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Optimization of High Speed Turning Machining Parameters of Thin-Walled
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Abstract ; In order to improve the machining accuracy of thin-walled synchronous gear sleeve, theoretical analysis and
cutting force forecasting of high-speed turning with a certain type of synchronizer were carried out. The numerical
analysis model of high-speed turning of synchronizer was established by DEFORM-3D software to obtain the cutting force
under the orthogonal test with different turning process parameters and the neural network model was established to
forecast the cutting force. The results show that the high-speed turning force can be forecasted accurately by the neural
network model, which provides data support for new special fixture design and process parameter optimization.
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Figure 1  Synchronous gear sleeve

turning process [
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Figure 2 Finite element model of

synchronous gear sleeve process |
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Table 1 Working environment and
contact surface attribute parameters
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PO R FEMEN B PRBEIRE/C
(Wem2+-K) (Wem'-K)
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Table 2 Comparison of numerical analysis values of main cutting force with experimental formula values

EVIHIJy F/N
4 Fk 1z ] a,/mm FHIHE v,/ (m - min~") AR F/ (mm - Y
0.5 0.7 0.9 200 250 300 0.1 0.2 0.3
I ATl 247.46 346. 44 445.42 255.88 247.46 240.78 108. 56 182.57 247.46
5B HiE 258.72 363.94 461.73 269.39 258.72 253.95 115.97 195.43 258.72
HAXT IR/ % 4.60 5.10 3.70 5.30 4.60 5.50 6.80 7.10 4.60

‘]‘f;ap 90.5,0.7 #10.9 mm B}, B v, =250 m/min,f=0.3 mm/r
0.3 mm/r B, B 0, =250 m/min,a, =0.5 mm,
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Table 3 Analysis scheme of orthogonal

test cutting parameters

THIESE 0./

Tz & a,/mm AR/ (mm - r7!)
(m -+ min~")

200 0.3 0.05
225 0.5 0.10
250 0.6 0.15
275 0.7 0.20
300 0.9 0.25
325 1.2 0.30
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Table 4 Summary of cutting force results
G FHEE o/ Wiz gy VN Bz
S (memin~') @/mm (mm-r-') JF/N JpF/N

ity
Fy/N

1 200 0.3 0.05 72.369 35.169 18.803
2 200 0.5 0.10 166.231  80.266 47.308
3 200 0.5 0.20  284.651 137.827 74.699
4 200 0.5 0.30  389.905 189.098 96.580
5 225 0.5 0.30 396.855 185.874 109.467
6 250 0.3 0.10 128.141 58.454 36.914
7 250 0.5 0.10  171.890  77.693 58.819
8 250 0.5 0.20  294.340 133.409 92.875
9 250 0.5 0.30 403.177 183.036 121.323
10 250 0.7 0.30 502.802 214.967 197.012
11 250 0.9 0.30 580.971 247.266 247.761
12 275 0.5 0.30  408.982 180.507 133.151
13 300 0.5 0.30 414.355 178.228 144.952
14 325 0.5 0.30  419.360 176.158 156.730

30, 200,250 F1300 m/min I, JHf @, =0.5 mm,f=0.3 mm/r;/ 5 0.1,0.2
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Figure 3 Main cutting force curves under

different main deviation angles
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Figure 4  Cutting force under different turning speeds
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Table 5  Operations of genetic algorithms
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Figure 5 Neural network structure
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Figure 6 Neural network structure of
high speed turning force
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Table 6  Comparison of neural grid optimization analysis values with finite element values
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1 250 0.3 0.10 128. 14 124.10 3.25 58.45 53.83 8.57 36.91 33.76 9.33
2 250 0.5 0.10 171.89 165.24 4.02 77.69 72.82 6.69 58.81 54.14 8.63
3 250 0.5 0.20 294.34 281.08 4.72 133.40 124.54 7.12 92.87 86.76 7.04
4 250 0.5 0.30 403.18 382.86 5.31 183.03 174.23 5.05 121.32 115.89 4.68
5 250 0.7 0.30 502. 80 487.98 3.04 214.96 204.98 4.87 197.01 181.67 8.44
6 250 0.9 0.30 580.97 562.76 3.24 247.26 236.65 4.48 247.76 231.78 6.89
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