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Study on Producing Non-Tapered Holes with Adaptively Collimating
High Peak Power Pulsed Nd: YAG Laser

Jiang Menghua Li Qiang Lei Hong Wang Jinguo Hui Yongling
(Institute of Laser Engineering ., Beijing University of Technology . Beijing 100124, China)

Abstract Experiments of laser percussion drilling are carried out on nickel-based superalloy using a modified pulsed
Nd: YAG laser. Peak power, pulse energy and assist gas pressure are optimized experimentally. Experimental results
demonstrate that a pulse combination with increasing pulse energy is an effective method to produce non-tapered
holes. Even negative taper holes can be produced through increasing the number of pulses in the pulse combination.
Focal position is an important factor that affects the taper of holes, and 1.1~1.7 mm above the surface of the sample
helps reducing the taper of holes. Non-tapered holes with diameter of 480 and 510 um are drilled on nickel-based
superalloy with thickness of 1.5 and 3.0 mm. Variation of hole diameter is about 30 pm, and hole taper is less than
1% . A feasible method of producing parallel holes and an applied Nd: YAG laser have been presented for laser
percussion drilling, may also be used on other materials.
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Fig. 1 Schematic setup of the laser
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Fig. 2 Experimentally measured intensity distribution

of output laser beam
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Fig. 3 Experimentally measured beam waist of output
laser beam with different pump powers
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Table 1 Performance data of the laser

Pulse Peak Pulse Average
energy /] power /kW  width /ms  power /W
0~20 0~20 0.3~1.0 0~700
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Fig. 4 Schematic of pulse combinations. (a) Pulse
combination of same energies; (b)) pulse
combination of linearly increasing energies; (c)
pulse combination of linearly decreasing energies
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Fig. 5 Holes drilled by different pulse combinations. (a) Pulse combination of same energy; (b) pulse combination of

linearly increasing energy; (c) pulse combination of linearly decreasing energy
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Table 2 Experiments of different peak powers

and the results

Pulse Peak Average entrance Average hole
width /ms power /kW diameter /mm taper /%

1.0 8. 00 0.42 2.67
0.9 8. 89 0.42 2.67
0.8 10. 00 0.43 2.33
0.7 11. 43 0.42 2.00
0.6 13.33 0. 44 2.00

0.5 16. 00 0. 44 0

0.4 20. 00 0.45 0. 33

# 3 REBk b T 4T L 4s
Table 3 Experiments of different pulse energies

and the results

Pulse Pulse Average entrance Average hole
width /ms  energy /] diameter /mm taper /%

0.4 6.4 0.42 0.33

0.5 8.0 0. 44 0

0.6 9.6 0.47 —0.33

0.7 11.2 0.51 0.33

0.8 12.8 0.55 0.67
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Table 4 Average entrance diameter and hole taper

versus focal position

Focal Average entrance Average exit Average hole

position /mm diameter /mm diameter /mm taper /%

—0.1 0. 44 0.25 6.33
0.1 0.41 0.30 3. 67
0.3 0. 40 0. 35 1.67
0.5 0. 40 0. 36 1.33
0.7 0.41 0. 38 1. 00
0.9 0.43 0. 40 1. 00
1.1 0. 45 0.43 0. 67
1.3 0.47 0. 45 0.67
1.5 0.48 0.49 —0.33
1.7 0.54 0.52 0. 67
1.9 0. 60 0.53 2.33
2.1 0. 65 0.55 3.33
2.3 0. 68 0.54 4. 67
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Fig. 7 Hole entrance and exit diameter versus

number of pulses in the combination
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Table 5 Experiments of different focal lengths

and the results

F=80 mm F=100 mm F=120 mm

Focal position 12 1

above surface /mm -0 b
Avgrage entrance 0. 43 0.48 0.57
diameter /mm
Average exit 0.42 0.48 0.57

diameter /mm
Hole taper /% 0.33 0 0
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AL E AR AT LS TCHEBEAT AL . TEML 2 K S LR

BHIFT AL il 5 ZR FLARAE 0. 5~0. 8 mm. [H i 7]
PEFREERE i 100 mm Fl 120 mm PN TR EH .

4 FEREITILRE R

W 5T AT FLOKE BE ORI AL AR R 25 3 [, X
L5 mmi I miR A &M R TEEZTI. N LS
O B H . BB A EE 100 mm, £5 507 T MOk 35
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Table 6 Experiment of hole variation

Entrance Exit Hole
diameter /mm diameter /mm taper /%
1 0.46 0.45 0. 33
2 0.47 0.45 0. 67
3 0.49 0.48 0. 33
4 0. 48 0.49 —0.33
5 0.47 0.46 0.33
6 0.51 0.50 0. 33
7 0.47 0.48 —0.33
8 0.46 0.46 0
9 0.49 0. 50 —0.33
10 0.47 0. 49 —0. 67
Average 0.477 0.476 —
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Fig. 9 Entrance holes of the meterial surface
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