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~bs trac t  :The grinding wheel W rnade'af ~ e ~ , ~ t q + t + ~ r p  and ,hard silicon carbide abrasive patiiel& ~ r . ~ r h s  
held lweiher by stmng porous bond. Thqse,.sllii;?n carbide Aabralrive partikles are hard cyystaltne malerlali 
which &re herd togelher bylhe strong, poroilir4hbd and'lhese'abraslve materials'whvhich are of extreme hard&bs 
ara used lo shape other materials by a grinaing or abrading action, the paperlprssents, an'analysis of'the 
various component elements of a typical grinding wheel using neure - i u u y  technique. Among these cornponefit 
elements we have, the size of the grains and its spacing, volumetric propomon of grains, volumelyic proportion 
ol bonding material and volumetric proportion of pores. . Howecr, the work is new as it appears to be ths f i ~ !  
application of neuro - furry to component elements of a grindlhg wheel. . r %!I . :-• 

A grinding wheel is an expendabie wheel that carries an abtasive.cornpound,on its periphery. 
They are made of small, shaip and very hard natural or synthetic abrasive Fninernls, bonded 
together in a matrix to form a wheel. Grinding wheels are availableln p wide.variety of sizes, 
ranging from less than 0.63 centimekey to several meters in diameter. They are also available in 
numerous shapes like flat disks, cylinders, cups, canes. and wheels with a profib cut into ttle 
peripheqf (Malkin,and Ritter, 1989), The grinding wheel is made of very smdl, sharp and hard 
silicon carbide abrasive pnrticles or grits held together by strong porous bond'antl during grinding, 
n small tiny chip is cut by each of these active grains that comes in contact with the work piece 
as the grinding wheel whirls past it (Odior, 2002). Thost'grains at the Surface of the wheel that 
actually perform the cutting operation are called the active grains. As a result af,the ,irregular 
shapes of the grains, there is considerable interferenckbetw~n each active grain and the new 
work surface and each active grain actually acts ns a shgle point cutting tool. ( Li, et. a!.. 2005, 
Theodore. 20021. - .  
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Gdnding +is-bne of the most versatile methods of removing material fro& machine parts by : 
the ctitiing adtian of .the countless hard and sharp abrasive particles of. a revolving grinding,, 
wheel t~ provide.preeise geoomtry. Grinding or abrasive machining therefore, refers to processes 
formovirig mawrial in the forq af small chips by the mwhanical action of irregularly shaped. 
abrasive grains that-we hdd in place by a bonding materiaLon a moving, wheel sr.abrasi.ve <&It: 
(Di~iz; .et ad, 2000). A whed consisting. &? relatively !tough abrasive grains strongly bonded 
tngehr wid only exhibit self sharpening charactiiistic-to a smalf degree and will,c$Gkly. 
.dwdnp agkzed .appearan~e during grinding. This g l d  q p m a n c ~  is caused by, the datively : 
large wqm .apmthat~develup on the active grains,.md:these worn- areas result in excq6iv& 

.'bthe.wa,rP p$&. 9f-.bq therefore m, to dress the .~h#htgi . f -<. . 
a diamond-tip@ksing tool ahass the wheel 7 

w h i l ~  be wheel rotates.(Radfozd, et d. ' 1878). 
- A .grinding w k l i s  hbre a oamplex w#ting taol since it is,charack&d by a number if. 

-&sign +ametm and v&-iables:whi& inehtte: thk sizeof the grains and ikspaeing, vohm@c 
proportion of grain&, v ~ ~ u r n e t r i ' c ~ ~ r n ~ o r t i ~ .  of bondihg m~ebial and volumetric proportion- of: 
pores. As a result of the complexity in analyzing the component elements of grinding wheel, a 
mlim f d q  approach .was adopted for our dy8is:k mro - fuzzy model combines thenfmqt: 
.: lo& and n d  wtiva-k principles .to genera* rirodel that will resdt in thi evaluatimL of 
$pecifi@ ;d~ird-mtput Mile fuzzy logic perfoman iaferewe,qechanism under cog ni ti YG 
ukerhii~ty'~&i&k, E988), cornptlbtibual nautak ne&oks offer' &itid advatitziges; . s t ' & S  
i m h g ,  adap@on, fault'-toleran=, pwdie&sin arid generalization (Waswmn, 19892 To 
.enstbrmasy stem to deal with cognitive uncertainties in a rnanae~ moie, Uehrrmans, we ihcarpomie 
the concept of fuwy Jogic into mI networks to evaluate the performanoe, characteristics of a 
grinding wheel and the resulting hybiid system .is called fuzzy neural, neural fuzzy, neuro- 
fuzzy or fuzzy - n e w  network. 

The Structural Composition af a Grinding Wheel 

A grinding wheel consists of abrasive grains (A,GJ, the bonding material (B$dJ4, and. the 
Pore IPq). 

A gnndig wheel consists of abrasive grains (A,GJ, the boiding m a t e d  (B,vn), and the 
pore (PJ. Therefore the structure of a grinding wheel is the relationship of the abrwve grain to 
tb.e bonding materid and the relacionsip of these two dements.to t h ~  spaces or voids that 
separate them. A grinding wheel consists of abrasive grains (h,Gr), the bonding material (BnM3. 
and the pore (PJ. 

A ,grin@ng .wheel is made with the proportions of three major component6 (Malkin and - 
Ritter, 1989) as fo11ows : ' 

GI= P 4- P,+ Pp= 1.0 
when = volumetric ppporrion of grain% 
P, = volumetric proportion of bonding mayid; 
an& Pp = nolumetric proportian of p-es.  
So,Gw=P,+P,+Pp,andPg+P,+;P =1.0. 
A nwd network is now used forra ~ $ w l  grinding wheel as~follows, 
N - K 
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APPLICATION OF NEURQ-FUZZY TO COMPONENT ELEMENTS OF A GRINDING WHEEL 331 

.where W =weight, i =g, b, p. and N =  1 to 3. 
The mbdel gives the following tyo. different types of outputs: 
(1)output #I = 1 ifWBPg+.W,P,+ W g p > O  
(2)  output #2= 0 if W F. +W,P,+ W r p  S O  

.Therefore; $0; Wf .+tf,Ps t WJ 3 0,  output = 0 
&i foi.it LjiP.,.+ Czh+ WP, i 6, output = 0. 
~e adam ag follows : . , 
Change e, weight.4y ,an mount proportional tb thm difference between the desired output 

and the actual output, Thk ieads ca the following equation;- 

where 11 is thk learning rate, 
D is the degW wtput 
and Y is the ~ c t u &  ouppt. 
Sincg,only two c p m v p w ;  the grain and the bond a r e . h  major- constituents of a grinding 

wheel, the neuro fuzzy model reduces to : 

The neural nkl\irork.is 2iv'tn.in-Figubl, wbie he output from the model becomes: 
(1) &put '#I = :l'lf W PI& WbPb +.W 3 0 
(21 output W =  o if d~ + W,P, + 50. 

6. ' :  Pi . - 
Fig.4 : The Neural Network for the Grinding Wheel Componenk., 

The components of the neural network model w i a  the desired outputs are now presenred in 
Table-1 

Tohie-I : The Ir t~utr and the Desired Oulput from the N E U ~  fuzzy Model. 

Grain (Pg) I .Bond Muterid (Pb) 1 DESIRED OUTPUT 
0 (1 0 

NeumFuzzy Analysis for Abrasive Grrtins JA,GJ Pxoduction 

The abrasive gcains were produced using varying pei-centages of silica.sand (S ,SJ,  petroleum 
coke (P,Ca). saw dust (S,D,,) and common salt (CoS,). These components .were properly mixed 
for the production. We now develop neuro - fuzzy model fur the production of silicon carbide 
abrasive grains as follows : 

A,Gr = S,Sa + PcCD t SaDU + CaSn, UNIV
ERSITY
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luildhg .the.Modeh from Numerical Values. 

' - For fuzzy ,modeling, ali numerical values are &placed with linguistic values hat are then.. 
us4.m analyze the model. For example, wheel grade is replaced.by the linguistic value$; ':s~ft", , 
-"wdi'um" or'+kard". Therefore, the fuzzy m&ls are built'baad.ofl ma following a~pem: . 

., { 1) A very s m a ~ . s u r f a ~  f nish.needs a .grinding wheel with fmer'grit ,size. 
:(2) R: smooth surface finish .needs a grinding wheel with fine grit size. 
(3)A. rough surface finish me& a grinding wheel with 'warse grit s i ~ .  These parameters ape 

now, denoted as fo~~ows, 
Y =' A Gr = Abrasive Grains, - *# 

X, = ~3~ = Silicon Sand, -L 

X, = P,C,= Petroleum Coke, 
X, = SgDU = Saw Dust, 
X, = CaSa = Common Salt. 

, - S o w e h a v e ; Y = ~ + X , + X , + X , .  
,The neuro - fuzzy modd is givtn as 

Yd = SXi-wi ,*@I 

were Y, = desired output, 
5 = variable constituents. -,: 

Wi = attachh yeights. . . . . 
, me stmcture of neum fuzzy model is p,mented in ~ i &  2 while the simplified form of the 

model is presented in Figure-3. 

~ig. :2  : The ~trnkere or Neum Fuzzy' Modei. 
The above structure is now modified to get the simplified structure of the ntuw fuzzy , L .  - 

model as presented below. 
X I  

X2 

X3 

XI 

Fig.-3 : The Simplified Structure of Nsuro Fuzy Model. 
- ,The input md output parameters for the neum -.fuzzy mode1 with their identified variables 
are now presented in Table-2, belo*. - 8 . , . . , . i , -  _ .  . 

Table-2 : Identified Variables for Meuro - FUZZY Model lnaul and Ou~uur Pkmekrs  
VarinMe Natue 1 Descripfion 1 Fuzzy VariabIes. 

Abrasive drains Come. Medim. Finc. Very Fine. 
s$,' 
ptc. 
SaDu 
ems, 

- . Silicon S a n d  
Petroleum coke 
Saw Dusl, 
C o ~ m o n  Mi. 

C h ,  Medium. Finr, V C ~  :Fine. . - 

Coarse, Medium. Fine, Very Rne. 
Coarse. Medium, Finc. Very Finc. A 

Cosrse, Medium, Fine. VeG Rne. UNIV
ERSITY
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Fig.4  : Ntum Fuzzy Inpul - Output Parnmerets. 

were Si. P, Tc are input parameten, 0,, M,, PC are output parameters, Y, is the desired 
output and (Y, - ZSiPcTJ is the linguistic variable, 

In the production of the abrasive pins  m-grits, it was obsemd tfie fuzzy variables fine 
and very fine gave the same result -as tfia~-of che fuzzy variabje fink. -fore, the neuro-fuay 
model with their identified variables arit.pQw reduced to the fmm w n t d  in Table-3. 

T e k - 3  : No-1 W-wntidd ~aiabks ,lor,~elfra c Fuzzy M&l ~npui wrd 0 v p 1  Parameta 

Neura Fuzzy Output Parametem 
The output parameters are; 
(1) Hi& grade grindhg wheel (Optimistic, OJ, 
(2) Notmal grade grinding wheel (Most Likely. hi,), 
(3) Poor grade grinding wheel (Pessimistic, P,). 
The Linguistic Variables; 
(I) CY, - XSiPETJ = Negative (N) = HGGW = Optimistic (04 
(2) (Y, - BiPcTJ = Zero a = NGGW = Most Likely (MI> 
(3 )  (Y, - 2SiPCTJ = Positive (P) = PGGW = Pessimistic (PJ. 

I #  

Variabge Name. 
A,qa. , v 
SaDi 

. qSX. .' ': , ., , : -* 

Therefore, the fuzzy model nlat&-W' desired output Y, to .the Atput '. 
I 

Considering the output parameters from the neuro f w y  model, we have; 
- ( I ) (Y, - Y) = Negative (N) = ~ ~ t i m i s t i c  . ' (Op). , 

(21 [Yh 5 Y) Zero CZ) = Nmala'[H): ' '" 

. (3) OT, - Y) = Positive (P) = Pessimistic (PJ. 
These parmetas are to be processed to arrive at the specified desired output by asing the 

following b-ase rules : 
(11 IF~Y, - Y) = N AND (Y, - . ~ j  ='N cdn$n.ce$ THEN output'+ ~ptimistic (0,). 
(2) IF (Y, -Y) = Z AND (Y,: T)'= Emtinti&, THEN output = NQmsl IN). 
(3) IF (Y, - Y)= P AND (Y, - Y) = P c~qtinu&~-THEN output - ~esshni?lic (P3 
Fw the effective production of silicon carbide grains, major imb&r parameters are. 

considend. These are (1) silica sand (SF,), pttroieua cake '(P~CJ sod temperatun VJ. 
Denoting silica sand by S,, petroleum coke by Pe and temperature by T*, we now represent these 
input parameters by a neum fuzzy model suucrure with a network as follows : 

' . . , 0e&ipthn; ' 
-., ' - ~ b & i + ~ ' f $ ~ i n $  

Sillcon Sand 
Pekrpl+um Cok~ . 
saw. DUSJ, 
c V . ~ $ a 1 t :  , 

I "  ." Fom> Variables. 
C m ,  Medium, Fme. 
Coarse, Medium. Rne. ' 

. + 1 . C o ~ m .  'Medium, fine. . 
. -; .. -, ,. - . . .  ~ J L ~ . :  C ~ ~ s ~ , A l ~ i u m . E i n e .  

. . - &. Medium. Rtle. 
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The neuro fuzzy model is now represented with n simplified fuzzy network. 

The Grinding Wheel System Operating Rules, 
INPUT No 1 : [%put". Negative (0 . Positive (PJ, Zero (NI 1. d INPUT No. 2.:{GN- Getting Negative ( p), GP- Getting Wtive (Pel, GZ- Getting ZeK, 0 1 , .  
The system response with its output becomes: 
Output Op = Optimistic. PC = Nil, and N = Nit 

The degree of relationship between fuzzy output and membership function ranges from 0 to 1.0. 
The graphical illustration of Table4 is presented in Figure4 

Skmcarbld-___ 

Palrdpm &ke F 

T-Wmh?-+. . . 

The compnmtq ~f fuzzy logic spr?tro~. hod=! f& the production oT abrasive grains with 
membership fuactim are pressed in T&l&.. 

Table-d : Rulationship B a t w ~ n  Fuzzy Outpu~ and Membership Function. 

Figure-6 : Graphd Fuzzy Logic Contmi Model 

OD (Yd - zSiP9feJ 

Level 
1 
2 
3 

*. 
Fig.+ I EIeur~.Fwy Me~work. 

The degree of ~iationship between fuzzy output and membership function r a n p  from 0 to . 

1.0 (Yu and Skibniewski). 

Inlerprehtioo 
Optimistic 
Most Likely 
Pessimis~ic 

Fumy Output 

Negative 
Zero 
Positive 

Uugulstlc Verlables. 

(Y, - U ~ P ~ T , ~  - 
(yd - q p e T e l  
(Y, - ESQ,T,) 
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APPLICATION OF NEURO-FUZZY TO COMPONENT ELEMENTS OF A GR~NWING WHEEL 335 

The interpretation of the graph shows that : 
i. When the quality of the desiied grinding wheel is lower than the quality of the grinding 

wheel 'bbtainedvthe modela )r9hpu negative (optimistic output). .. . ,. . ,  .. - .  
- ii. quality of the desired grinding wheel is the same as the qhkty of the grinding 

w heer obtained model Br~mpiS zero ( ~ o s t  ~ i k e l  output), 
iii. When the quality of the desired' grinding wheel is higher than the quality of the grinding 

wheel ob~ui~~ed the model . .  prompts . positive (pessimistic output). 

Conclusion. . - 
A grinding wheel is one of the'most versatile cuning tools used for removing rnateriq!+from. 

machine parts by abrasion. Zt is an expendable wheel that carries an abrasive compound on,its 
periphery. Grinding wheels are made of small, sharp and very hard natural or-synthetic abrasiue 
particles bonded together by a suitable bonding material, Neuro fuzzy' models were used to 
analyze the contribution of each of the component elements of a typical grinding wheel made af 
silicon carbide abrasive material. The prominent constituents of a silicon carbide grinding. 
wheel include; silica mnd, petroleum mke, saw dust and sodium chloride. Silicon carbide and 
petroleum coke are the mast important constituents. It was discovered that the size of the grains 
and its spacing, volumetric proportion of grains, volumetric proportion of bonding rnnteriol 
and volumetric proportion of pores influence greatly the performance charnctkristics of a grinding 
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