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Equivalent stress and wear of connecting rod hot forging die based on
Taguchi method and grey correlation analysis
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Abstract: For H13 steel connecting rod die, based on Taguchi method and grey correlation analysis, the influence laws of five
process parameters, namely, forging temperature, die preheating temperature, friction factor, die hardness and forging speed, on
the wear depth and equivalent stress of die during the forging process of engine connecting rod were studied by finite element simula-
tion. Then, twenty-five sets of orthogonal test were designed based on Taguchi design method, and the multi-objective correlation a-
nalysis was conducted based on grey correlation analysis method. The results indicate that the optimized process parameters are the
forging speed of 550 mm - 57", the forging temperature of 1200 °C , the die preheating temperature of 225 °C , the friction factor of
0. 30 and the die hardness of 56 HRC. Compared with the initial process, the wear depth and equivalent stress under the optimal
process parameter combination are improved by 28.3% and 9. 1%, respectively. Finally, through the actual production verifica-
tion, the conditions of main wear positions and stress concentration areas are basically in line with the actual production conditions,
which verifies the feasibility of the optimization model.
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Fig.2 Structure (a) and finite element model (b) of hot forging die
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Fig. 3 Simulation result of forging
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Table 1 Factors and levels of orthogonal test
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. ; VIR IE R/
(mm-s') C W E/°C X%k
HRC
1 400 1000 225 0.20 48
2 450 1050 250 0.25 50
3 500 1100 275 0. 30 52
4 550 1150 300 0.35 54
5 600 1200 325 0.40 56
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Table 2 Target results and signal-to-noise ratio for Faguchi Metrods

£ [EETEAES
e 3 o FEREERY SRV, SR AT 1

A/(mm - s B/C c/C D E/HRC B4R/ mm - \Pa -
1 400 1000 225 0.20 48 0. 00000535 105. 43 1250 -61.94
2 400 1050 250 0.25 50 0. 00000421 107. 51 1360 -62. 67
3 400 1100 275 0. 30 52 0.00000297  110. 54 1510 -63.58
4 400 1150 300 0.35 54 0.00000238  112.47 1680 -64. 51
5 400 1200 325 0. 40 56 0.00000167  115.55 1830 -65.25
6 450 1000 250 0. 30 54 0.00000427  107.39 1390 -62. 86
7 450 1050 275 0.35 56 0.00000330  109. 63 1520 -63. 64
8 450 1100 300 0. 40 48 0.00000352  109. 07 1680 -64. 51
9 450 1150 325 0.20 50 0.00000278  111.12 1810 -65.15
10 450 1200 225 0.25 52 0.00000199  114.02 1230 -61. 80
11 500 1000 275 0. 40 50 0. 00000501 106. 00 1500 -63.52
12 500 1050 300 0.20 52 0.00000404  107.87 1650 -64.35
13 500 1100 325 0.25 54 0.00000287  110. 84 1790 -65. 06
14 500 1150 225 0.30 56 0.00000220  113.15 1180 -61. 44
15 500 1200 250 0.35 48 0.00000237  112.51 1340 -62.54
16 550 1000 300 0.25 56 0.00000412  107.70 1660 -64. 40
17 550 1050 325 0. 30 48 0.00000462  106. 71 1810 -65. 15
18 550 1100 225 0.35 50 0.00000324  109.79 1230 -61. 80
19 550 1150 250 0. 40 52 0.00000247  112.15 1320 -62. 41
20 550 1200 275 0.20 54 0. 00000191 114.38 1490 -63. 46
21 600 1000 325 0.35 52 0. 00000481 106. 36 1850 -65.34
22 600 1050 225 0. 40 54 0.00000372  108.59 1240 -61.87
23 600 1100 250 0.20 56 0.00000274  111.24 1310 -62.35
24 600 1150 275 0.25 48 0.00000295  110. 60 1470 -63.35
25 600 1200 300 0. 30 50 0. 00000213 113. 43 1640 -64. 30
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Table 3 Range analysis results of signal-to-noise ratio for wear depth and equivalent stress
_ JEBR SR ]
o A B Cc D E A B c D E
1 110. 30 106. 60 110. 20 110. 01 108. 90 -63.59 -63.61 -61.77 —63.45 -63.50
2 110.25 108. 10 110. 16 110. 14 109. 60 -63.59 -63.54 -62.57 -63.45 -63.49
3 110. 07 110. 30 110. 23 110.25 110.20 -63.38 -63. 46 -63.51 -63.47 -63.50
4 110. 14 111. 90 110. 11 110. 15 110.70 -63. 45 -63.37 —64. 41 -63.57 -63.55
5 110. 05 114. 00 110. 11 110. 27 111. 50 -63.44 -63.47 -65.19 -63.51 -63.41
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HERR 4 1 5 3 2 3 2 1 5 4
Fdlf A1BSC3DSES A3B4ACIDIES

P 4 S BRI | S5 RO ) £ M LE T SO0 AT
A TAR ORI AR R 1 5 A KF BT 5T,
B RE KPS PRI OB B, e$ HARE T B f5 1R
PR KB -2, B 4a AR, X TR TR
EROVE, BEEBOE L B YN, R £
HEUE AW R, T & mk it E T e, &
BOR S 1N, BEE AL ARBTRE ) BB W A,
XREEL AL AE B A A /N BEA SR A B3

114 |
o 12}
-
s
jllg
i
X 110~ —— |
=S
#
108 |
YOS PP I NI I B
12345 12345 12345 12345 12345
4 B c D B
%
(@)

K, BB AR M LB 2N B Bl A R
POREE C MG, BB TR B2 AR e LU A(E 2 1 Kt
P EHBMEIM T, MERERZ BT, R
JEE R = (AR L R R R, bR, A EL IR
Bz Ther, H C3 A MEEEEE D 1Y
B, ERR A M L BB A D3 ~ D4 b BUINT
e, (HERLREE Eoblash, MEEB B £ A3
K, BRI AR MR LB S T

-61
-62
=y
o
L& 63
R
&
-64
65 |
12345 12345 12345 12345 12345
A B C D E
H&E
®

K4 BEBIREE (a) FISFRONLTT (b) fRMRLL 0N

Fig. 4 Main effect diagrams of signal-to-noise ratio for wear depth (a) and equivalent stress (b)
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Table 4 Gray correlation coefficient and grey correlation
degree for each group of tests
P IR EE SRV S
Lz Ya &0 M Ya &4 Ya
1 105. 433 1.000 0.333 -61.94 0.128 0.796  0.565

R

2 107.514  0.794 0.386 -62.67 0.316 0.613 0.500
3 110.545 0.495 0.503 -63.58 0.548 0.477 0.490
4 112.468  0.304 0.622 -64.51 0.786 0.389  0.505
5 115.546  0.000 1.000 -65.25 0.976 0.339 0.669
6 107.391  0.806 0.383 -62.86 0.364 0.579 0.481
7 109.630  0.585 0.461 -63.64 0.563 0.470 0.466
8 109.069  0.640 0.438 -64.51 0.786 0.389 0.414
9 111.119  0.438 0.533 -65.15 0.951 0.344 0.439
10 114.023  0.151 0.769 -61.80 0.092 0.844 0.806
11 106.003  0.944 0.346 -63.52 0.534 0.484 0.415
12 107.872  0.759 0.397 -64.35 0.746 0.401 0.399
13 110.842  0.465 0.518 -65.06 0.927 0.350 0.434
14 113.152  0.237 0.679 -61.44 0.000 1.000 0.839
15 112.505  0.301 0.624 -62.54 0.283 0.639 0.632
16 107.702  0.776 0.392 -64.40 0.759 0.397 0.395
17 106.707  0.874 0.364 -65.15 0.951 0.344  0.354
18 109.789  0.569 0.468 -61.80 0.092 0.844  0.656
19 112.146  0.336 0.598 -62.41 0.249 0.667 0.633
20 114.379  0.115 0.813 -63.46 0.519 0.491  0.652
21 106.357  0.909 0.355 -65.34 1.000 0.333 0.344
22 108.589  0.688 0.421 -61.87 0.110 0.819 0.620
23 111.245 0.425 0.540 -62.35 0.232 0.683 0.612
24 110. 604  0.489 0.506 -63.35 0.489 0.506 0.506

25 113.432  0.209 0.705 -64.30 0.732 0.406 0.556
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Table 5 Range analysis results of mean and signal-to-noise ratio for grey correlation degree

KT TR A SR i TRAS SR BE AR L

A B c D E A B c D E
1 0.55 0.44 0.70 0.53 0.53 -5.32 -7.26 -3.23 -5.62 -5.64
2 0.52 0.50 0.57 0.53 0.51 -5.94 -6.20 -4.93 -5.83 -5.92
3 0.54 0.52 0.51 0.59 0.53 -5.67 -5.81 -6.02 -4. 80 -5.86
4 0.58 0.58 0.45 0.52 0.54 -4.86 -4.90 -6.95 -5.90 -5.48
5 0.53 0. 66 0.47 0.55 0. 60 -5.74 -3.63 -6.79 -5.38 -4.80
W2 R 0. 063 0.223 0.244 0.071 0. 083 1.08 3.63 3.72 1.10 1.12
HERL 5 2 1 4 3 5 2 1 4 3
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Fig. 5 Main effect diagrams of mean (a) and signal-to-noise ratio (b) for grey correlation degree
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Fig. 6 Finite element simulation results of initial scheme

(a) Wear depth
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Fig. 7 Finite element simulation results of optimized scheme

(a) Wear depth
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Fig. 8 Hot forging die
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