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Multi-objective optimization on ironing of QSn7-0. 2 tin bronze based on
improved TOPSIS-grey correlation analysis
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Abstract: In order to improve the quality of ironing for QSn7-0. 2 tin bronze connecting rod bushing and achieve cost reduction and effi-
ciency improvement, combining the technique for order preference by similarity to an ideal solution (TOPSIS) with grey relation analysis,
an improved TOPSIS-grey relation analysis multi-objective evaluation system was proposed. Then, for QSn7-0. 2 tin bronze connecting rod
bushing, taking thinning rate, die cone angle, deep drawing speed and friction factor as process factor variables, the orthogonal test of
four factors and five levels was designed, and the numerical simulation analysis on ironing process was carried out by software ABAQUS.
Furthermore, taking yield strength, tensile strength, residual stress and deep drawing force of forming parts as the comprehensive optimi-
zation objectives, the weights of multiple optimization objectives were objectively assigned by CRITIC method, and the multi-objective op-
timization problem was converted into a single objective optimization problem. Finally, the optimal process parameters for QSn7-0. 2 tin
bronze ironing are obtained as the thinning rate of 42% , the die cone angle of 9°, the deep drawing speed of 16 mm + s™' and the friction
factor of 0. 15. Under the optimal combination of process parameters, the yield strength, tensile strength, residual stress and deep drawing
force of workpiece are 587 MPa, 643 MPa, 173 MPa and 626 kN, respectively, and the forming quality is better and more balanced.
Key words: QSn7-0. 2 tin bronze; TOPSIS-grey correlation analysis; CRITIC method; ironing; deep drawing force
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Table 1 Three-dimensional model sizes of connecting rod

bushing (mm)
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Bl 70 10.6 P48.2 280 P48.2
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(a) =4EBEH (b) BERINF
Fig. 1  Simulation model of ironing for connecting rod bushing

(a) 3D model  (b) Model sizes
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Table 2 Chemical compostions of QSn7-0. 2 tin bronze ( %, mass fraction)

Sn Al Si Pb p Sh Bi I 5 Cu
6.0~8.0 <0.01 <0.02 <0.02 0.10~0.25 <0.05 <0.002 <0. 002 <0.15 Axht

WIE T 42—, QSn7-0.2 A MinEgn, &
JE MR VEREAL, EAT IR T fE

4 QSn7-0. 2 B H 4 il 2 ibr v bz e 5
ikHe, ££0.001, 0.01, 0.1 A1 1 mm - s™" B A8
BN AT S R, 53] QSn7-0. 2 B 75 4
MR ERE S B N ) - AR i 2k, 78 ABAQUS &
P QSn7-0. 2 By EHIAEHE M, I AR
BISE, HPRPERR 1.1 GPa, JAMALE N 0.3, #F
AL B R 8800 kg - m™, AFEIAYN 7. K AR FcdE
3PN,

R3 QSn7-0.2 BEHEM A, HMESH

Table 3 Stress and strain parameters of QSn7-0.2 tin bronze

J¥= % 71/ MPa M AR
1 220.0 0.00
2 255.0 0.01
3 285.0 0.02
4 311.0 0.03
5 335.0 0.04
6 354.0 0. 05
7 372.0 0. 06
8 376.0 0.07
9 398.0 0.08
10 408.0 0.09
11 416.1 0.10
1.3 MigEs
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PRUEAR &5 43 WOk B2, 1T LA S0P B e U B A 4L
SEILMERRE . SRR R R AR N AN | REJR
SR AR A, BT s A Bk 250, 20, 100, 3
K13t 264420 A~ MIHE, WK 2 iR,

2 Rkt

2.1 EXRESHEEFSIEIT
FRHE QSn7-0. 2 )1 4 AT & S PrAs i R R A

2 C3D8R Mt
Fig.2 C3D8R meshing
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Table 4 Factors and levels of orthogonal test 3 TOPSIS_]}L{ % 9% Hﬁé éj\ﬁ:ﬁ
N % P45 #1525 7% ( Technique for Order Preference
K AR C/ MBS o/ PLOIRBE o/ BEEEEK by Similarity to an Ideal Solution, TOPSIS) 2
% () (mm-s)  a Hwang C L 1 Yoon K S"/ £ 1981 4F 1 WK 4% i,
1 30 9 10 0.10 TOPSIS WIFM R A PN B b5 5 2 50 B s 741
2 3 12 12 0.15 DA . e e 2 ] 1R I B R R A T e O Aot MUY
. N B § 020 B, HLIeHE B AR BRI I 3 O
) “ s 6 025 ) B s B e 45 il b, wUM R4 A PP H s
HETATRARE N IR, R E TR RO B AR T
5 42 21 18 0.30 H e g
%£5 EXHREHAIRRER
Table 5 Design schemes and results for orthogonal test
TZHE TG R
KBTS R e/ MAEHEA o/ DIREE o/ PRI Jat MR/ EiE BRANE 1/ SRV
% °) (nm-s™")  u MPa MPa MPa kN
1 30 9 10 0.10 506 530 256 523
2 30 12 12 0.15 514 542 263 588
3 30 15 14 0.20 519 557 212 609
4 30 18 16 0.25 529 583 248 693
5 30 21 18 0.30 528 578 184 797
6 33 9 12 0.20 517 546 276 577
7 33 12 14 0.25 526 569 259 636
8 33 15 16 0.30 529 579 229 656
9 33 18 18 0. 10 538 605 244 708
10 33 21 10 0.15 535 596 249 740
11 36 9 14 0.30 550 574 298 628
12 36 12 16 0.10 562 602 250 672
13 36 15 18 0.15 561 599 235 675
14 36 18 10 0.20 577 628 269 729
15 36 21 12 0.25 577 614 239 753
16 39 9 16 0.15 563 604 215 640
17 39 12 18 0.20 573 623 249 694
18 39 15 10 0.25 582 632 270 710
19 39 18 12 0.30 587 651 255 771
20 39 21 14 0.10 582 873 197 842
21 42 9 18 0.25 573 617 173 676
22 42 12 10 0.30 572 615 172 654
23 42 15 12 0.10 583 635 221 724
24 42 18 14 0.15 588 641 184 723
25 42 21 16 0.20 592 667 178 742
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Table 6 Weight coefficients of index

EELY JEMRBEEE  PURORIE BeRNl BIRD

MERE  0.1005 0.1313 0.3370 0. 4306

3.2 i TOPSIS-Ik BB LB RHITE
(1) FARFHNE
Y. =G, Y0, e, YYD
(i=1,2, =, n) (8)
K. v ATFM IR IRIT SIS @ A1 0 SR LA
Y () NE MR PR ESS | A i U
(2) w4 PN E
Y=Y, ¥3(), -, Y1
(i=1,2, -, n) (9)
Ko, V) ORIEN FE AR T O AESS @ A Y 4 (H
Y{(j) R WM EARAE S | AU RS (H .
(3) RS HIT I IR ALK T
R™(j) =
minmin | Y (j) =Y,(j) | + 0.5max;max | ;" (j) =Y,(j) |
Y7 () =Y,() I+ 0.5max;max | Y] () -Y,() |

(10)

R = Y oR () (11)

K RY(j) NEBMSHFINKOKKE; V,())
BRI S IS § WOEAR R PR 0 5E © il )y
1 minl Y () =-Y.(j) 1 R Y ()5 Y.(j) ZHLXE
Ht/ME; minmin | Y (j) =Y, (j) | & n il 5+
YI() 5 Y, () 2 {8 4 X0 {5 d5 /D 4R v 0 e/
max | Y () =Y,(;)) 10 Y] ()5 Y, () Z(EA IS E A e
FAE; maxmax|Y, (j)-Y.(j) I A n HiAKHF Y ()5

A M

7

VR eE (T 4 (=07 2] B Ll 0 H B 1 YT [ 24 Y M1 B o FRL



FEMARAZ H H b E AU Be 5 AL 5L B ST A A R 2 ) e Bl 1)

134 B E

/N 5549 %

Y.(j) ZAHAXHE R RAEE TR KRME; R, &N
B S5 P4 B IS A
(4) EHSHIFH KO ETTA
R°(j) =
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(5) BRAAICHRIG T B 35
Rl
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Table 7 Grey correlation closeness degree based on TOPSIS

(14)

TR A e Jk \ . TR A Ik .
= W HERP F5 W HEP
1 0. 5303 7 14 0. 4522 23
2 0. 4755 14 15 0. 4698 17
3 0.5392 6 16 0. 5650 5
4 0. 4549 22 17 0. 4986 11
5 0.4727 15 18 0. 4695 19
6 0. 4707 16 19 0. 4643 21
7 0. 4696 18 20 0. 4829 13
8 0. 5031 10 21 0. 6220 2
9 0. 4658 20 22 0. 6357 1
10 0.4314 24 23 0.5292 8
11 0. 4229 25 24 0. 5921 4
12 0. 4948 12 25 0. 6076 3
13 0.5110 9

3.3 HRaHH

AR a7 57 ok JF TOPSIS-JK 6, G 156 2 7 H A
LEATEMAEAL . XF QSn7-0. 2 5 4 28 R iUE
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ARG VR AR B PN 4 SR S 0 IR T FE
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S, AHAIEMFE AR B A B AR

K LSO A IR B Y E 3 8 FiR,
JRAG IR T FE Y8 B W 3 s, & T2
YRS SISl E=LINYE = b 0]
QSn7-0. 2 B} 75 il A2 i TR 25 A 0 5% ) 5 ok BH B
ML 3 SA(E RN AR R v AT, R TR R
B M Coalvdu2, RN 429% . IMUELHEFR O 9°
PIOGHEE R 16 mm - 57" BEERECH 0. 15, £ 1.2
PR 2T T A 2 I 110 552 W UG Sy 728 36 > IR
TR > VTS £ > FEE 5 R

RS ZIZHHUMKREBXEMEENE
Table 8 Mean values of grey correlation closeness degree for

various process parameters

o TYHZE
7 N3
5 g % T4 £ AV LI JRE 5 1R K
1 0. 4945 0.5222 0.5038 0. 5006
2 0. 4681 0.5148 0.4819 0.5150
3 0. 4701 0.5104 0.5013 0.5137
4 0. 4961 0. 4859 0. 5251 0. 4972
5 0.5973 0. 4929 0.5140 0. 4997
& 0.1292 0. 0363 0. 0432 0.0178
HE 1 3 2 4
0.60 - - o R a PR
s o MR - BEEE%K
H 0.58
2
0.52 - - A
Sewln S T
L -
et 0.48 "
0.44_II1111I11IIIllllllllllll

Cl C3C5 al a3 a5 vl ©v3 o5 pul u3 us
TZHREKF

P 3 (0 SRR I T 3 R4 20 ]

Fig. 3 Main effect graph of mean value for grey correlation closeness degree

3.4 RIWIEIE
W FE TGk TOPSIS-JK 8 G M 15 2 1Y QSn7-
0.2 B M A AR TZH R CSalvdu2 H N
NFSME, FE ABAQUS Tl Tl TERRAAT
AR TR R BEAL L, G553 9 iR,
R HMUER
Table 9 Optimal results

- JRIREREE, PR, BRAN, BRI/
MPa MPa MPa kN
dfai Rey 587 643 173 626
ERRAMTH] 572 615 172 654
BIE /% 2. 62 4.55 0.58 -4.28
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% 9 nl L. 38 id el ik TOPSIS-JK 4 5 Bk 4 A
ek, QSn7-0. 2 85 4% T4 A8 PR OE J5 1Y
J AR FE N 587 MPa, HIEAZEARIFHNEET) 2. 62% ;
PURISEE R 643 MPa, HIESHALFSIET 4. 55% ;
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3.5 FIEMIRIE
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255 (MRS £ 30 o ML S5 A R AIE, ARl = 4RI AL h
AFEMEHER (90, 120, 15°, 18°F121°) syl
F (30% . 33%. 36% . 39% Fl 42%) (1) 14 25 Fy
RST AT AN RN A T T2 T 85 o7 V% ol 3 o YR
JEHLGRIE, i A R AL 7 s B, F T
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BRI ELAT AS TR B2V W I AR, A s g6 i
VEIHORE BE 43R 20 30, 40, 50 FN 60, R
JEEFEE DRI ECRR /N

A T2 R A A VT QSn7-0. 2 8575 M 14 4T
FFE ARG, B O% 5 1 T AR
A, W 4 s, bl RSP aniE 5 B, Xz
kA e Tk, g5 R anER 10 proR, @i ek
BN W ISRV e S R VESE S NI R S R S
PRAS L TR 1 Bt v, TR B AR AL I 20 A7 AE AR 4K,
EFEE, H BTV | A0 R 158 55 22 Tl PR 2
RIS, AR (7 LA, rh B — (% 5 47 e 452 15 JEE
PR, SERBREEAEAH R H K, FEE o
FERETImE R, M5 R AR EHE K, (A5 H IR ) 5558
IR ERE Y EPOR RV ESEIN S NP B GRS TN
MBI B i & PR RE e 2 18], bR
EMERE S HA BB DA — 225,
HBIRA R ) T 2206 F LR, S8 ) 558 52 bR
T 4 ARG 45 SR G (R e 25 R 5 40l 2%
HAIRHRZ KN 5.20%, MIXFIRZE/N, JERAL
(@t JUET SR TN

Kl 4 Qsn7-0.2 B bt A

Fig. 4 QSn7-0. 2 tin bronze tensile test piece
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100 @
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Fig. 5 Specific sizes of tensile test piece
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Table 10 Reliability verification results

o JEIRGREE,  BUBOREE,  BRARNI, BRI/

MPa MPa MPa kN
Bami 587 643 173 626
TZats 593 651 182 633
MR ZE/% 1.02 1.24 5.20 112
4 L

(1) >R CRITIC & MMRALIEXT QSn7-0. 2 B i
A MR IREE G VP R AR AR AT AR, e R
0.1005, BT 7 5R BE A 0.1313, 5k AN S A
0.3370, HilEI120 0. 4306,

(2) FEF ekt TOPSIS- KA KB BT i A A |
XF QSn7-0. 2 By i AR WP IR Y B AT 0 b, T
IR Z T R T 0 R G Ry, AR R > i
JE > MRS A > EE 82 BN

(3) Tt TOPSIS-JK (8 KB4 P A Al
X} QSn7-0. 2 By E A MRIR T 2 5t Ak, et T
CBBUHAE N AR 42% . [MSHES R 90 i
TR N 16 mm - s FEIEECH 0.15, RIETZ
SHCH AT IR EE Sy 587 MPa, $T H7 5% J& 4
643 MPa ., ¥RAXN 714 173 MPa, Fiik 11} 626 kN,
ROV i AR
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