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Surface Roughness Prediction and Process Parameter Optimization for TB6
Titanium Alloy Boring Considering Tool Wear
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Abstract: To address the issues of severe tool wear, poor surface quality, and low machining effi-
ciency during the boring process of TB6 titanium alloy, has been conducted on the prediction of surface
roughness considering tool wear and the optimization of process parameters for TB6 titanium alloy boring.
Firstly, the factors influencing the surface roughness of TB6 titanium alloy boring were analyzed. Sec-
ondly, a tool wear monitoring model was established by integrating the 1D convolutional neural network,
multi-head attention mechanism, and bidirectional gated recurrent unit network. On this basis, a surface
roughness prediction model was established using the support vector machine regression algorithm based on
tool wear monitoring data and process parameters. Then, a process parameter optimization model was es-
tablished with surface roughness and machining time as the objectives. And the model was solved using an
improved multi-objective Harris hawks optimization (MOHHO) algorithm to obtain the optimal combina-
tion of process parameters that comprehensively considers both surface roughness and machining time. The
case study results show that the surface roughness value is reduced by 10.68% and the machining time is
shortened by 17. 14 % alter the optimization, verifying the effectiveness of the method.

Key words: TB6 titanium alloy; boring process; surface roughness prediction; process parameter op-
timization; tool wear
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Fig.1 Influencing factors of surface roughness in TB6

titanium alloy boring
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Fig.2 Data acquisition for the TB6 titanium alloy

boring experimental
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Tab.1 Factor level table for the tool wear

monitoring experiment

/S n/(remin ') /,/mm a,/mm
1 130 0.05 0.025
2 240 0.1 0.055
3 350 0.15 0.085
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Tab. 2 Selected tool wear monitoring

experiment results
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Fig.8 Measurement of boring surface roughness
4.2 ERTIEEHH R E RS T R 654
4.2.1 DABEIBMNRBIZ N
4211 HEEE

by 3 ST T L P A AR Y R SO T I AR iR
Bkt T = IR =KF Ly (37) 1Y 77 H 5 s

1970 -

JF5| B | n/(eemin D) | f/mm | a/mm |V, /pm
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2 8 130 0.05 0.085 22.812

3 12 130 0.05 0.085 28.393
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Tab.3 Parameters of the convolutional layers

ERUR | G E| BRUR/N | A EIER | WO R
Cl 16 3 6 ReLU
c2 64 3 16 ReLU
C3 128 3 64 ReLU
c4 64 3 128 ReLU
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Fig.9 Effectiveness of tool wear monitoring for test set

IR BE 08 A A% W TB6 4k & 4 T BB .l
TB6 £k A 4 35 1H R RS B 7000 A5 7Y B 41k T A o o
i 1) 70 LB 450 ) 0k

2) X H A B . A R AR SCHE F 1IDCNN-
MHA-BIGRU it # 57 () JJ H 5 451 W I A5 78 (A5 21
M) BIPE 3 8 L5 DL B R SR AT X LY 43 . AR TR
1R N TF IR 355 1 5 i 41ME .
Ji 2R AR AR T ST
MHA-BIGRU # 57 iy A5 B #5878 2 5 7 o i &
JI ML IDCNN-BIGRU T ) 452 1 5 46 70 3 Sy it
T 1IDCNN-MHA-BIiLSTM # 57 1y #5584

FIFH I 25 4 Bt X 13k 3 AN B A R 4701 5
AR SRS (B R M) AL B A 3 A B AR A 0 4L 4 X
V7 AEL B W 0 i 25 4 A1 4 20 40 11 10 B 45 B AL
MrigbranF AR .

Sl J— Y

70F  —— BHM
& g} — mm
< —— A2
w SOF o HUH3
=
%&? 40
o 30

20}

10

0 8 16 24 32 40 48
BELAEs
E10 HEREMNLENTIEERENERITIE
Fig.10 Comparison of tool wear monitoring results
across different models in the test set
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Tab.4 Evaluation indexes of each tool wear

monitoring model

] R* RMSEf | MAPEfi | MAE({i
HLR M 0.9527 4.0981 0.0836 3.6042
LAY 1 0.8854 6.3767 0.1746 6.2291
A 2 0.8934 6.1487 0.1625 5.9490
L 3 0.9392 4.6447 0.0873 3.7225

FH X BG4 BT AT AR SO ik ST Y T BB
W) AR AR (R AR MD) A9 R*VRMSE {5 . MAPE & fl
MAE 1843 5124 0.9527.4.0981.,0.0836.3.6042, 4%
T PFAf 48 B 33700 T Al M 0 A8 AR IR ] T AR SRR
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4.2.2 3T AR JE IR SR S5 AT
4221 HEHE

A SCAE T 4 Fh AN [ B 4 R BE 0 U0 R AE 27 A
ANE T LS HAE T X TB6 k& 4 556 14 vt 47
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Tab.5 Selected surface roughness prediction

experiment results

K5 | n/(remin ') | £/mm a,/mm | Vy,/pm | Ra/pm
1 130 0.05 0.025 9.832 0.339
2 130 0.05 0.055 11.304 0.363
3 130 0.05 0.085 11.113 0.584
53 130 0.10 0.025 79.534 0.648
54 130 0.10 0.055 82.329 0.652
55 130 0.10 0.085 86.421 0.842
106 350 0.15 0.025 118.234 1.852
107 350 0.15 0.055 125.324 2.298
108 350 0.15 0.085 131.421 2.574
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Fig.12 The influence of tool wear and process parameters on surface roughness
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Tab.6 Evaluation indexes of each surface roughness

prediction model

i) R* RMSEf | MAPEfH | MAE({4

AR SRR A 0.953 0.145 0.100 0.105

SVR(s)ER | 0.881 0.231 0.172 0.184
GPRAE T 0.917 0.195 0.136 0.143

RFR A 0.904 0.207 0.175 0.164
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Fig.14 Partial algorithm parameter adjustment result
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Tab.7 The specific values of each Pareto solution
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Tab.8 Comparison of optimization results

HAkdi% | n/(remin ) | f/mm | a,/mm|Ra/pm| ¢/min
LAtk _

Rado T 242 0.068 | 0.075 | 0.619 | 11.6
H Ak Ra 202 0.065 | 0.025 | 0.292 | 16
e T 346 0.146 0.078 | 1.180 | 10.3
EZL S 216 0.093 0.03 | 0.693 | 14

Paretofi# | Ra/pm ¢/min WK G HE 25 D Hi44
1 0.292 16 0.775 20
2 0.327 15.4 0.694 19
3 0.357 14.9 0.627 17
4 0.389 14.4 0.561 15
5 0.402 13.9 0.495 13
6 0.409 13.5 0.443 10
7 0.432 12.8 0.354 7
8 0.463 12.4 0.310 4
9 0.527 12.1 0.296 2
10 0.588 11.9 0.303 3
11 0.619 11.6 0.292 1
12 0.686 11.3 0.312 5
13 0.744 11.1 0.340 6
14 0.806 10.9 0.375 8
15 0.879 10.8 0.424 9
16 0.925 10.7 0.454 11
17 0.983 10.6 0.494 12
18 1.042 10.5 0.535 14
19 1.104 10.4 0.578 16
20 1.180 10.3 0.632 18
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Tab.9 Comparison of optimization and experimental

‘7% gg%i fé“ﬁﬁ RE/MN zatg/%m za[ﬁim RE/%
1 0.619 0.667 7.75 11.6 13.3 14.66
2 0.292 0.318 8.90 16 18.3 14.38
3 1.180 1.287 9.07 10.3 11.8 14.56
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