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Influence of twist drill geometry on chip split with self
vibratory drilling head
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Abstract — In industrial area, drilling is one of the most commonly used machining operations. Today,
conventional drilling methods have found their limits in deep hole drilling. To be able to push these limits,
we have developed a new technology: vibratory drilling. The aim of this study is to determine the influence
of the twist drill geometry on performance of the self vibratory drilling head. For that reason, it is necessary
to identify the geometrical properties which have the strongest influence on axial vibrations of twist drill
and on chip fragmentation. Moreover, we have also validated the experimental results by a simulator which
can predict the behaviour of the self vibratory drilling head by taking into account geometrical defects of
the tool.
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Résumé — Influence de la géometrie du foret sur le fractionnement du copeau en pergage
vibratoire. Le pergage est une opération couramment utilisée en usinage. Aujourd’hui, les méthodes de
percgage conventionnelles trouvent leurs limites en pergage profond. Pour repousser ces limites, nous avons
développé une nouvelle technologie : le percage vibratoire. L’objectif de cet article est d’étudier I'influence
de la géométrie du foret sur le comportement de la téte de pergage vibratoire auto-entretenu. Il s’agit
d’identifier les éléments géométriques qui ont une forte influence sur la génération des vibrations axiales
du foret et donc sur une bonne fragmentation du copeau. De plus, nous pouvons valider les résultats
expérimentaux en utilisant un nouveau simulateur qui est capable de prédire le comportement de la téte

de percage vibratoire en intégrant les défauts géométriques du foret.

Mots clés : Percage / géométrie du foret / percage vibratoire auto-entretenu / broutement

1 Introduction

The use of drilling in the automotive and aerospace
industries increased more in more in the last 20 years.
El Sonbaty et al. [1] observed that more than 10000 holes
are necessary while machining an aircraft engine. In order
to meet industrial demand, it is necessary to develop new
techniques which can be more productive [2].

In the literature, many studies focus on improving
twist drill performance during machining. Anish et al. [3]
proposed to optimize the cutting edge to reduce the thrust
force. Chang et al. [4] worked on the hole quality by vary-
ing the tool geometry. The study on the influence of the
point angle and helix angle on generated forces during
machining of composite materials has been conducted by
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Chen [5]. Hocheng and Tsao [6] worked on five drill ge-
ometries to determine the influence of the cutting force
during machining of composite materials.

All these works have showed that it is necessary to
choose a tool geometry which is well suited to the opera-
tion, in order to have control on following parameters:

— the temperature generated by the cutting and friction
between tool and material;

— forces generated while drilling;

— hole quality;

— tool life and machining components life [7].

Today, one of the most difficult tasks to achieve is the
drilling of deep holes with small diameters. It is necessary
to do scientific research to improve quality and produc-
tivity [8].

To meet these expectations, we have proposed a new
technology: self-vibratory drilling. The aim is to generate
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Fig. 1. Self-vibratory drilling head.

axial vibrations of the twist drill in order to get a
good chip fragmentation. It becomes possible to get a
good evacuation of chips without using high pressure
fluid [9,10]. This new technique uses the cutting energy
to create low frequency axial vibrations with a magnitude
greater than the feed rate of the tool [11].

The self-vibratory drilling head (SVDH) (Fig. 1) is
composed of three main elements:

— A part called “body” is assembled to the spindle of
the machine tool with a standard attachment.

— A tool holder with a sliding connection with the base
has an adjustable mass.

— An adjustable spring stiffness is placed between the
body and drill holder.

The configuration (mass, stiffness) of the self-vibratory
drilling head and cutting conditions are chosen based on
the theory of stability lobes (Fig. 2) [12] to obtain the
vibration frequency which will be resulted with a good
chip fragmentation.

The use of this new technology provides increased pro-
ductivity and also a reduction in production costs by elim-
inating the use of cutting fluid.

The tool geometry has a strong influence on
SVDH performance [13]. The aim of this study is to de-
fine influence of the clearance angle, point angle and the
web thickness.

2 Experimental work

The main purpose of this study is to find an answer
to the question: “What is the influence of the tool ge-
ometry on self vibratory drilling?” To answer this ques-
tion, we have realized drills with different geometrical
properties. Each twist drill has been measured with an
optic-laser system. They were tested with SVDH and two
conditions which will give a chip fragmentation in first
instability lobe. The determination of these conditions
has been based on our previous works performed with

Mass = 3,1 kg.

8000 - -
‘Srd msmb.my[
00 [ lobe instabilit
lobe
5000

Stiffness (N/mm)
& 2
\\

)/ |

Y =]
Yoos peed=7000.cpm
g

o L i

05 1 15 25

N (rpm)

x10*

Fig. 2. Instability lobes and chip obtained after machining
with SVDH.

HSS drills Tivoly reference 389 on steel 25CD4 work-
piece [14]. Figure 3 shows the area where it is possible
to get a chip split in primary instability lobe depending
on the speed and feed rate for a given configuration of
SVDH.

2.1 Tested geometries

We have chosen the geometry corresponding to the
reference Tivoly 389 and we have changed the value of
clearance angle, point angle and web thickness. Two di-
ameters as 5 mm (the min diameter which have been val-
idated with many experiments) and 2 mm (the limit of
the currently developed SVDH) were selected and coated
with TiAIN coating. An optical laser system Helicheck
Plus (4 axes with 4 cameras) [15] has been used in order
to determine geometrical values associated to each twist
drill (Tab. 1)

2.2 Cutting conditions and SVDH configuration

The configuration of mass and stiffness on SVDH and
determination of cutting conditions has crucial impor-
tance to have a good chip split. Based on our previ-
ous works, (Fig. 3), two rotation speeds were chosen as:
7000 rpm and 8000 rpn with a feed rate of 0.04 mm/rev.
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Table 1. Geometrical properties for twist drill of 5 mm diameter.

Measured twist drill with a diameter of 5 mm

No. 1 No. 2 No. 3 No. 4 No. 5

Web thickness (mm)  0.328 0.528 0.561 0.555 0.36
Clearance angle (°) 5.232 14.868 13.142 10.998 7.792
Point angle (°) 117.921  118.497 121.928 119.232  119.082
No. 6 No. 7 No. 8 No. 9 No. 10

Web thickness (mm) 0.56 0.614 0.505 0.574 0.544
Clearance angle (°) 6.567 7.239 15.617  15.079 15.258
Point angle (°) 118.969 118.365 119.014 118.638 118.678

Material 25CD4
Self vibratory drilling head
Drill Tivoly 389 diameter 2mm.
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Fig. 3. Operating range.

Each test has been repeated 4 times in order to obtain
consistent and repeatable results. The configuration of
SVDH is given in Table 2.

2.3 Test rig

The tests were performed on a HERMLE C800V.
Thrust forces were measured by using a Kistler dy-
namometer type 9367C [16] (Fig. 4).

3 Results and discussion

The test results indicated that some of the drills didn’t
give a good chip split or not a good vibration frequency
in the first instability lobe. Test results related to drills
with 5 mm diameter has been indicated at Figure 5.

Table 2. Configuration of SVDH.
3,1 kg [1,6 kg (while
operating with twist
drill diameter of 2 mm)]

314 N.mm™*
Any (dry conditions)

Mass of the tool holder

Stiffness
Coolant

The results related to the thrust forces and vibra-
tion frequency associated to each twist drill is shown in
Figure 5. We have observed that twist drill number 1 is
not working well and tests with twist drill number 1 re-
sulted with no chip fragmentation. All other twist drills
with diameter of 5 mm have given a vibration frequency
between 1.42 vib/rev and 1.55 vib/rev. So the chip split
into parts. We have also observed that operations with
twist drill number 1 have given the biggest thrust forces
compared to other drill, (about 2.5 times more than other
twist drill).

Tests conducted with 8000 rpm gave similar results
for twist drill number 1. (Figs. 6 and 7). But this time it
wasn’t possible to obtain values for the twist drill num-
ber 1 because the twist drill has been broken at the first
hole. Any chip split has been observed. The obtained
results for twist drill bit number 8 are interesting. For
drilling speeds 8000 rpm, twist drill number 8 has not
given a good performance. It didn’t give a good chip frag-
mentation. Moreover, thrust force is bigger compared to
other twist drill.

The experimental work has been continued with tests
on twist drill of 2 mm diameter in order to be able to
determine geometrical feature which has the greatest in-
fluence on the vibratory drilling (Fig. 8.)

It was known that 2 mm is the limit condition of
SVDH’s performance. While making our tests, we have
seen that only 4 drills with a diameter of 2 mm (drill
number: 1, 2, 6 and 10) can give accurate good chip split.
All other 6 drill bits have been destructed during the tests.

From the obtained results, we have examined the ge-
ometries of twist drill of 5 mm and 2 mm diameters com-
patible with a good chip fragmentation (Tabs. 3 and 4).

First of all, we examine the influence of web thickness
on the performance of SVDH. From the obtained results,
it is difficult to conclude based on web thickness because
it is not possible to determine the range of working area
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Fig. 4. Left: CU HERMLE C800. Right: Dynamometer Kistler.
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Fig. 5. Thrust force mean values and vibration frequency
related to each twist drill of 5 mm diameter.

Table 3. Geometrical characteristics of drills with a diameter
of 5 mm which do not give a good chip fragmentation.

Drill No. 1 Drill No. 8
Web thickness (mm) 0.328 0.505
Clearance angle (°) 5.232 15.617
Point angle (°) 117.921 119.014

where a good chip split happens. This conclusion has been
verified for drills of 5 mm and 2 mm diameters.

Secondly, an observation on the influence of the point
angle on performance of SVDH has been done. The ob-
tained conclusion was same as the width of the lip. It
is therefore difficult to identify point angle as the factor
which has the greatest influence.
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Fig. 6. Thrust force mean values related to each twist drill of
5 mm diameter.
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Fig. 7. Vibration frequency related to each twist drill of 5 mm
diameter.

Material:25CD4 Drill: Tivoly Diameter 2mm. Coating: TiAIN
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Table 4. Geometrical characteristics of drills with a diameter of 2 mm which do not give a good chip fragmentation.

Drill No. 3 4 5 7 8 9
Web thickness (mm) 0.208 0.203 0.205 0.178 0.214 0.22
Clearance angle (°) 8.971 11.72 11.575  7.964 4.149 8.585
Point angle (°) 115.865 117.967 115.407 113.14 115.445 116.254

Speed = 8000tr/min
Feed rate = 0,04mm/tr
Drill diameter = 5mm.
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Fig. 9. Comparison between experimental and simulation results.

We can identify the clearance angle as the parameter
which has the strongest influence on the dynamic behav-
ior of SVDH. A low angle of clearance results with the
absence of vibration which can be explained with the in-
crease of damping. A significant value (>15° for twist drill
of 5 mm diameter) leads to a difficulty in controlling the
frequency of generated vibrations. The permissible range
for the clearance angle is between 6.5° and 15.26° for drills
with a diameter of 5 mm, which represents a large range.

Twist drill with a diameter of 2 mm has given a good
chip split for clearance angles between 6.4° and 7.9°.

4 Validation by simulation

At this study, a simulator which is capable of taking
into account drill’s geometrical errors has been developed.
This simulator allows us to predict the dynamic behavior
of self-vibratory drilling head.

To be able to simulate the process, four models has
been developed and integrated into the simulator:

— A dynamic model of SVDH [17];

— A geometrical model of drill [11];

— A thrust force model [11];

— A model of material removal process and generation
of machined shape [17].

Selected simulation configuration is identical to the ex-
perimental conditions. As we have identified the clearance
angle as the parameter which has the biggest influence on
SVDH behavior, we vary this angle. The point angle and
the web thickness have been considered as fixed values as
0.487 mm and 120.14°.

Thrust force comparison between experimental and
simulation has been given at Figure 9 for drills of 5 mm
a diameter.

We have obtained similar results between experimen-
tal and simulation work. It has been observed that the
drills which do not give a good performance have given the
biggest thrust force values on simulation results and on
experimental results. The vibration frequency obtained
by simulation is very close to that measured during the
experiments. We have also found similar good working
ranges (a good chip fragmentation) by the terms of clear-
ance angles.

5 Conclusions

A study to determine the influence of the twist drill
geometry on machining with self-vibratory drilling has
been done. Results showed that the clearance angle has
the most influence on the dynamic behavior of SVDH.
Moreover, the permissible range for the clearance angle is
narrower when the diameter of the twist drill decreases.

To optimize the twist drill geometry and the configu-
ration of SVDH, we have developed a new simulator which
is capable of taking into account geometrical errors of the
twist drill. Very close results between experimental work
and simulations has been observed.
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