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Abstract: A tolerance allocation method based on evolutionary game is proposed to solve the
influence of complex and diverse manufacturing resources on the tolerance allocation of product
assembly dimension chain in cloud manufacturing (CMfg). Firstly, all tolerance elements in the
same dimension chain are taken as the game parties, and an evolutionary game model is
established with the selection of manufacturing resources. The game strategy comprehensively
considers the quality loss and the resource price of the tolerance design scheme, and the assembly
quality requirements and cost are converted into the total payment benefit after the selection of
manufacturing resources by the tolerance element. Secondly, a replication dynamics equation of
the model is constructed to simulate the strategy adaptation process of different users. Finally,
the Lyapunov’s second method is used to prove the convergence of the model to evolutionary

equilibrium, and the distributed iterative algorithm is used to find its solution. The feasibility and
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effectiveness of the model and algorithm are verified by a tolerance design example of the front

end assembly. Experimental results show that the quality loss coefficient has no effect on the

resource selection strategy, but affects the total payment. Comparisons with the non-cooperative

game method and the linear weighting method show that the proposed evolutionary game method

reduces the quality loss and total payment of the tolerance allocation scheme by 28. 3% to 54. 0%

and 18.2% to 63.6% on average, respectively. The proposed method can be applied to the

tolerance allocation design of assembly dimensional chain and to realize the selection of

manufacturing resources according to tolerance design in cloud manufacturing environment.

Keywords: tolerance allocation; evolutionary game theory; evolutionary equilibrium; distributed

iterative algorithm; cloud manufacturing

BIUBE ) 325 e o A B o 2 22 43 I 7 %84 R T R
RCATL AR C A% 114 L 2 1 3 A L i 8 A R S 1
A S I R T A 5 AR 22 TSP 4K T A
PR A 2200 B R —TOR B L 45". MiE o
il 15 CCMEg) F2 A (1 A Wi Jic 24 il 3 9% 5 1) 2 245 2 4
PR A5 2 il 3 Az P AR (028 25 43 i ) AR A5 24

AR WS AR Z 4 AR B T £ HARIT A R
B 28 2% 4y BB () 38 57 7 1T, I R 4 R A AL 5
PN TREM AL (ABO ™Y AR 5 g (19 3k S e
WAL R TE (NSGA- DY R F R L (PSO) 7 %47
BNAZ MM, F xR Z2 3R mE IR R R A L
Kumar 285 i3 8 14 55 3 (GA) \NSGA- [] 5 ¥ il 22
o3 1AL (DE) 535 0k i a8 fe A 220, i1 % H 55 45
A GA 5L PSO Fk R KRR L (SAO S T
0 A WA P 31 1 B RE LRI . Haghighi %8 #2 1
THRTHESEEERN AM T 230 AR R A%
SYTE D5 o IR G B0 A6 Oy vk AT SR A .l g
E WG B A R T S E N E IR U A i Ll AN
(AGA) AL HLRA 2250 B . DL -3 RS 1k ] i
FH 52 2% 2% Tl A5 A, (1L A7 76 44 35 DT f oRi 50 1R 3 55
Ji) 151,

7R 553 5 F 5% 7 A R AR R R R G R L B
N 54 TR ) R AL R £ B bR b 2% R R R ),
EExt 2 B bR LA R R 1925 00 AR % 5T 4 1 3 AR [)
FEBR ] OF J& 5 ol g R B 5 1A A 25 43 T A
RIWFSE . ABIR S 45 A B A VR T 2R B0 | B 2 1l g
BRI T 3 A 5 B 2 R R 2 B bR DR )
B F AR RSB LR A A 25 e KT . Lu SF 7 T e 5
B il 2 0 2 e o) AR A AR BRI ZR OT AT A 22 R
B R AR Sk A R gy A s At SR B
Xtz il PR R B 28 4 e 1), 1 AR 12 O vk 2
W T B A VR X 22 43 i A S

P B e O B NS W Sl M S

http: // zkxb. xjtu. edu. cn

P i3 TR IR R AR W AR SR — AR A 2= Ak
RERIAR R A Z) ) ik 2 B bR Ak 7 2 s b
S P AL S A 28 25 B 50 76 1 3 9% U5 % £ 5 I
e A TR, Wu 255 % 2 % IR AL 7Y L 8
SERUZ IR AN 22 BT BRI 0 R 2 &2 ] 7 TR st
T SRR 55 T A U 2 A ) A

XPUE o A SCHE R T —Fh 2 T A 2R (EG) #Lip
(A ZES LT . B SR ) JE — A RO T i 45
22 M TCAE MR T, 8 ST BLA 4 WO pk SR AL 1 3 Ak
TR A 22 BEBEAY L 4K J5 3l +f Lyapunov 85 — 77 ik
E I A (8 R M IR T 43 A 23k AR5k SR A
RUYS A 0 o 38 2 S S BT B T AR SOBE R K kY
ERYE, H S AEG VR 07 ik Ay ¥ A T
AR SO AT R 7 VR A R T A 25 43 L J5 28 W ot it
R B i A
L 2557 BE i A T 2 A Y
1.1 FERTHEAESEER

N7 i P 2 T SR T 3 Ao R L P R )
(45N 25 BT HEAT O Ak o R 266 e R~ % 1) s A 2
FHICHE L [ JE — A RS BE 9 28 25 B0 A B 32 M B
AR R ES IS =S N U N e SR LS U
Bl 1 PR, e — e b B b, 45 28 22 BT A
PR R 1 ], SR T — A R B A B = i
BRI B A L 1 R BE AN A 2 B 2 T
R G2 B DU Rk B B AN e A, HE
R FH A T 2 o i AT S 5 IR 25 AT [ B )
-5 K IR S5 3 SR DL SR FH R M S A0 A5E R
TE A% BT IR AN AR 5 5T 408 2 I R B TR 2 A R 1Y
AT R

T T2 TR 1) A R G R R R 25 L 2 — g
RS R GV ZIE I R S RRALTT KT
R ZE IS 5| A BN A 22 B B F R T




5 1) T4 RS A0 B 24 2 4 ok 177
BT
G
MR >
SRS T A
o e
—> [FE |, [%5 .| _wn AEHT
Bk | | o | et | PR
Sk
| s =il s
wbisn] | [waseon] |- [wam] |- (e | | — i
P12 i U B S 24 2 43

Fig. 1 The tolerance allocation model of dimension chain under cloud manufacturing resource constraints
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Fig. 2 Flow of the distributed iterative algorithm
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Table 1 A parameter comparison of evolutionary equilibrium point under different tolerance strategies

g /% 7% /mm ) w1 s (m =m2) /J0

K T, T, T, " " £=100 £=1 000 E=2 000
1 0.05 0.05 0.05 0.634 0 0.366 0 79.722 7 86.472 7 93.972 7
2 0.05 0.05 0.10 0. 606 9 0.393 1 65.078 6 78.578 6 93.578 6
3 0.05 0.05 0.15 0. 606 7 0.393 3 61.990 2 86.740 2 114.240 2
4 0.05 0. 05 0. 20 0. 609 4 0.390 6 61.772 6 102.272 6  147.272 6
5 0.10 0.10 0. 05 0.562 0 0.438 0 50.320 0 70.570 0 93.070 0
6 0.10 0.10 0.10 0.472 9 0.527 1 35.277 8 62.277 8 92.277 8
7 0.10 0.10 0.15 0.451 3 0.548 7 32.119 2 70.369 2 112.869 2
8 0.10 0.10 0. 20 0.445 5 0.554 5 31.901 8 85.9018  145.901 8
9 0.15 0.15 0. 05 0.5513 0.448 7 44.125 1 86.875 1 134. 375 1
10 0.15 0.15 0.10 0.4217 0.578 3 28.934 5 78.4345  133.434 5
11 0.15 0.15 0.15 0.378 7 0.621 3 25.705 8 86.4558  153.955 8
12 0. 20 0. 20 0. 05 0.553 9 0.446 1 43.706 6 117.956 6  200.456 6
13 0. 20 0. 20 0.10 0. 400 6 0.599 4 28.479 0 109.479 0  199.479 0
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Table 4 Comparison of results of different optimization
— %,(0)=050 methods when £=2 000
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----x,(0)=0.55 AL TT 1 A% [mm To/mm  x/JG Quoss
-==-x,(0)=0.45 T, T, T,
%;,(0)=0.60 EGM  0.10 0.10 0.10 0.20 92.2778 60
""""" %(0)=040 NCGM  0.20 0.20 0.05 0.25 200.456 6 165
LWM 0.15 0.15 0.05 0.20 134.3751 95
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Fig. 6 Evolutionary equilibrium diagram under different

initial states (x,, =0.378 7)
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Table 2 Comparison of results of different optimization
methods when £=100
A 2%/mm

T, T, T;

R RS T,/mm  z/J0 Qioss

EGM 0.15 0.15 0.15 0.30 25.7058 6.75
NCGM  0.20 0.20 0.05 0.25 43.7066 8.25

LWM 0.15 0.15 0.05 0.20 44.1251 4.75
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Table 3 Comparison of results of different optimization

methods when £=1 000
/% 7% /mm

T, T, T;

A Tr ik

T, /mm 7T/7T: Qloss

EGM 0.10 0.10 0.10 0.20 62.2778 30

NCGM  0.20 0.20 0.05 0.25 117.9566 82.5

LWM 0.15 0.15 0.05 0.20 86.8751 47.5
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