
�13
94

R}}=B
�'h

}QW
l}

v=mt
|U

Ovyt
58

�47
"X

'2|
xQ=t

W'
31

�3
|xQ

wO

O
ri

gi
na

lA
rt

ic
le|xO=Q@ Ct=N[ xv}W}@ w K]U |Q@ R |R=UpOt

CND |vRnvU QO xDi=}v pmW Q}}eD
�Q=}O=DU=� �|twYat Ot=L

u=o}=Bro OL=w |tqU= O=R; x=oWv=O 'l}v�t |UOvyt xwQo
�Q=}Wv=O� |wiY uULt O}U

u=yiY= |DavY x=oWv=O 'l}v�t |UOvyt |xOmWv=O
�O=DU=� |Lr=Y |Oyt

u=yiY= |DavY x=oWv=O 'O=wt |UOvyt |xOmWv=O

'CND |vRnvU Ov}=Qi QO Q=mxa]k K]U |Q@ R |v}@V}B |=Q@ O}OH |rOt Q=DWwv u}= QO
Qw_vt u}= |=Q@ "OwW|t x�=Q= xDi=}v pmW Q}}eD |xO=Q@ Ct=N[ xv}W}@ |R=UpOt T=U=Q@

Pwiv jta xH}DvQO w xOv}=U |=yxv=O |xUOvy w `} RwD |iO=YD C}y=t uOQm ^=Lr =@
QO syt `} RwD `@=wD |xU}=kt =@ "CU= xOW xO=iDU= p=tDL= |r=oJ `@=D swyit R= '=yv; Q}eDt

w OW u}}aD `@=D u} QDy@ u=wvax@ =t=o p=tDL= |r=oJ `@=D 'xO=Q@ Ct=N[ s=QowDU}y
xO=Q@ Ct=N[ u=}@ "CiQo s=Hv= xDi=}v pmW Q}}eD |xO=Q@ Ct=N[ |R=UpOt u; |=v@tQ@
|m}D=tv}U \}=QW w nvU Q=DN=UwQm}t '|vRnvU |=yQDt=Q=B R= |a@=D |O=yvW}B pOt QO

|yOVWwB |wQ CND |vRnvU |=yV}=tR; s=Hv= =@ |Q@ R pOt "CU= Ov}=Qi
pw@k p@=k j@=]D Qou=}@ xrY=L G}=Dv w OW |@=} RQ= |DQ=QL VW=B =@ WC-10Co-4Cr

u}ov=}t |x@U=Lt =@ xr�Ut u}= "CU= xOW |Q}oxR=Ov= Q}O=kt w xOW |v}@V}B Q}O=kt
"CU= xOW O}}-=D R}v =yV}=tR; G}=Dv w xOW |v}@V}B Q}O=kt u}@ |@Uv |=]N OYQO

hamedmasumi@yahoo.com
mosafavi@cc.iut.ac.ir
salehi@hotmail.co.uk "p=tDL= |r=oJ `@=D 'xO=Q@ Ct=N[ 'K]U |Q@ R '|vRovU %|O}rm u=oS=w

xtOkt "1
wO QO =Q xOW x�=Q= K]U |Q@ R |=ypOt u=wD|t \@DQt C=k}kLD |xar=]t =@
u}@ \=@DQ= '|@ QHDVwQ QO "O=O Q=Qk|r}rLD |=ypOt w|@ QHD |=ypOt|rm |xDUO
'OwW|t u}}aD |vRnvU |=yV}=tR; |=v@tQ@ K]U |Q@ R w |vRnvU |=yQDt=Q=B
|m}D=tv}U w |m}D=DU= |=yp}rLD =@ |rm |rOt '|r}rLD OQm} wQ QO xm |r=L QO
|vRnvU hrDNt \}=QW QO K]U |Q@ R |v}@V}B |=Q@ u=wD|t xm OwW|t x�=Q=
R= xO=iDU= =@ 'xOW x�=Q= |@ QHD |=ypOt R= |m} QO xvwtv u=wvax@ "OQm O=vDU= u; x@
|xOv}=U |=yxv=O O=OaD T=U=Q@ K]U |Q@ R '=yV}=tR; R= xOt; CUO x@ |=yxO=O
C}OwOLt u} QDsyt OwHw u}= =@ [2]"CU= xOW u=}@ |tD} Q=or |}x]@=Q =@ p=ai
\}=QW =@ Cw=iDt |]}=QW QO K]U |Q@ R |v}@V}B QO =yv; |v=wD=v '|@ QHD |=yVwQ
QO K]U |Q@ R |v}@V}B |=Q@ |r}rLD pOt R= |Qo}O VywSB QO "CU= V}=tR;
xOv}=U |=yxv=O |oORuwQ}@ `=iDQ= u}ov=}t Q=Okt |Q}oQ=m x@ |=v@t =@ |vRnvU
[3]"OW VQ=Ro xOW |Q}oxR=Ov= |ak=w Q}O=kt R= QDsm |v}@V}B Q}O=kt "OW xO=iDU=
hQ]Q@ =Q pmWt u}= 'xOv}=U |=yxv=O |oORuwQ}@ `=iDQ= |iO=YD `} RwD uOQm^=Lr
QDV}@ w QDsm pmW wO x@ xv=O Pwiv jta uDiQo Q_v QO =@ Q[=L j}kLD QO "Ovm|t

"OW Oy=wN xDiQo Q_v QO xr�Ut u}= '|Q@ R p}iwQB |RmQt \N R=
|[=} Q |x]@=Q '|vRnvU |iO=YD C}y=t |=v@tQ@ |Qo}O |r}rLD pOt QO

|r=a K]U C}i}m x@ |@=}CUO QO |Q=mu}W=t |=yOv}=Qi u} QDsyt R= |vRnvU
Q@ 'OwW|t u=}@ K]U |Q@ R =@ ,qwtat xm xOW |vRnvU C=a]k K]U Ci}m "CU=
�� l =m]Y= w lQD O=H}= Q@=Q@ QOCtw=kt '|oDUN Q}_v �� xa]k |OQmrta X=wN
'OvQ=OCmQ=Wt|vRnvU QO |O=} R ,=D@Uv |=yQ}eDt xm =Hv; R= "OQ=O|yHwDp@=k Q}F-=D
|}=yVr=J =@ �|vRnvU QO K]U |Q@ R uOQm pOt� Q}_v Ov}=Qi u}= |R=UpOt
K]U |Q@ R |R=UpOt |xv}tR QO |irDNt |=yVqD OwHw u}= =@ "CU= x=Qty

"CU= xDiQo s=Hv= xOW |vRnvU C=a]k
xDi=}v pmW Q}}eD |xO=Q@ '|vRnvU Ov}=Qi |UQQ@ QO syt |=yXN=W R= |m}
Q=}U@ K]U |Q@ R w |Q=OQ@xO=Q@ Q=mwR=U '|vRnvU |wQ}v |=y|@=} RQ= QO xm CU=
pmW Q}}eD |xO=Q@ Ct=N[ xv}W}@ |R=UpOt "CU= xDiQo Q=Qk u}kkLt xHwD OQwt
[1]'Q=mxa]k x@ nvU |xOv}=U |xv=O Pwiv jta R= CU= |Q=}at xm '(hm) xDi=}v
"CU=Wox=Q Q=}U@ K]U |Q@ R |v}@V}B |=Q@ pw@k p@=k pOt l} x@ |@=}CUO QO
Q}}eD |xO=Q@ Ct=N[ xv}W}@ |R=UpOt w K]U |Q@ R |R=UpOt u=}t u=wD|t =Pr

"OQm Q=QkQ@ x} wUwO |]=@DQ= xDi=}v pmW
pw�Ut xOvU} wv �

"1393 6 8 VQ}PB '1393 5 25 x}LqY= '1392 8 18 Ci=} QO %M} Q=D



"""|
xO=Q@

Ct
=N[

xv}W
}@w

K]
U|

Q@R
|R=

Up
Ot|}=tv pmW QO "OW xO=iDU= QDtwQm}t 45 =D 11 |xv=O xR=Ov= `} RwD =@ w |oO}Wm

"OwW|t xOy=Wt QDtwQm}t 400 Ct=N[x@ xOW |yOVWwB |xvwtv R=

|vRnvU w nvUMQJ "2"2
R}t |=Q=O w pOv}BU= |ki= QwLt =@ IMTI CND nvU u}W=t |wQ Q@ |vRnvU
hr=Nt Ot "CiQo s=Hv= ?; |=v@t Q=mlvN � Q=mu=wQ p=}U =@ x=Qty 'T}]=vet
|r=wD '|]}Lt |=y=]N Q}F-=D Vy=m Qw_vtx@ w OW xDiQo Q=m x@ =yV}=tR; s=tD QO
'2 pmW j@=]t "CiQ}PB CQwY swOvQ ,qt=m CQwYx@ =yV}=tR; Q=QmD w |vRnvU
R= '75 RmQtD OOa w R O} Qo 'QDtwQm}t 76 |xv=O xR=Ov= 'u} RQ Ov=@ =@ T=tr= nvU
QDt|r}t 5 w 15 '350?}DQDx@ T=tr=Ct=N[ w ZQa '|HQ=N Q]k =@ 1A1 ẁv
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|tQy CQwYx@ xOv}=U |xv=O pmW VywSB u}= QO 'hr=7 pmW j@=]t "CU= xOW
=@ xv=O ZQa xm =Hv; R= "OwW|t ZQi 2� |]=Lt |x} w=R =@ w |a@ Qt |xOa=k =@

"CU= pwkat ZQi u}= 'OwW|t O=} R u; jta V}=Ri=
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nvU u=UWm |=ypmW Q}}eD R= QF-=Dt |O=} R OL =D pm T=tD pw] 'O}=i} QD} w w
T=tD pw] uDiQo Q_v QO =@ [20]'Vv=Q=mty w 13wQ [19]"CU= p=tQv |wQ}v |xH}DvQO
O=yvW}B pm T=tD pw] |x@U=Lt |=Q@ =Q 19 |x]@=Q pmW Q}}eD |=yQF= w |UOvy

%Ov=xO=O
lc =

�
l2g + l2f

�1=2
(19)

|=Q@ |O}OH VwQ u}kkLt "CU= pmW Q}}eD R= |W=v T=tD pw] lf u; QO xm
Q}}eD Q@ CU= |vD@t xm [21]Ov=xO=O x�=Q= pmW Q}}eD R= |W=v T=tD pw] |x@U=Lt
w 'xv=O K]U QO |B wmUwQm}t T=tD w 'Q=mxa]k w nvU |xvO@ u}@ u=UWm pmW
%CU= xOW |iQat T=tD pw] |x@U=Lt |=Q@ 20 |x]@=Q u=v; VqD |xH}DvQO

lc =

 
�2
�
ap
q3=4

�2=3
+�2lc + 2��

�
ap
q4

�1=4
l1=2
c + apds

!2
(20)

%u; QO xm
� = 2 987�01=3(K1=6

IC H
1=3=E2=15

w )
p

(Kw +Kg)2(1=dg)d3
s;

� = 1 6
q
�0(K1=2

IC H=E
2=5
w )(�dsC)(Kw +Ks);

q = �s=�w:

53



"""|
xO=Q@

Ct
=N[

xv}W
}@w

K]
U|

Q@R
|R=

Up
Ot"nvU w Q=mxa]k TvH C=YNWt "3 pwOH

|DNU CUmW Tvi=D ?} Q[ nv=} pwOt
(Kg/mm2) (MPam1=2) uwU=wB (GPa)

Hv = 1350 KIC = 3 35 �w = 0 25 Ew = 412 (WC-Co-Cr) VWwB Q=mxa]k
�� �� �s = 0 33 Es = 70 nvU
�� �� �g = 0 20 Eg = 925 T=tr= xOv}=U |xv=O

K]U |Q@ R |R=UpOt "4
`=iDQ= h=QLv= jr]t Q}O=kt |@=UL u}ov=}t CQwYx@ (Ra) K]U \UwDt |Q@ R
u=wD|t u}=Q@=v@ "OwW|th} QaD (l) |Q}oxvwtv pw] QO u}ov=}t\N R= K]U p}iwQB

%OQm u=}@ u}vJ =Q u;

Ra = 1
l

lZ
0
jy � yclj dl (22)

s}UQD |wLvx@ |RmQt \N 'h} QaD j@=]t "CU= |RmQt \N `=iDQ= ycl u; QO xm
w q=@ CtUk QO 'K]U p}iwQB w \N u; u}@ QwYLt |L=wv CL=Ut xm OwW|t
QO xOW O=H}= |=yQ=}W `]kt R= |}=yxvwtv "OW=@ Q@=Q@ Qo}Om} =@ |RmQt \N u}}=B
10 pmW QO Q=mxa]k =@ �hr=7 pmW� sQy pmWx@ |xOv}=U |xv=O VvmsyQ@ QF=
|UOvy p}rLD "CU= XNWt pmW u}= QO (ycl) QDt=Q=B "CU= xOW xO=O u=Wv

"CU= |R=UpOt |=v@t =yQ=}W u}=
'|vRnvU QO Q=mxa]k w xOv}=U |xv=O VvmsyQ@ |xO}J}B C}y=t x@ xHwD =@
`=iDQ= w `} RwD 'xUOvy Q}_v �� hrDNt |=yx@vH R= Ov}=Qi |iO=YD C}y=t w
CyH QO ZQi |O=OaD |R=UpOt R= V}B CU= sRq �� xOv}=U |xv=O |oORuwQ}@

%OwW xDiQo Q_v QO |R=UpOt uOW Q}PBu=mt= w |R=UxO=U
pt=W� |Q=OQ@xO=Q@ |=yQ=mwR=U s=tD QO 'K]U |wQ xOt; OwHw x@ |=yQ=}W "1

"OvQ=O |v=Um} |=yxYNWt �|@}mQD w p}Dm =O u=} QH 'OQD CUmW
"OvDUy 2� |]=Lt |x} w=R w |a@ Qt |xOa=k =@ sQy pmWx@ xOv}=U |=yxv=O "2
|xOv}=U |=yxv=O Q} wYD uDiQo Q_v QO =@ 'K]U |wQ xOW O=H}= |=yQ=}W s=tD "3

"OvQ=O 2� T-=Q |x} w=R =@ |FrFt p}iwQB '|vRnvU K]U |wQ p=ai

`=iDQ= |=Q=O Q=}W wO pt=W K]U QO xOW O=H}= Q=}W p}iwQB R= |WN@ "10 pmW
"|RmQt \N `=iDQ= R= QDV}@ w QDsm

nvU w Q=mxa]k TvH C=YNWt 'sD} Qwor= pw= |xrLQt s=Hv= Qw_vtx@
"CU= xOW |Qw;OQo 3 pwOH QO 20 |x]@=Q \UwD T=tD pw] |x@U=Lt |=Q@
|v=UWm pwOt =@ Q@=Q@ (�s) nvU uwU=wB ?} Q[ w (Es) |v=UWm pwOt
"CU= xOW xDiQo Q_v QO �sw}v}twr;� nvU |xDUy TvH uwU=wB ?} Q[ w
nvU Q]k =@ xU}=kt QO �QDt|r}t 5� T=tr= |x}q sm Ct=N[ Qt= u}= Cra
�0 = Q=Okt w 3 pwOH Q}O=kt uOQm u} Ro}=H =@ "CU= �QDt|r}t 350�
x@U=Lt V}=tR; \}=QW s=tD |=Q@ u=wD|t =Q lc Q}O=kt '20 |x]@=Q QO [21]0 85

"OQm
x@U=Lt 17 |x]@=Q R= E(hm) Q=Okt � = 600 ZQi =@ swO |xrLQt QO
u}= &OwW|t xDiQo Q_v QO � = 0 1607 'E(hm) u}tND ẁQW s=o QO "OwW|t
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%CWwv (E(Ra)) \UwDt
E (Ra) = plE (Ral) + pgE (Rag) (31)

|=Q@ \UwDt |Q@ R Q=_Dv= OQwt Q}O=kt ?}DQDx@ E(Rag) w E(Ral) u; QO xm
\UwDt |Q@ R h} QaD j@=]t "OvDUy ycl R= QDV}@ w QDsm `=iDQ= |=Q=O |=yp}iwQB
|RmQt \N w p}iwQB u}@ QwYLt |=yCL=Ut ẁtHt s}UkD =@ u=wD|t =Q (Ra)
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3. high-velocity oxy-fuel
4. Kerosene

5. truing
6. dressing
7. Normal
8. Lognormal
9. exponential
10. Gamma

57



"""|
xO=Q@

Ct
=N[

xv}W
}@w

K]
U|

Q@R
|R=

Up
Ot

11. Weibull
12. expected value
13. Rowe

�References� `@=vt
1. Malkin, S., Grinding Technology: Theory and Applica-

tion of Machining with Abrasives, John Wiley & Sons
(1989).

2. Suto, T. and Sata, T. \Simulation of grinding pro-
cess based on wheel surface characteristics", Bulletin of
Japan Society of Precision Engineering, 15(1), pp. 27-33
(1981).

3. Zhou, X. and Xi, F. \Modeling and predicting surface
roughness of the grinding process", International Jour-
nal of Machine Tools and Manufacture, 42, pp. 969-977
(2002).

4. Basuray, P., Sahay, B. and Lal, G. \A simple model for
evaluating surface roughness in �ne grinding", Int. J.
Mach. Tool Des. Res, 20, pp. 265-273 (1980).

5. Hecker, R.L. and Liang, S.Y. \Predictive modeling of
surface roughness in grinding", International Journal of
Machine Tools & Manufacture, 43, pp. 755-761 (2003).

6. Agarwal, S. and Rao, P.V. \A probabilistic approach to
predict surface roughness in ceramic grinding", Interna-
tional Journal of Machine Tools & Manufacture, 45, pp.
609-616 (2005).

7. Marinescu, I.D., Hitchiner, M. Uhlmann, E. Rowe, W.B.
and Inasaki, I., Handbook of Machining with Grinding
Wheels, CRC Press (2007).

8. Agarwal, S. and Rao, P.V. \Predictive modeling of
force and power based on a new analytical undeformed
chip thickness model in ceramic grinding", International
Journal of Machine Tools & Manufacture, 65, pp. 68-78
(2013).

9. Hwang, T.W., Evans, C.J. and Malkin, S. \Size e�ect
for speci�c energy in grinding of silicon nitride", Wear,
2(229) p. 862-867 (1999).

10. Xu, H.H.K., Jahanmir, S. and Ives, L.K. \E�ect of grind-
ing on strength of tetragonal zirconia and zirconia tough-

ened alumina", Machining Science and Technology, 1(1),
pp. 49-66 (1997).

11. Agarwal, S. and Rao, P.V. \Experimental investigation
of surface/subsurface damage formation and material re-
moval mechanisms in SiC grinding", International Jour-
nal of Machine Tools & Manufacture, 48, pp. 698-710
(2008).

12. Forbes, C., Evans, M., Hastings, N. and Peacock, B.,
Statistical Distributions, ed. F. Edition, John Wiley &
Sons (2011).

13. Koshy, P., Jain, P.V. and Lal, G.K. \Stochastic simula-
tion approach to modelling diamond wheel topography",
International Journal of Machine Tools and Manufac-
ture, 37, pp. 751-761 (1997).

14. Badger, J.A. and Torrance, A.A. \A comparison of two
models to predict grinding forces from wheel surface to-
pography", International Journal of Machine Tools &
Manufacture, 40, p. 1099-1120 (2000).

15. Chakrabarti, S. and Paul, S. \Numerical modelling of
surface topography in superabrasive grinding", Interna-
tional Journal of Advanced Manufacturing Technology,
39, pp. 29-38 (2008).

16. Hecker, R.L., Liang, S.Y., Wu, X.J., Xia, P. and Jin,
D.G.W. \Grinding force and power modeling based on
chip thickness analysis", Int J Adv Manuf Technol, 33,
pp. 449-459 (2007).

17. Warnecke, G. and Zitt, U. \Kinematic simulation for an-
alyzing and predicting high-performance grinding pro-
cesses", CIRP, 47, pp. 265-270 (1998).

18. Krishnamoorthy, K., Handbook of Statistical Distribu-
tions with Applications, Taylor & Francis (2010).

19. Rowe, W.B., Principles of Modern Grinding Technology,
William Andrew (2009).

20. Rowe, W.B., Morgan, M.N. Qi, H.S. and Zheng, H.W.
\The e�ect of deformation on the contact area in grind-
ing", Annals of the CIRP, 49, pp. 409-412 (1993).

21. Agarwal, S. and Rao, P.V. \Predictive modeling of un-
deformed chip thickness in ceramic grinding", Interna-
tional Journal of Machine Tools & Manufacture, 56, pp.
59-68 (2012).

58


