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Quality Evaluation Method for Remanufactured Crankshaft Blank Based on RS-TOPSIS
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Mechanical Engineering & Automatization, North University of China, Taiyuan 030051)

Abstract: The attribute reduction method based on rough set (RS) was investigated for the problem of quality grading
for remanufactured engine crankshafts under conditions of uncertainty. The technique for order preference by similarity to
ideal solution (TOPSIS) method was also used for the problem. Ten quality evaluation criteria including the maximum ab-
rasion of the main journal crankshaft and the connecting rod and roundness of the main journal crankshaft were first se-
lected. All feature attributes werethen classified and their corresponding weights were calculated by using discrete and re-
duction algorithm of rough set theory, and a matrix to evaluate quality classification was established based on these re-
sults. The quality classification interval was finally determined according to the relative closeness degree of evaluation ob-
jects. 3X 200 groups of data of measured crankshaft were selected to develop the RS—TOPSIS quality grade evaluation
model of remanufactured crankshaft. The test sample was checked to have 2. 1% misjudgment rate. The results show
that the RS-TOPSIS method proposed can grade thequality of remanufactured crankshafts rationally and achieve good re-
sult, and thus would be useful in engineeringpractice.
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Table 1 Grading standard of the crankshaft quality index
Class C1 C2 C3 C4 C6 C7 C8 C9 C10
1 (0,0.03] (0,0.03] (0,0.04] (0,0.04] (0,0.15] (0,0.1]  (0.08,0.25] (0.2,0.4]

I (0.03,0.75] €0.03,0.75] (0.04,0.08] (0.04,0.08] (0.15,0.3]

m (¢0.75,1.5] (0.75,1.5] (0.08,0.127] (0.08,0.12] (0.3,0.5]

IV (1.5.3.0]

(1.5,3.0] (0.12,0.20] (0.12,0.20] (0.5,1.2]

(0.1,0.2] (0.25,0.50] (0.4,0.6] Slight  Slight
(0.2,0.3] (0.50,1.00] (0.6,0.8] Medium Medium

(0.3,0.5] (1.00,3.00] (0.8,1.0] Serious Serious

2 ETHESELHNEHEREAT

TP ) 3 R 5 A eh fR T 2 B A
A B 0 BR ] A DR 32 152 2 DA R RS T 1R 2R ()
AH G B 52 M, P 3 58 Ak B S T A 1 2
B0t ottt o3 BT PR A A e Y R 2 T
NIEZ Z 555 0 AN T AR S 2k 7 ) 3 2o 72
H B 2% L RN T A 1 ) T 3 SR A Bl L A
WELFRR 5 U B bR T 6 BUR S M RN IT AR
AR s DAY/ IN ARG 0 A R v R AR . X R
S B A~ FE b R 3R 328 28 0] R0 s Ay 5 i) Jag M 119 24
7 [ea) 50 0N B 118 52 i R 3R v 3 b 0T 3 P 5
e 5 R S B PR 3R . RS 4 L Bk W A o
T OB 17 Ak B AE DGR ARAUPE By A 4R, K B
B AT DB v i ECHE SR 0 45 [

FH TP o Al 0 A AR R A R 1 2 Oy i
S A T AL AE B TR 1 24 1] 5 v R 3% S Ak 1Y )R 1
B 0 A H Y SR HRURE 48 Oy ik AT B 1tk 2
8]« B G 0 00 X B A B T M AT B A b
M, 5l AW E X :

EX 1S = U,A V. [) B HiHFEE
ARG A T JE R AT 43 S A AN AH 2 1 AR
BUZc R4 C Mkt D Al A = C U
D,CND=g.,V i@, LG &MtETkaE
PR JE PR IR IR RGO R R .

fUXR—>V - MEEREIE T U
BAXEE R, ek E v aod Bt 2

IV FH 35 BB 1) T 5000 o 2 478 T8 1k A G 1Y S [ AT
Rl 5 11 1) 8L, BT o Cm o 25 8 1 19 S B0 4 25
()50 43 A R AN X3, S SR SCRRY HE S Y
TR R 0 RURE 4R B RO Bk R B X B —
A 38 W 8 TS BV L O DA A o) e A R
SRR BT R TR R R T A
TR % 08 T % 22 55 10 s 1R AN B Ok 1 R
PER IR A AR R g HA 20 A9 2 0
PE B AR PSR 3 1 A 28 PR T HL Y A AR 5 R
Ja& A B R AT A 88 v I T B A80%

Ja T 2 A R B AN E 2 R R PR IR AR IE I
W 25 e /N R PR . 20 T JE M Y 4 28 T i
SR BRI EAR . 5IAWTE L.

EXL2XTHIRRGE S= U, A, V, ) ik
KIBTELE D 5% EMAE C rHPEnT L SR -

ye(D) = card(POS: (D)) /card(U)

Hr, POS(D) = U)ﬁ&am,ﬁﬁﬁ

£ C £ U/IND(D) H i IE K, card C « ) B A1
FAL

/DB TFEPS CSA R 7 (XD
=7 (X) JESR PHRIES CH—AZH . iC
o red(P) s ] WL 23 T gl I AN 8 22 4% I 1 9F ORIk
EW B /N SR R AE T4 . TRORER AR
AL — A2 187, B A7 29 187 1) 28 Bk ok e 3R 3R 1Y
¥, core(P) = RdemR”i =1,2,:,

o3 AL s VR IR Ak PR L W] A5 2 B AL



104 2 EH X W L E

2015 4F

M S= U,A V. /) . A=CUD. T
Voo € Coke [lom] om NEAEREANE. &
P pe BRIEZEN .

| POS:(D) |— | POS¢,, (D) |

ng.(pk vD) - ‘U‘

(@Y

sg f (o s D) BRI RGAIE Ja8 8 ) 46 ) 45
(05 ) R L O 45 R A P R R A R
A7 LT A Ak B BT A5 1) 25 ik s M A AR

sef p) .
Z-"gf(f)/«)

peC

w(p,) =

A, 0 < wp) <1 H Dlwlp) =1
WRAE Bad N2, i w2 Ak i 1
B «

Establish condition attributes set C and the decision attribute
set D, make AR=C set user defined attribute set UA

v

‘ To establish the resolution matrix M(C):(m,.,.)m, seeking core(P) ‘
‘ Make red=core UA and AR1=AR-red ‘
v

For each p, € AR1 calculation the attribute of importance for sgf,

and order in accordance with the importance from big to small

> Select properties p € AR1, making sgfip, D) = MAX(sgf(p,, D))

p,eARI
v

‘ To red=red {p} and AR1=AR-{p}, calculate the ¥, (D) again ‘
v

‘ Reading the number of non zero elements N from red }1*

pgcore UA(k=1,2, N)

| red=red {p,} |

Pk 24 R R R
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Table 2 Feature attribute table of the crankshaft quality index

Example C1 C2 C3 C4 C5 C6 C7 C8 C9 C10
X1 1.7 1.5 0.15 0.15 0.09 0.15 0. 26 0.9 Slight  Medium
X2 0.45 0.61 0.09 0.10 0.16 0. 10 0.41 0.6 Slight Slight
X3 0.48 0. 50 0.07 0.11 0.08 0. 10 0. 33 0.5 Slight
X4 0.02 0.04 0. 05 0. 05 0.07 0.00 0. 50 0.7 Slight  Medium
X5 0. 30 0.35 0.06 0.06 0. 20 0. 20 0.30 0.5 Medium  Medium
X6 2.10 2.00 0.11 0.12 0.31 0. 40 0. 45 0.7 Slight  Medium
X7 1. 20 1. 30 0.07 0.07 0.42 0. 20 0. 50 0.5 Slight
X8 1. 40 1. 40 0.10 0.11 0. 35 0.10 0. 30 0.4 Slight
X9 1. 90 2.00 0.10 0.15 0.6 0.10 0. 35 0.8 Medium  Slight
X10 0.25 0. 30 0.05 0.05 0.18 0. 00 0. 20 0.3 Serious Slight
X11 0. 45 0. 45 0.03 0.03 0.22 0. 20 0.28 0.4 Slight Slight
X12 0.03 0.03 0. 04 0. 04 0. 10 0. 00 0. 10 0.3 Slight
X13 0. 85 0.90 0.07 0.09 0. 40 0. 10 0.70 0.8 Medium Slight

X199 1.4 1.5 0.12 0.12 0.4 0.3 0.75 0.6 Serious  Medium
X200 0.50 0.55 0.07 0.08 0. 40 0. 20 0. 35 0.5 Slight  Medium
{Xz s X5 X, X5 Xy s vxzoo} a}

4.1 NMEERREM

S RS A 308, P 2 0 A BT A R G
AUH—MIREIEL RS S= (U.CU D.V.f) 3k
AT R HAPISE U = (1,2,+--200) S K6 0 il
W, B C = (s1,52,-+-510) AN IS FR1E
hgENE D = (1,2,3,4) , X% 2 LR
J& AT B UL S R T R R R 3 R .

R A8 A7 100 T U A SC B AR I A 2K S Ay
PR M SRAFAZ R -

corep (C) = {C1,C2,C4,C5,C9}

U/IND(D) - {{XIZ 9X17 ’X26 ’X27 9X34 [ 7X134 } ’

U/(C_ {C1}> = {{Xu » X6 a"'}s{Xz » X, 9“’}9"'}

P()S(H(‘u (D) = {Xz. Xs qX,1 9X5 [ »Xms 9X2(>o}

POS(—{(‘Z‘, (D) = {Xl Xz ’X:a 9X6 [ »Xms vag }

[l B AT 45t POSci ¢y (D) 5 +++ s POSc oy (D)
S
EERREUY R /NI R

| POSc(D) |— | POSe ¢, (D) |
U]

sg f(C1,D) =

= 0.241



106 2 EH X W L E

2015 4F

R3 BEBUREBMER

Table 3 Discretization of the feature attribute

Example C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 D
X1 4 4 4 4 1 2 2 4 2 3 4
X2 2 2 3 3 2 1 2 2 2 1 2
X3 2 2 2 3 1 1 2 2 1 2 2
X4 1 2 2 2 1 1 2 3 2 3 2
X5 2 2 2 2 2 2 2 2 3 3 2
X6 4 4 3 3 3 4 2 3 2 3 4
X7 3 3 2 2 3 2 2 2 2 1 3
X8 3 3 3 3 3 1 2 1 1 2 3
X9 4 4 3 4 4 1 2 3 3 2 4
X10 2 2 2 2 2 1 1 1 4 2 4
X11 2 2 1 1 2 2 2 1 2 2 2
X12 1 1 1 1 1 1 1 1 1 2 1
X13 3 3 2 3 3 1 3 3 3 2 3

X199 3 3 3 3 3 3 3 2 1 3 1
X200 2 2 2 2 3 2 2 2 2 3 2
[vi) B AT 4 — G PR AR AR« Tl SR RS 5 e —

sg f(C2,D) = 0.241,s¢g f(C3,D) = 0,
sgf(C4,D) = 0.176,s5¢ f(C5,D) = 0.193,
sgf(C6.,D) = 0.070,s5¢f(C7,D) = 0.085,
sg f(C8,D) = 0,s¢gf(C9,D) = 0. 215,
sgf(C10,D) =0,
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sg f(C1,D) = 0.197,s¢f(C2,D) = 0. 197
sgf(C3,D) = 0,sgf(C4,D) = 0. 144

sg f(C5,D) = 0.158,sg/(C6,D) = 0.057
sgf(C7,D) = 0.070,sgf(C8,D) = 0

sg f(C9,D) = 0.176,sgf(C10,D) = 0
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A=

r0.03 0.03 0.04 0.15 0.10 0.25 1717
0.75 0.75 0.08 0.30 0.20 0.50 2|27
1.50 1.50 0.12 0.50 0.30 1.00 3 |3"
3.00 3.00 0.20 1.20 0.50 3.00 4 |4"
1.70 1.50 0.15 0.09 0.15 0.26 2| 1
0.45 0.61 0.10 0.16 0.10 0.41 2| 2
0.48 0.50 0.11 0.08 0.10 0.33 1] 3
0.02 0.04 0.05 0.07 0.00 0.50 2| 4
0.95 0.98 0.09 0.40 0.10 0.70 3 |197
0.03 0.04 0.04 0.10 0.0Z 0.10 1198
1.40 1.50 0.1Z2 0.40 0.30 0.75 4 1199
0.50 0.55 0.08 0.40 0.20 0.35 21200
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B =

rl.o0 1.00 0.94 0.93 0.80 0.94 1.007
0.76 0.76 0.71 0.80 0.60 0.86 0.67
0.50 0.51 0.47 0.62 0.40 0.68 0.33
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.44 0.51 0.29 0.98 0.70 0.94 0.67
0.86 0.80 0.59 0.92 0.80 0.89 0.67
0.8 0.84 0.53 0.99 0.80 0.91 1.00
1.00 1.00 0.88 1.00 1.00 0.86 0.67
0.70 0.68 0.65 0.71 0.80 0.79 0.33
0.91 1.00 0.94 0.97 0.96 0.99 1.00
0.54 0.51 0.47 0.71 0.40 0.77 0.00
0.8 0.82 0.71 0.71 0.60 0.91 0.67

45 45 T R 38 bR R B 3R i 45 2 19 8 R
PR R B ACE, FR T 5) SRR 2
INBCRFEAL R RS V.

V =

r0.190 0.198 0.139 0.143 0.046 0.066 0.1767
0.149 0.149 0.102 0.126 0.034 0.060 0.117
0.099 0.099 0.068 0.098 0.023 0.048 0.059
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.086 0.099 0.042 0.155 0.040 0.066 0.117
0.169 0.159 0.085 0.145 0.046 0.062 0.117
0.167 0.166 0.076 0.157 0.046 0.064 0.176
0.197 0.196 0.127 0.158 0.057 0.060 0.117
0.136 0.134 0.093 0.112 0.046 0.055 0.059
0.178 0.196 0.136 0.154 0.055 0.070 0.176
0.106 0.099 0.068 0.112 0.023 0.054 0.000
70.165 0.163 0.102 0.112 0.034 0.064 0.117¥
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0.070,0.176]
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Table 4
shaft based on RS—TOPSIS model

Evaluate results of the remanufactured crank-

Semple D° D B Model  Actual result

checking  of judgment
1" 0.393 0.021 0.050 1 \
27 0.298 0.104 0.259 2 \
3" 0.200 0.207 0.508 3 \
4" 0.000 0.400 1.000 4 \
X1 0.251 0.185 0.425 3 4
X2 0.319 0.093 0.227 2 2
X3 0.350 0.075 0.176 2 2
X4 0.373 0.060 0.139 2 2
X197 0.257 0.161 0.385 3 3
X198 0.389 0.019 0.047 1 1
X199 0.204 0.239 0.539 4 4
X200 0.309 0.098 0.240 2 2

RS SEBFRHANER

Table 5 Judgement rato of the grouping samples

Sample group 1 2 3
Misjudgment rate 1.5% 2.1% 1.7%
5 & &
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