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Project Title High-Speed Machine Prototype of Gemstone Grinding
Name of the Investigator Associate Professor Jittra Rukijkanpanich

Assistant Professor Komson Jirapattarasilp

Year September 2005

The jewelry induSPSEREDS sc¥ral ERISHFESat Thai government has been willing

to promote to the lead indusg wiggrinding is the most important process

of jewelry production, whis avthe quality of the jewelry. In order to

gain better quality of progdd 5 to be thoughtfully considered and

controlled. For this #tudy" the -,,:_1 igrele ! _ * prototype was developed. The

conditions of the paran; Mhcrease the efficiency of grinding

process. The methodologyfor minary study on gemstone grinding,

development of the grinding#fha and identification parameters related

gemstone grinding, analysis of; optimal parameters of the prototype and

validation of the oplintal parameters. In this study (he irgonia, the well-known gems in

Y J

jewelry market, has béetey! e,
J '

The gemstone gr:ndmg machine pmtotypc has the ma.m characteristics as follows: 1) it

is a vertical gﬂl powdered spindle, 2) the
diameter of the mﬂﬂ’ﬂtt |5Il mmm ﬂmtatmnal speed can be varied between 0-

i ﬁ or good surface
mummﬁﬁﬁnmum le!cj m/s and depth of

grinding at 0.02 mm, .
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The Experiment of High-Speed Grinding of Gemstone: Cubic Zirconia

KOMSON JIRAPATTARASILF" AND JITTRA RUKUKANPANICH
! Depariment of fndartrial Engineering. Chulalonghorn University, Banglok 10236, Thaland

The grinding is one of the majorities machining process of This study proposes lo investigate the influences of
pems manwfacturing. The largest gemsfone in jewelry parameters in grinding gemsione that efTect to the quality
market is cubic irconia (CZ) that iv grinding in the same of surface finish and grinding vme. The scleced
fashion as diamends. This study was inferested (o po rs which were studied are grinding speed, depth
imvestigate the Influence of parameters on grinding CZ % g and abrasive grit size. Grinding was carried
gemstone. The paramerers were grinding speed, depi diamond-clectroplated disc. The gemsione,
grinding and abrasive grit size of diamond electrop i (CZ) was the selected material as sample
disc . The results could be concluded that the surfifey
was improved when increase grinding spesds al " . L
grit size. The grinding times was decreaved Wwhem . - ri:.:rl:;u:xpﬁ::::um:ﬁu: ;::
grinding speeds. Examination af the Surfacesh g

d parts, Then results and discussion
ground surface on CZ was analyzed and reporteg Niowing sacticns. Findlly, soncluling

Keyword: Abrasive grit size, Cubic #ircon e .
Grinding speed, Depth of grinding, Higlt Lgfingihl J-s <2 Ari: Experimental condition

1. Introduction il thigiSeQion, theyerms of the Cubic Zirconia (CZ) and

e e ment om were presented. The experimentation
The gemstane manufacturing comprises sgieral e ﬁ“‘ s details of paramelers, observed
One ?f_t.h: majorities rnfa.nufacu{nng process i 2 ‘ ey miching and equipment (grinding muchine),
machining. The machining consists of shapg®nd g, t-w X nt and examine method.

culling, grinding and finishing. From the earlier plipe [
the problems of gemstone grinding process were
in the gemstone surface and lime-consuming. They
used for determining the performance. In the prese
detail of, it found that performance has been i
and depended on working of individ orke:
not know the concerned paramelchigs
performance. Consequently. the elTeg! : 3
grinding gemstone have 1o imrﬂlig;le o5 e JPUENEn atoms and each axygen alom
quality and performance. | "l

] (Zrﬂz}ubmknmvn in the

Tormi sirconia G exist in three phase, 1. i:ubtc,

Selecting the parameters of grindin o tetragonal and monoclinic. It is hard and fracture-tough at
tmpm:u.lst These parameters sh Bﬂ d E: mst:g pu'uum and very high thermal shock resistance.,
grinding performance. There ze and enables excellent
parameter for pemstone gri t wﬁ i Iu |I|.'}' to hold a sharp edge.
SEvoe rh“dmhes sy on ng cofloobllidopooasy mmpll:lt:m but |t isa mmmlmlcﬂiiemls'l?:m:hn:m
metal ‘J_ #
ﬁ;‘h ey sivarces s spphire - -, hested 182about 2,365 degredulelsius. it becomes
o S AR AN AT AR R
grinding, time of gt
type. and. In the synthetic, to transform phase from monoclinic 1o
cubic, this reversion is overcome by adding up 1o 15 % of
an oxide as a stabilizer. Yurium, calcium, and others can
Correspondence and offprint requests w: Dr. Jigra i .
Rukijkanpanich, Department of Industrial Engineering, be used. The ‘#dlmﬁmﬁ emsnily mﬁm‘“;’
Chulalongkorn University, Banghok 10230, Thailand STNTIC JRTADON: RS-k SUTIS IETIRL O Ve Meanes:
Email eckp@eng chula.ac.th also contping ytrium oxide that scts as a stebilizer.

Almost all the rough in the market are chemically
comprised of 87.5% zirconium oxide (Zr0;) and 12.5%
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yitrium oxide(¥:04) [12]. CZ has the ideal caleium fluorite
{CF2) structure and lattice parameter is 0.517 nm, as show
in fig 2. The zirconium atoms are situated in FCC lanice,
i.e. at the halves of the 110 directions as well as at the
corners of Lhe cubic, Oxygen aloms remain at the quarters
of 111 directions,

To produce CZ, the extremely high temperature fequired to
melt the ores ,almost 2,400 degrees Celsius |, is 100 hot for
any convenlional crucible, or melting vessel, o withstand.
Therefore, to produce cubic =zirconia, scientists have
devised & proprictary process. A radio-frequency "skull
crucible” system is used, in which the melting zirconia
powder actually creates the sides of s own coniziner
during its formation. Coaling this mm‘iy hot molten ore
becomes the most crucial step in the entire pmcm A

form the flawless crystals that are subseqg
transformed into exquisite cubic Zirconia gemstones

Zr0y
& [ pe— Ohd

Fig 1. The unit cell of Zr0- and

C¥ has a relatively lower strength, ]
clastic than tetragonal and monoclinic 4

improve these properties, especially the fract
cubic zircania has been blended with either Mg
Yttria as a stabilizer with transformed phase 10
in order wo facilitate wansformation toughening.

Because of single crysial optically clear and highs
index, cubic zirconia has been began B#
zirconin is an incredible malerial,
burden & finc material with the “di
Like diamonds, and do not lose thei
The best cubic zirconia gem is colorless, |
variety of colors, Cubic zirconia as a gemdl
same fashion as diesmonds. Because the cubic zirconia
stone is so dense and solid, it outweighs a ‘rﬁl of the
same millimeter size, weighi
diamond of the same milli
of 6.5-8.5 on the Mohr scale
210-233 GPa, cubic drconia is

hard gemstone. The property of cubic ?ircuml shown as on
G\ QDRI E T

2.2 Experimentatio
The experiment of ﬂ"ns study were scp and use the
gemstone grinding machine that it is 2 vertical grinding

Table 1 The property of Cubic Zirconia [13-14]

Hardness (Mohr) 8.5
Molecular Weight (g/maol) 123223
Density (g/ec) 5.6- 5.9

Refractive Index (N, c-axis) 1.78-2.15
Fracture-toughness (MPa m's) 2.5
Modulus of clastic (GPa) 210-233

machine that equipped with high-speeds motor and
powered spindle. The grinding process was selected
vertical grinding that is & popular on gemstone grinding in
factory, The schematic of gemstone grinding and set-up
machine are shown in fig 2. The speeds of grinding were
selected from conventional speeds 30 meter per second

peeds of 30, 90 and 150 m/s were used . A

groplated disc was use. The disc has o
y m. The dizmond grit were 600, 1000
pwvhich average abrasive sizes were
and 16 pm, respectively. The depth
igd from 0.02 mm o 0.10 mm, The
Y set-up details are shown in Table
litigns are shown in Table 3,

roughness (Ra) using surface roughness tester. The
grinding texture of the ground specimens was examined
using a optical microscope with analyeer of Lefca Q350
MW,




3. Experimental Results and Discussion 0z

e | [—o—grinding degin 0.2
3.1 The influence of grinding speed\, depth of vl ~a—grinding dapeh 0108
grinding and abrasive grit size on surface finish 5. LN —a— grrcing depen 0.10
The surface roughness (Ra) which was measured ot e e
abrasive grit size of grinding plate of 600-1500 mesh as a iy e -
Function of the grinding for different grinding speeds and

depth of grinding are shown in Fig. 3-5. Generally, the
roughness initially decreased with increasing grinding
speeds (Vs). decrensed 10 almost the surface roughness at
0.02 pm. An decreased depth of grinding would normally
lead to a less grinding force and thus improve the ground
surface finish that mean the surface roughness value was
expected 1o be decreased. CZ characteristic is like ductile
combine brittle material. Including with tempera i
grinding zone rise up, soften grinding surface
the tendency was produced.[15] As results,
roughness slightly decreased with decreasing
grinding at high grinding speed. Furthermore, |
grinding at low speeds grinding was more chlieetie ¥
roughness than depth of grinding at high.'-pood it f" '

The surface roughness Ra which was meas
abrasive grit size of grinding platc and dj
speeds of the depth of grinding 0.02-1.0mm_
Fig. 6-8. It resulis that the roughness dg

increasing grinding speeds, at all abrosiy® gri
surface roughness decreased with decrea
size.

| [——wrnatng depan 002
| | —s—grining deptn 6108
-a—mdnmnm!

ot
02 — e —
.| ! " .
0 Ao B c rillizhness as a Grinding Speed for various
g Lo hding ot abrasive grit size 1500 mesh

I{lll . . ="
o : ~ .. ‘ ,

E 0.08 £ — B ——— e —+— B0 mash |
S _+IMM|

0 s we 150
Grinding Spaed {mis)

Figure 3, Surface roughness of

various depth of grinding at a

oy mnim uumm,um

abrasive grit size mesh at @ 0.02 mm.
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e Gpeed 150 hs
= | [ Speed i mn

o 50 100 150 o
Grimding speed [m's]

Fig. 7 Surface roughness as a Grinding Speed for various )

iation of surface roughness with grinding time
abrasive grit size mesh at e 0.06 mm. o gt

abrasive grit size at 1500 and depth of

ace roughness with grinding 1ime
various abrasive grit size mesh at depth of g s and depth of grinding is 0.02 mm.

mim.

study [4,10] was grinding on yuria partially
3.2 The Influence of grinding speed and abrag meonal zirconia polyerystal (YTZP). it was
. isgamof material removed al high

grit size on grinding Time
on. Unlike YTZP, C¥ has a

Fig 9 and 10 show the grinding -: ’Ta“m_""“"—;:‘—';;. rength than YTZP. CZ has

eflect the grinding time. From evaludiigh Dokabls of defects like advanced

roughness dmsmg until steadv, as e aleminum oxide (Al;0.). Therefore.

! . 1l

grinding time is deceasing when we i h|gh grinaing " removal is g0} smooth under normal grinding

speed. Besides, when the abrasive grit sT is increasing, it pmcm Consequentl¥, it would be difficult to achicve a
" effect to grinding time slightly increasing £r %Hm but

surface finish. The rougher and severe wear
surface roughness could be |
grinding time. rﬁ\‘ Uv

acke o361 i dmg_speed The surface
W" d - n increasing grinding
‘ igh n the normal force of

gnndmg dmused because an increase in the grinding
3.3 The Results ﬂfﬂﬁ Py Examination specd resullgghin » smnﬂnr mdcl’wd chip thickness,

e QORGP S TR B

cliip. farmatian chnn in relation to the grinding insh also. Fig | 3 nptl:l.i mnmgﬁ;lh of ground

surface with various alwasive gits size. The finc mesh
Figure 11 shows upi}ml micrograph pictures of the ground
surface for CZ at depth of grinding 0.02 mm with various ~ Produce few bums, scraiches espacially crack poket.

grinding speed. The surface 1 of the ground CZ was Therefore, lower mesh, the rougher and severer tracks
smaller burrs, scratches, chips, pocket and crack areas, WS accuTer.
fins, and ridges at high grinding speeds,
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(e} Vs 150 m's z ¢} 1500 mesh
Fig.11 Optical micrograph gMgro y : b i ph of ground surface {100x) of
verious grindng speed at depling vt ﬁ'r 2e a1 depth of grinding 0.02 mm:

mesh,.

4. Conclusion
5 T'ﬂt mm:asmg mesh size of the abrasive gm and
Based-on the experimental study, the Fﬁm can be speed is an effective method 10 improving the

concluded that:
o e RS
depth of grinding of

speed was increased. [1] Rukifkanpanich J. and

2. The surface [inish was improved thalt compared L:‘.hr_ gyl N. (001) The

A P : . ewelpy factory ; a casg
TR VL S TR e
1. Tha sirlace nels R o unll &7 el o sdantl, Prague. Crzech
low at high-gnading speeds. The surfice texiure was Depuiis,
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D. (1998) Grinding of single crystal sapphire: workpiece
roughness correlations, Wagr, Vol.218. p.1-7.

improved 2-3 time and owing Lo the folding ol asperities.
4. The surface roughness decreased with an increasing
grinding speed at almost all levels of depth of grinding and
abrasive grit size,
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