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Analysis on wear and stress of hot forging die for pump body parts based on
neural network-genetic algorithm
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Abstract: Based on Archard wear model and BP neural network-genetic algorithm, the influence laws of process parameters on die wear
depth and maximum stress during the forging process of pump body parts were studied by finite element simulation. Firstly, the orthogonal
test of five factors and five levels was conducted by selecting forging temperature, preheating temperature, friction coefficient, hardness
and pressing speed, and the key influencing factors, namely forging temperature and friction factor were determined by grey correlation a-
nalysis. Then, the key influencing factors were randomly sampled by Latin hypercube sampling method, and the simulation was conducted
by software DEFORM. Furthermore, taking forging temperature and friction coefficient as the input and wear depth and maximum stress as
the output, a 2X12x2 neural network-genetic algorithm optimization model was constructed, and the optimum process parameters were de-
termined as the forging temperature of 481. 6 °C , the friction coefficient of 0. 38, the minimum wear depth of 1.44 x10™° mm and the
maximum stress of 1362 MPa. Finally, through actual production verification, the simulated values of wear depth and maximum stress
were consistent with the predicted values, with the relative errors of only 0. 7% and 4. 0% , and the main wear area and the stress distribu-
tion were basically consistent with the actual production, verifying the feasibility of the optimized model.
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Fig. 1 Profile cutting and forging process
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Fig. 2 Hot forging die structure (a) and finite element model (b)
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Table 1 Factors and levels of orthogonal test

HAAREE T, . PR . BEHAIIGRERE H, ] il
FESEEE V, B T, 9447 420 CLA LR K7 HUSEE BUMRIE SRR By BRI Y,/
FE SRR, JCI S BT B BERE R KON 0. 48~0. 50, Toe e H/HRC (mm - 571)
T A AT DA E 4 PR 15% ~25%, DG, i 1 400 100 0.36 40 10
T W I B I 0.360~0.425, SREEMEE 2 s 175 0.38 42 20
BB 15~50 mm - s ZH], ERRBIEW 5 0 a0 040 4 “
BT ROKFII# | BR, DAEBBE BRI L o "
FE D M R JHE P AV Bk, 248 Ls(5°) 1E
RIS SRR 2 500 400 0. 44 48 50
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Table 2 Schemes and results of orthogonal test
g A T WA R
R BEERE B BAWIARERE R BIEHIE VBB D/, K
T,/C T,./°C H/HRC N (mm -+ s™) (x107° mm) P/MPa
1 400 100 40 0.36 10 3.61 1606
2 400 175 44 0.42 50 2.79 2142
3 400 250 48 0.38 40 2.35 2025
4 400 325 42 0.44 30 3.03 1984
5 400 400 46 0.40 20 2.37 1914
6 425 100 48 0.42 30 2.18 1883
7 425 175 42 0.38 20 2.97 2033
8 425 250 46 0.44 10 2.56 1870
9 425 325 40 0.40 50 3.35 2162
10 425 400 44 0.36 40 2.65 1832
11 450 100 46 0.38 50 2.52 2000
12 450 175 40 0.44 40 3.18 1880
13 450 250 44 0.40 30 2.52 1983
14 450 325 48 0.36 20 1.97 1648
15 450 400 42 0.42 10 2.62 1757
16 475 100 44 0.44 20 2.41 1696
17 475 175 48 0.40 10 2.13 2029
18 475 250 42 0.36 50 2.69 1695
19 475 325 46 0.42 40 2.03 1797
20 475 400 40 0.38 30 2.66 1575
21 500 100 42 0.40 40 2.71 1983
2 500 175 46 0.36 30 1.97 1762
23 500 250 40 0.42 20 3.00 1719
24 500 325 44 0.38 10 2.09 1550
25 500 400 48 0.44 50 1.97 1515
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Table 3 Range analysis results for grey correlation degree

My K, K, K Ky K Be2E R
T, 0.562 0. 563 0. 640 0.713 0.778 0.216
T, 0. 622 0. 608 0. 603 0.709 0.714 0.111
H 0.577 0.578 0. 655 0. 698 0.715 0.138
f 0.718 0. 659 0.574 0. 645 0. 659 0. 144
Vi 0. 682 0. 665 0.671 0.613 0. 625 0. 069

(I VR R TS
Fig. 3  Latin hypercube sampling data
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Fig. 6 Finite element simulation results and hot forging die
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