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ABSTRACT 

Dressing is the process of removing glazed and loaded surface of the grinding wheel, for 

increasing the cutting ability of the wheel during the grinding operation. Generally dressing 

has significant effect on grinding wheel performance in terms of grinding ratio.  

The grinding wheel performance is significantly affected by the way the wheel is dressed. The 

four important parameters in single point diamond dressing are: depth of cut, cross feed rate, 

drag angle of the dresser and tip radius of the diamond dresser. The effect of these four 

parameters is critically assisted in terms of the grinding ratio in the subsequent grinding 

operation. 

Objective of this paper is to develop hierarchical structure for the factors and to provide 

judgment about relative importance of each these factors specify preference for each decision 

alternatives with respect to each factor, providing a prioritized ranking order of preference 

for decision alternative, critical assessment is done by using A H P. 

Keywords: Dressing, Surface grinding operation, Ranking, Grinding ratio, Analytical 

Hierarchical Process (AHP). 
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1. INTRODUCTION 

The increasing demand for the higher productivity and lower cost in industry require that the 

grinding process be run more efficiently with the reduced lead-time in achieving an 

acceptable level of grinding conditions. A grinding process can be expressed as a process 

where the work piece material is removed by the grains on the wheel surface as the 

consequence of the grinding kinematics. Therefore the analysis of the total grinding process 

needs to take account of both mechanics of dressing and mechanics of grinding. The relative 

motion between the diamond and the wheel, the characteristics of the wheel and the shape of 

the diamond determines the surface profile of the wheel formed by dressing. Generally a fine 

dressing operation refers to the combination of a small dressing lead and a small dressing 

depth. Conversely, the combination of a large dressing lead and a large dressing depth is 

described as a coarse dressing operation. When the wheel is used for grinding, a pattern based 

on the distribution of abrasive grains transfers to the work piece surface.  

Grinding ratio is defined as the volume of material removed from the work per unit volume 

of wheel wear. The importance of proper truing and dressing of grinding wheel on precision 

operations can not be too strongly emphasized. This applies to the type and condition of the 

dresser used as well as the method employed .The selection of the correct grinding wheel is 

of primarily importance in the production of high grade work, but the close second is the 

selection of the proper dressing tool and its proper use. As a matter of fact, incorrect dressing 

will cause a satisfactory wheel to act unsatisfactorily. On the other hand, a skillful operator 

with a good dressing tool can correct to a certain extent the grinding action of a wheel that 

does not exactly fit the requirements of the work being ground. This kind of knowledge is of 

special importance in shops where there is such a great variety of work that is not practical to 

have a special wheel for each kind of work.  

Grinding is actually a cutting operation. The small cutting edges on the grains of grinding 

wheel are like so many tiny teeth. They must be kept sharp in order to give a free cut and to 

produce a satisfactory finish on the work. Wheel dressing is a process of re-sharpening these 

tiny cutting edges. The hard diamond point in the dressing tool fractures the grains of wheel 

or removes the dull grains entirely and thus produces new, sharp edges. It also cleans out the 

tiny places between the grains removing the metallic dust and another particles which 

eventually clogs up the „pores‟ of the wheel face and make it dull. The remainder of the paper 

is organized as follows. A background for different dressing process parameters and their 

ranking is given in the section 2. Followed by AHP methodology will be given in section 3. 
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Section 4, research framework and experimentation will be illustrated and computing for 

AHP described. Finally, concluding remarks will be given in Section 5.  

2. LITERATURE SURVEY 

S.J.PANDE And G.K.LAL (2)   investigated the effect of dressing operation on grinding 

wheel performance thro‟ the experimental results. They found that the grinding wheel 

performance is significantly affected by the way the wheel is dressed. The important 

parameters in single point diamond dressing are the dressing depth of cut and cross feed rate. 

The effect of these two parameters in terms of grinding ratio, grinding force ratio is important 

to consider wheel life and the optimum dressing conditions have been evaluated on the basis 

of economic analysis. 

N.P.Fletcher [5] studied the dressing of grinding wheel using single point diamond dresser 

has shown the importance of correct selection of dressing variables when preparing the 

grinding wheel for both rough and finish cylindrical traverse grinding operation.  

A.A.Torrance And J.A. Berger [6] proposed a new model of the dressing of grinding wheels 

by diamond blade or single point tools is proposed. It is based on the statistics of brittle 

fracture of bonds and grains, and on geometrical interaction between grit and dressing tool. It 

successfully predicts the measured topography of wheels dressed in various different ways, 

and in combination with model of abrasive wear, can successfully predict the forces in 

surface grinding tests, and the resulting work piece roughness 

Xun Chen , W. Brian Rowe [3] investigated the effects on grinding performance of varying 

the dressing conditions are simulated and compared with experimental results. The results 

show that a coarse dressing condition leads to low grinding force. They have also focused on 

mechanics, single grain effect and process relationship in grinding.  

Conclusion from reviewed literature and need of this research work: After reviewing the 

literature, there is correlation between dressing process parameters and grinding ratio. 

Dressing depth of cut, cross feed rate, drag angle and tip radius are important process 

parameters of dressing operation. There is certain effect of these parameters on the grinding 

ratio. 

High grinding ratio is desirable . Very few researchers have worked on EN31 material. 

Therefore need to develop the hierarchical structure for the factors which consider critical 

assessment of parameters and also rank the parameters. There is correlation between dressing 

parameters and grinding ratio in subsequent grinding operation.  By controlling ranked 

parameter, grinding ratio can be improved and wheel life will increase.  
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3. AHP METHOD  

The Analytic Hierarchy Process (AHP) is a method developed by Saaty (1980) to support 

multicriteria decisions, where „analytic‟ indicates that the problem is broken down into  its 

constitutive elements and „hierarchy‟ indicates that a hierarchy of the constitutive elements is 

listed in relation to the main goal. The AHP has been used in a wide variety of complex 

decision-making problems such as the strategic planning of organizational resources (Saaty, 

1990). The following are the steps in the AHP method for decision making grouped into three 

categories:  

a) Constructing the Hierarchy: 

Step 1. State the decision problem and overall objective/goal.  

Step 2. Structure the hierarchy from the top through the intermediate to the lowest level, 

which usually contains a list of alternatives. Now the alternatives and the criteria have been 

defined, the decision maker develops a decision hierarchy. This hierarchy consists of at least 

three levels, a goal, criteria and alternatives. These elements are represented in a tree structure 

(see Figure 1). The hierarchy represents the structure of the decision problem and forms the 

basis of the comparisons which have to be made in the following steps. 

 

Decision Hierarchy (fig.1) 

b) Setting Priorities: 

Step 3. Construct matrices of pair wise comparisons for each of the lower- level 

measurements. The decision-maker has the option of expressing his or her intensity of 

preference on a nine-point scale. If two criteria are of equal importance, a value of 1 is given 

in the comparison, while a 9 indicates an absolute importance of one criterion over the other. 

The AHP uses a scale proposed by Saaty (1980) with values from 1 to 9 to measure the 

different weights as shown in Table 1.  
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Table1. Measurement scale for preferences between two elements . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 4. Pair wise comparisons among n elements in each level.  

Let P = {Pj |j= 1, 2,. . ., n} be the set of criteria. The result of the pair wise  comparison   

on n criteria can be summarized in a (n × n) evaluation matrix A in which every element 

aij = wi/wj is the quotient of weights of the criteria,.The relative priorities are given by 

the right eigenvector (w) corresponding to the largest eigenvector ( max), as 

      AW = max*W ………    

 

1            W1/ W2            W1/ Wn       

aij =             

                                                              W2/ W1            1                W2/ Wn 

                                        ….                …..                     …  

                                                                                                  Wn/ W1         Wn/ W2           1    

In case the pair wise comparisons are completely consistent, the matrix A has rank 1 and 

max =n. In that case, weights can be obtained by normalizing any of the rows or 

columns of A. The procedure described above is repeated for all subsystems in the 

Intensity of 

Importance 

Definition Explanation 

1 Equal importance Two activities contribute equally to 

the objective 

3 Weak importance of one 

over other  

The judgment is to favor one activity 

over another.  

5 Essential or strong 

importance 

The judgment is strongly in the 

favor one activity over another.  

7 Demonstration importance The judgment as to the importance 

of one activity over another.  

9 Absolute importance The judgment in the favor one 

activity over another is of the 

highest possible order of affirmation. 

2,4,6,8 Intermediate values 

between the two adjacent 

judgments 

When compromise is needed. 
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hierarchy. In order to synthesize the various priority vectors, these vectors are weighted 

with the global priority of the parent criteria and synthesized  

 c) Consistency Check: 

Step 5.Check the consistency after the pair wise comparison. Saaty (1980) has shown that 

the     largest eigenvalue, λ, of a reciprocal matrix A is always greater than or equal to n. 

If the pair wise comparisons do not include any inconsistencies, λ = n. The more 

consistent the maximum comparisons are, the closer the value of computed λ to n. A 

Consistency Index (CI), which measures the inconsistencies of pair wise comparisons, is 

given as:    

  CI = ( max- n) / (n - 1).   ……….              (2) 

The final consistency ratio (CR), on the basis of which one can conclude whether the 

evaluations are sufficiently consistent, is calculated as the ratio of the CI and the random 

consistency index (RI), which is show in Table No. 2, as indicated in CR = CI/RI. If CI is 

sufficiently small, the decision-maker‟s comparisons are probably consistent enough to 

give useful estimates of the weights for the objective function. If CI/RI < 0.10, the degree 

of consistency is satisfactory, but if CI/RI > 0.10, serious inconsistencies may exist, and 

the AHP may not yield meaningful results, the evaluation procedure has to be repeated to 

improve consistency. The measurement of consistency can be used to evaluate the 

consistency of decision makers as well as the consistency of all the hierarchy.  

Table No.2 Consistency Index 

Matrix rank 1 2 3 4 5 6 7 8 

RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 

 

4. FRAME OF RESEARCH WORK/ EXPERIMENTATION
(9)

   

4.1 Machine Specification- HORIZONTAL SPINDLE HYDRAULIC SURFACE 

GRINDING MACHINE, MODEL -TP6 MAKE by AVRO, Amritsar Engineering Work, 

New Delhi, technical specification as Max. Longitudinal table travel: 600 mm, max. 

Cross traverse 200mm,  

4.2  Grinding conditions - Table speed of 14 m/min, For fine feed in cross, the hand 

wheel has been provided with Micrometer graduation of 0.001mm,vertical feed in steps 

of 0.001mm, speed of grinding wheel - 1400rpm, Cross Feed – 0.3 mm / rev, Depth of 

Cut – 10 µm. 
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4.3  Specification of grinding wheel-For the same experiment grinding wheel used is 38 

A 60 K 5 V BE, Wheel dia.- 250mm,Wheel  width –25mm,wheel inner bore dia. –

76.2mm, Diamond dressers used for the dressing operation were of 0.75 carat weight.  

4.4  A En-31 (AISI 52100) bearing steel bar is used as work piece material. The 

composition of this steel is 0.90-1.1 C, 0.25-1.1 Mn, 0.10- 0.35 Si, 0.05 S, 0.05 P,0.30-

0.35 Mo,1-1.5 Cr. Hardness-58-61RC,Heat treatment- Hardening, Water quenching, 

Specimen Size- 80 * 12 mm, Thickness -12mm 

4.5 SELECTING PARAMETERS – By visiting the various small scale and medium scale 

industries and referring to the literatures, four parameters of dressing process are 

considered for this research work. They are   

1. Depth Of Cut 

2. Cross Feed Rate 

3. Drag Angle Of The Dresser 

4. Tip Radius Of The Diamond Dresser 

4.6 CALCULATION :    Following the computing method described in AHP, experts 

began to compare the factors (from table 1). After that, the square matrix is given below. 

Step 1: 

Let us represent, A= Depth of cut, B= Cross feed rate, C= Drag angle, D= Tip radius,  

 

 

 

 

 

 

 

Sum of column A= 1.4816, Sum of column B= 6.75, Sum of column C= 9.333, Sum of 

column D= 16.    

 

 

 

 

 

 

 

                A  B C D 

 

 

A 

B 

C 

D 

1 5 6 8 

1/5 1 2 4 

1/6  ½ 1 3 

1/8 ¼ 1/3 1 
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Step 2: 

 

 

 

Average of row A= 0.6384, Average of row B= 0.1866, Average of row C= 0.1201,  

Average of row D= 0.0544. 

A weight vector w = [0.6384, 0.1866, 0.1201, 0.0544] 

Step 3: 

  

 

Step 4:                                                                               

        

               

Mean = 4.12 

 If CI= 0 then A is consistent; If CI/RIn ≤ 0.10 then A is consistent enough, If CI/RIn > 0.10 

then A is seriously inconsistent. 

C.I = (4.12-4)/4 = 0.03 

From table 2, for n=4, value of R.I=0.90 

Now C.I / R.I = 0.03÷0.90=0.0333 <0.10 

We conclude that matrix is consistent enough.  
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As w = [0.6384, 0.1866, 0.1201, 0.0544] 

This shows that Ranking of parameters for Critically Assessment of Dressing Parameters by 

using single point diamond dresser for grinding ratio is as follows:  

Rank 1.Depth of cut 

Rank 2. Cross feed rate 

Rank 3.  Drag angle of dresser 

Rank 4.  Tip radius of dresser 

Graph for parameters 

A.   Depth of cut 

B.  Cross feed rate 

C.  Drag angle of dresser 

D.  Tip radius of dresser 

 

      

5. CONCLUSION 

The ranking of various process parameters of dressing operation viz. dressing depth of cut 

(D), dressing cross feed rate (C), tip radius of the diamond dresser (R) and drag angle of the 

dresser (A) for the grinding ratio during the subsequent grinding operation found by AHP 

method. Analytical Hierarchy process (AHP) shows that the depth of cut of dressing has 

overcalled ranked followed by cross feed rate of dressing for the grinding ratio after grinding 

operation. Drag angle and tip radius of dresser have relatively low ranking.Thus, AHP gives 

qualitative way of controlling grinding ratio in sub-sequent grinding operation. 
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