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Optimization method of assembly sequence based on
multi-objective fuzzy comprehensive evaluation

JU Pinghua, HUANG Guangquan, XIAO Liming, RAN Yan, YAO Mengsheng

(State Key Laboratory of Mechanical Transmissions( Chongqing University ) , Chongging 400044, China)

Abstract; To evaluate the assembly sequence reasonably and ensure the validity of assembly sequence selection
results, a fuzzy comprehensive evaluation method for assembly sequence was proposed. Firstly, the multi—objective
evaluation index system of assembly sequence was constructed by survey and expert knowledge, and the
quantification methods of each evaluation index were defined. Then the fuzzy analytic hierarchy process method was
used to evaluate the relative relation among the indexes so as to obtain more accurate weight of each evaluation
index of the assembly sequence. Finally, the initial value of each index of the feasible assembly sequence was
calculated according to the quantization method of the evaluation index. Combining the relative weights of indexes,
the advantages and disadvantages of the different assembly sequences were evaluated by means of elimination and
choice translating reality, and according to the result of priority and inferiority, the best assembly sequence was
selected. Taking an assembly sequence optimization process of X axis of a machine tool transmission system in an
enterprise as an example, the feasibility of the proposed approach is illustrated. This result shows that the
comprehensive evaluation result of feasible assembly sequence is reasonable, and the optimized scheme has better
precision and efficiency. The multi-objective comprehensive evaluation method of assembly sequence is simple and
practical , and the evaluation result is reasonable.
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Fig.1 The hierarchy model of evaluation index for assembly sequence
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Table. 1  Value of fuzzy elements in pairwise comparison matrix
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r,=c, —d,. (21)
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Fig.2 The assembly drawing of drive system
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Fig.3 The diagram of feasible assembly sequence
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Tab.2 The value of feasible assembly sequence evaluation index

27/ ¢ K? K} K* K’ K® K’ K® K’ K" K" K" K" K" K" K'®
Ay 0956 3 0.819 0.6 040 0429 1253 23 34 1.735 0286 5 6 5 0673 5
A, 0983 2 0842 04 067 0275 1324 26 3.1 1.684 0267 4 7 6 0624 6
A; 0978 4 0.825 04 043 0379 1.368 3.2 3.8 1.575 0.18 4 9 7 0539 7
A, 0961 3 0.803 0.6 0.33 0502 1458 3.2 4.0 1493  0.11 3 7 6 0576 6
AR 2 E S VEM AR AL, —MRIGOT, RGN RGEAE PR ok 2 v, X 72 OOKG B Fn ]

AN TR A A oMb X T2 5 0 - A 2 A i AN T SEPEFE PR EOR LL 8w, PRHCTE TP AR B X 3 R 4

BN LR B XK BE AT SEPE SRR b AR AR T .

P VAP b D R R R T M. R L, TR e D 1) BEWIHIWTAERE. o5 A Z o milxs 5 AP

FEANSEM R s FR B S i S PR FRAREE TR, AR =X (6) B RBIRIEURE & 5 7T

oK BE B BB FE AR AL A, AR Fr 2 AL A ORI R S

U ? U’ U U
(1,1,1) (0.83,1.33,1.83)  (0.83,1.33,1.83)  (0.46,0.60,0.85) (1.17,1.67,217) ] (/'

A= (0.55,0.75,1.20) (1,1,1) (0.67,1,2) (0.55,0.75,1.20)  (0.55,0.75,1.20) | ¢p
(0.55,0.75,1.20) (0.5,1,1.5) (1,1,1) (0.46,0.60,0.85) (0.83,1.33,1.83) e
(1.17,1.67,2.17) (0.83,1.33,1.83) (1.17,1.67,2.17) (1,1,1) (1.5,2,2.5) U
| (0.46,0.60,0.85) (0.83,1.33,1.83) (0.55,0.75,1.20) (0.40,0.50,0.67) (1,1,1) U
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2) B E PR bR IR AR, R4S PR e bR 0] IR A EE
Fh: U= { DWU),D(U),D(U) DU D) =
{ BT AR AT SR | 2R C T2 R SR R B R R
PR BERC P RE R E M, B FE BUAS 22 G M . B
WrE B AR A (7) A5 & B AR W IR AL 53 5

D(U") = (0.119,0.222,0.387) ,

D(U*) = (0.092,0.159,0.333) ,

D(U?) = (0.093,0.175,0.322) ,

D(U") = (0.158,0.287,0.487) ,

D(U’) = (0.090,0.156,0.280) .

3) WiEFE bR R ZAGE. ¥ dabn U R bR Y
WIERCE N A (8) , WHEHR K IRIREGE D(K) 5
HAFE PRI A A TP LU 25 SR R
V(U' > U)=1, V(U >U)=1,

0.158 - 0.387
V l]1 > U4 = =
( ) (0.222 - 0.387) - (0.287 - 0.158)
0.779,
V(U > U°)=1.

PG (9) M8 s U' BYEZALE d(U") .
d(U") =min(1,1,0.779,1) = 0.779.
[, AT A5 HA 8 A Y e A
d(U*) =0.579,d(U’) = 0.595,
d(U*) =1,d(U) = 0.483.
JiF LIVPAN P e A FL AR
W =(0.779,0.579,0.595,1,0.483).
4) JH— A 7] 5

MG C10) B 2545 bn e LA AR HEAL , 135545
PR EAL A 4R
W = (0.227,0.168,0.173,0.291,0.141).
[l 2, A4S PN SR I R A PRI R AR AR, T
3 PR (35 WEE N — AR br 5 R ALz
& SO TR AR T 6 B R A
®3 BEMERHNE

Tab.3 The weights of each evaluation index

_ —% %
—Z b/\ - | —
RARR WE o WE oy WE
K'  0.416(0.094
IFCHET SN 0.227 ) ) K* 0.378(0.086)
K2 0.206(0.047)
) o K*  0.352(0.059)
WL AT BPE 0168 K® 0.267(0.045 )
K5 0.381(0.064)
K” 0.374(0.065
BEMORG AR 0.173 ( ) K° 0.297(0.051)
K8 0.329(0.057 )
! N K'  0.283(0.082) K" 0.261(0.076)
RBCPERERRETE 0.291
K 0.201(0.058) K'3 0.255(0.074)

, . . 4 0.341(0.048)
WAL FE 0.141
0.296(0.042)

K]S

K'® 0.363(0.051)

AR 3 X AT AT R L A AT R PR AR bR
'43, Kl,KS,KG’K7’K8’K9’K10’K11’KIZ’KU’KIS Eﬂ:
MOGHAL bR, KK K K K™ K™ J& TN
PEHIFRBR. 76X AT 47 %€ Be Fy 51 A7 PR I, S T TH
IRt Ta) f 22 S AT (11 ) R B0cHs A 7 2 49 0
— LA, A S AR N 2R 4 TR,

F4 TFNEREEEL—LAEERE
Tab.4 The attribute value of normalized data for evaluation index
A K2 K K* K’ KS K’ K® K° K" K" K"? K" K" K" K'¢
A 0.493  0.487 0.498 0.588 0.421 0.530 0.463 0.403 0.473 0.534 0.643 0.615 0.409 0.414 ]0.556 0.414
A, 0507 0324 0.512 0392 0.705 0.340 0.489 0.456 0.432 0.518 0.601 0.492 0.477 0.497 0.516 0.497
Ay 0504 0.649 0.502 0.392 0.453 0.468 0.506 0.561 0.529 0.485 0.405 0.492 0.614 0.579 0.445 0.579
Ay 0496 0.487 0488 0.588 0.347 0.620 0.539 0.561 0.557 0.460 0247 0369 0.477 0497 0.476 0.497
A5 TR U P B 1 4% 6 R (SRR FARP R TR
B AR FRAH R ACE AR A (12) , TT AR AL AR
0.047 0.023 0.043 0.035 0.027 0.024 0.030 0.023 0.024 0.044 0.038 0.047 0.030 0.020 0.023 0.021
V= 0.048 0.015 0.044 0.023 0.045 0.015 0.032 0.026 0.022 0.043 0.035 0.037 0.035 0.024 0.022 0.025
0.048 0.030 0.043 0.023 0.029 0.021 0.033 0.032 0.027 0.040 0.024 0.037 0.046 0.028 0.019 0.030
0.047 0.023 0.042 0.035 0.022 0.028 0.035 0.032 0.029 0.038 0.014 0.028 0.035 0.024 0.020 0.025
M5 (13) AT 45 PR 48 b5 19— oM 8 bR 4 Cis =12,5,6,10,11,12,15},

HH Cia=11,2,4,5,6,10,11,12,151,
Ciy=13,9,10,11,12,14,15,16| Cy,y=11,4,5,6,7,8,9,13},
Cs=12,3,10,11,12,14,15,16, Cis,=11,3,4,7,8,9,13},
Ci4=11,5,6,10,11,12,14,15,16§ , Ci4=11,4,5,6,10,11,12,13},

c =1{1,2,4,5,6,7,8,13}, c =1{2,3,4,7,8,9,13},
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Cin=13,7,8,9,13,14,16},
Cus=12,3,7,8,9,14,15,16}.
B TEM eI — B S A —BHEE AR
AT (15) . (16) 45 —Z M X (Al H8 £ 1
0.495 0.490 0.561
0.513 0.568
0.553 |

0.505
0.510 0.487
0.439 0.432 0.447
HEEC(19) 4 DA PRI RAGFHIERMEI N

4 4
¢ = 2 C, -
b=1

Z Cbl
(0.505 + 0.510 + 0.439) = 0.093,

(0.495 +0.490 + 0.561) -

b=1

¢, = 24: C, - 24, C, = (0.505+0.513 +0.568) —
(b 81495 +b(;.1487 +0.432) = 0.172,

¢ = i C, - i C, = (0.510 +0.487 + 0.553) —
(1)61490 +b6.]513 +0.447) = 0.099,

4
€y = Z Cy
b=1

4
=Y €, = (0439 +0.432 + 0.447) -

b=1

(0.561 + 0.568 + 0.553) =— 0.364.
I BE, K 25 PO 46 bn 1A — EUE R A UA L
(17), 5775 A, XTI A, A SR N

= vy |

max | v y

_Jeby
12~

10.027 - 0.045 |
—v, | 10.027 - 0.045 |

RIEHR SRR A TR (18) K 5L
X 14 58
0.556
0.875 1
1 1
HHEZ(20) AT 75 4 4]
e

D

max | v

—_—

1 0.375
0.688 0.304
0.583 |

1
eI WEI AT
d, == 0.056, d, =— 1.453,

d, =-0.229, d, = 1.737.
HRAEAZ(21) 4 A AT LT 51 A 43501
r, =0.149,r, = 1.625,r, = 0.328,r, =— 1.773.

25 L TIR 4 AT AT RETC Y 5 14 8 B4 (E N 45 34
e 5 iR,

x5 ATEBEFIINABE.SBEMEAEE
Tab.5 The dominant ,inferior values and degree of dominance of feasible assembly sequences

sl B ¢, g d, W 1, HLPEHET HEHEHT BB HET
AIATRERLT A 1 0.093 -0.056 0.149 3 3 3
AT A 2 0.172 -1.453 1.625 1 1 1
FATHRACIF S 3 0.099 -0.229 0.328 2 2 2
AATREICT 5 4 -0.364 1.737 -2.101 4 4 4

M 5 TRV Y, ATAT AT 8 2 B R 5 ®
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