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Abstract: New materials technologies have led to

new conmpasdterials solutions to replace existing

conventional materials. The compliance of the dualnd the life span of drilling tools becomesidiifit,
these two being considerable reduced. The conssrg@nerated during the drilling process are veary i
portant in amplitude and complexity. For this pusppan adopted machining solution based on vibmnatio
assisted drilling was presented. This paper aimdytoamic study of a new drilling solution assistéth
vibration. This system is the subject of a pat€ntevaluate the dynamic behaviour of the drillinigra-

tion system an experimental setup was designedaittd The study allowed the identification of nau
frequencies and determination of dynamic paramet&iffness, damping and mass. These parameters
are required in the further development of a dyrambdel to optimize the reel cutting conditionsr Fo
this purpose a dynamic evaluation of drilling systassisted with forced-vibrations was impaosed
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1. INTRODUCTION

New materials technologies have led to new compos
ite materials solutions to replace existing coniaal
materials. According with the new trend in aeromaut
industry, the hybrid structure is being used coreddsy
different type of materials: aluminium, titaniumarbon
fibres etc. Large industrial companies have adopteixh
solutions significantly decreasing the total weighthe
aircraft. But reducing weight and getting the bé#sedf
integrating the multilayer materials was penalibgdhe
increasing complexity of problematic phenomena royri
the cutting process, respectively during the dgiliop-
eration [1].

The respect of the quality and the life span dfidg
tools becomes difficult, the two being consideratde
duced. The constraints generated during the diillin
process are very important in amplitude and coniylex
Therefore, it is necessary to drill simultaneoushe
different layers while respecting associated qualitte-
ria: roughness, bur height, composite pushing, dema
and rupture etc. [1]. Obviously, drilling compositate-
rial together with metallic material will lead tgexific
technical issues [1, 2].

vibration assisted drilling is presented. Currenihythe
industry certain vibration assisted drilling systeare
users having advantages and disadvantages [1, 3].
This paper aims to dynamic study of a new drilling
solution assisted by vibrations. This system issthigject

of a patent [4].

2. DESCRIPTION OF THE NEW DRILING
VIBRATING SYSTEM

The technological solution provides the possibitify
varying the amplitude of forced vibrations, feeddan
rotational speed. These targets were the mainrierite
underlying the patent proposed by the research wam
Materials Process Interaction Laboratory (MPI) ogti-
tute of Mechanics and Materials Bordeaux (I12M) [4].

The new vibration system has been initially designe
for portable semi-automated drilling units. Sucfhilidg
machines work on the following principle: a single
pneumatic motor generates both spindle speed adl fe
rate; obtained by a specific mechanism [5, 6]. $pm-
dle is brought into rotation through the upper gestr A
pin linking the upper and lower gear sets, allohs t
lower gear set to turn. The rotation of the screint]

Processing such materials have needed the investig%ear makes the spindle move forward. The feedisatet

tion of a number of technologies in the field. Sorae
sults are considering the study of drilling toatsaterial
and surface quality, geometry and cutting systeor. F
this purpose, an adopted machining solution based o
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up by the velocity differential between the spindied
the screw joint. Unlike other existing vibrationsgsyms,
this patent does not bring any additional compaent
The concept of the new mechanism is to make a glierio
cal phase-shift between the two sets of gears.dalead
the axis of gear 2 is moved while maintaining conta
between gears 2 and 3 (Fig. 1). The result is aligis
ment or an eccentricitl (Fig. 1) between the axes of the
first two gears.
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Bevel gear
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Fig. 1. The vibration system description [4].

Displacement sensor_P

Triaxial accelerometer

Displacement sensor_B

Dynamometer Workpiece

Spring for test

Displacementsensor_S

Fig. 2. Experimental setup for static case.
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Fig. 3. Experimental setup for dynamic case.

This misalignment of axerepresenta variation in
the distance between the pin centkf &nd the axis of 1
(0O1). Therefore, the angular position of 2 will fluate
around the angular position of 1 [1, Blor deep knowl-
edge of the drilling vibratiorsystemit is necessary to
study thedynamic behaviour. It is intendeo determine
the dynamic charaetistics in order to develop model
to optimize cutting parameters for drilling machigi

3. EXPERIMENTAL SETUP

To highlight the dynamic behaviour of the drillimi-
bration system, an experimental setugs designed and
built. The dynamic analysis is divd into two parts:
static and dynamic analysis. Static analysis isopered

to determine the dynamic parameters: stiffnesssraas
dampingwith the natural frequencies main determina-
tion while dynamic analysis provides informaticon
critical frequencies in the drilling process. Thimsprder
to determine the stiffnesgalue three non-contact dis-
placement sensarpresented itFig. 2 were used: a dis-
placementsensor is positioned on the workpie(dis-
placement sensor_Planother sensor is positioned
measure the relative displacement of spindle-screw
(displacement sensor_%ind the thirdone is used to
measure the overall deformation of the entire fri(dis-
placement sensor_BYo obtén the elasticity of the -
tem, a spring is used for the load test éno-load test
(Fig. 2).
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For dynamic case, a laser sensor for rotationadd
of the drilling is used to make the synchronizathe-
tween vibration signals and rotational speed. \tibre
measurement is performed tt. -ough triaxial PCB &r-
ometer. The vibration axis ~f the accelerometer is
correspondence with drillirc =, stem a

To obtain thefrequency response of the dynamis-
tem, an impact hammer is usddata processing ar
signal analysis is performed using Dewetron
National Instruments USB 443fgether withDewesoft
and Fastview software respectively.

3.1. Natural frequency determinatior

To evaluate the systertie frequencies determinon
is made on the impact test. Thdser the natural fre-
quency the FRF function is appliebh Fig. 4, the fre-
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quency domain withmagnitudeis presented and in Fig.
5, frequency domain with pha is shown. It can be seen
that the main importarfrequencyis located at 73.2 Hz
observed in both magnitudgig. 4) and phase change of
180° (Fig. 5) Another frequency pick théneeds atten-
tion is situated around 200 Haut it can be seen that the
change of phase is letan 180° For the determination
of the fundamental frequency excital, the frequency
domain was obtained during the rotational sp As
shown in Fig. 6the natural frequencis excited to 74 Hz
during the speed test.

Figure 6 presents the frequencies measured dure
speed test. The tests are performed at variabbdspere
forced vibration frequency is visible. The frequel
spectrum presented in Fig. 6 is obtained for 1ipm
speed.
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Fig. 4. The frequency response on magnitude.
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Fig. 5. The frequency response on phase.
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Fig. 7. The frequency spectrum after impact test.

For detailecknowledge of the entire frequency ra,
a series of impact testse performed. liIFig. 7, the fre-
guenciesrevealed by the accelerometer in three c-
tions are shown. It hhights those frequencies
73.5 Hz and 20Hz subject of interest for analysis
drilling assisted vibration system.Is&, the analyses of
these tests show that HE is a characteristic frequen
of the system. The importance of these frequenisi
needed to reveal the harmonic frequencies ow the
system resonance zond$ie dynamic parameters will |
determined for a frequency of 74 Hz.

3.2. Dynamic parameterdetermination
The vibratory drilling process is a definite sotut

for machining materials where current technolocdo

not provide optimal results fasbtainingthe parts. The
technique of lowfrequency vibration cutting is we

adapted for deep drilling because vibra-assisted chip
breakage allows an easier chip removal |In these
conditions, characterizing thdynamic drilling system
assisted with vibration requirethe determination of
dynamic parameters. Moreovelynamic parameters a

indispensablén drilling process modelling in the drillin
configuration assisted with vibratio Mathematical
models of vibrationdrilling system are commonlye-

duced to a onéimensional linear or ne-linear model in
the axial direction governed by the mass, dampimg

stiffness of the considered sys! [8, 9]. Thus, the dy-
namic parametersfdahe vibration drilling system: sf-

ness, damping and mass argherdeterminated.

The stiffness parameter is determined in the s
configuration using the experimental device preseiih
Fig. 2. To determine the stiffness of the sys, a number
of tests are performed. Thagpplication  force is per-
formed on axial direction using the feed movemTo
obtain a constant forca, metallic spring is fixed betwet
drilling unit and workpiece. Thforce is measured by a
Kistler dynamometer coupled to the workpiece arel
displacement ismeasured by displacement sens
(Fig. 2). During the load anmo-load tests, the three
displacements are measuf&ily. 8).

Using the Eq. (1), the calculation of the stiffnés
obtained after hysteresis evaluation (Fig. 9). $tiffness
value in this case is2 10’ N/m:
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Fig.8. Load and unload test for stiffness determination.
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Fig. 9.Force and displacement measurement.

K:ﬁ k

=—. 5
o (1). m=- (5)
Knowing stiffness parameter in axial direction : ) o
considering thenatural frequency of the drilling syste The damping coefficient i
one proceeds to determine the mass and damja-
rameters c=28Vklm. (6)
The dynamic parameters mass @damping are de-
terminated with: After applying the above mathematical relat, the
following values are obtaine: the mass coefficient is
1 X 94 kg and the damping coefficient 3.910° N's/m. The
&= >Th. (it Pk () known dynamic coefficients stiffness, mass and damp-
X n

ing — will be beused in future to develop a dynar
model to predict drilling axial force in order t@tamize

were § representshe damping percenn, — number of the drilling cutting paramete

pick, x; — first amplitude, and, - last amplitude cau-

lated. 4. DYNAMC ANALYSIS
W, = Wy 3) Vibration-assisted drilling technologies are basec
1-82 ' forced excitations generated by a specific pow@phkt
system implemented by a new drilling patent sygir
wy = 20 @) This paper aims to achieve dynamic analysis tosa

dynamic operating characteristi
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In this direction of study theatura frequency of the
drilling system was determinekrified in the dynami
case during the speed operation (Fit@ and11l). This
spectral component is situated around the frequer
74 Hz and it is evident throughatlite speed ranc

As can be seen from the FRF diagram, frequency
represents the criticdtequency of the syste Dynamic
analysis aims at highlighting the dynamic behaviofi
the drilling system assisted with forced vibratis The
frequency domairobtained during the speed variati
showsthe existence of low frequency but also hige-
guencies. High frequency range is generated bysgeal

Drilling oscillation for 494 RPM ‘

wh 2
=2

mvs

bearings of drilling system. Knowing these freques
with geaingfrequency and ball bearing defect fren-
cies is an important step for the optimal operaand
also for predictive maintenance of the drillingteys
The measurement signals are made in the sami-

tions of sampling rate for acceleration and fo-
vibration on axial direction. The time doin analysis
shows the waveforms afisplacement and accelerati
synchronized with rotational speed (Fig. It can be
seen thathe forced vibrations are 1.5 times higher t
the speed.
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Fig.10.Frequency spectru on the 494 rpm speed frry, andz directiors.
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Fig. 11.Dynamic frequency on the 989 rgspeed fox, y, andz directiors.
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Fig. 13. The axial displacement spectrum for 989 rpm.
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Fig. 14.The axial displacement variation.

Frequency range for the axial displacement me-
ment during speed operation reflects the amplitafl
forced oscillation of the drilling todFig. 13). The test is
performed for 9Qum amplitude of oscillatio This new
drilling vibration solution besides using usuallgrane-
ters speed and feed, it providelso the possibility of
varying amplitude shown in Fig. 14he maximum am-
plitude of forced oscillation is obtained for z um. The
next step ofesearch is to analyze the drilling procin
terms of chip fragmentation.

5. CONCLUSIONS

Vibrating drilling represents a solution for drillir
holes with high productivity and suppreon of retreat
cycles. Using the axial forced vibrat, this technique

decreases amplitude dbrce: and determines optimal
chip fragmentation.

This paper presents arxperimental approach de-
signed to assess the dynamic characteristics oflmgl
system with forced vibrations.

Highlighting of the dynamic characteristic of tl
drilling system was carried out using an experirak
setup havingeveral measurement de\s for: vibration
on three directions, speed, relative displacemamis
forces.

The study allowed the identification of naturae-
quencies and determination of dynamic param, stiff-
ness, damping and mass.

These parameters serfog their further integration in
the dynamic model which will be develop:
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