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THE EFFECT OF THE VELOCITY OF ROTATION
IN THE VIBRO-GRINDING PROCESS ON THE SURFACE STATE
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This paper considers one of the surface mechaattd@ion treatment processes, namely
the vibro-grinding technique. It is based on cagisuoperficial plastic deformation to the
surface of the treated part by bombarding it wittingtar flexible particles. This process is
useful and reliable when high surface quality isuresd. The present work focuses on the
effect of velocity on the outcomes of the centrglugptational process. Two aspects are
considered, precisely, the surface roughness arthitiness after treatment. Both the ma-
thematical model and obtained experimental resldtaonstrate the dependence of these
two aspects on the speed of the chamber rotatioile\iHis later has a beneficial effect on
the hardness it affects negatively the surfacehnass.
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With the continuous advances in industry comesedl fier highly complex parts
as well as precision. Surface roughness and préaisences are hard to achieve in
complex and small parts, therefore, new processiathods are developed and imple-
mented continuously. One of these techniques isthiace mechanical attrition treat-
ment process by vibro-grinding using granular tiéiparticles. In recent years the
technique has been increasingly used in varioussiniés because of its ability to treat
different surfaces, which allows its use on paftdifferent shapes and sizes. In addi-
tion it provides a high quality surface finish.

The treatment is based on causing plastic defoomadt a thin surface layer by
bombarding it with granular flexible particles. Cpaned to other methods of surface
treatment, this method has many advantages: iepres the integrity of the fibbers
and forms a fine-grained structure in the surfaged (a thin superficial layer). Further,
it does not cause any thermally induced defectséhefiering uniform (stable) surfaces.

The work conducted for this paper focuses on thecefof the treatment
frequency on the outcome, namely on the roughnedshardness of the processed
piece. The vibration frequency affects directly tredocity of all the particles in the
treatment chamber, which in turn affects the imgawrgy hence changing the final
state of the treated surface. The first aspectidered is the roughness which is quan-
tified through its average. A mathematical formigiatrelating the average roughness
to the speed of rotation is presented [1-3] folldvey a set of experimental results to
validate the analysis. The second aspect is tleetedf the rotation speed on the hard-
ness of the treated piece which is quantified thhothe depth of the hardened layer as
presented in [4, 5].

Vibro-grinding mechanisms. The mechanism involves bombarding the surface
of a processed piece by small particles. The aitheoprocess is to deform the asperities

Corresponding author: HAMOUDA K, e-mail: hamoudakhaled_2000@yahoo.fr

67



of the treated surface hence reducing its roughriassher, this process introduces
plastic deformation to the surface increasing @éxlhess.

The process can be achieved using different metteatsh of these methods has
its particular uses, advantages and disadvantiiggs. we are considering two major
mechanisms which are the vibrating hardening po¢¥$iP) and the Centrifugal
rotating process (CRP).

The particles that can be used could be of diffeseapes and sizes and made of
different materials. The specific characteristios éach treatment are determined by
the nature of the treated piece and the desireshog.

The vibro-grinding process (VGP). The processed part is placed in a treatment
chamber filled with particles (see Fig. 1) [1]. Toleamber is made to vibrate which
causes its content to move in all directions caysiicro-impacts (collisions and sli-
ding) of the particles and the surface of the pgeed pieces. The schematic of vibra-
tory process is illustrated in Fig. 1.

Fig. 1. A schematic of the VGP machine:
1 — treatment chambe2;— spring;
3 — actuator (vibratory — base;
5 — pipes for chemical additives and water;
6 — pump;7 — tank.

The work-pieces can be either attached to the wbiekmber or free to move
inside it. During the process the content of thensber rotates inside it under the effect
of its vibration. This rotation ensures a uniforreatment to the treated pieces.
Otherwise the pieces placed at the bottom of tleentter would receive more impacts
than the ones at the top.

The chamber is supplied with a liquid that servedath lubricant and coolant
either periodically or continuously.

VGP is a widely used process thanks to its abtlitytreat pieces of complex
shapes and small sizes. Further, many pieces camrdied at once thus saving time
and reducing cost.

Centrifugal-rotational process (CRP). The treatment chambdr is made of a
fixed bottomless cylinder and a rotating
plate 2. During treatment the bottom plate
is subject to a rotary motion around a ver-
tical axis (Fig. 2). The centrifugal forces
push the content of the chamber against its
walls [3].

The CRP is a high intensity process
in comparison to the VHP which makes
the treatments faster. The equipment is
fairly simple and easy to make. The pro-
cess also offers the possibility of proces-
sing different parts simultaneously.

Theoretical modelling. The surface

Fig. 2. Centrifugal rotary machine diagram: foughness change in a CRP depends on the
1 — treatment chambe2;— rotating plate; ~ Mechanical properties of the grinding par-
3 — granulated filler4 — treated details.  ticles, the rotational velocity of the ma-

chine, the loading volume of the treatment
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chamber, the mechanical properties of the treatadnml including its initial rough-
ness and other factors. In this section two moge#ntifying the change in roughness
and hardness are presented.

Roughness evaluation. The surface roughness of a piece that underwent th

treatment is a result of the traces left by thdiglas that hit the surface. These traces
are elliptic with different depths and radii. Thepth of the impact of a single particle

hmax can be defined as:
. Pp
h,., =2« Rsina , 1
max — “Hef \3KCas @

whereVg; is the effective speed of the particle (which dejseon the type of the pro-
cess)Ris the particle radiugy is the impact angle on the work-piece surfaggés the
density of the particle materiaks is an empirical factor related to the work-piece
roughnessg is the friction coefficient of the treated surfacgis the elasticity limit of
the work-piece material [1-3].

The effective speed can be calculated in the cbfeCRP method as follows:

Vert =Ven Ky,

whereVy, is the chamber velocity,, = w, with w — the chamber angulag, is the
velocity reduction coefficient.

K, =a- =0.987%,
whereL is the distance between the axis of rotation hadarticle.

The area of particle impact on the wok-piece serfakes an elliptic form due to
the angle of impact. The radii of said elligsanda can be determined by:

b=\RZ +(R-hum)? and a:g(ctga—f)hmax+b, )

wheref is the coefficient of friction between a partided the surface of the work-
piece andx is the impact angle [4].

The repeated impact of the particles on the woecg@isurface leaves different
traces. The microstructure of the treated surfaeeresult of the intersections of indivi-
dual traces left by the particles. Therefore thealdshed roughness of the treated
surface is a function of the dimensions of theseds. Hence the finest achievable
roughness i.e. the average established roughnedseadefined by:

I:‘)ae = KR vV hmaxablu / R2 ' (3)

wherel, is the length of the measured ar&g;is an empirical factor related to the
initial roughness, in this cagg = 0.006 [5].

As noted in paper [6], the surface roughness deeggsnentially with respect to
the processing time and therefore can be expréssed

Ry = (Ryi — Rae)e ™' + Ry, 4)

where Ry is the mean value of the initial roughnegg;is the rate of roughness
reduction;t is the processing tim&is the established average roughness.
The time necessary to achieve a set roughnessecabtained from equation (4)

as follows
~ LB Re (5)
ku Raj - Rae

tf:

whereRyis the desired roughness.
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Hardness evaluation. In addition to the surface roughness improvemtiet,vib-
ro-abrasion treatment increases the hardness dfgbted surfaces. Since increasing
the hardness improves the mechanical propertidsedfeated piece (e.g. fatigue resis-
tance) some vibro-abrasion treatments are cartietbothis particular purpose.

The depth of the hardened layer from this treatroantbe defined mathematical-
ly based on the theories of elasticity and plasti@, 7]. Following the work presented
in [7, 8], it can be calculated as follows,

h, = 3k«/ab (6)
wherek is a factor that depends on the material hardecivagacteristicsa andb are
the radii of the contact ellipse. The hardnesstdumpact is calculated by [10]:

e=+ab/R. (7)

Experimental procedure. A series of experiments was conducted to verigy th
theoretical predictions. The specimens used far $hidy where cylindrical of 16 mm
diameter made of a steel alloy (E24). Each speciwansubmitted to a vibro-grinding
treatment in a commercial circular vibrator of tyBeni CIRILLO for a period of
60 min. The angular speed was varied for eachniesait

The grinding particles are of spherical shapes withean diameter of 12 mm and
made of ceramics (their mechanical properties). dif@mnical additive used as a lubri-
cant and a polishing agent is a Lauryl-ether-sutfpbkalution.

Once the series of treatments is completed, thghrmess of the specimens was
measured prior and posterior to each treatmenguwssurface roughness.

In addition to the surface roughness measuremBoitskwell hardness tests were
carried out on the specimens before and aftemtesas.

Comparison of theoretical and experimental studies. The numerical model.

A numerical stochastic model was created to estirtta¢ roughness and the hardness
of the specimen after treatment.

The particles are assumed to be spherical withrenalty distributedN (5 mm,
10%) diameter. Their initial positions are unifoyndlistributed in cylindrical coordina-
tes R a, H) . The positions are then transformed into Caatesbordinates.

The treated piece is assumed to be fixed in aesipgsition in the chamber. The
impact angle of each particle on its surface is almulated through a random function.
The final result is the accumulation of the effetindividual impacts of each particle.

The experimental results. Comparison between the theoretical and experimental
values of the relation between the surface roughaed the angular speed of the rotor,
the theoretical model shows that the roughnesse&sess proportionally with the
angular speed of the rotor is given in Fig. The experimental results demonstrate a
good agreement with the theoretical expectations.
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Fig. 3. Roughness of the surfaeg &nd depth of the hardened laye) (
vs. the rotor angular speesl— experimental values:- — theoretical values.
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Fig. 3 presents comparison between the theoretical apdriexental values of
the relation between the hardened layer deypith the angular speed of the rotir
seems the hardening increases proportionally viséhspeed of the rotor. The graph
shows a good agreement between the experiment#tsrasd theoretical expectations.

CONCLUSION

With the aim of analysing the effect of the spe&the process on vibro-grinded
surfaces, a numerical model was introduced. Theelrgltbws that the surface rough-
ness after the treatment is directly related tosipeed of the particles that bombard it.
The velocity of these particles is controlled bgithposition in the chamber and the
angular speed of the chamber. Since the positidheoparticles is random and the user
has no control over it, the only control paraméterin fact, the angular speed of the
chamber.

Increasing the speed of the particles increasesiteeof the impact wells thus
increasing the roughness and the depth of the haddiyer. While the increased
roughness is an undesired outcome, increasing @nénéss is a desirable feature.
Therefore, the optimum speed is a compromise bettreese two aspects. It should be
low enough to reduce the roughness and high entauiglerease to hardness.

PE3IOME. Po3risHyTO METOJ MeXaHiuHOoi oOpoOku moBepxHi BiOpouutidpyBaHHAM. Bin
0a3yeTbcs Ha HErnmMOOKIH TIacTUYHIN edopmaliii moBepxHi 00pOOIIIOBAaHOT AeTai, CIIPUYHHE-
1010 OTPUMAaHHS TOBEPXHI BUCOKOT SIKOCTI. AKILIEHT 3p00JIeHO Ha BIUIMB MIBUIKOCTI OOEpTaHHS
HeHTPU(YTH Ha pe3ysbTaTi 00poOKu. Posrisnany mopcTKicTh NOBEpXHi Ta ii TBEpAICTh micis
00pobneHHs. MaremMaTnyHa MOJENb Ta OTPUMaHi €KCIEPUMEHTAIIbHI Pe3yJIbTaTH JIEMOHCTPY-
FOTh 3QJISKHICTh IIUX JIBOX ACHEKTIB BiJl IIBUAKOCTI 00epTaHHS KaMepH. 3pOCTaHHS LIBHJIKOCTI
MO3UTUBHO BILIUBA€E HA TBEPJICTh, OJJHAK HETATHBHO HA IIOPCTKICTh MOBEPXHIi.

PE3IOME. PaccMOTpeH METOJI MEXaHM4ecKoi 00paboTku IMoBepXHOCTU BUOpouudoBa-
HueM. OH 0a3upyeTcs Ha HEryOOKO# TIacTHYecKOo# nedopMaluy IOBEPXHOCTH oOpabaThiBac-
MO¥i ieTai, BEI3BaHHOM ee 60MOapIPOBKOH IPaHyIMPOBAHHEIME YIPYTMMH YaCTHIAMH. JTOT
nporiecc ABisieTcs YQGEKTHBHBIM IS TTOIYYCHHUS TIOBEPXHOCTH BBICOKOTO KauecTBa. AKIECHT
ClIeTIaH Ha BIMSHHUE CKOPOCTH BpalleHHs [EHTPH(YTU Ha pPe3ynbTaThl 00padoTku. PaccMarpusa-
JIM IIIepOX0BATOCTh MIOBEPXHOCTH U €€ TBEPJOCTh Mocie 00paboTku. MaremMaTndeckast MOIENb U
MOJTy4eHHBIC IKCIIEPUMEHTAIBHEIC PE3yIbTaThl JEMOHCTPHPYIOT 3aBUCUMOCTb 3THX JABYX aCICK-
TOB OT CKOPOCTH BpAIIEHHUS] KaMephl. YBEIMIEeHHE CKOPOCTH IMOJOKHUTEIPHO BIHACT HAa TBEP-
JOCTb, OIHAKO HETaTUBHO HA LIEPOXOBATOCTb NOBEPXHOCTH.
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