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Experimental study on ablation threshold of NiTi shape memory
alloy specimen by femtosecond laser processing

YUE Duan-mu,SUN Hui-lai, LIU Ze-lin, YANG Xue,SUN Jian-lin
(School of Mechanical Engineering, Tiangong University, Tianjin 300387 , China)

Abstract : Theoretical and experimental research on the ablation threshold of NiTi based shape memory alloy by using
the femtosecond laser micromachining system multi-pulse cumulative ablation experiments is performed on NiTi shape
memory alloy specimen with different powers and scanning speed. Then a scanning electron microscope is used to ob-
serve and analyze the morphological characteristics of the ablated area. The ablation threshold values at different scan-
ning speeds were calculated as 2.02,2.40,3.04,5.46 and 15.44 J/cm’, respectively. Besides the influence of the
cumulative effect of multiple pulses on the ablation threshold of nickel-titanium alloy was studied. The results show
that when the number of effective pulses is less than 220, the ablation threshold of Niti alloy decreases rapidly with the
increase of the effective pulse number. But when the number of pulses is greater than 220, the pulse energy is gradual-
ly saturated,and the decreasing trend tends to be gentle and eventually stable. Finally,by comparative analysis of the
causes of heat-affected zones,the relatively optimal parameters for the femtosecond laser processing of NiTi alloy are
as follows:the scanning speed is 1. 5 mm/s,and the average laser power of 0. 8 W.
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Fig. 1 Intensity distribution at the focus of femtosecond laser
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Fig. 2 Schematic diagram of experimental equipment
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Tab. 1 Physical properties of NiTi alloy

Property Value
Electronic heat capacity C,(J - m~" - K=%) 67.5
Electronic thermal conductivity Ko (W + m~" - K1) 28

Electron phonon coupling coefficientgy (107 - W - m~=* - K=') | 46. 44

Electron density n, (10%® « m~?) 7.367
Material densityp,, (103 « kg + m~3) 6.4
Material resistivityp(10 =7 = Q + m) 8.371
Absorption coefficient a(107 + m~") 4.216

Tab. 2 Experimental parameters

Number Py/W Scan speed/(mm - s ')

1 ~5 0.4 0.1/0.5/1.0/1.5/2.0
6~10 0.8 0.1/0.5/1.0/1.5/2.0
11~15 1.2 0.1/0.5/1.0/1.5/2.0
16 ~20 1.6 0.1/0.5/1.0/1.5/2.0
21 ~25 2.0 0.1/0.5/1.0/1.5/2.0
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Fig. 3 SEM images of ablated microgrooves at different scanning speeds and average laser power
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Fig. 4 Relationship between D? and InP, at different scanning speeds
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Tab. 3 Threshold power and ablation threshold

under different effective pulse numbers

Number 1 2 3 4 5

Scan speed v/ (mm + s ') 0.1 0.5 1.0 1.5 2.0
Effective pulse number N 2200 | 440 220 147 110
Straight line slope 391.3 | 332.9 |278.76 |270. 71 |250. 34
Ablation threshold/ (J - em™2) | 2.02 | 2.40 | 3.04 | 5.46 |15.44
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Fig. 6 Effect of NiTi alloy in different ablation stages
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