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Abstract:. Drilling is most often associated with hole-making. The surface roughness parameters represent a measure of 
surface quality, and it is mainly influenced by the cutting process parameters (cutting speed, feed rate, drill diameter), tool 
geometry, tool material, tool type, type of processing, coolant and lubricating fluid, tool machine and type of work piece 
material. 
The purpose of this paper is to explore the effects of drilling parameters such as; cutting speed (vc), feed rate (f), drill diameter 
(d) and drill point angle (θ) on the surface roughness. There are different parameters used to estimate the severity of the 
surface roughness (Ra, Rz, Rq and Rt). The arithmetic average deviation Ra is commonly used for finish surface processing. 
The experimental plan was based on Box –Wilson Central Composite Design. First order model predicting equations for 
surface roughness have been established by using RSM methodology to collecting the experimental data, during machining of 
Ck45E steel according to EN 10083-1.1191 in wet drilling process, using  HSS coated TiN drill tools. 
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1. Introduction 
Drilling is one of the important manufacturing operations that can 
be carried out on number of parts for assembly work. Drilling 
operation is essential for manufacturing industries like automobile 
industry, aerospace industry, medical and electrical related 
industries etc. Drilling is a frequently employed in industries owing 
to the need for component assembly in mechanical structures. Many 
researchers reported that the quality of the drilled surfaces depend 
strongly on the, drilling parameters, tool material and tool 
geometry. An inappropriate selection of these parameters can lead 
to material degradations, such as fiber pull-out, matrix cratering, 
thermal damage and delamination. [1]. Therefore, surface integrity 
is an important parameter in manufacturing engineering. It is 
because, surface integrity can influence the performance of final 
parts and it’s quality [2]. In order to study the relationship between 
drilling process parameters and surface integrity, a systematically 
approach, the design of experiments (DOE); response surface 
method (RSM) can be used effectively [3]. In the manufacturing 
industries, various machining processes (turning, milling, drilling 
etc.) are adopted for removing the material from the workpiece to 
obtain finished product. Among the various metal removing 
processes, drilling is the one of most important metal removing 
process as compared to other traditional machining processes. 
Drilling is use for making the hole in the workpieces. Hole making 
is a most important machining process in manufacturing. During the 
drilling, the drill rotates and feed into the work. Different drilling 
tools and hole making methods are used for drilling. The selection 
of different tools and methods depends on the type of workpiece, 
size of the hole, the quantity of holes, and the quantity of the holes 
in given time periods[4]. In the aspect of tool geometry, E. Kilickap 
proposed that the point angle of drill is a significant delamination 
factor and other machining defects, while both the delamination and 
surface roughness increase with the reduction in point angle from 
135o to 118o[5]. Paper [6] reviews the various literatures on the 
optimization of cutting parameters in drilling process such as 
spindle speed, drill diameter, drill point angle, feed rate on the 
performance parameters material removal rate, surface roughness 
and thrust force during drilling process. Paper [7] presents an 
evaluation of the surface roughness and geometric accuracies in 
drilling operations performed using U-drills without a pilot hole. In 
paper [8] were selected three parameters for study: cutting speed, 
feed rate and drill diameter. The established predictive model shows 
that the surface roughness increases with the increase of feed rate 
and depth of cut but decreases with cutting speed increase. 

The purpose of this paper is to explore the effects of following 
independent factors; drilling parameters such as; cutting speed (vc), 
feed rate (f), drill diameter (d)  and geometric parameters as drill 
point angle (θ) on the average surface  roughness Ra. The following 
independent factors are selected: cutting speed (v), drill diameter 
(d), and feed rate (f). For a concrete case, that means determination 
of criteria: 

– surface roughness:  

Ra = f(vc, f, d, θ)         (1) 

The Mean Roughness (Roughness Average Ra) is the arithmetic 
average of the absolute values of the roughness profile ordinates 
figure 1. Ra is one of the most effective surface roughness measures 
commonly adopted in general engineering practice. It gives a good 
general description of the height variations in the surface. Ra is also 
called AA and CLA and mathematically expressed [9]: 
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Where is: 

Z(x) = profile ordinates of roughness profile 

 
Figure 1. The Arithmetic Average Roughness [9] 

  
 

1. Nomenclature 
 

Ra the average surface roughness 
P power 
n RPM 
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f feed rate 
d tool drill diameter 
θ drill point angle 
L length 
B width 
H high 
N factorial design 
K number of factors 
n0 number of additional tests 
v cutting speed 
c0, c1, c2,c3  constants 
y logarithmic value of the measured surface roughness 
β0, β1, β2, β3   regression coefficients 
x0  unit vector 
x1,   logarithmic values of cutting speed 
 x2,  logarithmic values of feed rate 
x3,  logarithmic values of drill diameter (depth of cut) 

x4  ,   logarithmic values of toll point angle. 
 
3. Experimental Set Up 
 

 
Figure 2.  CNC Tool Machine X.mill 900 KNUTH 

 

  
Figure 3. Examined work material 

 
 
Machine tool:  CNC X.mill 900 KNUTH, P = 10 kW, speed 

range n = 8000 rpm, feed rate range: X=5-10000 mm/min, Y=5-
10000 mm/min, Z = 5-12000 mm/min, Work table dimensions; 
 X x Y x Z= 950 x 550 x 550. Figure 2. 

Workpiece material: Forging steel for general engineering 
purposes EN 1.0038 (EN 10250-2), with dimensions; B x L x H 
=100 x100 x 10 mm figure 3, its chemical composition and 
mechanical properties table1. 

 

 

Table 1. 

Mechanical composition Rm HB 

C[%] Mn C[%] S [%] Cr[%] Ni[%] P[%] N/mm2 N/mm2 

0.16-0.178 1.35-1.45 0.032 0.34-
0.36 0.06 0.034 580 250 

 

Cutting tool: Drill pointing should be varied depending upon the 
materials to be drilled, but for general use, drills leave the factory 
sharpened to a 59° point angle (118° included angle), 9° - 
15° clearance angle and with a chisel edge angle of 118° to 135°. 
Experiments were performed using commercially available set of 
HSS drills coated TiN according to DIN 338  figure. xx and with 
cutting tool data in table 2. To guarantee the initial conditions 
of each test, a new drill tool is used in each experiment figure 
4. 

 

 
Figure 4. Set of examined drills 

 

Table 2. Cutting tool data 
 

  
DIN 
338 

d1 [mm] 
h8 I1 [mm] Point angle (o) 

1 8 117 118 

2 10 133 125 

3 12 151 135 

 
 

Measuring equipment: SRT-6210 Digital Portable Surface 
Roughness Tester Meter Ra, Rz,  Rq  and Rt figure 5. 

 
Figure 4. Surface Roughness Tester HADRON, SRT-6210 
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Experimental design: This work is an experimental study 
focused on the effect of cutting and geometrical parameters on 
surface roughness, developing a correlation between them. The 
experimental design involves variation of three factors at three 
levels (low, medium and high), including cutting speed (v), feed 
rate (f), drill tool diameter (d) and tool point angle as indicated in 
Table 3. 

A design matrix was constructed on the basis of the selected 
factors and factor levels as shown on the table 2. The selected 
design matrix was a full factorial design N=2k+n0 (k=4 - number of 
factors, n0=8 – number of additional tests for four factors) 
consisting of 24 rows of coded/natural factors, corresponding to the 
number of trials. This design provides a uniform distribution of 
experimental points within the selected experimental hyper-space 
and the experiment with high resolution [10]. 

The factor ranges were chosen with different criteria for each 
factor, aiming at the widest possible range of values, in order to 
have a better utilization of the proposed models. At the same time, 
the possibility of the mechanical system and manufacturer's 
recommendations are taken into account. 

Machining conditions used in the experiment also are shown in 
Table 2. All of the trials have been conducted on the same machine 
tool, with the same tool type and the same cutting conditions. 

Measured values of surface roughness, as the results of testing 
twelve experimental points defined by experiment plan matrix, are 
shown in Table 3. The mentioned values of surface roughness are 
input data for mathematical modeling of results, which was made 
by multiple regression analysis. 

 

Table  3. Experimental setup at three level factor. 

Cutting factors and their levels 

No. Factors Code 
level 

High 
level  

Middle 
level 

Low 
level 

1 0 -1 
1 Vc, m/min X1 25 20 15 
2 f, mm/rev X2 0,3 0.175 0.1 
3 d, mm X3 12 10 8 
4 Θ, o X4 135 125 118 

 

a. Regression based modeling  

The main task for regression analysis is to show relationship 
between the roughness and machining independent variables. Many 
authors suggested linear and exponential empirical models for 
surface roughness as functions of machining parameters [11], by the 
following: 

4
321

0
cccc

a dfvcR θ⋅⋅⋅=                                
(3) 

Four parameters: cutting speed (vc), feed rate (f), drill tool 
diameter (d) and tool point angle (θ). Ra is the surface roughness in 
μm, f - feed rate in mm/rev, d-drill tool diameter, and respectively 
c0, c1, c2, c3 and c4 are constants. 

 

 

 

Table  4.  Experimental results. 

Test 
No. 

Coded factors Performance 
measures 

X0 X1 X2 X3 X4 Ra (µm) lnRa 

1 +1 -1 -1 -1 -1 6.399 1.8561 

2 +1 -1 -1 -1 1 3.020 1.1053 

3 +1 -1 -1 1 -1 6.999 1.9458 

4 +1 -1 -1 1 1 2.400 0.8755 

5 +1 -1 1 -1 -1 6.410 1.8579 

6 +1 -1 1 -1 1 4.634 1.5334 

7 +1 -1 1 1 -1 5.731 1.7459 

8 +1 -1 1 1 1 5.659 1.7332 

9 +1 1 -1 -1 -1 1.064 0.062 

10 +1 1 -1 -1 1 4.262 1.4497 

11 +1 1 -1 1 -1 3.248 1.178 

12 +1 1 -1 1 1 4.206 1.4365 

13 +1 1 1 -1 -1 4.047 1.398 

14 +1 1 1 -1 1 4.265 1.4504 

15 +1 1 1 1 -1 4.065 1.4024 

16 +1 1 1 1 1 5.643 1.7304 

17 +1 0 0 0 0 3.647 1.2939 

18 +1 0 0 0 0 4.843 1.5775 

19 +1 0 0 0 0 3.443 1.2363 

20 +1 0 0 0 0 4.025 1.3925 

21 +1 0 0 0 0 3.205 1.1647 

22 +1 0 0 0 0 3.051 1.1155 

23 +1 0 0 0 0 6.400 1.8563 

24 +1 0 0 0 0 4.047 1.398 

 

Multiple linear regression models for surface roughness can be 
obtained by applying a logarithmic transformation that converts 
non-linear form of eq. (1) into following linear mathematical form: 

         ln Ra= ln c0 + c1 ln f + c2 ln f + c3 lnd+c4lnθ                   (4) 

The linear model of eq. (3) in term of the estimated response 
can be written as: 

         y= β0+ β1x1+ β2x2+ β3x3+ β4x4+ε                                     (5) 

where y is the logarithmic value of the measured surface roughness, 
β0, β1, β2, β3, βa  are regression coefficients to be estimated, x0 is the 
unit vector, x1, x2, x3, x4 are the logarithmic values of cutting speed, 
feed rate, cut of depth and ε is the random error. 

The above equation in matrix form becomes: 

y=Xβ+ε                                                                             (6) 

Thus, the least squares estimator of β is 
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      β = (X’X)-1X’y                                                                                                       (7)   

The fitted regression model is 

Ý=X β                                                                             (8) 

The difference between the experimentally measured and the 
fitted values of response is: 

e=y- ẏ                                                                                (9) 

The regression analysis technique using least squares 
estimation was applied to compute the coefficients of exponential 
model. The following empirical exponential model for surface 
roughness was determined and is given, respectively: Final 
mathematical model of surface roughness Ra is obtained: 

122.0412.0335.0623.032.894 −− ⋅⋅⋅⋅= θdfvRa                      (10) 

The prediction mathematical madel obtained (10) is adequate as 
it meets the condition; 

59.53.159
0.0587

0.1953602
2

2

=≤=== t
E

LF
LFR F

s
sF

      (11) 

Where; 

Ft =5.59 – The value of F-distribution quantization table for  

fLF (n1 )=1; fE(n2)=no-1=7 and α=0.05 [12]. 
 

5. Conclusions 
This paper presents research of various cutting parameters 

affecting the surface roughness in wet drilling of forgings steel EN 
1.0038 using HSS coated TiN drill tools. 

The investigations of this study indicate that the cutting 
parameters like cutting speed and drill diameter are the primary 
influencing factors, which affect surface roughness. 

Statistical models deduction defined the degree of influence of 
each cutting parameter element on surface roughness criteria. 

The results revealed that cutting speed with exponent (0.623) 
seems to influence surface roughness more significantly than drill 
diameter (0.412), feed rate (0.335). However, tool point angle is 
less significant (0.122).  

With the regression equation generated, the best combination of 
design independent variables for achieving the optimization of 
cutting processes.  

The predicted developed mathematical model can be used by 
the manufacturer while selecting the machining parameters. The 
predicted results are in good agreement with the measured ones. 
These relationships are applicable within the range of tested 
parameters. 
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