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Experimental research on pulsed fiber laser polishing TC4
alloy and analysis of polishing layer’s micromorphology

HE Guo-yang, WANG Tao
(School of Mechanical Engineering,Hebei University of Technology, Tianjin 300312, China)

Abstract : this paper conducts experimental research on the laser polishing process of Ti6Al4V material ,and analyzes
the influence of laser parameters on the polishing laser, mainly studies the influence law and mechanism of the three
parameters of laser output power,defocus e and the laser spot overlap rate 8. Combined with the sample surface rough-
ness measurement value Ra,the conclusion is got:when the laser output power is set to approximately 300 W, the de-
focus e is controlled within the range of 6 ~8 mm,and the spot overlap rate § is within the range of 70 % ~75 % ,the
pulsed laser has the best polishing effect on the surface of TC4 alloy material. Finally, by optical microscope measuring
instrument, the surface morphology of the polished material and the internal lattic grain change of the polished layer
are analyzed,the effect of polishing on the physical properties of the polished layer of the sample is analyzed,and the
hardness of the sample surface before and after polishing is compared.
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Fig. 1 CETC26thPFL pulsed fiber laser equipment and

gold sample rough polisher
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Tab. 1 The element content of the TC4 alloy

element Ti AL A% Fe C 0 N

fraction/ % Bal | 6.42 | 4.00 | 0.21 0.0076| 0. 12 0. 004

k2 T6AMV &40 = ZHIEEESH
Tab. 2 The main physical properties parameters
of the Ti6Al4V alloy
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Fig. 2 The total flowchart of the experimental scheme
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Fig. 3 The effect law of different laser power on the surface

roughness of the material
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Fig. 4 When the laser power is 325W ,450W ,SEM image of polishing samples

3.2 BOtHEEXMKEAMEZNYR

K HEOETE R 300 W 400 W 5 500 W, 0%
FUHEE S 20 mm/s B0 T ESH TR
FIBOCE R T  BOLIOE T 22X TC4 Sabk R
HIERICR IR o BLE AT I I B i b1
BHHLER RTEROEE AR 5T J5 i, B A 5
(E A TEARL; 7 A6 Bk 2 T 7 Ol oRR 45 B T iy
(REHCR A iy AR OE 2 R ) BUE Bt
Fe o UE, BAR RN 5 R, fad 20 E
B SRR (I TCA & SRR, & BMDEHCRA
2 ELAOE A By WL, TR 3 HE 0 T 2 A R
TR ESIRIF ORI T, 6 D =FE0EI R

TANFE AR E T IR TC4
B BEEL

AR R L

Rl

K5 IEfE A RUR R

Fig. 5 Positive and negative out-of-focus schematics
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Fig. 6 The variation curve of the surface roughness
of the TC4 alloy material measured under different

off-focus settings
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Tab. 3 A statistical table of spot overlap

rates calculated by formulas

EEEBuY i MPEEAR | RESH | R ESR
o/(mm - s™1) | f/kHz D/pm N B)
20. 00 5.00 30. 00 7.5 0.86
20. 00 8.00 30. 00 12 0.91
20. 00 10. 00 30. 00 15 0.93
40. 00 5.00 30. 00 3.75 0.73
40. 00 8.00 30. 00 6 0.83
40. 00 10. 00 30. 00 7.5 0.86
60. 00 5.00 30. 00 2.5 0. 60
60. 00 8.00 30. 00 4 0.75
60. 00 10. 00 30. 00 5 0.80
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Tab. 4 TC4 surface roughness value Ra measured

at different spot overlap rates
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ok | ®mow | smew | P
0.93 800 790 784 792
0.91 691 712 742 715
0. 86 703 673 637 671
0. 83 613 619 634 622
0. 80 525 516 516 519
0.75 315 321 303 313
0.73 488 458 485 477
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Fig. 7 The variation curve of the surface roughness value of TC4

alloy material measured at different laser spot overlap rates
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Fig. 8 Finite meta values simulate a cloud map

of temperature distribution
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Fig. 9 Microscopic tissue after polishing of TC4 alloy
lasers using optical microscopes
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Tab. 5 Sample polishing front and rear surface hardness measurement statistics table
i 1 ka5 2 Wit 3 PR 4 TR 5 FHHE
IREEDGRT/HY 395 409 386 391 398 395.8
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