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Abstract: This study is focused on investigating the parameters of laser percussion 
drilling process of nickel-base super alloy Inconel 718 with thickness of 1 mm. 
Fiber laser with the power of 500 watts was used as the laser source. Laser pulse 
frequency, duty cycle, laser power, focal point position, were assumed as the laser 
drilling process variables. The hole geometry features, i.e. entrance hole diameter, 
circularity of entrance hole, and hole taper were measured. The results indicated 
that pulse frequency of laser has a direct influence on the entrance hole diameter. 
Increasing the duty cycle leads to increases in hole taper. By increasing the laser 
power, entrance diameter and hole taper increases.  
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1 INTRODUCTION 

Laser drilling process has become an industrial solution 

for creating micro or small hole drilling. Laser drilling 

is one of the main laser processing methods, with a 

wide range of applications [1]. High velocity, 

efficiency, cost effectiveness, generating a larger 

aperture ratio, and handling a variety of materials 

regardless of rigidity and brittleness are some of the 

advantages of laser drilling in comparison to 

conventional drilling processes [2]. Laser percussion 

drilling is increasing its relevance in many industrial 

applications. In the aircraft industry to perform the 

micro-holes in nickel based alloys turbine blades for 

cooling, or stainless steel medical components drilling, 

which require small holes size and quality, laser 

percussion drilling could be used.  

Laser percussion drilling process presents extremely 

high speed for high aspect ratio holes. Moreover, the 

quality and accuracy of the holes can be excellent if the 

optimal parameters are set [3]. Circular drilled holes 

without any taper are desired in laser drilling process 

[4]. Hanon et al., [4] studied the effects of 600 w pulsed 

Nd:YAG laser parameters, peak power, pulse duration, 

focal plane position, and repetition rate on the 5 mm 

and 10.5 mm thickness alumina ceramic plaques. They 

found that the crater depth increased with the number 

of pulses due to insufficient recoil pressure inside the 

cavity. Mutlu et al., [5] experimentally investigated the 

impact of wavelength of the Nd:YAG pulsed laser and 

operation pressure on the crater depth and diameter in 

laser drilling of 0.8 mm alumina ceramic plates. The 

depth and diameter of the crater increased non-linearly 

with laser power because of the plasma shielding 

effect. Yilbas [6] surveyed four materials nickel, 

tantalum, en 58 b, and titanium to find speed of the 

laser drilling using a statistical analysis.  

Khan et al., [7] investigated different sizes of 

supersonic micro gas jets percussion drilling of 200μm 

thick 316L stainless steel plates using 355nm 

wavelength nanosecond laser. Other relevant 

approaches, carried out by mishra and yadava [8], 

include the estimation of the drilled profile considering 

temperature-dependent thermal and optical properties, 

and phase change phenomena of the sheet materials. 

Recently laser is widely used for materials processing. 

In the previous researches of the author, the effects of 

different process parameters on the weld- bead profiles 

in the laser welding process were investigated and 

analysed [9-12]. Statistical methods specially Response 

Surface Methodology (RSM) and Taguchi method were 

used to investigate and optimize the laser materials 

processing [13-14]. Since laser drilling is related to 

several parameters, progress of a physical model 

becomes difficult and therefore researchers have 

increased statistical models for taper [7], [15-20], HAZ 

[16], [20] and circularity [15], [21], [22] to investigate 

parameters such as peak power of laser, width of pulse, 

pulse frequency, focal plane position, number of pulses, 

and assist gas pressure. 

Purpose of the present study is to investigate the effects 

of fiber laser percussion drilling process parameters, 

power of the laser, laser pulse frequency, and focal 

plane position on the hole geometrical features of Ni-

base super alloy Inconel 718 with thickness of 1mm. 

The entrance hole diameter (di), circularity of entrance 

hole (Cirin), and taper of the hole were considered as 

the geometrical features. Figure 1 displays a schematic 

view of the geometrical characteristics of the hole 

created by laser. Performing a fiber laser as the laser 

source on the nickel-base super alloy inconel 718 with 

thickness of 1 mm is an innovation of this study over 

the previous researches.  

Fig. 1 The geometrical features of cross-section of the 

hole [15] 

2 EXPERIMENTAL WORK 

Nickel-base super alloy Inconel 718 with 1 mm 

thickness was used as the workpiece material. The 

chemical composition of the material is given in Table 

1 that is the average of three X-ray fluorescence 

measurements. 

 
Table 1 Chemical composition of nickel base super 

alloy Inconel 718 (Wt.%) 
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In the experiments, a fiber laser with a maximum 

power of 500 W with focus diameter of 80 μm was 

used as a laser source. The mode of laser is modulated 

or continuous wave; pulsed laser can be used in 

modulated mode. Oxygen was used as the assist gas in 

the experiments. Figure 2 shows the laser machine set 

up used in the experiments. 
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Fig. 2 Experimental set-up used for experiments 

 

17 drilling tests were performed on sheet material by 

laser. Experimental tests were carried out in accordance 

with Table 2. As it is observed in Table 2, laser pulse 

frequency, duty cycle, laser power, and focal plane 

position (FPP) were considered as the laser drilling 

process variables. The oxygen assist gas pressure was 

fixed at 4 bars in all tests conditions. The FPP was 

considered zero when it was set on the material surface 

and above or below the surface was considered positive 

and negative FPP respectively [23]. Schematic diagram 

of the FPP is illustrated in Figure 3.  

The geometry features of the entrance and exit hole 

diameters were measured using Axioskop 40 optical 

microscope at a magnification of 940× and the images 

were exactly measured by the Visilog software. The 

hole geometry features such as entrance hole, 

circularity of entrance hole and hole taper were 

considered as a function of entrance and exit holes as 

the responses.  

The exit holes were more circular than the entrance 

holes therefore the circularity of exit hole was not 

considered [15]. Effect of the input parameters 

variations on hole profile geometry is shown in Figure 

4. The top row of the Figure 3 shows the entrance hole 

diameter while the bottom row shows the exit diameter. 

 

 

 

 

 

 

 

 

Fig. 3 Variation of focal Plane position on the work piece 

 

Fig. 4 The Effect of the input parameters variations on 

profile 

 

Circularity of entrance and exit hole, small diameters in 

the entrance and exit holes determined the scope of 

application for variables. The extent of circularity was 

defined as 0-1; the nearer to 1, the higher the 

circularity. The diameters of the entrance and exit hole 

equivalent by the areas of the entrance and exit hole 

diameters can be achieved respectively. The taper was 

defined by Equation 1 [4]: 

Taper (°) = (d_entrance-d_exit)/2t×180/π                  (1) 

 

Where dentrance is the entrance hole diameter, dexit is the 

exit hole diameter and t is the material thickness [15]. 

Results of the measurements of the diameters, 

circularity of entrance hole and hole taper are shown in 

Table 2.  

3 RESULTS AND DISCUSSION 

The entrance hole diameter (di), circularity of entrance 

hole (cirin) and hole taper were considered as the 

geometrical features. The effects of laser process 

parameters on geometrical features were investigated. 

The results show the relationship between the 

geometrical features and laser process parameters. 

 

3.1. Effects of the laser pulse frequency 

The effects of laser pulse frequency versus geometry 

features plots are shown in Figure 5. Higher laser pulse 

frequency generates larger entrance hole diameter, as 

shown in Figure 5 (a). The reason is accumulation of 

the heat input applied to the workpiece which is arised 

from increasing the pulse frequency. Figure 5 (b) 

illustrates that at lower pulse frequency, more entrance 

circularity could be achieved. At lower pulse frequency 

of the laser, the pulse-off time comes to be longer and 

the material has more time to be chilled and becomes 

nearer to solidness [15]. This can prevent ferment and 

any disorderliness during the process of the material 

removing and result in better circularity. Too much 
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pulses of laser after the laser beam breaks through 

conduct to melted material exiting from the exit hole 

[4]. Figure 5 (c) illustrates that increasing the pulse 

frequency leads to decreasing in the hole taper.  

 
Table 2   Laser parameters and the results of geometrical features 

Samples 

Laser pulse 

frequency 

(Hz) 

Laser 

power 

(W) 

Duty 

Time (%) 

Focal Plane 

Position 

(mm) 

D in 

(µm) 

D out 

(µm) 

Circularity 

in 

Hole 

taper 

(ᵒ) 

F1 600 500 30% 0 670 186 0.777 13.87 

F2 500 500 30% 0 410 186 0.826 6.42 

F3 400 500 30% 0 410 172 0.827 6.82 

F5 300 500 30% 0 422 182 0.835 6.88 

T1 600 500 50% 0 420 186 0.711 6.7 

T2 600 500 70% 0 470 186 0.78 8.14 

T3 600 500 30% 0 656 167 0.818 14.1 

P1 600 475 30% 0 640 175 0.79 13.32 

P2 600 450 30% 0 600 170 0.8 12.32 

P3 600 425 30% 0 418 186 0.824 6.65 

P4 600 400 30% 0 398 174 0.852 6.59 

P5 600 375 30% 0 394 168 0.86 6.3 

(F.P.P)1 600 500 30% -0.5 356 160 0.86 5.62 

(F.P.P)2 600 500 30% +0.2 404 182 0.846 6.36 

(F.P.P)3 600 500 30% +0.5 448 182 0.819 7.62 

(F.P.P)4 600 500 30% +0.7 718 222 0.778 14.21 

(F.P.P)5 600 500 30% +1 734 220 0.678 14.73 

 

The reason is that by increasing the pulse frequency of 

laser, more heat is generated on the top surface of 

workpiece where laser beam is focused. Therefor more 

material is melted and evaporated instantly and is 

removed from the top surface during hole formation 

[21]. 

 

Fig. 5 The Influences of laser pulse frequency on hole 

geometry features 

3.2. Effects of the laser power 

Figure 6 shows the effects of the laser power on the 

geometrical process of the drilled holes. According to 

the Figure 6(a), increasing the laser power result in 

greater entrance hole. By increasing the laser power, 

the energy per pulse is increased [4]. Figure 6(b) 

illustrates that increasing the laser power produces 

circularity of the entrance hole. Figure 6(c) shows that 

the low power of laser beam generates less hole taper. 

 

 

Fig. 6 The Influences of the laser power on hole geometry 

features 



Int  J   Advanced Design and Manufacturing Technology, Vol. 9/ No. 4/ December – 2016                                      11 

 

© 2016 IAU, Majlesi Branch 

 

3.3. Effects of the duty cycle 

Figure 7 shows the effect of duty cycle variations on 

the hole geometry features. According to the Figure 7 

(a, b and c), by increasing the duty cycle, the diameter 

and circularity of the entrance hole and hole taper 

increase. This could be imputed to the fact that 

additional duty cycle increases the mean power of the 

laser, as well as interaction time between the material 

and the laser beam. As a result, the heat input applied 

to the workpiece increases. By increasing the heat 

input, melted region of the surface of the material 

increases in the radial direction in comparison with the 

thickness direction. In comparison with high duty 

cycle, lower duty cycle has the higher concentrated 

energy of laser beam that causes faster rate of 

penetration. Therefore less hole taper is formed [24].  

 

 

Fig. 7 The influences of duty cycle on hole geometry 

features 
 

3.4. Effects of the focal plane position 

Figure 8 shows the effects of variations of the focal 

plane position (FPP) of the laser on the hole geometry 

features. As shown in the Figure 8 (a) and (c), 

increasing the focal plane position has positive and 

direct effect on entrance hole diameter and hole taper. 

At the positive focal plane position, the laser beam spot 

point is formed at the top of the surface of the 

workpiece and covers more area of the workpiece. As a 

result, a larger hole diameter is created [13]. However, 

according to Figure 8(b), at the positive focal plane 

position, circularity of the entrance hole is reduced. At 

negative focal plane position, the laser beam spot point 

is formed inside or below the surface of the workpiece; 

therefore density of the laser power on the surface is 

not high enough for evaporating the surface material.  
As shown in Figure 3, at negative FPP and positive 

FPP, the laser beam at entrance hole is converging and 

diverging respectively. Thus greater circularity occurs 

at working at negative FPP. 

 
 

Fig. 8 The influences of focal plane position on hole 

geometry features 

4 CONCLUSION 

The present work analyses the hole geometry features 

of fiber laser percussion drilling process parameters on 

Inconel 718 with thickness of 1 mm. The following 

conclusions can be drawn: 

1- The higher laser power, laser pulse frequency, duty 

cycle and focal plane position; the greater entrance hole 

diameter is produced. 

2- Lower laser pulse frequency, laser power and focal 

plane position increases entrance hole circularity and 

higher duty cycle produce a better circularity of the 

entrance hole. 

3- By decreasing laser power, laser pulse frequency, 

duty cycle and focal plane position, more cylindrical 

hole with fewer holes taper is produced. 
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