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Abstract: A temperature-dependent equivalent thermophysical property model was first developed. It was
based on constituent volume-fraction mixing and the Voigt-Reuss-Hill scheme. Then, a transient heat-
transfer model was established. It considered Gaussian spatial distribution, multi-pulse temporal modula-
tion, and scanning dwell behavior. Two computational cases were defined. They described peak tempera-
ture rise and heat accumulation, respectively. An Arrhenius-integral-based removal criterion was further
introduced. A two-stage calibration strategy was adopted. It combined low-power kinetic anchoring with
high-power correction. This strategy was used to predict ablation dimensions. Experimental validation
was performed under two representative conditions, namely 1-pass and 7-pass ablation. The PcBN surface
temperature showed a periodic response. Rapid heating and slow cooling were observed. Clear inter-pulse
heat accumulation was found. After high-temperature physical correction, the model suppressed the non-
physical overestimation of surface peak temperature at high power. The R* values of depth prediction were
0. 906 and 0. 708 for single-pass and seven-pass ablation, respectively. The model also described the varia-
tion trend of cross-sectional area well. Cross-sectional SEM results showed a more obvious remelted and
redeposited layer near the groove surface at high power. A more pronounced heat-affected zone was also
observed. These features were important sources of the measured width deviation. The proposed model
can describe the transient thermal response and material removal behavior during multi-pulse nanosecond
laser ablation of PcBN. It provides a theoretical basis for thermal-effect analysis and process optimization
in PcBN laser machining. A coupled model was established for transient heat transfer and material removal
in polycrystalline cubic boron nitride (PcBN). It addresses rapid transient heating, strong heat accumula-
tion, and difficult prediction of ablation dimensions during multi-pulse nanosecond laser ablation.
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Tab.1 Main material properties of PcBN-1 at room-temperature
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Fig.1 BSE-SEM micrograph of PcBN-1
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Tab.2 EDS analysis results of PcBN-1
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Tab. 3 Main expressions used in heat-transfer equation
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Tab.4 Key modeling parameters for geometry/power mapping and calibration

ZH (582 K fE LA
Average power P, 2,4,6,8,10 A\
Pulse width T 120 X 1077 S
Repetition rate ya 100 kHz
Pulse period T 1.0X 10" s
Gaussian spot radius (1/e?) w, 20X 10°° m
Out-of-plane equivalent thickness Lo 3.142 X 10°° m
Scan speed v 4x10° mes !
Path length L 40 X 10°° m
Dwell time 14 1.0 X 102 s
Pass period T s 10 S
Number of passes Ny 1,7
Effective coupling factor Deit 0.231
Surface reflectance R, 0.1254
Apparent activation energy E, 400 kJ-mol ™'
Pre-exponential factor A, 7.538 X 10° st
Removal threshold Qg 1
Calibration power P 4 w
Saturation exponent m 2
Characteristic fluence F, 1.66 X 10° Jom ?
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Tab.5 Measured ablation dimensions under different average powers for single-pass and seven-pass scanning

/W HERTEE W,/ BIEREE HE R E TIE R E TR E 7 38 YA A AR
pm D,/pm A,/pm’ W./pm D,/pm A./pm’®
2 571.09 8. 48 1 865. 31 570. 31 27.04 12 069. 68
4 511.42 12.07 7247.02 467.6 108. 24 51 298. 57
6 506. 02 17.99 9839.72 417.7 197. 37 90 632. 19
8 501.9 25.47 11 299. 22 359.62 210. 36 95 582.41
10 501. 05 38.41 23 568.76 229.27 259.76 101 858. 22
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Fig. 6 Cross-sectional SEM morphologies of ablation
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Tab.6 Pulse peak temperatures under different average

powers
Power/W Pulse peak temperature /K
2 4265.2
4 5297.6
6 5602.7
8 5783.6
10 5832.1
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Fig.9 Depthwise temperature profiles at four representative time instants under different powers
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