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Abstract— For finishing of the cylindrical products, 

cylindrical grinding machine is generally used. Generally for 

grinding the hard metal or alloy soft grinding wheel is used 

while for grinding the soft metal or alloy hard grinding wheel 

is used. For this it is required to change the grinding wheel 

again and again as well as the metal or alloy to be ground is 

changed. Due to changing the grinding wheel again and again 

the mounting errors chances are increased and extra time is 

also wasted. Now to avoid these problems we can use the split 

type grinding wheel. Besides it by providing some 

improvements in working steps we can increase the utility of 

any particular grinding wheel so that it may grind the 

maximum type metals, alloys and other materials. By this the 

diversity will be reduced and standardization will be 

improved sufficiently. 
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 INTRODUCTION 

Generally there are various type alignment and adjustments 

required when the new wheel is mounted on the rotating 

spindle and sometime a lot of time is also wasted to do it. To 

avoid this problem a circular metal plate is mounted on the 

rotating shaft one time and after this the split type grinding 

wheel is mounted on this metal plate by using screws or nut 

bolt assembly. Now the split type grinding wheel may be 

changed again and again without any other alignment or 

adjustment because the circular metal plate is always aligned 

and fixed. But the circular metal plate should be hard and 

tough sufficiently so that it may absorb the various type 

shocks and compressive forces etc. Besides it due to 

sufficient improvements in machining parameters, cutting 

fluid and abrasive particles mixture etc. we can obtain the 

good surface finish on the various type metals and alloys by 

using only a particular type grinding wheel. 

 METHODOLOGY OR LITERATURE SURVEY  

A. Methodology based on the use of the split type grinding 

wheel – 

There are various type advantages if we use the split type 

grinding wheel like → 

 The wheel mounting and its adjustment problems are 

eliminated. 

 It may be repaired and changed easily as required. 

 It improves the flexibility of the overall grinding process. 

 It improves the portability. 

 It improves the standardization and reduces the diversity 

due to increasing its utility. A split type grinding wheel 

is given in fig.(A).  

 
 Here to mount the grinding wheel on the spindle first 

screwed the nut -1 on the spindle after this the lower part of 

the flange -1 is mounted on the spindle and hence the circular 

plate, lower part of flange -1 and nut -2 are mounted on the 

spindle serially. In last set the all parts at their places and 

tighten or fixed rigidly by screwing up the both side bolts. 

The both lower parts of the flanges 1 and 2 have the triangular 

teeth circumferentially. Hence the upper parts of the flanges 

1 and 2 have the same matching triangular teeth 

circumferentially at inside surface. When the upper and lower 

parts of the flanges are fixed together and tighten by the 4 – 

bolts, their teeth are also matched together clearly. The both 

split parts of the grinding wheel are also fixed together 

between the upper parts of the flanges. Now here if the split 

grinding wheel is required to change, only upper side four 

bolts are loosen and any side upper part of the flange is taken 

out. So here it is clear that it is not required to loosen the main 

bolts of the spindle. 

Note – Here a hollow type or ring type split grinding wheel is 

used. 

B. Methodology based on the proper use and improvements 

of the machining parameters of grinding process – 

We know that for grinding the hard metal, alloy and other 

materials the soft grinding wheel is preferred if it is required 

to remove the small amount of material from the workpiece. 

 But if we want to remove the enough amount of 

material from the workpiece the harder grinding wheel is 

required. In resultant we can say that the harder grinding 

wheel may be used for soft to hard materials if the proper 

machining parameters are used at right time.  

 Now to obtain the high surface finish over the hard 

materials the rotating speed of the workpiece is taken high 

and d.o.c, reciprocating feed are taken low. By this the 

enough time is wasted. If we use high spindle speed, low d.o.c 

and low vibrating and faster reciprocating feed then here we 

can obtain the better surface finish on wasting less time 

period. Means the cycle time is reduced. 
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Here the vibrating - reciprocating feed mean is that the 

grinding wheel first starts to vibrate and then starts to 

reciprocate both actions are continued together until the work 

is not finished. Hence for soft material if we use high spindle 

speed, low d.o.c and faster vibrating and faster reciprocating 

feed then here we can obtain the better surface finish on 

wasting less time period. For safety the ratio between the 

thickness of the grinding wheel and stroke length of vibration 

should be 2:1 and the ratio between diameter of grinding 

wheel and reciprocating stroke length should be 1:3 

minimum. 

Note – Here due fast vibrations of the wheel the soft material 

particles don’t built up with the grinding surface of wheel. 

C. Methodology based on the effect of types of abrasives 

used in the grinding wheel and their shape and size – 

The grinding wheel should be such type that it may be used 

for both the soft and hard materials. For this have also 

required to use the preferable machining parameters 

according the material to ground. The size of the abrasive 

particles used in wheel should be medium (Grit size – 70 to 

900. The shape of abrasive particles should be triangular 

based paramedical. Besides it a strong metallic bond should 

be used to combine them rigidly. To fulfill these requirements 

we take equal quantities mixture of abrasives zirconia (Zro2) 

and hard stone in fine particles (Grit size – 70 to 90). While 

the mixture of tungsten, chromium, and graphite particles in 

ratio 6:3:1, is taken as bonding material. Now to make the 

grinding wheel the mixture of abrasive particles is taken as 

65% and the mixture of bonding material is taken as 35%. It 

is made by using the powder metallurgy method. Such type 

obtained grinding wheel becomes hard, strengthfull, tough 

and wear resistant and will be capable to grind the both soft 

and hard materials. 

 Methodology based on the effect of cutting fluid at 

various combinations and at various stages- The cutting fluid 

should have the good flowability or it should be non viscous 

sufficiently. The fine abrasive particles (Grit size – 120 to 

150) also should be mixed with cutting fluid, it will assist to 

remove the material particles smoothly clearly with close 

tolerance. Here the mineral oil is used as cutting fluid and 

silicon carbide is used for fine abrasive particles. The fine 

abrasive particles provide the rubbing action between 

grinding wheel and workpiece surfaces and by this the burrs 

and waviness like defects are eliminated sufficiently. 

 
 It may be seen by using the graph of waviness and 

surface irregularities for both conditions as given in figures 

(C) and (D). 

 ANALYSIS  

A. Analysis over the improvements in surface finish, cycle 

time and flexibility of the grinding wheel – 

Due to vibrating the grinding wheel the small particles 

removed from the workpiece don’t built up with the minor 

cutting edges of the abrasive particles of the wheel and 

material removal process is continued informally till the end 

of operation. Besides it due to vibrating the grinding wheel 

the particular small area of workpiece is ground many times 

in single moment of time. In resultant the whole surface area 

of the workpiece is finished perfectly with close tolerance. 

The required surface finish is obtained in obtained in less 

number of reciprocating strokes and due to this the cycle time 

of the grinding operation is reduced sufficiently. Generally it 

may be reduced upto 50 to 60%. Due to easy handling and 

easy adjustment of the split grinding wheel the grinding 

operation flexibility is increased sufficiently. Now look the 

relationship between speed, reciprocating feed, vibrations, 

d.o.c of the grinding wheel and cycle time by using the 

following table. 

 
Table I: For workpiece of diameter 50 mm and length 500 

mm and for grinding wheel diameter 150 mm and its 

thickness as 30 mm. 

Note – (I) Stroke length for vibrations = t×2 = 60 mm 

(II) Stroke length for reciprocating = D×3 = 150 mm 

Where t → thickness of the wheel, D → outer diameter of the 

wheel . 

 Here it is clear that the cycle time is reduced by 50% 

when the vibrations are included with the grinding wheel. 

Besides it as well as d.o.c value is increased the vibrations 
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(stokes/min.) will have to reduce as 20 to 30% per increment 

of d.o.c value as 0.1 mm. It is necessary for the safety of the 

grinding wheel and good surface finish of the workpiece. 

B. Analysis over the relationship between linear speed of the 

grinding wheel v (m/min.), reciprocating feed f (mm/min.), 

d.o.c d (mm), density of the grinding wheel ρ (kg/m3) and 

average height of roughness obtained k (mm). – 

 Here we will have to use the Buckingham’s π-

theorem to find the relationship between these quantities. 

So by using Buckingham’s π-theorem we can write as → 

 f (d, v, ρ, k, f) = 0 →     Equation (A) 

Then number of variables        (n) = 5  

Now on putting the all dimensions of all variables  → 

v = (LT-1), f = (T-1), d = (L),  

ρ = (ML-3), k = (L) 

So the number of dimensions (m) = 3 

So the number of π – terms  = 5-3 =2 

So we write as     f1(π1, π2) = 0      →   Equation (B) 

Where  π1 = (da1 * vb1 * ρc1 * k)       →   Equation (C) 

          π2  =   (da2 * vb2 * ρc2 * f)  →    Equation (D) 

Now on putting the all dimensions on both sides in 

Equation(C) → 

(M0L0T0)={(L)a1
*(LT-1)b1

*    (ML-3)c1
*(L)} 

On comparing the dimensions on both sides →  

 a1+b1+1 = 0 →   Equation (E)      

b1= 0    c1 = 0    So  a1 = -1 

then again from Equation(C) →        

 π1 = (k / d)  →      Equation (F) 

Now on putting the all dimensions on both sides in Equation 

(D) → 

(M0L0T0)={(L)a2
*(LT-1)b2

*     (ML-3)c2
*(T-1)} 

On comparing the dimensions on both sides →  

 a2+b2-3c2 = 0 →  Equation (G) 

c2 = 0  and  -b2 -1 = 0   

so b2 = -1     

then from Equation (G) →  

 a2 = 1 

then again from Equation (D) → 

 π2 = (d f / v )→   Equation (H) 

Then from Equation (B) →      f1 (k / d, d f / v) = 0 

Or   k / d = ɸ (df / v) 

k  = d ɸ (df / v) Equation (I) 

 According equation (I) it is clear that the average 

height of irregularities (k) does not depend on the density of 

the grinding wheel (ρ). It is also clear that to obtain the 

minimum value of average height of irregularities (k) the 

value of linear velocity of grinding wheel (v) should be high 

and the values of d.o.c (d), feed (f) should be low.  

C. Analysis over the relationship between the density of the 

workpiece material structure ρ(kg/m3), bonding strength 

between abrasive particles of the grinding σb(N/mm2), 

reciprocating feed of the grinding wheel f (per min.), d.o.c of 

the grinding wheel d (mm) and shear strength of the 

workpiece material σs(N/mm2). 

Now by using Buckingham’s π-theorem we can write as → 

 f (d, σb, ρ, σs, f) = 0 →     Equation (A) 

Then number of variables        (n) = 5  

Now on putting the all dimensions of all variables  → 

σb = (ML-1T-2), 

f = (T-1),  d = (L), 

ρ = (ML-3), σs = (ML-1T-2) 

So the number of dimensions (m) = 3 

So the number of π – terms  = 5-3 =2 

So we write as     f1(π1, π2) = 0      →   Equation (B) 

Where  π1 = (da1 * fb1 * σb
c1 * ρ)       →   Equation (C) 

          π2  =   (da2 * fb2 * σb
c2

*  σs)  →    Equation (D) 

Now on putting the all dimensions on both sides in 

Equation(C) → 

(M0L0T0)={(L)a1
*(T-1)b1

* 

(ML-1 T-2)c1
*(ML-3)} 

On comparing the dimensions on both sides →  

 a1- c1- 3 = 0 →   Equation (E)     

c1 +1= 0  so  c1 = -1     

b1 – 2c1 = 0 so b1 = 2 

then from Equation (E) →  

a1 = 2 

then again from Equation(C) →        π1 = (d2f2ρ / σb)  

Now on putting the all dimensions on both sides in Equation 

(D) → 

(M0L0T0)={(L)a2
*(T-1)b2

* 

(ML-1T-2)c2
*(ML-1T-2)} 

On comparing the dimensions on both sides →  

 a2 - c2  -1 = 0 →  Equation (F) 

c2 +1= 0  so   c2 = -1 

-b2 -2c2 -2 = 0  so b2 = 0     

then from Equation (F) →  

 a2 = 0 

then again from Equation (D) → π2 = (σs / σb) 

Then from Equation (B) →      f1 (d2f2ρ / σb , σs / σb) = 0 

d2f2ρ / σb = ɸ (σs / σb) 

f2  = (σb / ρd2) ɸ (R)→    Equ.(G) 

 According equation (G) it is clear that the 

reciprocating feed of the grinding wheel (f) depends on the 

d.o.c (d) of the grinding wheel. The reciprocating feed may 

be increased sufficiently if the value of the bonding strength 

of the grinding wheel is high and the values of the density of 

the workpiece material structure (ρ) and d.o.c of the grinding 

wheel (d) are taken low. While the value of ratio R is constant 

for particular material. 

D. Analysis over the relationship between vibrations of the 

grinding wheel f1 (per min.), rubbing area of abrasive 

particles between wheel and workpiece A (mm2/sec.), velocity 

of flow of abrasive particles mixed with cutting fluid v 

(m/sec.), d.o.c of the wheel d (mm) and density of workpiece 

material structure ρ (kg/m3). 

 Now by using Buckingham’s π-theorem we can write as → 

 f (A, v, ρ, d, f1) = 0 →      Equation (A) 

Then number of variables        (n) = 5  

Now on putting the all dimensions of all variables  → 

A = (L2), f = (T-1),  d = (L), 

ρ = (ML-3), v = (LT-1) 

So the number of dimensions (m) = 3 

So the number of π – terms  = 5-3 =2 

So we write as     f1(π1, π2) = 0      →   Equation (B) 

Where  π1 = (da1 * vb1 * ρc1 * f1)       →   Equation (C) 

          π2  =   (da2 * vb2 * ρc2
* A)  →    Equation (D) 

Now on putting the all dimensions on both sides in 

Equation(C) → 

(M0L0T0)={(L)a1
*(LT-1)b1

* 
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(ML-3)c1
*(T-1)} 

On comparing the dimensions on both sides →  

 a1+ b1- 3c1 = 0 →  Equation (E) 

c1 = 0  , - b1 – 1 = 0 so b1 = -1 

then from Equation (E) →  

a1 = 1 

then again from Equation(C) →        π1 = (f1d / v)  

Now on putting the all dimensions on both sides in Equation 

(D) → 

(M0L0T0)={(L)a2
*(LT-1)b2

* 

(ML-3)c2
*(L2)} 

On comparing the dimensions on both sides →  

a2 +b2-3c2 +2 = 0→ Equation (F)   

c2 = 0  and b2 = 0   

then from Equation (F) →  

a2 = -2 

then again from Equation (D) → π2 = (d-2 × A) = (A / d2) 

Then from Equation (B) →      f1 (f1d / v, A / d2) = 0 

f1 d / v = ɸ (A / d2) 

f1 = (v / d) ɸ (A / d2)→    Equ.(G) 

Now if ɸ (A / d2) is constant then from equation (G) → 

          f1  α  (v / d) → Equ.(H) 

 According equation (H) it is clear that the vibrations 

of the wheel may be increased if the velocity of abrasive 

particles (v) is taken high and the d.o.c of grinding wheel is 

taken low. 

 FINAL RESULT  

Hence it is clear that grinding operation may be improved by 

providing some changes in techniques of the operation, in 

machining parameters, in grinding wheel and in cutting fluid 

etc. 

 CONCLUSION  

It is very clear that the grinding operation also may be 

improved like other operations. For this we have to reduce the 

useless things and have to add the useful developments like 

given here. 
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