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. . W i g  w l m b  maiiebOf umy sma4Y, shwp and Isard abrasive m a l e d w r  grits 
.,held. together bjxreng p o u s  bond. Abrasive marerials we materiais of extreme 
l&ness that are used to shape otlier materials by a grinding or abrading &n 
:and thq, areas& either as loose grains,. as:@nding, wkelsls; vr as coatkgs on 
m:or.pqwt,Phe inamf~zHwe .ofabmsives i.n.N&mia has: been s~verely imp~ded by the 
diflcw& ;of r u l j l h g  suirable lo& RZW Weriais, and the associatd local 
formulation for abrasives wit11 global quality staduds. This paper presents a study 
ow.uppiic&n of n@m.Jrrzzy to :h, fmrrhrion of &con d& u b h  using 
'!-. i ~ w r c e d  ,tau materials in N i g k  .Five l o 4  .rarv-~matericrl-sscb~s were: 
dentifwd Lmugh pilot study and the J . .  varkbh of the: mr materiuls were, 

., identified while the input parameters, outptprametersC thc lirfguislie v-ble a&. 
+.the.desired output were used t~ ,-ei Ihc h e  result. , ,  , , . .  
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Abrasive malerials arc very hard mineral materials used to shape. frnish. or p d u h  other materials. The abrasive 
materials an: prncesscd in a fumacc after which they can further be pulverized and siftcd into different grain sizcs 
called grits. (I 101 and [ I  11). Abrasive materials for grinding. honing, lapping, a~ super fmishing are classified ink) 
two groups. natural and synthetic nbrnsive materials and except for diamonds. manulacmed abas~ves havc almost 
~otalty repkced natural abrasive materWs. The most important physicnl properties of abrilsivc materials arc: hardness, 
britllc~iess. toughness. grai~l shape and g a i n  size, character of fracture. purity and uniformity of the grains f4j. 
fu'alurd abrasivc materiais arc those rnaterids that are found existing mturall!, and art. used for the manufacture of  
abras~v:: grain& and nmnng the important natural abrasive materials include: aluminosilicate minerai. feldspar, calcined 
clays. lime. chalk and silica. flint, kaalinitc, diaromite and diamond, which is the hardest known natural material (153. 
161. [7] and I r 31). Corundum and emery have long been used for grinding purposes and both are made up of crystalline 
aluminium oxide in combination with iron oxide and other impurities. Like sand stone. these materials lack a uniform 
bond and are not suitable for high- speed grinding work. Diamond wheels, made with minoid bond. are especially 
useful in sharpening cemented-carbide tools. In spite of high initial cost, t h y  have proved to be economica1 because of 
their rapid cutting ability, slow wear, and free cutting action, [ I  J. 

The use of natural abrasive materials goes back to early man who used them to sharpen his tools. Burly man 
shaped wcapolis and loois by rubbing them apinsl hard and rough stone, Pictographs also show ancient Egyptians 
using naturai abrasive stonm to polish pottery and jewelry. [ 161. Abrasive stones have been used ior agm to clean and 
sharpen everything from weapom and tools, and even for cleaning the decks oi English navy ships. The earlies1 Corm 
of sandpaper would havc been loose sand held in flexible bits of leather or rawhide. Crude adhesives were later used to 
atuch abrasive grit to flexible backings [ 161. Impurities in the natural abrasive materials make them less effec~ive. As 
a result of this and with advancement in technology, man began to search for better alternative abrasive materials and 
the search led lo the discovery of synthetic abrasive material by Acheson in 1891. 

Synthetic abrasive materials are those abrasive rnaterids that are usually manufactured. and their qualities and 
compositionb can easily be conuoIled. An important characteristic of the synthetic abrasive materials is their purity 
wfi~ch has an Important bearing in their efficiency 1121 and [la]. The most commonly used synlhetic abrasive 
malerials include silicon carbide, aluminium oxide, Cubic Boron Nitride (CBN), while aluminium oxide and sit~con 

'Carresi~ndin~ author: c-mait: waddnis @ yahoo.com Tel. +2348038204274 
Journal of the Nigeriatm Assocktion of Mathemuticu1 Physics Volume 16 (May, 2010), 591 - 596 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



k o  - Ftmy Analysis for SMm Carbide.. .Odior, @male, &obi and Orsharh J d N A M P  

carbde are the most common mineral in use today, 1211. The Cubic Boron Nitride (CBN) shows a grcat promise in thc 
grinding of high speed sb l s  and its hardness -hes that of diamond. The various grades of each type of synthetic 
abrasiv~s are distinguishmtble by proprties such as solour, toughms, hltrdness and Wibilitj and the diffmCPe- in ' 
properties are caused by variation in purity of materials and method of processing. 
Silicon carbide abrasive is manufactured in an Acbeson graphite electric resistance furnace charged with a mixme of 
approximately 60 pwcent silica w d  ad 40 p x m t  h l y  ground ,petroieum wke. A s d l  amaunt of saw dust is ' 
added to the mix to increase its pwosity so that the carbon monoxide gag formed duriqg $e p c & s  can exape f ~ I y .  
Common salt L dm added to mix to promote the dmn*ilieon reaction a n d b  remove' itiiiwii*ies & iand a d  
coke. The mixme is -heated in ?n t a b n  graphite e k d c  m i s w  furnace to krrqjkqtw of about 1800"Y: m 
2 2 W , , a t  which point a b g e  prtion.of the 1-d aydtizm to fbnu dimn carbide abrasives [q.'Siticd? cnrbtde 

. , 
which is f-.k W Acheson funwe varb.jq -r)pri*w%$&g ro:&s-distance- graphite ,di heat 
h ~ .  Colod& fl&.ydhw aad crystals ~ w ~ ~ i g h e s k ~  andarc found ol-tto the resibtofi'Tk eofdr 
changes to blue a d  black at g m ~ z  distance from* mistor, d > t h e  darker cvtak are less pure 121. . 

Abrasives fox griadi wheeIs may k acquired in Nigeria either through impomtion or by manufacturing. 
.. miring W u e s  i q w 4 g h  iqmrhhn,lllay bc&i&&dudm41ack of. h i g n : k - e B ; s d  h i s  y&f&il* 
.b ,profitable..'~om CFE W fkasible 3tcsmiw \-&. -aquking abrasives for *grid* .&eels in 'Ni*a' is ha 
manufacture tkm.iocaUy.d in-this: case, f m i g n w  masbve b'WaUbh in Nigeria but the litaatbie is spatsc ru l  
such wtablishment. Therefom. N m a n s  d 1 t o  msnufachmtheir abrasives d i y  and io do this; Nigerians wed tu 
go &road for #swhqip r&wrwtiskilIs. l+ava, .- ~periermce, sueh i r rdWidml ra rk~~ i  M&be 
u s i n g . l w a l . t a w ~ ~ ~ p , ~ & t i o w  md41my Ield abru1W of i n ! c i m t b b a 1 ~ ~ ~ ~ ~ , ~ ~  ' 
d for local maw$wOw ,of+abwines for (grinding wheels fw our mrious iadwniw~using b k h l l y l s o ~  riiw 

. maleria& with .W f o N 9 0 ~ 1 8 ~ i i  thebairn of thismxamhwxk. L:,' ..'p'C ,>,-I . * .  1 F~L-'.,: 

. . F q y  w% Wry p v i d ~ ~  a.remdy for any tackof uncednty.in the data, i9j while .andkid Nktiml' NdMk 
can capture the re1atiodip ~ n . i n p u t & ~ ~ ~ j u s t ~ ~ w e i & t s - m - e a c R  lhk:whL learning from data and 
h y  are becoming more useful in the areas of pa- resogaition and prediction [151. Therefore, selection of data 
pairs of input and output for training the nctwrk is an essential swp to ensure sufficieacy and integrity of the target 
fwdon  [17]. Attmtpta to blend two artificial intelligence techaiques have been matie in the process of solving 
problems like fuzzy system identification based on inpuboutput data and fuzzy controller p a r a w r s  tuning 141, To 
enable a system to deaI with cognitive uncertainties in a ma- more like humans. one may imrporate the concept of 
fruay Iogic imo neural networks, [3], A neum - fuzy d t  cumbinex the - logic and neural network principles 
to gemate model chat will result in the evaluation of specified desired output. W b  finzy logic pwfoms an inference 
mechanism under cognitive uncertainty (201, w r n ~ n d  neural networks offer exciting advnnma, such as 
leafning, adaptation. fauit-tolerance. parallelism and ~ m t i o a  [19]. To enakle a sysEm to deal with mgnQivc 
uncertainties in n manner more like humans, we inmqmak the concept of fuzzy logic into neural networks 10 evaluaw 
~e performanee charmeristics of a p i d i n g  wheel and the resulting hybrid system is called fuzzy neural. neural 
fuzzy, newfuzzy w fuzzy-new network 

2 0  MaterMsAnd1Method 
The various compncnt materials used for the production of I!3O cmified silicon car#ide abmiveii include: silica 

sand petrokum cake, sawdust and d i m  dhlode, [&]!Some of these raw materials are either not available locally in 
Nigeria or are very unstable. Attention was tbacfore facued at discovering local substitutes for these raw mamials 
for use in Dhe formulation and manufacturing of silicon carbide abrasives. Therefore, a pilot study was therefore 
conduetad on various raw materiak to identdy suitable Id material substit- and quartz, coal. sodium carbonate, 
d u s t  am! scdium chloride were suitable substitutes. 

The abrasive grains were formulated and manufacaaed using varying proportions of IocaPy sourced raw 
materials. Quartz (Qa), coal (C,). sodium carbonate (SoCa), sowdust (Sn) and sodium chloride (Sock). These 
components were ppedy  mixed for the production. We now develop new - k y  model for the producdan of 
siricon carbide abrasive wins as follows: 
&Gr= Q+G + SOCJ+S,+SoCb 
These p m m k m  are now denated as follows. 

Y = A&, s Abrasive Graii, XI = Q = Quatz, X2 = C, = Coal, X3 = S& = Sodium Cabnate 
X, = S, r Sawdm & = !3& = Sodium Chloride. 

. ,Sawchave;Y= X 1 + X 2 + X ~ + X a + % .  - -  . 

The new - model is givmas Yd = n W l  . 
were Yd = hired output, Xi = variable proportion of constituems, Wt = attach weights. 

The structw of neuro f u a y  model is presentad in Figure I ,  and it is is made of three distinct parts namely input, 
layers, nrsd output The inputs arc denoted by 'X' . This owld be XI, X2 and X3 for thc framework shown in Figure 1. 
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Each of these 'X' values may rcprchcal diffcrcnt inputs such as quartz cod. sodium carbanate, sawdusr. sodim 
chloride. tempem= ek. As sucb. 1111. ~ianlhcr of 'X' values may be quivateat to the n u h r  of input par- that 
we are considwing. In a i r  cusc. IIIC \!rticlurr of the d i m  would be. more oornpliiaced than what is illwtrated 
above. The second division of thc ~rct~rrrl't~ssy structure consists of layers which are interconnections between the i n p t  
ond output nemns. Itl h i s  particular dcfimd instance, hree layas are specified and they are layers.0, I:, atW 2. The 
next s e g m e w n  of n e w ~ f w y  structure is the output. This is reprep& by 'y'..Pacticularlfi~ have: y I ,  y2, 
4 y3.. T@ output b. to be dtned in order to obtain the deskd output. 2Jle Mtaad output is'referd to as the 
dekired ourput;"yd'. For a cleprw view of the ~ r ~ f ~ z z y . & l i  the simplified schematic tapu't digiam in Figm 2 
is employed. 

Fig.2: S ~ ~ ~ M o d e t  
The input and output parameters for the n e w  - fuzzy model with their identif~ed variables are now presented in TabL 
1 below. 

XI = Q, = Qualz. Xz = C, = Coal, X3 = S,C, = Sodium Carbonate 
Xq = Sn = Sawdust. X5 = So& = Sdium Chloride. 

, I ' h . r b w ; s t r ~ w i w  simplifiml for a.cleater atew and bpt& u ~ ~ ~ ~ g f  ,thw w x t m f w q , c W n  
above. 

In rhe ve the 
same result asthat of the fuzzy &nble fm. Therefore, the nwao - fuzzy model with theb identified variables are now 

Therefore, the fuzzy model relates the desired output Yd to the output Y. 

x* . L 

XI ,.. * 
X3 i 
X4 e 

Ke t 

Cansidering the output parameters from the ~ u r o  fuzzy m o w .  we have: 
11 1 CYd - Y) = Positive lP) =Optimistic (04, 
(2) (Yd - Y) = Zero (Z) = Normal 0, 
(3) (Yd - Y) = Negative (N) = Pessimistic IP,). 
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Neuro - Fumy Analysis for Silicon Carbide,.,Wr, Oyawde, &obi, and Orsharh Jof IVAMP 
These pameters are to be processed to arriw at the specifd d e s d  output by using fhe following base rulm: 

(I ) IF (Yd- Y1= P AND (Yd - Y) = P mnthm, THEN output = Optimistic (Oa. 
(21 IF (Yd-Y) = Z AND (Yd- Y) = Z continues. THEN output =Normal (N). 
(3) IF Vd- Y) = M AND' (Yd - Y) = N continues, THEN output = PessimisticW,) 

For the effective production of silicon carbidc grains, three rntljor important param%ts wwc considered. These arc: - 
the core matwial (quartz). the ' m m n t  (mall and melting lemperawe since sodium carboytc, sawlust and sqdium 

- rhkridc are cmmipts in the fo&latian. Denoting quam by Q, coal by C. snd temperatthe by T,, k now, repsent . . , .  . .  
thtsc input parayp~~ 43 a tpeufwftfizy mwrk as follows: . . 

. . aigF3; ~ ~ ~ ~ - ~ t  Pamrwtera 
, Ja,%~e. &.& 5e-w Qbq.2, are output pmmehs, Yd is d~ desi&d*ou@ut i tnd ' (Y$ i~&~b~~5 'k '  . - t$c 1ingu.istic v w l e ,  
-OutputpameP& . * . *  

The output parameters mx 
( 1 ) High grade silicon earbide h i v e s  (Optimistic,O,). (2) N o d  grade silicon carbide abrasives CMOS? Likeiy, M,). 
(3)Ptod grade silicon carbide abrasives (Most Likely, Ml),(4) Poor grade silicon di abrasives (Pessimistic. Pd. 
Poor @ silimn carbide abrasives (Pessimistic. P,). 
The Linguistic Variables; 

( I 1 (Yd - CSBCTC) = Positive P) = HGS€A = Optimidc (04 
(2) (Yd - ;SSPPTC) = Zero (2) = NGSCA = Most Likely (MI) 
(3) (Yd - CS$'rTc) = Negative (N) = PGSCA = Pessimistic (P,). 

The neuro fuzzy model is now represented with a simplified k y  network. 
mart! 

-1 , Yd 

Temperature 
m.4: N e m  Fumy Wetwork. 

The camponents of fuzzy logic control model for the production of abrasive grains with memhrship functions are 
presented in Table 3. 
Table 3: f;" I _ .- 

The Membmhip fihnction for the Abmdve GrriD Size and wheel Grade. 
The memkrship function for the abrasive grain size is given in Figure 5. 

cmm A6rbbM Flm 

1 

t 

Grain Sizc (Number per cm) 
Fig.& Membership mtnction for Gmia S*. 
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F i g m  6: Graph of Fuzzy Logic Contra1 Model 
Thc inle~~reta~ion of the graph shows that: 
i .  When the grade of silicon carbide abrasim produced is higher than the desired grade of the abrasives the model 
prompts psiti ve (opf imistic output). 
ii. When the grade of silicon carbide abrasives produced is lower than the desired grade of the abrasives the model 
prompts negative (pessimbic output); and 
iii. When the grade of siIicon carbide abrasives producd is the same as that of the desired grade of the abrasives thc 
model prompts zero p o s t  Likely output). 

Thc Compmcnts of Ftmq Logic Modci. 
The components of the fuzzy logic control of the abrsive grains production cnn now be represented with membership 
functions as presented in 'Pdb'ie 4. 
Table 4: Components bf- bgic  ~ o d e i !  

Journal of rfre Nigerian AssocMon of MfRmati'cal Physics Volume 16 (May, 2010), 591 - 5% 

Level N u m k  

I 

, 2  .. 
3 
Th neum - fuzzy d l  now uses fie following output parameters ns input paraters  ta w i v e  at h c  specified 
+id output. 

- 4-u IF (Yp - zSP,T,) = F AND (Yd- ESPeTJ = VHP co>@inws. THEN output 9,. (2) E (Yd - ~SPcT, l  = Z 
,w (Pd - CSipCTE) = ~Ef2:'cantinue.s. THEN output Nil - .  

(3) iF (Yd - zSIptTC) = N AMD (Yd - DpCTff = VLN continues, THEN output Nil. 
Thediystem Q~rat inghles .  
mVT No I ; I 'lnpur. Pasi6ve (Od, Negative (PJ, Zkib m) 1. 
JNFIPC.No.:2 { GP- W g  Positive- (04, ON- Getting Negatlw (P), G Z  Getting Zero.IN3 1 
Thc system response with its output becomes: 
Output $,= Qptirnistic, I?,;rNd, a@ N = Nfiu. 

. rhmbaCat i l l u s t ~ a r i ~ , p f - T @ , , + & ~ @ ~ i ~ &  it;cxpl?ins the naturt +khayii& of&e vahm-w. 
grades of the p r o d d  siticon carbide abrasive grains. 
--. 

Iyerpretation. 

'Pihimistie ' 
~ o s t , ~ i k e l y  ' ' 

Optimistic 

. F u z ~ ~ t P U t .  

"Negative 
"2em 
-Positive ' 

Linguistic Varinbles 

IYd - TSPc'rJ 
(Yd.- 'CS&T3 
CYd - XSrP,Tt) 
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Neuro - Fuzzy Analysis for Silicon Carbidc. .. Ollior, Qyawale, Abobi, Md Orsharh J O J N ~  

Conclusioa 
The formulation and mufacture of silicon carbide abrasives involves various factors s%h as ttmpwature, 

melting time. pressure etc. Five local mw material substitutes for the formuIation and m a n u f a c e  of silicon carbide 
abrasives wwe identified from pilot s d y  and they include: quartz. coal. sodium carbonate, sawdust and sodium 
chloride. Neuro fuzzy netwottc and models were used to carefully nnalyse and control the silicon cnrbidc abr&oives 
formuIation process so ns to get the desired output with acceptable quality of siiicon carbide abtasive grains for 
grindin%. wheel manufacture. We have&veiopcd a nwc0Fuuy approach in the formu1atioti and manufacture of 
silicon carbide abrasiyw fqr grinding wh$els. This is a new contribution to the body of knowledge m the uuc bf mum- 
fuzzy logic inBbi@ d analysis of -- as was =tier W by others in h a d  bump design. ' 
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