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A Study on Cleaning-ability Evaluation for
Mechanical Components

{Abstract)

The need for remanufacturing ships and various mechanical components continues to
increase along with environmental problems. Research on remanufacturing is being
carried out in various fields, but research on cleaning is quite insufficient. In particular,
there is no research on the cleaning-ability of diverse mechanical components. In order
to increase the life cycle of mechanical components, remanufacturing must be
considered from the step of design. Particularly, it is also very important to evaluate
the degree of easiness in cleaning to remove various pollutants generated by long-term
use quickly as well as easily. In this study, the degree of easiness in cleaning is
defined as cleaning-ability. In fact, remanufacturing components can be easily done
only when cleaning-ability is set high from the step of design. The purpose of this
study is to evaluate the cleaning-ability of ships and various mechanical components.
The details of easiness in cleaning are cleaning and drying identification, accessibility to
cleaning tools, convenience in cleaning, and convenience in drying. This study presents
a quantitative procedure to evaluate cleaning-ability, derived various factors influencing
each of the details of easiness and their ranges, and gave scores to the factors
according to their ranges. The weight was also calculated for the details of easiness in
cleaning and the factors. Lastly, this researcher suggests a scoring procedure to evaluate
cleaning-ability quantitatively and the total weight of cleaning-ability.

Keywords - Cleaning-ability, Remanufacturing, Mechanical Components, Details of
Easiness, Total Weight
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Table 1. Definition of the details of easiness in

cleaning
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Table 4. Detailed factors of accessibility to cleaning

tools

Table 3. Detailed factors of deaning and drying
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Table 5. Detailed factors of convenience in deaning
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Table 6. Detailed factors of convenience in drying ~1AIZE blgkel AL 305 o]glel ALolth E
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Table 7. Weights of the details of easiness in cleaning
AAz AE7L A22A / A8 ARgold 7152 23
Agge Aneod| 1 | 2 | 3 | 4 | s | 6| 7| 8 | 9| 10|y

AA 9 Azsbeb | 0.195 | 0.242 | 0.240 | 0.172 | 0.211 | 0.183 | 0.201 | 0.257 | 0.187 | 0.304 | 1.734 | 0.217
AA=T AZA4 | 0.138 ] 0.107 | 0.116 | 0.095 | 0.103 | 0.096 | 0.093 | 0.091 | 0.097 | 0.101 | 0.853 | 0.107
A8e84 0.391 | 0.197 | 0.185 | 0.325 | 0.330 | 0.278 | 0.287 | 0.347 | 0.335 | 0.268 | 2.309 | 0.289
Az594 0.276 | 0.454 | 0.458 | 0.408 | 0.356 | 0.443 | 0.419 | 0.305 | 0.381 | 0.327 | 3.103 | 0.388
CIgt 0.050 | 0.030 | 0.050 | 0.070 | 0.110 | 0.050 | 0.180 | 0.300 | 0.040 | 0.110
CR#& 0.056 | 0.033 | 0.056 | 0.078 | 0.122 | 0.056 | 0.200 | 0.333 | 0.044 | 0.122
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Table 8. Weights of the factors influencing cleaning-ability
ARz AR AREZAY AR 9¢e 4 /154
AR | A¥A9 9 WA | M
Argoly|  gas 1 2 3 4 5 6 7 8 9 10 s | A
294 |0.194|0.187|0.175|0.193 | 0.211 | 0.178 | 0.205 | 0.407 | 0.227 | 0.169 | 1.766 | 0.221
A% 9 29%8  0.124/0.097|0.110|0.110|0.106 | 0.122 | 0.105 | 0.109 | 0.078 | 0.081 | 0.855 |0.107
Azwoby | A | 0.326]0.335(0.3710.385 [ 0.394 | 0.407 | 0.450 | 0.313 | 0.397 | 0.470 | 2.984 |0.373
AR | 0.356]0.381 | 0.345 | 0.3120.289 | 0.293 | 0.240 | 0.171 | 0.298 | 0.281 | 2.396 |0.300
=3FE2
R 0.163 | 0.311 | 0.249 | 0.163 | 0.131 | 0.143 | 0.110 | 0.484 | 0.163 | 0.196 | 1.225 |0.204
e §
‘Eﬂ__fj ETAZ 10540 | 0.493| 0594 | 0,540 | 0.622 | 0.429 | 0,567 | 0.168 | 0.540 | 0.493 | 3.089 | 0515
1 [+Jg B}
=3FE2
g 0.297 | 0.196 | 0.157 | 0.297 | 0.247 | 0.429 | 0.323 | 0.349 | 0.397 | 0.311 | 1.687 | 0.281
AEdE 0369 0.253 | 0.365 | 0.328 | 0.386 | 0.342 | 0.308 | 0.419 | 0.305 | 0.403 | 3.478 | 0.348
*M%Ef@ 0.088|0.149 | 0.114 | 0.124 | 0.123 | 0.110| 0.112 ] 0.078 | 0.092 | 0.106 | 1.096 |0.110
AHY
AR s 0.18110.168 | 0.131 | 0.143 | 0.146 | 0.218 | 0.122 | 0.117 | 0.146 | 0.119 | 1.491 |0.149
94 -
SPAH 0.156 1 0.199 | 0.206 | 0.216 | 0.135 | 0.142 | 0.214 | 0.193 | 0.229 | 0.186 | 1.876 |0.188
guma | . . ) ) . ) ) ;
E"gﬁu] 0.206 | 0.231 | 0.184 | 0.188 | 0.210 | 0.188 | 0.244 | 0.193 | 0.229 | 0.186 | 2.059 |0.206
AHY
o 0.330 | 0.298 | 0.334 | 0.242 | 0.419 | 0.289 | 0.395 | 0.376 | 0.294 | 0.418 | 2.706 | 0.338
AFA=
Al
Az E?'%‘)}EH 0.288]0.176 | 0.254 | 0.213 | 0.183 | 0.175 | 0.140 | 0.123 | 0.203 | 0.120 | 1.532 | 0.192
294
v AZAZE | 0.207]0.245 | 0.167 | 0.207 | 0.166 | 0.289 | 0.232 | 0.235 | 0.276 | 0.191 | 10707 | 0.213
Sedz 2 2 2 24610.23210.265 [0.227 | 0.271 | 2.052 | 0.2
- 0.17510.281 | 0.281 | 0.338 | 0.231 | 0. 0.232 | 0.265 | 0.227 | 0.271 | 2.052 | 0.257
Table 9. Coherence index of the factors influencing cleaning-ability
A Z Aol g/ 4 Consistency Index gt
1 2 4 5 6 7 8 9 10
AqH 9 Azviery 0.020 | 0.040 | 0.090 | 0.070 | 0.230 | 0.130 | 0.080 | 0.130 | 0.090 | 0.190
AA=7 AZA4 0.009 | 0.050 | 0.050 | 0.240 | 0.210 | 0.010 | 0.280 | 0.130 | 0.009 | 0.050
A¥+44 0.030 | 0.040 | 0.030 | 0.040 | 0.020 | 0.040 | 0.010 | 0.040 | 0.090 | 0.030
Az294 0.070 | 0.070 | 0.090 | 0.120 | 0.080 | 0.020 | 0.020 | 0.090 | 0.240 | 0.030
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Table 10. Coherence coefficient of the factors influencing cleaning-ability

AAQe] g3 a4 Consistency Ratio #t
1 2 3 4 5 6 7 8 9 10
X 9 Azwiory 0.022 | 0.044 | 0.100 | 0.078 | 0.256 | 0.144 | 0.089 | 0.144 | 0.100 | 0.211
NH=T J&4 0.015 | 0.086 | 0.086 | 0.414 | 0.362 | 0.010 | 0.483 | 0.224 | 0.015 | 0.086
AZE+44 0.027 | 0.036 | 0.036 | 0.018 | 0.036 | 0.036 | 0.009 | 0.036 | 0.080 | 0.027
AZSYA 0.078 | 0.078 | 0.100 | 0.133 | 0.089 | 0.022 | 0.022 | 0.100 | 0.267 | 0.033
Azsdie % Fak 7N 5 Bl 23 QMY B
Table 8& HH 2e4d9 Fgas 7A= Al WSAE HolEr,
2 gl A gpelola= MR ket 0.373
A, AEET FEAoM= =79 HAdsitol
0.5154, MXsEgolxs AlF wol 0.348%, 4. NAMEo| MM WY Q|5 H
A5G XY A5 7t 03380 0% AP ikt
AXgel Zh AlR-golide] FaFad FollA 71
=2 VSAIE T Ao At =EEQI
o 2 AA Jo] H1= o) AL
Table 1€ AARS] ARgoly A o s 25 ARVES BHAR B/ SR A AT
Table 11. Total weight of cleaning-ability
ARA Hae = o 8L % e A e
Angoly |IFEEARA ARG IVRE | a7 | Szy A% | A94% 97
29 A 0.221 0.048 5 0.240
AX A 0217 29 2= 0.107 0.022 5 0.115
Az viory ' AH A 0.373 0.081 5 0.405
Az A 0.300 0.065 5 0.325
=3 FAL A44 0.204 0.022 5 0.108
‘J";{E,j 0.107 =7 AT ¢ | 0515 0.055 5 0.275
3 JAL I 0.281 0.030 5 0.150
AF 9y 0.348 0.101 5 0.502
AR AR A= 0.110 0.032 5 0.158
AZE+44 0.288 ANEY 35 0.149 0.043 5 0.214
EAES dg 0.188 0.054 5 0.270
49 AZAH da 0.206 0.060 5 0.298
AHY A7 3= 0.338 0.130 5 0.656
EHAEHE) 0.192 0.074 5 0.372
ARG 0.388
Ak ) AZA7Z 0.213 0.083 5 0.414
ESAxAH e 0.257 0.100 5 0.498
3 1 5
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Table 12. Case study (Product: automatic transmission)
Bl HE Bl 75K BH |
As¥E7] A | A&7 B
syol Agtes 454 A | N
3 AR | ¢4 | ¥4 | 94
s J1Ex 7 | A% | 29| 75 | &9
MEMo HREO|N THEX| BEaL & Torque Converter 75.5 8 75.5 6
JHExlel e ME
Converter Housing | 90.3 2 68.8 9
FEgaL B+ E W Transfer Drive Gear | 83.5 6 59.2 10
Hu4ol 2t ggtaro HEgEas 67.4 4 4
Haof 3EA0IM T3 JHEAIE F3H0f Transaxle Case 74 | 10 ) 82
S @steao Mz AN
ke Reverse Sun Gear | 96.6 1 93.9 1
SN EEE Heol 8 4T | Oil Pump 750 | 9 | 750 | 7
LR S Input Shaft 759 | 7 | 759 | 5
Planet Gear Carrier | 90.3 2 90.3 2
= NEME B4 S
—— a¢% FrEyE—— One Way Clutch 84.1 5 84.1 3
BorEFE=E Hr2 FreE 2idl 1008 Valve Body Assembly| 89.9 | 4 | 75.0 | 7
. . . | 828.5 780.1
Fig. 2 Scoring procedure to evaluate cleaning- -
ability quantitatively B — 78.01
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