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Machining Deformation Prediction of Titanium Alloy Wide Chord Hollow Fan Blade
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[ABSTRACT] Finite element simulation combined with BP neural network is applied to predict the machining deforma-
tion of titanium alloy hollow fan blade, which is caused by residual stress and milling load. The empirical formula of cut-
ting force was obtained by orthogonal experiment of cutting force. The simulation of milling leading and tailing edge was
performed by applying the model change technology. Combined with the BP neural network model for milling deformation
forecast, wide chord hollow fan blade milling deformation forecast was realized both in stroke milling and ring-cut milling.
The simulation results show that ring-cut milling deformation is much larger than that of the stroke milling. The relative er-
ror between the deformation results which were predicted by BP neural network and the measured value is less than 10%.
The efficiency of deformation prediction is higher than simulation prediction, and the accuracy of deformation prediction is
as good as simulation prediction.
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Fig.1 Hollow fan blade internal structure
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Fig.2 Deformation prediction model flow
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Fig.3 Finite element mesh of hollow fan blade
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Fig.4 Principle of residual stress measurement
(P

/0[0
07
N > N

| 3
T w7

L ] 150mm [ —

250mm

B5 RN AREIRE

Fig.5 Standard sample of residual stress

40mm

He REAHENH
Fig.6 Distribution of strain gauge

] 22 HARAE B, IV B4R S Python AR , 115 ABAQUS
BE A Sl O R BROTAR, LASR e AT BROTHIT AL BEAL
o XA R AT EE R, BRAE 1 TR HE
7 845 python T2 REMS IE AR BEIHON RLAY 1Y 1 R BATT Y
Z. S ABAQUS P EHAY getByBoundingSphere() PR
Bk QB UR RS BRAFEXT R AL i & e T B

88 MMl EA - 2017 4555 19 ]

F1 EOREM R SCERRN N FHE

L 7,/MPa ,/MPa
N 12 -8
= -23 —42
- 28 -12
HHER -39 -72

AFIE 1R /mm

+3.955e-02
+3.626e-02
+3.296e-02
+2.966e-02
+2.637e-02
+2.307e-02
+1.978e-02
+1.648e-02
+1.318e-02
+9.888e-03
+6.592e-03
+3.296e-03
+0.000e+00

(a) EALHEIMERAR R T AT 4520

I
b

e /mm

+3.955e-02
+3.626e-02
+3.296e-02
+2.966e-02
+2.637e-02
+2.307e-02
+1.978e-02
+1.648e-02
+1.318e-02
+9.888e-03
+6.592e-03
+3.296e-03
+0.000e+00

(b ) BB I A RS0
H7 #ERpUHHER
Fig.7 Computing result of clamping simulation
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Fig.8 Two different milling methods
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Fig.9 Finite element simulation results of the stroke milling
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Fig.10 Finite element simulation results of the ring—cut milling
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Fig.11  Milling results of leading and tailing edge
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