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Optimization of High-Temperature Alloy Milling Tool Geometry for Residual Stress Control
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[ABSTRACT] With regard to the milling process of GH4169, the surface residual stresses under different tool structural
parameters were obtained based on orthogonal experimental method. The initial weights and thresholds of the BP neural
network were optimized using a genetic algorithm (GA) to improve the convergence speed and prediction accuracy of
the model, and a method for applying the GA—BP model to predict the milling residual stress was proposed. The firefly
algorithm (FA)-based method for process parameter optimization was investigated, and the GA—BP—FA parameter
optimization model for milling residual stresses was established in combination with the GA-BP prediction model for
multi-objective optimization of tool geometry parameters with the goal of simultaneously obtaining the minimum residual
tensile stress/maximum residual compressive stress. The results show that the minimum residual tensile stress in the X—
direction and the maximum residual compressive stress in the Y—direction can be obtained using the optimized tool
geometry parameters.
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Table 1 Main chemical composition of GH4169 (mass fraction) %

@ Si Mn P S Cr Ni
0.042 0.21 0.03 0.005 0.001 17.00 51.75
Ti Nb Mo B Mg Cu Fe

1.04 5.11 2.93 0.006 | 0.004 | <0.07 | F4x
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Table 2 Mechanical properties of GH4169 (20°C )

BURRIE /| SRR/ | PR W
MPa MPa % % E
1310 1110 20 46 468
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Table 3 Experimental factors and their corresponding levels

K- =
Bifip/ (°) | Efia/ (°) SRS By ()
1 3 5 30
2 8 10 38
3 13 15 46
4 18 20 54

70mm

£y 5o

1R RS

Fig.1 Physical size of specimen



PN
RESEARCH Hltﬂtex

3L

n/

x4 BHIZH
Table 4 Milling parameters
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1592

ey
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11

13
14
15
16
17

384 0.35

VIR | UIHIEREE | ARtk
a,/ v/ YhLf/
mm | (mm<z') (mmz')

0.25 40

B2 SRS
Fig.2 Milling experiment site

Hiff o/ (°) J5ff af (°)
3 5
3 10
3 15
3 20
8 5
8 10
8 15
8 20
13 5
13 10
13 15
13 20
18 5
18 10
18 15
18 20
10 12

0.06

1.3 FRMAMKKRER

5% 4% I 779328 % H] PROTO LXRD-MG2000 5% 4%
N IR AT 4. MR Mn # K Alpha )% Bz, 42
HiLR 25KV, B 20mA , A Pikg fA 1529, BB A] 25,
BEEREL 10 WK, FEBER/N 2mm. FRAY N s A
3 fiR, g R ange s pios.

E 3 PROTO LXRD-MG2000 5% 4257 1 2 4t
Fig.3 Residual stress test system of PROTO LXRD-MG2000

x5 EXRBEKEAMKER

Table S Results of orthogonal experimental residual stress tests

KIASLARIY T /MPa
BRIES o ()
g, o,
30 161.9 73.3
38 61.7 -127.7
46 50.8 -95.8
54 87.2 —113.7
38 353 5.9
30 182.3 13.9
54 -0.8 -234.5
46 93 -80
46 74.8 —40.8
54 68.3 —201.7
30 47 —75.5
38 120 —68.3
54 65.3 31.4
46 6.2 -74.2
38 10.4 -121.3
30 92.2 —22.6
40 94.7 4.8
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Table 6 Main parameters of genetic algorithm

GA Ay R 478 LA LAR T AL U P, SR P,
o, 4% 2000 100 0.6 0.05
o, M4 2000 100 0.5 0.09

! BT |
i i5E BRI 4 036 414 1 :
| l |
|| GAMBPRIGIUA . BUELHEATHIMIL | |
| l_ _____________ .|. _______________
AU BRI 5 0 i R 3 7 R
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GRIEIRGES €87 -
IR 4 ’
v WHE. XX A5
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i SR R

ISl
(Sl

FOHT VO 22 (R0 PO 0 2 5
U R
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Fig.4 Flowchart of GA—optimized BP neural network
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Fig.5 Flowchart of tool geometry optimization
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Table 8 Multi—objective optimization results of firefly algorithm
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(*) () | By () | SR L, MPa MPa

6.57 8.31 48.62 0.6692 —0.86 —338.56
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Table 9 Validation results of tool parameter optimization
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