIIIWIREINANTE U7 qmﬁaammlﬁdm

- . MR DABINUA (FDA) alaie min| anlgene
1A329A9DAATILBRA | NTLUIMAITLAN
Sh-Aries 48 0 14.0257 673.2336
Sh-Falcon 31 0 14.1215 437.7665
SI-Nighthawk 1HD 17 0 10.0793 171.3481
Sl-Aries b 68 0 12.0586 819.9848
a9 (un) 23640 0.32859 | 7767.8676
RN ETRTIE e TY 9870.2006
AT,
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NTNATITHNANIITNAADIAILL Wb 113 (Trend line)

30

% contamination vs S/D on Sh-Aries

\
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2
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&

A

¢ % contamination

15

——Poly. (% contamination)

10

0 T L)
0.1 0.2

S/ID

0.3

0.4

AMAA 4 nve asany unusuoulwalileaues “a wuvea sAusaT U S/D (Sh-Aries)

INANA 4 WU e “uRuias
A1 @ a8y NUINLAZANEATY I
s/D fuwilivagluzdunvvaslwdlmiioa [5]
H9Wuin Dryer time iafu 720 3wl
W& Spray time Wwhiiy 180 3wl Wusmasena

= v : d' v 3 1 %> '
31 Wldhsunuimhaedoiuwecldaan u
1 s ' =3 1 = dl a l&/
S/D winw g9 lsRaINNUIe oAiau%
o ' = ¢f & & &K o o o
g9 anhniadadidud Saldimaliunmey
v ; [ a =1 > (%3 1
1 swdu 840 Jufl lawdsnsdan m S/D
Iwrianlasltiian wWidvnny 210 Sud

P a o ' v o ' ' A a 5 '
7 alawfnaasn 1w S/D lavindy 0.250 WUIIAILaRET83289L U8ARIAINTN
)
A A, va o, s A l] £z £
FIenInSALINLeAN S/D VaITWINU Sh-Falcon  #kaitasiana
a ¢ 1 61 Y ¥ a [ Sl L1
NIIATITHANLTINYAY ANIFILATIEH A LTI
Microsoft Excel 11.0 Sansitivity Report
|Worksheet: [Solver.xls] Sheet
‘Report Croated: 101272009 3:33:14 PM
|Adjustable Cells
1 Final R Objeativ All
| _Cell Hame Value Cost Coefficient _ Increase Decrease
| 58514 Solution x1 48 1] 14,0257 171.3744 1E+30
$C314 Solution x2 3 ] 14.1215 166 8246 1E+30
$D314 Solution x3 17 ] 10,0793 1322261 1E+30
IR A [T 1501198 1E+30
0 _1737s 4 __JE+30 1713744
1 0 1655246 4 1E+30 186.8248
$H314 Solutien y3 0 132 2261 4 1E+30 132 2261
| 8514 Salution 4 0 1501198 43 83599398 1E+30 1501138
| 84514 Solutont 23540 0 0.32859 1E+30 0.397201429
{Constraints
| Final Shadow Consiraint A Allowabl
Call Hamea Valua  Price R.H. Side Increase
Anes Totals 48 -123.3821 48 56.28571429 48
b Falcon Totars 31 1218863 316628571429 T
1 | ¥ ghthawk 1HD Totals 17 -BB.4977 17 Ta 8 17
SKS10_Cap of SkAnes b Totals 58 -106.2338 68 b5 66666667 58
SKEE  Woiking Lime Totsls 85400 032859 85400 1E+30 23640
4 a ¢ VL e
2NN 5 HANTIATIIEHAINN LD (Sensmwty) Tad uNI
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IINMITAUIAIY UNFAININA 5
3 ldmanuinnIsinIsnAadI8LAT 8980
saanlafinsaludaninuaiiiosanndanldens
ﬁgﬂﬂ'jwmzmumsﬁ']aLLUULrh las@asnlgane
NnMIALIRINTEN Aaz I WYL 9870.21
v dedadsan slom anmaduezasdsn
TagwinRaNTaNTwmLE 4 szianit wui
%%GﬂuﬁﬂﬁiﬁﬂdﬁiilLﬂ%lE]Gf:lJ’mﬁq@l o Fuimu
31WIN Sh-Aries WAz Sh-Falcon las “3ina
¢a1nein Shadow Price [6] 'ﬁiﬁ@h@muuan'jw
F1%91%31W0 Sleeve @9liarnununnin
marmMIssTwulssanifuduin 1 Sea
Ald91897n 7 s B s un1T
928A89 LT% #INYITUH Sh-Bronco b 444
Eﬂiwﬂﬁwﬁu%mm Sh-Aries 31819678
w3aedrsaaalafadaluiadlds1oan
MINI=AARS 123.98 LN 39 gﬂvloﬁ”ﬁl,ﬂ'%am”'m
saalafinsaluiainunz unIs9guamw
$IW7N Shaft 11NNNTUINWIININ Sleeve

"% Allowable Increase Has Allowable
Decrease uwuanfsvaulaavesai wle
awsadsuudasldlasdsldenaauiian K
lawldiy % Reduced Cost Huwanpfaenld
dwﬁtﬁuﬁumﬂmmamﬁqLLﬂsfuﬂ Fuanwits

AU

A v A P
A1IWIN 6 AT E‘]J NIENIINNDWITUNEAN TN

sduazaiusana
Jilwaninaaas

w3asansdaanlafinsaluiadaang
nsalumsasnulaiiuessd lag wnsn
8ap09. " glAe 899NN TLUIRNNTEE VB
nvadnm ldedeTalan  NA1TIBWLIN
zmslEnufiane ua GIaEI TR
lugefinflefodoninnindudony 3 wfl
WNTBUTRIUAGIR 7 uaz 8 uuezld
nMmsvhemfinanestuley i luans
7 6 lagwuindudsninadenisminasu
ndsnludsouduaulilsinatauniatian
WIduddud1aa uIzringaauLaziIeN
wesild “yanwaide s/0 lananu uwus
TRV 8INATIY NUINURZEATY %
s/D  wmnetuelddmiet uuwlduuuulng
umﬁuaLﬂ%ﬂi’]ﬂgﬂ‘sxﬁﬁ'&mm%w, mq@ﬁﬁnmu
\¢an ,A8989a161 S/D B9 NNI0ISAT W
S/D ﬁvlﬂﬂs:qﬂﬁl%ﬁﬂaawum AZANNY
Avanz Wlaiuda Tagssas willuasns
wmauuezn Wisimine vldaunas
MIuAalssnunsdidns ud wnsavinluleny
Frsmeuntwui wladnenEuukaudrings

Model Dryer time Spray time S/D % contamination
Sh-Aries 840 210 0.2500 0.33
Sh-Falcon 840 240 0.2857 0.00
SI-Nighthawk 1HD 600 180 0.3000 0.11
Sl-Aries b 720 300 0.4167 0.61
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daL uauuz

Myl sawamyss T nEnwnTans
PagiasITIsaa lofinsa luda

1. vmsaanailslunnsandunuli
ooadlasvad viinadlianlndlfanuue sy
lagtSunauazaas 2w S/D (Spray time/Drying
time) l¥ivinda

2. MIAnE18a % S/D Wazidua
Ju  Feonveztarvanvast slienasningy
wazin Ul aanariauidieuldiiosasanu
uwInade 1. ldann

3. nsdiusenaznisnnleiien
(Spray) Tidsz" n3awanntu Taseenuuy
Wddmaz ganmeafin: aftasililasim

N 15919949

flan Ul Arduewlduinninduriline
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1. IIANITANUIHAIY UNITAN BN
mymnwdesaelginglumss wiasdeds
ﬁnm’hamnmsﬁw%umuﬁga“"’T;uag'ﬁa 23,640
Wi Fedad plam nmstawasasdsn
WAZT NI

2. mnwaaiGasenyl (sensitivity )
POINANITEN AITINTUIIYTELAN Shaft
NIR1ININNTT uanmnﬁmn@mnmaaﬁ”w
L& WUFIINITRIITUIIHIANIN Sleeve
fonsosdaldldldnafiuandnsainnisans
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