J. Adv. Mater. Eng., 2025;44(2)49-66. https://doi.org/10.47176/jame.44.2.1083

Journal of Journal of Advanced Materials in Engineering

ADVANCED MATERIALS \.
IN ENGINEERING ¢

Journal homepage: https://jame.iut.ac.ir/?lang=en

ISSN: 2251-600X EISSN: 2423-5733

Research Article

Statistical-Experimental Investigation of the Effect of Focal Length and
Displacement on Laser Drilling of Hastelloy-X Superalloy Sheet using Single
Pulse Fiber Laser

Mostafa Ghadimi Dafrazi®, Reza Shoja Razavi"®, Masood Barkat, Ali Khoram and Mohammad Erfanmanesh

Faculty of Materials and Manufacturing Technologies, Malek Ashtar University of Technology, Iran
* Corresponding author, Email: shoja_r@mut-es.ac.ir

(Received: 16 September 2024; Revised: 21 January 2025; Accepted: 22 January 2025; Available online: 5 March 2025)

ABSTRACT

Introduction and Objectives: In this research, the laser drilling process was carried out by a single pulse method and the effect of
displacement and focal length parameters on the geometry of the hole (Inlet diameter, Outlet diameter, Taper, and Entrance
circularity error) was studied.

Materials and Methods: In this study, statistical-experimental modeling was done using a full factorial experiment design with two
factors of displacement and focal length in ten and seven levels on Hastelloy-X superalloy, respectively. Also, four cases of inlet and
outlet hole diameter, cone angle, and circularity of the inlet diameter were considered as responses to the design of the experiment.

Results: The results showed that the diameter of the inlet and outlet holes increased with the increase of displacement and positive
changes in the focal length. Also, the variation of the hole diameter was quite acceptable from 183 um to 1768 um with the single
pulse method on the Hastelloy-X sheet with a thickness of 1 mm.

Conclusion: The optimized results of the answers revealed that the maximum value of the hole inlet diameter was 997.848 um, the
maximum hole outlet diameter was 771.341 pm, the taper was 6.492 degrees, and finally the entrance circularity error was 0.0167.
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45 750  -1.00 736764  517.121 6296  0.034 1 1.50 300 494999 203809 8346 0117
4 750 000 906406 662070 7003  0.081 2 150 200 377369 186724 5464 0118
47 750 100 1139.178 855548 8130  0.081 3 150 -100 304564 95112 6003 0092
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56 8.50 300 1416742 996772 12037  0.051 13 2.50 200 580351 423695 4490  0.072
57 950 300 643183 464139 5132 0076 14 2.50 300 795427 621290 4991  0.079
58 950 200 784291  603.139 5192  0.054 15 3.50 300 279225 107244 4929 0.095
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60 9.50 000 1358743 815037 15584  0.044 17 3.50 .00 216691 206866 0282  0.038
61 9.50 1.00 1288.511 905.304 10984  0.074 18 3.50 0.00 414274 302.136 3214  0.101
62 9.50 2.00 1429.759 973.136 13.088  0.035 19 3.50 1.00 561.138 435.137 3611 0.095
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1 1. 3. 446731 18544 A 134
7 50 300 673 448 748 013 28 450 300 1084359  802.672  8.074  0.083

72 150 200 413523 209799 5839  0.114
29 550 300 343531 204296 3991 0097
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%5 350 300 260715 101453 4565  0.099 41 650 200 1211814 866759  9.890  0.029
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grey relational analysis (GRA)
2. positive material identification (PMI)
3. pulse width modulation (PWM)
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