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Abstract 

This study investigated to find the relationship between productivity and 

quality of surface for difference grinding conditions, to develop a better 

understanding of the effect of cutting conditions for grinding, on the surface 

roughness and productivity, to build a multiple regression models and exponential 

models. Such an understanding can provide insight into the problems of 

controlling the surfaces finish with productivity when the process parameters are 

adjusted to obtain a certain surface finish at the acceptable productivity. There are 

three various machining parameters have an effect on the quality and productivity 

such as the velocity of detail (υ, m/min), feed rate (ƒ, mm/min) and the cutting 

time (τ, min) for different diameters of work piece, that are known to have a large 

impact on surface quality and productivity. The results of experiment allow 

considering the establishing grinding condition on the productivity and quality of 

surface, and then obtain mathematical models to ensure the quality and 

productivity. The goal of this work is to identify a relationship between 

experimental results and theoretical model, and establishing the proper process 

values for cylindrical grinding, to increasing the rates for raising the productivity 

of the process. Application of new progressive rates of correct grinding condition, 

it is very benefit when using in practice. In order to maximize the gains from 

utilizing finish surfaces, accurate mathematical prediction models are finding by 

using least squares estimation method, which includes the effect of grinding 

conditions predicted the surface roughness values with an accuracy of about 10%, 

and 12% for productivity. The analysis of the effects of various parameters shows 

that the feeds and cutting speeds have significant effects in reducing the surface 

roughness, while the working time has the least effect.  So the analysis reveals that 

the cutting speed and cutting time have significant effect in the rising the 

productivity, while the feed has the least effect.  
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Cutting speed, feed ate, working time. 
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 الخلاصة 
 

لأظٖاس   ىَخخيف ظشٗف اىقطع باىخديٞخ اىسطرِٞت ٗ خ٘دة الإّخاخ بِٞ اىعلاقتِ لإٝداد اىذساستِ ٕزٓ حَسشّثْ

ع٘اٍو  ثلاثت ْٕاك. ٍفًٖ٘ أفضو عِ حأثٞش ّظاً اىقطع فٜ عَيٞت اىخديٞخ ثٌ حْظٌٞ اىعلاقت بِٞ خ٘دة اىسطر ٗ الأّخاخٞت

عْٞاث ىٗ (ِ τ) خشغٞواى ٗاى٘قج( ƒ) اىخغزٝت ،(υ) قطعاى سشعتِ ٍثو اىسطرِٗ خ٘دة  ٞتالإّخاخ عيٚ حؤثش ٍُخْخَيِفت حشغٞيٞت

 عيٚ زاىت اىخديٞخ ح٘ضر تِٞبٝاىخدش خائِحاىْ . اىسطرِٞت ٗ خ٘دة الإّخاخ عيٚ نبٞشاى ٕاحأثٞش تَعشفى رىل ، يفت الأقطاسٍخخ

ُّ. الإّخاج ٍٗعذهِ اىْ٘عٞتِ ىضَاُ تاىشٝاضٞ اىَْارج عيٚ ٝخٌ اىسص٘ه رىل ٗبعذ, اىسطرِٞت ٗ خ٘دة الإّخاخ  ٕزا ٕذفَ إ

ُْ اىعَوِ َْخائِحِ بِٞ علاقت َُّٝٞزَ أَ ِٛ، ٗاىَْ٘رجِ اىخدشٝبٞتِ اى لأخو ،اىخديٞخ الاسط٘اّٞت ىعَيٞتَىقٌٞ صسٞست  ُٗٝؤسّسُ اىْظش

 .سفع الاّخاخٞت

 ُٝزّٝذَ ىنٜ. فٜ اىخطبٞقاث اىعَيٞت خذاً ٕٜٗ ٍفٞذة ،تاىصسٞسِ ىششٗط اىخديٞخ  اىدذٝذةِ اىخَصاعُذٝتِ ٕزة اىقٌٞ  

ِْ اىَناسبَ  اىَشبعاثِ حقذٝشِ طشٝقتِ بئسخعَاه ُ دقٞقتِ سٝاضٞتِ حْبؤِ َّارج حٌ اٝداد،راث حشطٞب ّٖائٜ. سط٘ذِ إسْخِعَْاه ٍِ

َُٖا حشٞش اىٚ أُ اىخغزٝت ٗسشعت اىقطع ٍخخيف اىَخغٞشاث حفاعوَ حأثٞشاثِ دِساسَت حسيٞوَ .اىصغشٙ ٍّتُ حأثٞشاثُ ىَ  فٜ ٕا

ُٔ  اى٘قج بَْٞا ، اىسطسّٞتِاىْعٍ٘ت  ٍِ  اىخَخفٞض مَا حشٞش اىخساىٞو بأُ سشعت اىقطع ٗاى٘قج ىَٖا اىخأثٞش  .اىخأثٞشِ أقوّ ىَ

 الأمبش فٜ سفع الأّخاخٞت, بَْٞا اىخغزٝت ىٖا اىخأثٞش الاقو .
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Introduction: 

In cylindrical grinding, similarly to other metal cutting processes, the applied speed of 

detail and feed rates must be adjusted to the operational conditions as well as to the objectives 

of the process. The surface quality is an important parameter to evaluate the productivity of 

machine tools as well as machined components. Hence, achieving the desired surface quality 

is of great importance for the functional behavior of the mechanical parts [1]. Surface 

roughness is used as the critical quality indicator for the machined surface and has influence 

on several properties such as wear resistance, fatigue ,strength, coefficient of friction, 

lubrication, wear rate and corrosion resistance of the machined parts [2], also the productivity 

is an important which have considerable effect on the time and cost. Quality and productivity 

can be achieved only through proper cutting condition. This paper attempts to obtain 

mathematical models of surface roughness (Ra) and productivity (Q) for cylindrical grinding. 

The progress in the development of predictive model, based on cutting theory, has not 

yet met the objective; the most essential cutting performance measures, such as, roughness of 

grinding surface, productivity, energy consumption, …etc., should be defined using 

experimental studies. Therefore, further improvement and optimization for the technological 

and economic performance of grinding operations depend on a well-based experimental 

methodology. Unfortunately, there is a lack of information dealing with test methodology and 

data evaluation in metal cutting experiments [9].  

Several factors influence the final surface roughness in grinding operation. Factors 

such as cutting speed, feed rate, and working time that control the cutting operation can be 

setup in advance. However, factors such as tool geometry, tool wear, and chip formation, or 

the material properties of both tool and work piece are uncontrolled [10]. 

The values of surface roughness stated on the manufacturing constructions cannot be 

realized without a good combination between the preferred grinding parameters (υ, ƒ, and τ) 

during the process of manufacturing. In all manufacturing methods, besides the high 

productivity, a satisfactory quality of surface roughness is very important. The occurrence of 

surface roughness is affected by lot of factors like cutting speed, feed and cutting time [3, 4, 

and 5]. The technological engineers used their own experience and machining guidelines in 

order to achieve the best possible surface finish at high productivity. Due to inadequate 

knowledge of the complexity and factors affecting the surface finish, an improper decision 

may cause high production cost and low quality. The proper selection of grinding condition 

for achieving a proper grinding performance is a critical task.  

 

Experimental Method And Materials: 

Experiments have been performed in order to establishing into the effect of many 

factors of the process parameters (υ, ƒ, and τ) of the grinding on the productivity and quality. 

Surface roughness (Ra) measured in micro-meters with a profilometer, and the weigh in 

grams they are the response variables. The same machine was used for all experimental work, 

and the same operator grinds all specimens.    
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The material used in this study was hardened steel; the hardness was measured to 

40HRC. Cylindrical shaft with an outer diameter (D1= 47.5, D2= 47.53, D3= 47.61mm).the 

wheel velocity 45 m/sec, coolant equal 10.5 Litter/min, scale graduation of weighting equal 

0.001. The width of the shaft was 35mm, surface roughness were measured by profile- meter 

tester.  Table 1 list the test condition cutting speeds and feed were selected to span the range 

of condition recommended by reference [6]. Table 2 is matrix plan.   The experiment executed 

according to the following steps: 

1. Surface roughness and difference weights test executed three times for each samples. 

Then the mean value obtained. 

2. The experiment conducted according to the matrix plan, 2
n
, and table 2. 

3. Repeat the steps 1, 2 for each specimen. 

 

Table 1 the Level of the Factors 
 

Level limit υ , m/min ƒ, mm/min τ, min 

 

base 0 40 0.106 0.25 

High +1 60 0.2 0.40 

Low -1 20 0.012 0.10 

interval ∆χί 20 0.094 0.15 

 

Table 2 matrix plan,2n, and results 

 

№ Z1(ƒ) Z2(υ) Z3(τ) Ra/mkm Q/N/min 

1 - - - 0.3346 0.00110 

2 + - - 0.6160 0.00107 

3 - + - 0.4000 0.00758 

4 + + - 0.7031 0.00954 

5 - - + 0.3330 0.00230 

6 + - + 0.5980 0.00275 

7 - + + 0.3810 0.02460 

8 + + + 0.6775 0.02570 

 

Regression based Modeling  

In order to know the surface quality and productivity, it is necessary to employ 

theoretical models making it feasible to do prediction in function of operation conditions [11]. 

Response surface methodology (RSM) is a collection of mathematical and statistical 

techniques that are useful for the modeling and analysis of problems in which a response of 

interest is influenced by several variables and the objective is to optimize this response [7].  

    The exponential models for surface roughness and productivity as a function of cutting 

speed (υ), feed (ƒ) and the cutting time (τ)[11 ], 

Ra = Co υ
c1

 ƒ
c2

 τ
c3

 ………………………………………………….. (1) 

  = Co υ
c1

 ƒ
c2

 τ
c3 

………………………………………….…….…. (2) 

 



Journal of Engineering and Development, Vol. 15, No. 1, March (2011)    ISSN 1813-7822 

 
142 

Multiple linear regression models for surface roughness and productivity can be 

obtained by applying a logarithmic transformation that converts non- linear from equation (1, 

2) respectively into following mathematical form: 

 

ln Ra = ln Co + C1 ln X1 + C2 ln X2 +C3 ln X3 …………….……….…..(3) 

ln   = ln Co + C1 ln X1  + C2 ln X2 +C3 ln X3 …………….………….. (4) 

 

This regression analysis technique using least squares estimation was applied to 

compute the coefficients of the exponential model by using the sparse experimental data, 

generated by [7] for cylindrical grinding. 

(Volume)V = π D ℓ h     (D- diameter of shaft, ℓ- working width, h- thickness) 

(Weight) w= V γ    (γ- specific density) 

w = π D ℓ h γ  

Productivity ( ) =   N/min  

i =  ………………………………………..………………. (5) 

N =3 (three repeated sample) 

The mean value for repeated experiments can find by[    ] 

i =  ……………………………………..……………. (6) 

Disperse for each group experiments can find by formula. 

 ………………………….……….………. (7) 

{   ………………………………………..…….…… (8) 

n = 4(number of experiment in the same conditions) 

      To compute the coefficients of the exponential model by using the following formula: 

βo =  ………………….…..…………………..(9) 

βi =    …………………………………………………...(10) 

 (From matrix plan table 2), the equations can be rewritten as 

y = βo + β1 X1 + β2 X2 + β3 X3 + ε …………………………….….…… (11) 

     

Were y is the logarithmic value of the measured surface roughness, βo, β1, β2, β3  are 

regression coefficients to be estimated Xo is the unit vector X1, X2, X3 are the logarithmic 

values of cutting speed, feed and time, ε is the random error[7]. The following linear models 

are for surface roughness and productivity, the result of the above equations are determined 

by [8], and are given, respectively. 

 

The final response equations in terms of actual factors are given as: 

Ra = - 0.727 + 0.071 υ + 0.292 ƒ – 0.015 τ ……………………...… (12) 

  = - 5.31 + 1.09υ + 0.0531 ƒ + 0.481 τ …………………………… (13) 
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The exponential models for surface roughness and productivity can be obtained by 

applying a logarithmic transformation that converts linear form equation (12, 13) respectively 

into the following models (forms).  
 

Xi = 1 …………………………………..…….. (14) 

For cutting speed, feed and time for example to find the value of cutting condition 

υ = 1  

ƒ =  

τ = 1  

 

The developed response surface roughness, within the experimental region is as:   

……………………………….…………. (15)      

 

The developed response productivity, within the experimental region is as:   

  ………….…….……………… (16) 

 

Result And Discussion: 

The exponential models (15, 16) for surface roughness and productivity are compared 

with the experimental data sets and they are shown in Fig 1 and 2. It was possible to establish 

exponential relationships between the surface roughness’s (Ra) and productivity (Q) when 

grinding under the different conditions (s1 to s8). This relationship is useful for process 

control and optimization. The numerical estimates of the effects indicate that the effect of 

cutting feed is largest  and has positive direction means that the surface finishes 

deteriorated with increasing the cutting feed see fig 2. The cutting speed also has positive 

effect (  ), which indicates that decreasing the speed improves the surface finish, and the 

effect of cutting speed is less significant on the surface finish.  

Equation (15) shows the effect of working time ( ), the negative direction 

means that increasing the working time improves the surface finish. While the effect of 

cutting speed is the largest (16)and has positive direction(  means that the productivity 

increased with increasing the cutting speed. It is generally known that an increase in cutting 

speed improves machineability. The working time (  ) also has positive, which indicates 

that increasing working time, increasing the productivity. 
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Fig. 1. The Relationship Between Quality And Productivity At Different Grinding 

Conditions 
 

s1- υ = 20 m/min; ƒ = 0.012 mm/min; τ = 0.1 min 

s2- υ = 20 m/min; ƒ = 0.2 mm/min; τ = 0.1 min 

s3- υ = 60 m/min; ƒ = 0.012 mm/min; τ = 0.1 min 

s4- υ = 60 m/min;  ƒ = 0. 2 mm/min; τ = 0.1 min 

s5- υ = 20 m/min; ƒ = 0.012 mm/min; τ = 0.4 min 

s6- υ = 20 m/min; ƒ = 0.2 mm/min; τ = 0.4 min 

s7- υ = 60 m/min; ƒ = 0.012 mm/min; τ = 0.4 min 

s8- υ = 60 m/min;  ƒ = 0.2 mm/min; τ = 0.4 min 

 
 

 

 

Fig. 2.The Relationship Between Quality And Productivity At Different Cutting 

Feeds 
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The feed rate  ) has less effect on the productivity. In Fig 2, each cluster 

represents one cutting condition with difference cutting feed. Relatively good results obtained 

at s1, s5, s3, s7 when low values for cutting feed. Good productivity at cutting condition s7, at 

the expense of the quality of the surface. Good quality at cutting condition s5 is at the expense 

of productivity and time, the different between the two cutting conditions is the cutting speed. 

If the quality and productivity importance, It can control the cutting speed to find the better 

condition by using the exponential models, in the first step choose the proper quality (Ra) 

then choose minimum feed rate as possible, the second step find the productivity by 

controlling the cutting speed and working time.   

 

Conclusions: 
 

A series of experiments has been conducted in order to characterize the factors 

affecting surface roughness and productivity for grinding. The models generated, which 

includes the effect of cutting speed, feed rate, and working time. The deviation between 

predicted and measured value was within an error band of about 10 -12%. 

Based on the experimental and analytical result, the following conclusions are drawn: 

1. In general, the study shows that the feed rate is by far the most dominant factor for 

surface roughness then the cutting speed, while the working time has little effect. 

2. The cutting speed is the dominant factor for productivity followed by the working 

time, while the feed shows minimal effect on the productivity. 

3. The effect of grinding factors on the quality and productivity has been established with 

the help of mathematical models, the optimal grinding conditions to minimize the 

surface roughness and maximize the productivity have been determined. 

Using such models, one can obtain a remarkable saving time and cost. 
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