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Abstract— During drilling of AISI 4140 tempering steel with
different gash rake angle, the effects of the gash rake angle on
the thrust force and drilling moment, which are called cutting
loads, were predicted by fuzzy logic. The data from monolithic
solid carbide drill were used that has +10°, 0°, -10° gash angle
and diameter with 6,8 mm in the experiments, which published
previously. According to the experimental study, the gash rake
angle and the feed amount are the most effective parameters on
the thrust force and the drilling moment. A limited number of
experimental studies were conducted to determine the
relationship between drilling parameters and cutting loads.
However, obtaining the mathematical model that gives the thrust
force and the drilling moment values with respect to the gash
rake angle and the feed amount is difficult to define with high
accuracy. Proposed fuzzy model consists of two input variables
and two output variables. The fuzzy model was constituted with
the gash rake angle and the feed amount as independent
parameters for the thrust force and the drilling moment. The
results showed that the proposed fuzzy model represented
experimental results with high confidence.

Keywords— Drilling, Gash Rake Angle, Thrust Force, Drilling
Moment, Fuzzy Logic

I. INTRODUCTION

Drilling is an important part of machining process. Its
accounts for about one-third of machining operations[1-3].
The cutting tool in manufactoring by machining process is
critical for material removal, breaking on ideal cutting force
and removing the cutting chip from the cutting zone. Because
the cutting tool geometry is a complex structure that
determines the cutting conditions, cutting forces, tool life and
machining quality, and determines the efficiency of the
process.

Among the cutting tools, conventional two-edged drills are
the most widely used and they have most complex geometry.
Both the tip geometry and the amount of feed and all other
cutting parameters differ from the point of view of different
types of materials [4,5]. High feed amount causes good chip
control, lower cutting time, as well as the positive aspects of
the bad hole quality, while the low feed amount, abrasion on
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the rake face, built up on the cutting edge and lead to poor
chip control.

Drill geometry is one of the most important parameters
affecting the cutting forces in the machining process [6]. In
drilling with the drill, the chisel edge penetrates the workpiece
and occurs the largest part of the thrust force when making the
first cut, while the main cutting edge causes the formation of
drilling moment when removing chips. In order to avoid such
problems and to shorten the length of the chisel edge, an
auxiliary surface called the gash surface is opened. The gash
surface allows the chisel edge to be shortened, positioning the
drill to the workpiece (coaxial of the drill axis and the drill)
and making the first plunge more convenient. In addition, one
of the important parameters affecting the thrust force is the
point angle. In drilling, the main cutting lips performs the
cutting process, while the helical flute guide the removal of
the resulting chips [7.8].

It is expected that gashing rake angle (Fig. 1), which is the
angle that the gash surface in the drill geometry makes with
the axis of the drill (Figure 1), has significant effects on the
cutting forces and the drilling torque.

Gaptaki Kesme
Agtlan

Fig. 1 Gashing rake angle on drill

Cost of cutting tools have large amount of total cost of
machining processes. In this reason, it is important that
choosing correct cutting tools, which have suitable geometry
and material, according to machining types, and materials.
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Mathematical models established using Finite Element
Analysis (FEA) and experimental data, where cutting is
performed in virtual environments, are widely used in the
machining industry in recent years to produce products of the
desired quality, to select suitable cutting tool geometry and to
eliminate wastage of cutting tools, and raw materials ([9],
[10D.

Fuzzy logic is a system, which uses experience of experts
and experimental data, to predict the results using by non
integer algorithms and some rule based functions [11].

Vinayagamoorthy and Rajeswari used the fuzzy rule model
to estimate thrust and torque based on cutting speed, feed rate
and depth of cut in drilling of natural jute reinforced
composite material [12]. They used Fuzzy Logic to predict
tool wear, surface roughness, and specific cutting pressure in
turning of titanium alloys [13]. Singh and Gill used Fuzzy
Logic to estimate the material removal rate in ultrasonic
drilling of porcelain ceramics with hollow stainless steel tools
[14]. Yumak and Ertung have used Fuzzy Logic for predicting
the wear situation in the drill due to the cutting forces
generated during drilling [15]. Pendokhare and Quazi have
developed a Fuzzy Logic model for the determination of
material hardness and cutting speed [16]. Latha and
Senthilkumar used Fuzzy Logic to estimate the amount of
delamination that occurs when drilling glass fiber reinforced
composites with solid carbide drills [17]. Ahamed et al.
Developed a Fuzzy Logic control design for the determination
of cutting parameters based on tool and material hardness in
drilling operations [18].

When the studies in the literature are examined, it is seen
that there are many studies with fuzzy logic about drilling.
However, there are no studies that predict the effect of
gashing rake angle on thrust force and drilling moment. In
most of the studies with fuzzy logic, the data obtained from
the prediction process were found to coincide with the
experimental data [12-18].

In this paper, a fuzzy model was proposed to estimate the
thrust force and the drilling moment by using gashing rake
angle and feed amount during drilling of AISI 4140 steel.
Since the manufacturing of drills is an expensive and time
consuming process, a fuzzy logic model has been established
to predict the performance of the drills based on experimental
data before the tool manufacturing.

II. METHODS

In the experimental section of the study, three cutting
parameters were examined by Taguchi’s L9 orthogonal design
table [19]. According to the experimental study, gashing rake
angle and feed amount are the most effective parameters on
thrust force and drilling moment during drilling of AISI 4140
samples. In Table 1, the input parameters and their levels of
the model were given. A limited number of experimental
studies were conducted to determine the relationship between
drilling parameters and cutting loads. However, obtaining the
mathematical model that gives the thrust force and the drilling
moment values with respect to the gash rake angle and the
feed amount is difficult to define with high accuracy.
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In this study, a fuzzy model was proposed to estimate the
thrust force and the drilling moment. Proposed fuzzy model
consists of two input variables and two output variables. The
fuzzy model was constituted with the gash rake angle and the
feed amount as input variables and the thrust force and the
drilling moment as output variables. Block diagram of the
fuzzy model is shown in Figure 2.

TABLEI
INPUT PARAMETERS AND LEVELS
Factors Levels
Gashing rake angle (°) -10 0 +10
Feed amount (mm/rev) x1072 15 25 30
Feed Amaunt A - 4 Thrust Force
Fuzzifier I”;:;f;:" - Defuzzifier [

Gash Rake Angle Drilling Moment

Fuzzy
Knowled:

Fig. 2 Block diagram of proposed fuzzy model

It has chosen three linguistic levels for gash rake angle,
three linguistic levels for feed amount and 9 linguistic levels
for both thrust force and the drilling moment. The
membership functions of the fuzzy input variables are shown
in Figure 3. Rule bases of the fuzzy model are shown in Table
2.
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Fig. 3 Membership functions of the input variables including gashing rake
angle and feed amount
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TABLE I
A) Fuzzy RULE BASE FOR THE THRUST FORCE, (B) FUZZY RULE BASE FOR 1450 |  ——Gashing Rake Angle
THE DRILLING MOMENT I —— Feed Amount
Feed Amount — Setl Set2 Set3 1350
Gashing Rake Angle % I
o S
Setl OSet9 | OSetl | OSet2 51250 e
'8 '
a Set2 OSet7 [ OSet3 | OSet4 = 7
Set3 OSet8 | OSet5 | OSet6 21150 A
Setl OSet9 | OSet2 | OSetl = L
b Set2 OSet5 | OSet3 | OSet4 1050
Set3 OSet8 | OSet6 | OSet?7
MAX-MIN composition method was selected fort he o
. . . 10 0 10 () 0,15 0,25 0,30 (mmlrev)
inference mechanism and Centroid method was selected for 460
defuzzification. Gashing Rake Angle
For proposed fuzzy model, a Graphical User Interface (GUI) e I Feed Amount
was prepared by using C# programming language. Prepared = A
GUI is shown in Figure 4. 2
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Fig. 4 Screenshot of a part of the Developed Graphical User Interface #10 0 Tt 5
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III. RESULTS

. . Fig. 6 Predicted amounts of thrust force by the fuzzy logic model in relation
To explore the effectiveness of the proposed modelling, to gashing rake angle and feed amount

comparison of the results obtained from fuzzy based

modelling and experimental data has been made. Figure 5 .\ . o
shows agsum of pexperimental results that descriptir%g the generated at positive gashing rake angle (+10°%) and at low

effects of gashing rake angle and feed amount on thrust force level feed amount (0.15 mm/rev). In addition, the highest
and drilling moment [19]. Predicted amounts of both thrust value of thr.HSt force occurred at negative gashing rake an.gl('a (-
force and drilling moment by the fuzzy logic model depending 10°) and high level of feed amount (030 mm/rev). Similar
on gashing rake angle and feed amount are given in Figure 6 results with thrust force obtained in Figure 7 for drilling
and 7 respectively. moment.

When Figure 6 is examined the lowest thrust force
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Figure 8 and 9 show the effects of gashing rake angles and 2
feed amounts on thrust force and drilling moment. The graphs 2300 0
make clear that the drills, which have neutral and positive = seeee +10
gashing rake angles, are more suitable for drilling AISI 4140 330 ==c 10
steels because of the lowest values of thrust force, and drilling 200 R ‘
moment. According to results the best combination of the 10 15 20 25 30 35
parameters is neutral or positive gashing rake angle and low Feed Amount(mmirev) x e-2
level feed amount. Fig. 9 Effect of feed amount on thrust force and drilling moment according to
gashing rake angle
1600 T
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gmoo T B In this study, the effects of gashing rake angle and feed
L 800 amount on the thrust force and the drilling moment were
S 600 1 T modelled by fuzzy logic. The drills have neutral or positive
£ 400 | ceree025 gashing rake angles and low-level feed amount were found
200 4 —_03 | more suitable for drilling AISI 4140 steels. The predicted
5 : . ’ ; ; ; results proved that the proposed fuzzy model could be used to
-15 -10 5 0 5 10 15 find better combination of the cutting parameters.
Gashing Rake Angle (°)
500 T -=-=10,15 ACKNOWLEDGMENT
F450 + [ g,gs | The authors are grateful to Karcan Cutting Tools Co. for
2 400 \'—ﬂ_— the manufacturing of the drills, which have different gashing
z cerrelaereniiiiie s reeraaananes rake angle.
E 350 + N
= hS REFERENCES
2300 + > . .
= * [1]  W.C. Chen, and C.C. Tsao, “Cutting performance of different
5 250 + R — coated twist drills”, Journal of Material Processing Technology,
88(1-3), 203-207, 1999.
200 } } t } } | [2]  H. Zhao, “Predictive models for forces, power and hole oversize
-15 -10 -5 0 5 10 15 in drilling operations”, Ph.D. thesis, University of Melbourne,
Gashing Rake Angle (°) Australia, 1994,

. . o [3] Tonshoff, HL., Spintig, W., Konig, W., Neises, A., Machining
Fig. 84Effect of gashing rake angles on thrust force and drilling moment Of Holes Developments In Drilling Techonolgy, Annals Of The
according to feed amount CIRP, 43 (2): 551-560, 1994

[4] Williams, R. A. (1974). A study of the drilling process. Journal
of Engineering for Industry, 96(4), 1207-1215.

[5] Merchant, M. Eugene. "Mechanics of the metal cutting process.
1. Orthogonal cutting and a type 2 chip." Journal of applied
physics 16.5 (1945): 267-275.

[6] Astakhov, V. P. (2014). Drills: science and technology of
advanced operations. CRC Press.291-310

E-ISBN: 978-605-68537-4-6 426



8th International Conference on Advanced Technologies (ICAT'19)

August 26-30, 2019, Sarajevo, Bosnia and Herzegovina

[7]

[8]
[9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Yang, J. A., Jaganathan, V., & Du, R. (2002). A new dynamic
model for drilling and reaming processes. International Journal
of Machine Tools and Manufacture, 42(2), 299-311.

Akkurt, M. (2000). Talas kaldirma yontemleri ve takim
tezgahlari. Birsen Yayinevi. Istanbul, 1998, 23-90.

Arafat M., “CNC delme igleminde delme parametrelerinin yiizey
purtzlaligu agisindan optimizasyonu”, Yiksek Lisans Tezi,
Erciyes Universitesi Fen Bilimleri Enstitiisa, Kayseri, 2009.
Korkmaz, M. E., Cakiroglu, R., Yasar, N., Ozmen, R., & Giinay,
M. (2019). Al2014 Aluminyum Alagiminin Delinmesinde itme
Kuvvetinin Sonlu Elemanlar Yontemi ile Analizi. El-Cezeri
Journal of Science and Engineering, 6(1), 193-199.

Keskenler, M. F., & Keskenler, E. F. (2017). Bulanik Mantigin
Tarihi Gelisimi. Takvim-i Vekayi, 5(1), 1-10.

Vinayagamoorthy, R., & Rajeswari, N. (2012). Analysis of
cutting forces during milling of natural fibered composites using
fuzzy logic. Int J Compos Mater Manuf, 2(3), 15-21.

Ramesh, S., Karunamoorthy, L., & Palanikumar, K. (2008).
Fuzzy modeling and analysis of machining parameters in
machining titanium alloy. Materials and Manufacturing
Processes, 23(4), 439-447.

Singh, J., & Gill, S. S. (2009). Fuzzy modeling and simulation
of ultrasonic drilling of porcelain ceramic with hollow stainless
steel tools. Materials and Manufacturing Processes, 24(4), 468-
475.

Yumak, O., & Ertunc, H. M. (2006, October). Tool wear
condition monitoring in drilling processes using fuzzy logic. In
International Conference on Neural Information Processing (pp.
508-517). Springer, Berlin, Heidelberg.

Pendokhare, D. G & Quazi, T. Z. (2014). Fuzzy Logic Based
Drilling Control Process. International Journal of Scientific &
Engineering Research, 5(12), 61-65.

Latha, B., & Senthilkumar, V. S. (2009). Fuzzy rule based
modeling of drilling parameters for delamination in drilling
GFRP composites. Journal of Reinforced Plastics and
Composites, 28(8), 951-964.

Ahamed, N. U, Yusof, Z., Hamedon, Z., Rabbi, M. F., Sikandar,
T., Palaniappan, R., ... & Sundaraj, K. (2016, October). Fuzzy
logic controller design for intelligent drilling system. In 2016
IEEE International Conference on Automatic Control and
Intelligent Systems (I2CACIS) (pp. 208-213). IEEE.

Cavus, Y., Katmer, S., Tekaut, I., Kurt, S., Seker, U. (2018).
Delme Iselemlerinde Matkap Yarik Talas Agisinin itme Kuvveti
ve Delme Momenti Uzerindeki Etkisi.  9th International
Congress on Machining (9. UTIS) (pp. 341-346).

E-ISBN: 978-605-68537-4-6

427



