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Abstract- In the era of Accuracy and Precision, size variation of work-piece in cylindrical grinding plays an important role 
and in order to control it temperature effect is an essential parameter. The current case study is carried out in multinational 
company manufacturing bearings. Temperature effect give rise to part to part variation, and thermal effects like grinding 
burn, thermal cracks leading to rework of work-piece. The paper aims to reduce part to part variation on work-piece by 
optimising grinding parameters like cutting depth (a), work-head speed (Vw), spindle speed (Vs), coolant flow and results 
were experimentally validated. 
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I. INTRODUCTION 
 
Grinding is the most common abrasive machining 
process and the last of the series of machining 
operations. Compared to other machining processes 
grinding requires very high-energy input per unit of 
volume of material removal. During material 
removal, virtually all this energy is converted into 
heat and the heat becomes concentrated in the 
grinding zone. Because of this, the work piece is 
heated to high temperatures and possibly there are 
chances of size variation and thermal damage to the  
 

 
work piece. 
Analysis of the grinding temperatures requires 
knowledge about the total grinding energy expended, 
its distribution along the grinding zone, fig. 1 shows 
the fraction of the total energy conducted as heat to 
the work piece, chip formation, coolant flow and 
grinding wheel. Heating of the work piece in the 
grinding process, results in a positive heat flux at the 
grinding zone while cooling by the grinding fluids, 
results in a negative heat flux. The study is concerned 
with the optimization of heat generation and its effect 
on size variation of work piece. 

 

Fig. 1 Dissipation Of Heat Energy In Cylindrical Grinding Process 
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II. LITERATURE SURVEY 
 
Malkin[1] proved that, In order to calculate the 
maximum grinding zone temperature rise is given by: 

 
Where Ømax is the maximum temperature rise, Qw is 
heat Flux, k is the thermal conductivity of the work 
piece material, α is its thermal diffusivity, l is the half 
of the heat source length, and Vw is the work piece 
velocity The half-length lof the heat source is half the 
arc length of contact is l= 2 ………2 
From geometrical considerations, the arc length of 
contact is given by: 
Lc=(a*de)^1/2 
where a is depth of cut de is the equivalent diameter 
calculated as: De= (( ∗ )) ⁄ (( − )) ……..3 
Combining Equations (1) to (3), the maximum 
grinding zone temperature rise becomes: With a 
triangular heat source, instead of the uniform 
rectangular one considered here, the factor 1.13 in 
Equation (1) reduces slightly to 1.06 [32]. 

 
Qw =(ɛ )⁄(  ) ………5 
Where, ɛ is energy partition of the work piece. u = 
uch + upl + usl ……….6 
Here uch, upl, and usl are the chip-formation, 
plowing, and sliding components, respectively. From 
heat transfer considerations, it can be shown that 
almost all the sliding energy generated at the interface 
between the wear flats and the work piece is 
conducted as heat to the work piece. Likewise, 
virtually all the plowing energy is retained as heat in 
the work piece, as plowing involves work piece 
deformation without material removal. Results from 
calorimetric measurements indicate that 
approximately 55% of the chip-formation energy is 
transported to the work piece, which is consistent 
with expectations from a heat transfer analysis of the 
chip-formation process This would imply that all the 
grinding energy except for about 45% of the chip-
formation energy is conducted as Heat to the work 
piece, so the overall fraction of the grinding energy 
entering the work piece is[2]: 
 

 
 
III. PROBLEM DEFINITION 
 
Due to the temperature effect, there is size variation 
in work-piece, leading to rework 
 
Need of Temperature analysis: 
Five work-piece were taken for sample test, whose 

size variation was checked on bore gage. The size 
was checked based on three condition namely air 
quenched, water quenched, directly from machine. 
Size variation is in micron and its tolerance limit is 0 
to +10 micron Table 1: Size variation of ring w.r.t 
temperature So, in order to reduce this part to part 
variation, optimisation of parameters were needed. 
 

 
 
IV. EXPERIMENTAL SETUP 
 
a) Design of experiments: The input parameters 
which influence size variation are Grinding wheel 
speed (Vs), feed (f) , Work head spindle speed (Vw). 
The Lidkoping SSB Internal cylindrical grinding 
machine with grinding wheel of CX120 K8 V104 B3 
(Ø50*Ø9*Ø10). The design of experiment was 
carried out by Response Surface Methodology (RSM) 
using Minitab 17 software. Minitab provides both 
static and dynamic response experiments. In a static 
response experiment, the quality characteristic of 
interest has a fixed level. In a dynamic response 
experiment, the quality characteristic operates over a 
range of values and the goal is to improve the 
relationship between an input signal and an output 
response. 
This method is a collection of statistical and 
mathematical methods that are useful for the 
modelling and analysing the engineering problems. In 
this technique the objective is to optimize the 
response surface that is influenced by various process 
parameters. Response surface method also quantifies 
the relationship between the controllable input 
parameters and output responses and using Taguchi 
designs (orthogonal arrays), which allow to analyse 
these factors with few runs. Taguchi designs are 
balanced, that is, no factor is weighted more or less in 
an experiment, thus allowing factors to be analysed 
independently of each other. The goal of 
experimentation is to find an optimal combination of 
control factor settings. Minitab calculates response 
tables, linear model results, and generates main 
effects and interaction plots. 
 
b) Controllable Variables: The grinding parameters 
were feed (f), grinding wheel speed (Vs), work head 
spindle speed (Vw). Each factor has five levels 
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(process ranges). The other factors such as Coolant 
nozzle angle, Abrasive and Spark out were constant. 
The values of constant parameter respectively are as 
follows- 900, Vitrified Bond and 0.7sec.  
 
c) Response variables:  

The Size variation in terms of temperature effect 
and power required for it. 

 
d) Experimental set up: A Series of experiment was 
conducted to evaluate the influence of grinding 
process parameters on temperature effect thereby size 
variation. The test was carried out on high precision 
cylindrical grinding machine with vitrified CX120 K8 
V104 B3 (Ø50*Ø9*Ø10) grinding wheel and 
HYSOL X water miscible coolant was supplied in all 
grinding experiments .The tolerance of the 
parameters are + 50 rpm and + 5 m/s. 
 
V. CALCULATION OF EXISTING 
TEMPERATURE: 
 
In order to calculate existing temperature, let 
 

 
 
Vs = π* ds * ns / 60000 ………9 

= π*65*15870/6000  
= 54 m/s  

heq = π * dw * f / (Vs * 1000) …………10 

= π*80*40/(54*1000)  
= 0.1861 µm  

F't = F1 * (heq)d  …………11 
d = Constant (0.6 < d < 0.9)=0.68 
F1 = Specific Tangential Force at heq = 1 µm F't 
= Specific Tangential Force (N/mm) F't = 
22*(0.1861)0.68  
= 7.01284 N/mm  
Ft = F't * bd ………….12 
Ft = Tangential Grinding Force (N) 
Ft = 7.01284 * 13.271 …………13 

= 93.362 N 
P = Ft * Vs    ………….14 

= 93.0682*54  
= 5.02678 KW (Grinding Power)  

U=0.962/heq+13.8+2100*A/lg+7.55*A*lg/heq 
Where  U = Specific grinding energy 
A = Fraction of wheel surface consisting of worn 
area =0.015 
Lg = geometric contact length = (a*De/1000)^0.5 = 
0.905mm 
U = 54.309 Nm/mm3 

From equation 8 maximum temperature is given by- 

 
⍺ = Thermal diffusivity = 2.25 mm2/sec 
K = Thermal conductivity = 13.15 J/m sec 0c De 
= Equivalent wheel diameter De= ((   ∗  )) ⁄ ((   −  
) = 346.66 mm 
‘a’ = Cutting depth = f*60/Vw = 2.3645 µm Vw 
= Work head speed = 4.251 m/sec 
U = 54.309 Nm/mm3 
Uch = Specific chip formation = constant = 13.8 
Nm/mm3 
 
Ømax = 317.0830c 
 
VI. EXPERIMENTAL PARAMETERS & DOE 
 
The experiments were carried out on internal 
cylindrical grinding machine. There are three input 
controlling factors selected at five levels. Details of 
parameters and their levels are used shown in the 
Table 2 below. 

 
Table 2 : Variable parameters 

 
 
Here, one parameter is varied by keeping other 
parameters constant using Taguchi method and 
corresponding maximum temperature and power 
requirement is found using equation (8) and (14) 
respectively.
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Table 3: Experimental Design of matrix 

 
 

 
Fig 2: Main Effect Plot For Power 
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Above figure shows the main effect plot for power 
requirement, from above graph it is clear that power 
is directly proportional to feed rate, while other 
parameters have very less effect on it. Following 
table shows rank of parameters which affect power. 

 
Table 4: Response table for mean (power) 

 
 

 
Fig 3: Main Effects Plot Of Temperature 

 
Above figure shows the main effect plot for 
temperature requirement, from above graph it is clear 
that temperature is directly proportional to work head 
velocity and feed rate ,while spindle speed have very 
less effect on it. Following table shows rank of 
parameters which affect it. 

Table 5: Response table for mean (temperature) 

 
 
Optimised result: 
From the above graphs, it is clear that power 
increases with increase in feed rate, while workpeice 
temperature is significantly reduced. So the 
predicated Taguchi value is given by: 

Table 6: optimised result 

 

VII. EXPERIMENTALLY VERIFYING 
ANALYSIS USING GAGE R&R (CROSSED) 
Gage R&R is method which measures repeatability 
and reproducibility of rings, from which we could 
evaluate the part to part variation. Here, we used the 
Gage R&R (crossed) ANOVA method in MINITAB 
to get a quantitative analysis. Gage R&R (crossed) 
method in MINITAB provides two options: 

1. The X-bar and R method, and  
2. ANOVA method.  

ANOVA method is used for before and after 
measurement of sample and its plot is calculated. 
 
BEFORE KEEPING PARAMETERS VALUE 
EFFECT ON SIZE VARITION: 
 

 
Figure 4: Results From The ANOVA Method (Before Keeping 

Value) 
 
 AFTER KEEPING OPTIMISED VALUE SIZE 
VARIATION EFFECT: 
 

 
Figure 5: Results From The ANOVA Method (After Keeping 

Values) 
 
CONCLUSION 
 
Before optimisation of value for internal cylindrical, 
the % Contribution of Part-to-Part is 98.56% and 
same is reflected in ,an X-bar chart which have out-
of-control points and Ømax (maximum Temperature) 
= 3170c After keeping optimised value of f (feed)=60 
µm, Vw(Work head Speed)=2.8 m/sec , Vs(Spindle 
speed)=48m/sec, the % Contribution of Part-to-Part is 
90% and Ømax (maximum Temperature) = 
243.39420c In order to see trend, Sample of 45 rings 
were taken as observation and IMR chart of it was 
calculated using Minitab and process remains capable 
as values were within specification limit. 
 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-2, Issue-4, Aug.-2015 

Optimisation Of Heat Generation In Internal Cylindrical Grinding 
 

101 

 
Figure 6: I MR Chart Of Sample Of Readings 
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