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Experimental study on the effect of laser drilling parameters on hole taper angle

and diameter in Aluminum 5052 and glass fiber FML composites

Ardavan Anahid', Mohsen Hamedi'”

1 - School of Mechanical Engineering, University of Tehran, Tehran, Iran
* Tehran, P.O. Box 11155-4563, mhamedi@ut.ac.ir

Keywords Abstract

Fiber-metal laminates (FMLs) are increasingly utilized in marine and aerospace applications due to their

favorable formability, high strength, and robust damage tolerance. Mechanical drilling, commonly used for

Ee;;;;red angle of hole, fastening these components with bolts or rivets, often induces delamination and structural degradation due

Lase,r Cutting, to tool-induced stresses. Laser drilling has emerged as a promising alternative, minimizing such defects.

FML, This study evaluates two critical quality metrics—hole taper angle and diameter variation—in laser-drilled

Epoxy Resin specimens composed of aluminum 5052 and glass fiber-reinforced epoxy resin cured at ambient
temperature. A CO: laser with a wavelength of 10.64 pm and a maximum power of 6 kW was employed.
Using a statistically designed experimental framework (ANOVA with three replicates across 64 trials), the
effects of laser power, assist gas pressure, and feed rate on hole geometry were systematically analyzed.
Results indicate that laser power exerts the most significant influence on both taper angle and diameter
variation, followed by the interaction between laser power and gas pressure, and then gas pressure and feed
rate. Optimal conditions for minimal taper angle (3 kW power, 10 bar gas pressure, 7600 mm/min feed
rate) and minimal diameter variation (2.5 kW power, 6 bar gas pressure, 7600 mm/min feed rate) were
identified. These findings offer direct applicability for industries employing aluminum-glass fiber
composite components.

Please cite this article using: 10S oolitul 5 &)le 5l dlie o gl )l gl
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Fig. 1 Two cut aluminum sheet specimens of 5052 alloy; a) Smooth
and polished. b) Rough and sanded.
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Fig. 8 The drilling pattern and all of the laser drilling setup
configurations for conducting the experiment.
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Fig. 4 The cured part in the steel mold in room temperature.
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Fig. 5 The cured part in the polyamide mold in room temperature.
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Fig. 6 The visual difference between the two manufactured parts; a)
Cured in the steel mold. b) Cured in the Polyamide molds.
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Fig. 11 Output images from the micro-CT imaging device.
(S Ses (Bgy & 610 gl ol Sl (g5 nolas 11 S

Fig. 12 Output image from the laminography imaging device.
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Fig. 9 laser drilled part 3 in cutting pattern.
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Fig. 10 Classification of the specimens into suitable dimension for
imaging.
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Fig. 15 the right side of the cross-section of a hole cut at a power of
2.5kW, with an assist gas pressure of 6bar and a feed rate of
8600 mm/min.
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Fig. 16 the left side of the cross-section of a hole cut at a power of
2.5kW, with an assist gas pressure of 6bar and a feed rate of
8600 mm/min.
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Fig. 13 Specimens cut in half for SEM imaging; a) Vertical state. b)
Horizontal state.
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Fig. 14 General schematic of experiment procedure.
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Fig. 18 Pareto chart for the factors investigated in the variations of
taper angle.
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Fig. 17 The cross-section of a hole cut at a power of 3.5 kW, with
an assist gas pressure of 8 bar and a feed rate of 6600 mm/min; a)
Right side of the hole. b) Left side of the hole.
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Table 3 ANOVA table for tapered angle of hole (kerf) results

Source DF AdjSS AdjMS F-Value P-Value
Model 26 25.5063  0.9810 6.64 0.000
Linear 6 14.6730  2.4455 16.56 0.000
power (kw) 2 10.7403 53702  36.37 0.000
gas pressure (bar) 2 1.6586  0.8293 5.62 0.006
feed (mm/min) 2 22740  1.1370 7.70 0.001
2-Way Interactions 12 9.0990  0.7582 5.14 0.000

power (kw)*gas pressure (bar) 4 6.1516 1.5379 10.42 0.000

power (kw)*feed (mm/min) 4 0.8746  0.2186 1.48 0.221

gas pressure (bar)*feed

(mm/min) 4 20727 0.5182 3.51 0.013

3-Way Interactions 8 1.7344  0.2168 1.47 0.191

power (kw)*gas pressure

(bar)*feed (mm/min) 8 1.7344  0.2168 1.47 0.191
Error 54 7.9735 0.1477
Total 80 33.4798

! Fisher Statitic
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Table 4 ANOVA table for hole diameter size variations

Source DF  AdjSS AdjMS  F-Value P-Value
Model 26 0.029956 0.001152  9.43  0.000
Linear 6 0.010889 0.001815 14.85  0.000
power (kw) 2 0.006274 0.003137  25.67  0.000
gas pressure (bar) 2 0.003941 0.001970  16.12 0.000
feed (mm/min) 2 0.000674 0.000337 276  0.072
2-Way Interactions 12 0.008022  0.000669 5.47 0.000
*
power (kw)*gas pressure 4 501385 0000346 283  0.033
(bar)
power (kw)*feed (mm/min) 4  0.005096 0.001274  10.42  0.000
*
gas pressure (banj*feed 4 01541 0000385 315 0.021
(mm/min)
3-Way Interactions 8 0.011044 0.001381 1130  0.000
power (kw)*gas pressure ¢ 11044 0001381 1130 0.000
(bar)*feed (mm/min) ) ’ ) :
Error 54 0.006600 0.000122
Total 80 0.036556

(response is diameter; a = 0.05)

Factor  Mame

a power (kw)
] gas pressure (bar)
c feed (mmjmin)
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Standardized Effect

Fig. 21 Pareto chart for the factors investigated in the variations of
hole diameter size.
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Fig. 19 Chart of taper angle (kerf) variations against variations in the
main factors.
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Fig. 20 Box plot of hole taper angle variations versus laser cutting
settings.
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