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ABSTRACT

This paper addresses the effects of bonds and grains of abrasive tools on the edge aspect of ground glass
surface, Diamoend grains and silicon carbide (5iC) grains combined with two bend types, Le., resin and
metal, were considered for this study. The surface edge characteristics were characterized using scanning
electren microscope (SEM) and interferometer observations. In particular, the spectrum of arithmeric
mean was investigated for distinguishing the different scales of analysis. Experimental results showed
thatthe grinding forces vary sensitively with bond type and wheel velacity. Using diamand grains' wheel,
itwas found that roughness level obtained with metallic bond is loweer than that obtained with resin bond.
However, using a resin-bonded wheel, two mechanisms of material removal were revealed acoording o
grains' type. (i} A partial ductile regime, i.e., ductile streaks and brittle fracture, obtained with diamond
grains, and (i) a fully ductile regime obtained with 5iC grains, Thus, it was found that ground surface
obtained using 5iC grains' wheel has a better roughness than that obtained using diamond grains wheel.
Besides, SiC grains seem to lead o more marked streaks and form defecrs.

1. Introduction

Mowadays, abrasion removal process in manufacturing brit-
tle materials is still badly known. For example, the interaction
between the abrasive multi-grains and the job surface in grinding is
acomplex process, The process is complicated, imone hand, by the
random nature of the abrasive grains in their shape and geometri-
cal arrangement and, in other hand, by the nature of the material,
i.e., brittle material,

For several years, many investigations (Fielden and Rubenstein,
1969; Vaidyanathan and Finnie, 1972; Mairlot, 1972) underlined
the possibility of material flow under cerlain conditions when
grinding glass. Bowden and Hughes (1937) and Bowden and Scott
{1958) found that material flow occurs when the temperature at
surface reaches the softening threshold of the glasses. In addition,
Bridgman and Simon (1953 showed that glasses might flow even
at room temperature when high hydrostatic stresses were applied.
The glass behavior was further understood through the analysis
of damage of surface finish. Generally, brittle fracture at surface
generates severe sub-surface damage and poor surface finish as
reported by Sun el al. (2006). However, under good comnditions,
better surface finish with ductile streaks can be obtained on brit-
tle materials (Zhong, 2003). It was reported in a previous work
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(Demirci et al., 2008) that damage vanied sensitively with process-
ing parameters, i.e, wheel velocities, feed rate and depth of cut,
It might occur under three different regimes. (i) At relatively low
velocities, a first partial ductile regime in which cutfing action was
accompanied by chip formation takes place generally. {ii) Fragmen-
fation regime, however, takes ace at intermediate velocity values,
and finally, (iii) a second partial ductile regime, characterized by
Moughing action with displaced maierial, can also be reached Tor
relatively high velocities. It is worth o note that these findings were
ubLained for a single bype of wheel. The characteristics ol processed
surface should markedly evolve with the nature of grains and bond
ol the wheel.

Generally, the bond plays 2 very impoertant role, as il is respon-
sible for retaining the rigid inclusions against pull-out mechanisms
(Malkin, 1989). Surface finish performances and the obtained flow
are linked with nature (Desmars and Margerand, 1994) and, of
course, with the wear of bond (Venkatesh et al., 2005). In grind-
ing, many differences in surface characreristics were underlined
between the resin bond and the metallic bond. Resin is a solt bond
that offers better quality of surface finish, For similar diamond grits'
size, surface roughness produced by a bronze-bonded ool is higher
than the one produced by resin-bomded tool, However, wear of
resin-bonded stones generally appears faster. This can decrease
efficicncy of the wheel as mentioned by Tong et al, (2006), 1t was
found that ductile streaks at ground surface are found more when
resin bond is used than when metal bond is used (Venkatesh et al,
2005; Desmars and Margerand, 1594,



[bensity, repartition, shape, nature and wear type of grains influ-
ence the grinding varisbles and quality of surface finish. Huerta
(1974} investigated the evolution of force components and specific
energy under different working parameters. He showed that it is
easier to ohtain viscous flow with silicon carbide grains than with
diamond grains, Further, he evoked that grinding energy produced
is more important using SiC grits’ stone rather than using diamond
one. Moreowver, during grinding. grains” damage should aflect the
surface state. The quality of ground swrface, Le. roughness, was cor-
related with the wear of abrasive grains. In this context, Luo et al.
(2006) investigated the characteristics and the wear modes of the
diamond grits in the cut-off grinding glass using thin wheel, From
their experimental findings, they showed that the major wear pro-
cess ol diamond particles observed Tor lower velocity Tollows three
consecutive mechamismes: (i) protrusive, (0] partial breakage, and
(iil) pulled-out. These mechanisms result in a freer cutting ability,
a better grinding ratio, and a better straightness of cut. However,
using alumina abrasive grains, Belkhir et al, (2007) found changes
in the characteristics of the grains are due o the edge rounding
caused by wear and changes in the edge angles are caused by frac-
ture. In their work, Takahashi and Funkenbusch (2000) checked
bronze-bonded wheel composed of diamond grains for three glass
types with distinct grinding behavior, They showed that the specific
energy of processing increases rapidly with abrasive grains” dam
age and declines the strong dependency of grinding performance
o hoth the process conditions and the glass type.

In this study, the influence of tool's struclure is investigated.
Indbeed, the glass ground joints for two Ly pes of bonds and two ypes
of grains were investigated under different working conditions. In
particular, microscopic observations and multi-scale analysis were
used to characterize the surface finish and to identify the different
abyasion regimes,

2 Experimental proceduore
2 1. Grinding devices: tools' propenties and process variables

All the grinding experiments of glass were performed on CNC
(Computer Mumerically Controlled) machine (VECS00 MIKRON)L A
dynamometric cell (Kistler device], relied to the acquisition system
and fixed under the glass specimen that was supplied in rectan-
gular box shape of size 400 mm » 100mm = 10 mm, was used for
recording the normal (F;) and tangential (F) force components,
The grinding operation has been carried eut on enly ene edge of
the specimen. Fig. 13 shows a schematic illustration of the wheel
and specimen configuration. A power cell is also available to record
the active power during the grinding operation. The machine is
equipped with a tank and a pump to inject the cotting liguid in the
grinding zone.

A specified system installed on the tools ensures 3 sustained
cooling. This system follows the path of grinding. The Nuid vsed s
wiler whose speed s similar to that of wheels. The working param-
eters during the grinding of glass are as follows: wheel velocity (v, ),
workpiece velocity (v} and the depth of cut {mp) as illustrated in
Fig. 1a. The analysis will be limited to soda-lime-silica glass ( float
lass),

In this study, the influence of the wheel taol strecture (ype
of grains and material of bomnd) on grinding mechanisms, mate-
rial removal, and surface finish was investigated. Three different
wheel types with 100 mm diameter were considered; (1) diamond
wheel with metal bond {diamond- M) and regular grains with plane
faces, (i} diamend wheel with resin bend (diamend-R) and irreg-
ular grains with acute angle, and (i) silicon carbide wheel with
resin bond (5iC-R) and irregular grains with acute angle. Fig. Tb-d
shows examples of shape of diamond and silicon carbide grains,

The grains of the wheel used here have similar morphology than
those shown in Fig. 1 whereas they have smaller size. These wheels
with R grade were supplied by Asahi Diamond Industrial Europe
5.AS. The grit size of diamond and 5iCis 46 pm, which cormesponds
to FEPA 46, The concentration of grain in each wheel was 3100 par
ticles per mm?, Mareover, resin-bonded diamonds were coared by
a fine layer of nickel. The thickness of the grinding wheel is 10 mm.
Al characteristics of these three wheel tools ane listed in Tabde 1.

Each af the wheels was initially dressed using single-point dia-
mond tool. Before starting the acquisition of data, wheels were
tested and “runned-in” on glass samples. During the experiments,
semi-finished configuration has been used, The manufacturer used
wheel velocities ranging between 15 and 35ms ', workpiece
wedocities between 1 and Smmin ' and maximum depth of cot of
0.5 mum. Howewer, this depth must be larger than the grains’ diam-
cter. The wheels were not re-trued and re-dressed after cach tese
wihereas they were re-trued and re-dressed by the wendor after
each series of tests. However, in this study, the focus is not on the
investigatien of the wear mechanisms but an the glass surface.

Mine velacities were used for diamond-M wheel, Six velocities
were usedl Tor diamond-R and 5iC-R. The CNC machine is imited o
25 mmin . The depth of cut must be loweer than 0.5 mm but larger
than the grain’s diameter, In addition, Huerta (1974) showed that,
in general, the increase in the depth of cut (a,) by a factor six does
not produce noticeable differences in resulting surface morphology
wihen grinding with diamond wheel, For these reasons, only one
walue of depth of cut was used, ie, 0.1 min of material was removed
Trovim the glass test-picoe Tor each wheel. All the parameters values
are listed in Table 2. Each test was repeated 5 nimes.,

22 Multi-scale surfioce analysis

The conventional approach leading to a simple value of anith-
metic roughness (Rg 1 ina limited band of wavelength is not enough
for characterizing precisely the surface lnish ol the glass edge
acquired after grinding. This is because the topography of the sur-
face is changed on a broad band of wavelength, A wavelet-hased
method using Mexican hat wavelet is developed to analyze the
multi-scale feature of the finished ground glass surfaces’ texture
(Fielden and Rubenstein, 1968), This multi-scale surface analysis
method was summarized here. An extensive description of this
approach is available in open literature {Lee et al, 1998).

The methodology consists of the decomposition of the surface
data sets into different components at each scale from ronghness
to waviness (Zahooani et al,, 2001 ). This decomposition uses con
ninuers wiavelet transform which can be viewed as a mathemartical
microscope, wherne the resolutions are the basic functions oblained
froim a single wavelet or mother wavelet $¥(xy) by dilation (or
compression) and translation (Zahouani et al, 2008). The surface
topography components pass through a filter bank composed of
a set of contracting wavelets, The 20 wavelet transform of a 20
surface topography fxey) can be defined as follows:
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wihiere ag and gy ane the contraction coeflicients with respect (o the
x-axis and y-axis, respectively. by and By are the ranslation coeffi-
cients with respect to x-axis and y-axis, respectively. It is worth o
nite that the term 1/ 850, is required to conserve energy across
srales for the two-dimensional wavelets,

The surface topography is analyzed at various locations by
Mextican hat wavelets of various dilatations. The two-dimensional
Mextican hat wiavelel specilied on (xy) covrdinate system is given
by the following form:
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Fig. 1. Illustraticns of (a) grimding parameters and micrographes of (B regular diamond graies, (o) iregular diamond grains and {d) 5iC grains.

Table1

Characteristics of whisds used for experiments.
wiheel rype Specifications Grain type Grain size {jum) Bcand Typee
Driamacnd -4 DT ARG 5847 Dl Ab Cepper alloy
Diamond-R DIEAGRGLSETE Darmend A6 Hedan
SIC-R CARBOMGRELSETE Silicon carbide ke Resin

The coordinate vector rix,y) specifies two spatial coordinares,
Thus, one useful properiy of the wavelet transform, when using
continuons wavelets such as Mexican hat, is its ability o produce
simultaneously a good local matching af the topographical sig-
nal features in the space and frequency domains, The scabe *a” is
therefore inversely proportional to all its characteristic frequencies,
The methodology is to extract each scale by inverse wavelet trans
form, and to quantify the arithmetic mean value for each scale, The
shjective is to defermine the spectrum of arithmeric mean (5Ma)
value from the scales of waviness o roughness (£ahouvani et al,
2008]).

In this study, surface topography of the glass edge was car-
ried gur by a three-dimensional white-light interferometer [WYKD
NT 3300). The surface was sampled in 320 = 1546 points with a
1.E8 pm step scale in the x-direction and in the y-direction, which
correspond to a surface of 1.24 mm = & mm.

1. Results and discussion
1.1 Influence of nature of bond

The influence of the nature of bond on surface edges finish-
ing was shudied. Two wheels with different bonds were used
fer experimental tests: a diamend grain/metallic-bonded wheel
(diamend-M) and, a diamond grain/resin-bonded wheel (diamond-
R The charactenstics of the two wheel types are reported in
Tabde 1. The reason for enlightening the influence of bond stilfness,

specific energy, force components, and surface finishing state were
analyzed.

11.1. Specific energy evolution

A fundamental parameter for characterizing the grinding pro
cess i the specific energy, which is defined as the enengy consumed
per unit volume of material removed, The specific grinding energy
defines the mechanisms of releasing of a glass valume fraction from
the operated specimen, The evolution of specific energy with wheel
velocitics was studied for the two wheels considered. The plots
of energy given in Fig. 2 were deduced from the power measured
during grinding operation.

As can be seen, for diamond-M wheel, the specific energy still
remains relatively low (e ] min ) up o 21 ms ! after which
it increases shargly to reach 15 ) man®, From 22w 30ms-', the
specific energy remains almost constant. Beyond the velocity of
Thms L, ir falls by a factor of % to reach approximately 5] mm 3,
This evolution shows three differe nt energy regimes as explained in
a previcds work (Demired et al, 2008}, Using the diamond-R wheel,
specilic energy remains relatively low for the velocities” range. It

Tahle 2

Crinding paramseters used For e dillerent wiseels,
wheel type v (mis) v (mimm) g (mm)
Diamand-s 18, 20, 21, 22, 25, 27, 30, 35, 40 1 (18]
Diamond-§ 18, 20,22, 25, 37, 30 1 L8]
SiC-R 18, 20,22, 25, 37, 30 1 L8]
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Fig. 2. Specific energy ws. wheel welocities.

increases slightly in linear manner between 4 and 7 ) mm-—2. For
this wheel, there is no transition zone, Beyond 30m s, the resin of
diamond-R wheel burns and this prevented in carmying out exper
iments at high velocity values.

112 Grnding forces

The evalution of the force with the wheel velocities has been
studied for the two wheels used, The plots of both, the tangential
and the normal components are given in Fige 3. As observed for
specific energy, the forces components recorded for diamond-M
wheel show three different zones, These different zones correspond
to the three energy regimes explained above, The forces compao
nents obtained using diamond-M increase quickly beyond 21 ms !
and then, it starts to fall slightly until a velocity of 30ms 1, After
that, it drops o reach values close o those obtained in regime |
where velocity is relatively low. However, the normal and tangen-
tial forces seem to stagnate at 41 and BM, respectively, when the
resin-bonded wheel is nsed.

The fact that there is no transition observed in specific energy
and ferce companents in the data obtained with diamond-R wheel,
implies that there is only one matenal removal regime when grind-
ing the glass. Inorder to support this inding. SEM observations and
multi-scale analysis were performed for characterizing the material
removal mechanisms, Microscopic inspections were used o exam
ine the damage on the ground surface, However, the different scales
aof the surface signature, Le.. roughness, waviness corresponding to
streak generation, and form defect, were investigated by using the
second technigue of analysis,

1 1.3 Material removal mechamisms: domege

Ground surfaces obtained with both the diamond-RE and the
diamond-M wheels were characterized for the different regimes,
Only one velocity was considered per regime. SEM micrographs
corresponding to each regime are presented in Fig, 4. Micrographs
abtained using diamond-R were compared e those reported in the
previous work { Demirc et al., 2008]. In comgparison, focus is essen-
tially put on damage generated by material removal mechanisms,

Firstly, it can be seen that the surfaces finished by diamond-R
wheel exhibit similar aspects and this implies that the mecha
nism of material remaoval i insensitive to the velocity, From the
micrographs of Fig. 4a-c, it appears that there exists a plough-
ing phenomenon for the three cases caused by a double action af
wheel motion, A first action, dealing with brittle phase, occurs as
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soon as the wheel comes inte contact with the glass sarface, A
the first stage, multiple microcracks would initiate rapidly from the
sharp sones ol wheel grains, which is typical to abrasion operations
[Swiain, 1979}, A second action taking place once cracks initiated at
the contact of wheel grains, consists in pushing over the material
in such a manner to disappear the sharp peaks ar ground surface,
It results in a combinatien of a brittle mechanisms and a ducrile
mechanism, which is kiown as partial ductile regimie.

As can be seen in Figo 4d and e (partial doctile regime)
[fragmentation regime), the ground surfaces obtained with the
metallic-bonded wheel are quite different from those obtained
with resin-bonded wheel at identical velocities, However, Fig, 4f
shows an aspect much mare similar to the aspect of ground surfaces
using diamond-B wheel, This, it can be underlined that material
removed by resin-bonded wheel corresponds (o a partial doctile
regime.

The presence of unique regime in resin-bonded grinding may be
explained by row mechanisms. In one hand, the wear mechanism
acts mich mare markedly an resin band than en metallic bend and
thus leading to different kinetics of regeneration of active grains,
This means that during the test time, grains in contact with jobsur-
Face hawve a shape very close (o that of new grains, Inanother hand,



i 4 S0 micressraphe of grousd serfces obaained for wheel used, Dimond-&: (a) w,
(edey — 25ms " and, (M e, - 40ms ",

the temperature growth simultaneously acts on the wear mecha

nisms in such a manner so as o enhance the regeneration of grains'
layer by softening the resin through heat effects. This leads to a high
wieal rate through mechanical wear of the bond around the grains.

314, Surface finish characterization

Fig. 5 shows the 5Ma spectrum on various scales for dilferent
welocities and the two wheels used. Three different zones corre-
sponding to the different features scales were distinguished.

The right zone is associated to high frequencies and corresponds
to roughness scale, The ceniral zone is related to the waviness scale,
wihich is defined here as the amplitude of sireaks. Finally, the left
zone results i the Torm defects induced by the grinding wheel.

For the ground surfaces obtained using resin-bonded, the wavi-
ness zone does not exhibit peak, thus proving the absence of streaks,
as was observed in SEM micrographs, Nevertheless, high peaks
in the waviness zone were observed in ground surfaces obiained
using mefallic-bonded wheel, This cornesponds to streaks lecalized
on g scale of OBS mm. The absence of streaks does not mean that
the damage regime is only brittle; howeser, it indicates that there

1eme ikle - Ema " and, (c)sy

Mrms ", Diamond-M [9): (d] e~ 1Ems T,

are no ploweghing mechanisms, The presence of displaced mate
rial, as described in previous section, justifies the partial ductile
mode. These indings are well consistent with the observations of
Venkatesh et al. {2005

For the diamond -R, the roughness measured for both the velocs-
ries of 18 and 30ms -1 is approximarely the same, $8a still remains
relatively constant abour a mean valoe of 0,15 wm. This value of
5Ma coincides closely with the ene obtained using diamond-M at
0ms 1, However, at 18 and 40ms !, the SMa value measured
al diamond-M ground surfaces vanes between 0015 and 03 pm.
Thus, SMa discrepancy is shown to be lower on ground surface
using diamond- R wheel, which implics that the roughness obtained
on glass surface with diamond-R wheel is better than the one
acquired using diamand-M., The absence of peaks abserved on SMa
of diamond-& ground surface lies to the absence of form defects,

312 Influence of grains

The influence of grain’s nature on grinding of glass was investi-
pated using resin-bonded wheel, Besulis oblained during grinding
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with diamond grains were confronted to those ebtained from the
grinding of the same glass with silicon carbide grains. In particular,
material removal was discussed through damage inspections and
scdles were accordingly detailed by $Ma analysis.

321, Specific energy evolution

The specific energy was evaluated from the power mea-
sured during the experiments carried oot using 5iC-R wheel and
diamond-R wheel. The evolution of the energy with the wheel
velocity is given in Fig. 6. As illusitated, the specific energy in
the twio cases remains nearly constant when the wheel velocity
increases, However, the energy obrained with SiC grains wheel
{24 | mum) is approximately four mes higher than the energy
obtained with diamond grains wheel (6] mm-*). The wide dis-
crepancy between the two curves is fundamentally cxplained by a
difference in terms of material remaval mechanisms, The stability
observed in energy should prove, one more fime, that there exists
only one regime of removal material,

122 Grnding forces

The evalution of the force with the wheel velociiy was studied
Tor the two considered grains types. The plots of both, the tangential
and the normal components given in Fig. 7, are relatively constant
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wihen the wheel velociny increases, Besides, a marked discrepancy
between the two curves was observed. Normal force recorded for
5iC grains wheel reaches BON, while the one recorded Tor diamond
grains wheel exceeds slightly the half of that value. Althoungh fluc-
mations appeared higher for 5iC grain®s tool, their level did nor
exceed 10,

Smilarly, the tangential force engendened by diamond grains’
tool does not exhibit marked variation with the welocity and
remains relatively constant as seen for nommal components. On
contrary, 5iC grains wheel seems to act in such a manner to decrease
the tangential force by about 1.4 times lower when the velocity
increases by a factor of about 1.66, Therefore, the force generated
by the S9C wiheel is higher than the one generated by the diamond
one whatever the velocity value, The maximum ratio between the
Iwo curves of tangential lorce obtained reaches approximately 4.

These results are in good concordance with those of Huerta
[1974), who found that the grinding forces obtained with SiC grains'
tools are approximately one order of magnitude higher than those
obtained using diamond grains’ teols,

The deviation in force level obtained by SiC grains’ ool and dia-
mond grains” tool allows to conclude that the nature of regime is
eventually dilferent. As the bond s the same, only the nature of



P & SEM micrographs obtained for e, - 25ms ", (a) Glass grousd surfaces using diamond grains wheel. (b) Glass ground surfaces using SiC grains wheel

grains can explain an eventual difference in the regime nature, The
fraciure toughness of silicon carbide is lower when compared o
tharof diamends, making it very susceptilde of cracking and there-
fore leading to the Tormation of sharp grains. These sharp grains
allow the Aow unlike diamonds grains, which tend to become Blunt
and contribute to the appearance of cracks (Chiang et al., 1982). This
could be revealed through the analysis of surfaces finish,

1.2.3. Materim! remowsl mecharisms: damage

SEM micrographs of ground surfaces abrained by means of dia
maond grains” teol and silicon carbide grains were investiganed ar
least for 25ms ' in order 1o characterize the material removal
mechanisms. Fig. Ba shows the surface aspect Tollowing grinding
using diamond grains wheel

In spite of the appearing of facets as a consequence of brirtle
fracture, the micrograph exhibits traces that prove the existence of
an eventual material fow, This shoubd result in the partial ductile
regime with displaced material as previously discussed.

The surface aspect obained using silicon carbide grains tool,
given in Fig. 8b, seems o be quite different from the diamond
grains’ ground surface, The 5iC grains' tool leads to more marked
streaks, which prove that material was removed according to a duc
iile mechanism, Besides, the absence of facets indicates that brictle
fraciure is unlikely. Thus, material remaved by means of silicen
carbide tool was reflected by a ductile regime characterized by an
extensive plastic flow and sparsely brittle damage; the level of brit-
the damage is reduced in 5iC-ground samples. These interpretations
were supported by the nature of surface aspect, which is shown in
the enlarged view of Fig, 8b.

124, Surface finish charactenizarion

Fig. 9 shows the 5Ma spectrum ballt following the grinding of
surfaces using the two resin-bonded wheels. In particular, surfaces
obitined at 18 ane 30ms-1, were examined.

At roughness scale (right zone), the SMa plots seem o be con
stant with a mean value of 015 jm for the SiC grains wheel, and
about 0,18 pom for the diamond grains wheel. The surfaces obiained
wilh silicon carbide grains” tool have a slightly better rooghness
than those obtained with diamond grains' tool.

In waviness scale, the surfaces obtained with 5iC grains wheel
exhibit peaks with marked intensity, whereas one of the peaks
of gronnd surfaces using diamond grains wheel is ohserved much
lowier, The presence of the peak justifies the material flow (plough-
ing) due to a ductile regime. On contrary, a low peak value as seen
with diamond grains should prove the presence of low ploughing
amplitude results in a partial doctile regime.
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It wias also inferesting to point out that the form defects are
more pronounced when sufaces are achieved with silicon carbide
grains” tool {peak in shape scale) than those ground with diamond
grains’ tool,

Analysis of specific energy confirms the difference in regimes,
The energy spent when grinding with silicon carbide grains' tool is
higher than the ope generated during grinding by diamond grains
wheels. An extensive low should reguoire o large enengy (Huerta,
1974). As observed here, the roughness of glass surfaces obtained
with silicon carbide grains is better than that obtained with dia-
maond grains, This is in good agreement with literature findings that
(Browm et al, 1989) indicated thar the fragile regime is generally
characterized by a higher reughness unlike fo ductile regime that
resulls in lower roughness.

4. Conclusions

This work attempis to study the influence of bonds and grains
typeof abrasive tools during glass grinding. For these reasons, three
different wheels are used. The following concluding remarks can be
underlined;

= Firstly, resin bond and metallic bond were used in diamond
grains’ tools to mvestigate the variation of the surface finish
aspect with the nature of the bond. As reported in a previous
work, metallic bond encompassing diamond grains' tool, which
has lead to three varions regimes of material removal, can be
easily distinguished through the variation of grinding energy
when velecity increases, On contrary, a single regime associated
with partial ductile material removal mechanisms was identi-
lied when glass swrface was ground using diamond grains tool
consisting of a resin bond.,

Secondly, the influence of the abrasive grains' nature is investi
gated while only one bond type, e, resin bond, is considered,
Surface achieved by diamond grains” tool and silicen carbide tool
are compared with another. The analysis of ground specimens
showed that there exists a dilference in material removal mech-
anisms bebween the silicon carbide grains’ finish surface and the
diamond grains’ finish surface. Ductile regime obtained with SiC
grains' tool seems to result in a doctile flow while diamond grains’
ool seems to result in a partial ductile fow combined with dis-
placed material.
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