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Optimization of Titanium Alloy TC25 Milling Parameters Based on

Improved Particle Swarm Optimization
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[ABSTRACT] TC25 titanium alloy is a material widely used in the aviation manufacturing field. In order to balance
the machining efficiency and surface quality in milling, an improved particle swarm optimization algorithm was proposed
to optimize the machining parameters. Firstly, based on the machining efficiency model and surface quality model, the
optimization model of TC25 titanium alloy milling was established. Then, the good point set method was introduced to
initialize the population of the particle swarm optimization algorithm, and the adaptive parameters were constructed based
on the symbiosis/competition mechanism. At the same time, the optimal updating strategies of individual and population in
particle swarm optimization algorithms are established based on dominance relationship and calling mechanism. Finally,
the workpiece is machined using optimized parameters and its surface roughness is measured. Through the measurement
of 6 points, it is found that the surface roughness after optimization is reduced by 16.7% and the machining efficiency is
increased by 36.2%. The roughness instrument verified the optimization results, which can provide a valuable reference for
the subsequent processing of TC25 titanium alloy.
Keywords: TC25 titanium alloy; Milling processing; Multi objective optimization; Surface quality; Improved particle
swarm optimization
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Table 1 Chemical composition of TC25 titanium alloy

(mass fraction) %
Ti Al Mo Sn Zr w Si | 2R
ARt 6.1 2.12 1.95 1.05 1.05 | 0.135 0.2

F2 WKW ITHNZFERE

Table 2 Mechanical properties of test work pieces

AR GPa THFALL

6.9 2.1 1.7

B/ (kg + m )

E1 #ERmTE
Fig.1 Milling drawing
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Table 3 Test factors and levels'”
KT B iiLigiY HimYIGE | YNGR | EiRES R
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Fig.2 Schematic diagram of milling cutter
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Fig.3 Random method and good note method to generate initial

population
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Table 4 GA algorithm parameter setting
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Table S PSO algorithm parameter setting
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Table 6 IPSO algorithm parameter setting
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Fig.4 Pareto optimal frontier

®7 MISHMEUER
Table 7 Machining parameter optimization results
./ | | [ |
AR n/ a,/ a/ 1/ R/ 12

(remin') | mm mm mm um mm’
R i4:0) 4000 0.2 4 0.040 | 0227 | 512
IPSO
. 4000 0.268 | 3.923 | 0.040  0.191 | 679
Rtas:
IPSO
AL 0 34 -1.925 0 -15.9 | 326

3
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Fig.5 Measuring point of workpiece after machining
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Table 8§ Comparison between measured results and optimized
results of surface roughness

J=tiva 2t {F/pm R2E(EH/% S E/um
1 0.190 0.52
2 0.184 3.66
3 0.188 1.57
0.189
4 0.186 2.62
5 0.193 1.05
6 0.195 2.09
5 i

AL TC25 A 4RI AL HEA TR M55, B
TR S BEH T2 S B0 45 S0 52, IF DL i
‘AN TRCR R Brit 12 Bhstifk, /5 LT 458,

(1) 3 Ao et 7 P AR 3 mT DAAE PRy i T350%R
et EORFR R E R R . HAR SR AL 5t
I S R e 1 YA o S R W YA il 1 Wil
R ECHE T A E A SO i R R R AR A T
FIESE RT3 O T T, S A
X TC25 X FHEIN TR BE I S5 .

(2) FFH et pr PR 00T 2 BAR A, 55
VIR SO e, 2 R TRLRE FE R, =0.191 pum B, ¢
2 $ 4 4 9 n=4000 r/min, a,=0.268 mm, a,=3.923
mm ., /,=0.04 mm; {{b/5 FRMHEEEE R, FFEIK T 15.9%, /il
TRCRERINT 32.6%.
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