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Abstract

The large arm of the wafer robot is studied for fatigue life based on neural network algorithms. How-
ever, this algorithm is prone to getting trapped in local optima and overfitting. To address this issue,
this paper proposes a neural network life prediction method optimized by the gray wolf algorithm,
which can overcome the aforementioned drawbacks of neural networks. First, finite element analysis
is conducted, and the large arm is simulated using ANSYS software, while fatigue life prediction is per-
formed with the help of nCode software to obtain specific life results. Finally, the gray wolf algorithm-
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optimized BP neural network method is used to predict the large arm’s life. The results show that after
training and testing, the prediction accuracy of this method reaches 98.70%, providing theoretical
support for the design optimization of the wafer robot’s large arm and offering valuable reference for
fatigue life research of similar mechanical structures.
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Figure 1. Cross-sectional view of the wafer handling robot
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Figure 2. 3D model of the large arm
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Table 1. Alloy steel material parameters

= 1. AWM EEH

MRS HEMN
HE/(kgm™) 7700
# [ 8/MPa 202,240
TR L 0.28
FMEA & /MPa 21,000
LB E/MPa 79,000
JiE R 58 £ /M Pa 620.42
7k 719 %/MPa 723.83
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Figure 3. Finite element mesh model

Bl 3. BRTMEER

3.22. BARFGESHEATRE

NHERRSA R TR SEBR TAE R 2 JIRAS, TR A tE 58 . LR & B T:

LU E . REE RS SN R, O LIRS AT iR . BRIk, 7R KE S B R aRee
FEREAL N E A0, FR&I A R B B (UX, UY, UZ)FiER B H EE(ROTX, ROTY, ROTZ), LI
5 IR R EBRRAS . 2L B R )5 A IR B A 3 B R 1 B R A

AR AR KE I8 B OREE MIE+120°, MIKEE 20 rad/s), H e 8 BTk . 7252k 1T
VETGHRA, RETENE . SRR B B AR SZ AR A R B0 F7 o 8 A7 SR P LE % 38 1 400 ) A M et
AT, MR AR AR B K A I v A

M=J«a (1)

Horb, JRNREEEE, o RANEE. BEIER = UT, TH—A5ERE3) AR . 3040607
TR e YTy, BN )72 A S o I J e i R R 1 52 018 Ao

KE e85 i KA E W E N 0 =20rad/s. EEIIER A9 1=0.05s, WIAINEE o= w/t=400
rad/s?. JHIE CAD PF &M AT, R AR AR B AR ity S5 5 57 R (BT 95 o (B0 ) o e 2 Bl (1 5% B 10 o
Z AT 218 0.015 kgm?. BT FIRSE, AR BIERAERE BB M 208 6 Nom. A,
H A P AR 1 B K B0 ) F AR T i, HAEZ1 8 50,

3.23. R ES=ESHR
RIS R A 0.25 s, HaTHfab N 1 5, HAWMRREBRIAKE . EREEFEF, ANSYS Kk

DOI: 10.12677/m0s.2025.1412658 56 e RSE TR


https://doi.org/10.12677/mos.2025.1412658

ERTER, LEN

P PTR E A AR TR EAT LLACR RS, tH R KB RR AR . Ry RARSESCHAE . oK
e, KRB RERN ) = B SRR R K SRR = B-E 4~6 Pos. d1E 4 7%,
R 0 e AR ) S5 30N 8RR, O 7.2432 MPa, 2 DXCHR LT TR R AR (Uit FLIA 2% . 3 8 [ A A
B)FEN T, JRT MBS R BRI, N A b T A AR AN R SR 1 2K
FiGI#e, 5 OIS REUH AL E . B8] 5 BoR, ORI 3.34 x 10 mm, 8] 6 BRI
TEEN 0.47369 mm, AT KERTH. TR AR, FHFESIABAT N NI, B8 2 RN
AR, HE—PI0AE TN R A X395 57 UM . WI2P {8 ANSYS Mechanical Enterprise H H 5 [
Fatigue Tool Xf KB (KI9% 55 75 A kAT 70 M7 o AR 5 <B4 098 55 VE RE M e AN 53, SR A Miner £k SR B
PHEAR[19], THEORE R B 1 R T B 57 i

A: Static structure
Equivalent stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1s
2025/11/11 16:41

7.2432 Max
E 6.4438
5.6445
4.8451
4.0457
3.2464
2.447
1.6476
0.84825
0.048886 Min

Figure 4. Equivalent stress cloud diagram
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Figure 5. Equivalent resilience cloud diagram
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Figure 6. Equivalent deformation cloud diagram
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Figure 7. Diagram of the nCode fatigue analysis module
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Table 2. Large arm life table

2 KEHFHR
5 Lo N J3/MPa R /mm AUBAE /mm FAr/R
1 16,526 6.4509 3.34E-05 7.39E-04 6.45E+11
2 16,519 5.9644 3.09E-05 7.42E—04 7.13E+11
3 19,089 4.9538 2.98E-05 3.03E-04 7.74E+11
4 16,513 5.7749 2.99E-05 7.65E-04 7.78E+11
5 16,534 5.4838 2.95E-05 7.29E-04 7.83E+11
6 16,520 5.8882 3.04E-05 7.67TE—04 8.00E+11
7 19,097 4.7756 2.75E-05 3.05E-04 9.01E+11
8 19,291 4.7605 2.63E-05 1.01E-03 9.37E+11
9 16,512 5.6388 2.92E-05 7.74E-04 9.69E+11
10 18,259 4.5504 2.51E-05 1.13E-03 1.02E+12
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Figure 11. Training process of the large arm life network
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Figure 12. Prediction model simulation results
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