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Abstract: The technical and industrial development led to #ppearence of new materials, with
higher properties, which can replace in certain maghe conventional materials. Among these new
materials, technical ceramics also belong to. Cacanare generally hard processing materials by
conventional processes. Physical and mechanicabgnees of these ones influence the processing
conditions and its results understood (productiMibe surface quality, costs etc.). This work pagso

to emphasize the influence that some of these piepde.g. tenacity) exercises on the grinding
processed surface quality
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INTRODUCTION

Grinding is the most frequently used chip removigcess in processing after the integration of
ceramics. Grinding offers the possibility of obiamon the one hand, high cutting efficiency, oa th
other hand, high class surfaces. The machiningifgyitof ceramics is accompanied by a process
completely different from those specific to metatsitting. A question of peculiar interest of the
ceramics cutting is the instability of geometridd@achnological cutting parameters, which condact t
the apparition of some faults (cracks, breaks, ings) of ceramics, especially in the area of the
edges or of the passages from one cross sectianditer, which may lead to the alteration of the
worked piece’s quality.

The quality of the grinding ceramics surfaces isoatpanied on the one hand, by the parameters of
the grinding conditions and by the constructive rabteristics of the diamond tool used in
conditioning (processing) but also by the matepedperties they are made-up of. One of these
mechanical properties, having an important rolehim development of the grinding process, is the
tenacity of ceramics

MEANSAND METHODOLOGY OF EXPERIENCING

To emphasize the influence of tenacity on the nrehsurface quality (estimated through roughness),
there were worked out samples of zirconium cerar(fe®,) partially stabilized with 5 moli% of
yttrium (Y,03) and samples of alumina (A);). The samples were obtained by a biaxial presiray
pressure of 400 MPa under the form of some cubips. fThese are afterwards sintered to a
temperature of 1600°C during 5 hours. Both the &mampre rise of and fall of were performed very
slow (25 °C/h) in order to avoid the appearanceanfe internal stresses due to thermal beats. On the
samples were performed tests connected to somedcphymd mechanical properties which are
presented in table no.1.



Table 1. Physical and mechanical properties ofwlematerrials used

Characteristic A0, 2ro,
Densityp, [g/cnT] 3.9-3.99 55-5.8
Coefficient of elasticity EGPg 360 - 410 180 - 200
Breaking bending strength; RMP4d], la 390-400 620-630
T=20 °C
Critical factor of the tension’s intensity 42-59 8-15
K, in [MPa nt?
Hardness 1250 HV 1238 HV

In the grinding process were used diamond disksheftype 1A1 175-10-3 (according to STAS
12034-81 or standardization FEPA). For the perforeeaof the grinding disks were used artificial
diamonds with different grain sizes (D64, D107 &181), medium brittle type (DSD-M), uncovered
diamonds. The diamonds’ concentration used was Ti®&.diamonds were integrated into a metallic
bond (the metallic bond is the one indicated bgrditure for the grinding of oxide ceramics) of the
type Bz 335.

The processings were performed according to anriemgetal programme built in basis of a complete
component plan, where the arguments were presentatle 2.

Table 2 Natural levels appropriate to arguments

Material ZrO, + 5moli% Y ,04
. X, - feed rate o .
Cross X4- cutting speed the mass y X3~ cutting depth
The | feed The va [m/g m/min] timm
Class of dependent .
- | tool | [mm/ : mi
processing variable . .
used | stroke studied | Min med| max| n | med| max| min [ med| max
] (1| ) | (+1) (-) O |+ | (1| © |(+D)
1
Roughing| D181| 6 Re R, R | 16 | 24.7] 32 | 4.5/ 85| 13| 0.04 0.06]0.09
Semifinis.| D107 | 4 ReR,R | 16 | 24.7] 32 | 4.5/ 85| 13| 0.03 0.05|0.08
Finishing| D64 2 RR,R | 16 | 24.7] 32 | 3.5/ 45| 85| 0.040.035 0.06
Material Al,O4
Roughing| D181| 6 ReR,R | 16 | 24.7] 32 |45 85| 13| 0.0§ 0.07|0.10
Semifinis.| D107 | 4 Ry R,R | 16 | 24.7] 32 |45 85| 13| 0.03 0.05/0.08
Finishing | D64 2 R R,R | 16 | 24.7] 32 | 3.5 45| 8.5| 0.020.035 0.06

RESULTSAND INTERPRETATIONS

From a geometrical point of view, roughness is fednas a result of copying the traces left by the
abrasive grain on the machined surface and asudt if contingent faults of the ceramics generated
during the semiproduction process (especially pyog-unction of the parameters of the processing
conditions, an abrasive grain rises microchips itfeidnt dimensions, so that, for each processing
conditions, will result different qualities of tlsairface. To illustrate the global influence of thuting
conditions on the roughness parametefsafid R, it was analyzed the influence exercised by the
chip’s dimension, indicated by the parameter, tp@walent thickness of the chiggjhcalculated with
the help of the formula:

ho==22 ®
=— mm

“ 60 v,

(the formula is valid for the use of the cuttinghddions parameters expressed ipirv[m/min], t in

[mm] and v in [m/9).

The dependences of medium values of the parametesbRined in the processing of the two

materials, function of the equivalent thicknesshef chip, are presented in figure no.1.
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Fig. 1. Dependence of the roughness parameters R, andR; of thegrinding processed surfaces

In the case of these three types of processingaritbe observed the increasing tendecy of the
surface’s roughness, with the size of the samphgols¢c with only one exception that is the alumina
finishing processing. In this case it can be ob=sgr certain limit of the roughness’ values, priypab
due to the porosity existing in sinters.

Considering as an argument the equivalent thickoédhie chip k., the global parameter of the
grinding conditions, there were effectuated calooes for the determination of the dependence
relation between Rand this parameter. This way, one has tried terdehe some relations of the
form:

R, = Cr M, )
where G represents a constant which expresses the infuehthe processed material, the influence
of the abrasive blade used etc. The values ofdhstants @ anda are presented in table no.3.

Table3
ZrOQ- Y203 A|203
i — 0,226 i — 0,165
roughing (D181) R, =1336[h; roughing (D181) R, =1332(h,
—— ~ 0149 PN _ 0107
semifinishing (D107) | R, =1115h semifinishing (D107) | R, =11280h:
finishing (D64) R, = 0’71[[“26199 finishing (D64) R, = 0.139[31;)&051

Moreover it can be observed that as the equival@nkness of the chips increases the difference
between the roughnesses obtained in the proces§itite two materials decreases. This way, for
rough cuttings (roughing) and for the semifinishimges, it can be observed that the values of the



roughnesses are almost equals for values of thieadent thickness of the chip.d™ 0.5...0.6[pm]

and different for values of the equivalent thickse$the chip k, < 0.5...0.6[um]. This ordering can

be explained by the existence of two different witipping mechanisms corresponding to these two
materials.

This thing was observed and explained in basihefrheasurement of the specific energy inputed
during the chipping process (figure no.2) and isidaf the micrographies realised on the processed
surfaces (figure no.3).
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Fig. 2. Specific energy Esp function of he in the processing of ZrO, and of Al,O3

From the above graphics and micrographics analgsigdt the following conclusions:

In the case of zirconium, the grinding surfacessehdifferent aspects function of the size of the
sampled chip. When the grinding takes place wittiray conditions which determine smaller values
of the chip’s sizes (< 0.5...0.6[um]), the chipped surface has an uniform aspect, wittano big
surface defects. Also taking into account the that the values of specific energieg, Bbtained in
the processing with these conditions are high,abat the fact that zirconium is characterized by a
much bigger tenacity than alumina, makes us affrat under these circumstances we have to deal
with a leading ductile cutting condition realizegl the classical shearing process, which will lead t
the obtaining of a surface with a better roughrmesbwithout too many other surface defects orén th
surface layer. As the chipping conditions incre@sg > 0.5...0.6[um]), the appeared mechanical
stresses lead to the override of the critical faofdntensity of the tension K which will lead to the
passage from the leading ductile conditions of wimigp to the leading fragile conditions, charactediz
by breakings and avulsions of ceramics. In fad gassage from the leading ductile conditions ¢o th
leading fragile conditions expains the values’ dase of specific energyfbecause, as it is known,
the values of specific energies corresponding totilduconditions are higher than the values of
specific energies of the fragile conditions. Trastfwill lead to a deterioration of the chippedface
and to the increasing of the chipped surface quafitl so to the increasing of the roughness’ values
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Fig. 3. Aspect of the machined surfaceswith different equivalent thickness of the chips (ZrO,- Y,053)
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Fig. 4. Aspect of the machined surfaceswith different equivalent thickness of the chips (Al,O3)

In the case of alumina processing, it can be obskttvat whatever the size of the sampled chip, drew
by the diamond disk, might be and whatever the diandisk’s grain size (structural composition)
might be, the removal (breaking) of the chip is @an fragile (brittleness) condition, condition
characterized by multiple crushings and fractufeseoamics. This chipping mechanism is due to the
very high fragility of alumina (because of the magital stresses which appear during the grinding
process, the value of the intensity’s critical faabf the stress K is exceeded, has as a consequence
the apparition of some microcracks), but also ® uke of some diamond disks with metallic bond,
characterized by a reduced elasticity of the bevidch will lead to the attainment of some surfaces
dotted with small cones, characterized by a quitigaoughness. At the same time, it can be noticed
that as the chip thickness increases, the depthest surface defects increases too, which will tea

a deterioration of the machined surface’s aspect.

CONCLUSIONS

Lower values of the roughness parameters are @otairnile using certain grinding conditions with
smaller equivalent thickness of the chipg This thing, determines the using of some grinding
conditions with higher external speeds of the abeablades y and, as well, with values of the
longitudinal feed rateand of the smaller cutting depth t;

The characteristics of the manufacturing procesgeughing, semifinishing and finishing differ
function of the processed material that is functidrthe material’s tenacity. This way, in the case
alumina working, the roughness parametesamtl R, have higher values towards those obtained in
the case of zirconium working, the differences febigger at values of the grinding condition
parameters which determines equivalent thicknesghefsmaller chips. This fact can be due to
different microchipping mechanisms correspondingh®two types of material, especially at smaller
values of i,
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