
 

 

 
Abstract — This study reports the findings on the use of 

a multi-criteria decision-making (MCDM) method to 

determine the optimal dressing mode for surface grinding 

of Hardox 500. This study investigates three objectives: 

surface roughness (SR), material removal rate (MRR), and 

wheel life (Lw). Additionally, five dressing variables were 

analyzed: non-feeding dressing nn, fine dressing depth df, 

fine dressing times nf, rough dressing depth dr, and rough 

dressing times nr. The Multi-Attribute Utility Theory 

(MAUT) method was applied to solve the MCDM problem, 

and the Entropy technique was used to ascertain the 

criterion weights. Furthermore, 16 experimental runs were 

designed and conducted using the L16 (4^4 x 2^1) design 

type. The issue regarding MCDM has been assessed. The 

investigation's findings indicate that option No. 7, defined 

by the input parameters dr = 0.02 (mm), nr = 3, df = 0.05 

(mm), nf = 3,  and nn = 0, represents the optimal dressing 

mode. 
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I.  INTRODUCTION 
So far, numerous studies have been attempted to look at the 

grinding process. . The impact of temperature on deep 
grinding performance during the machining process utilizing 
ultrasonic vibration was investigated in [1]. Their study is 
conducted using both theoretical and experimental methods. 
The findings indicate that ultrasonic vibration aids in 
diminishing cutting heat during grinding. . The use of an 
abrasive waterjet beam for the dressing of a diamond wheel 
was introduced in [2]. The application of response surface 

 
 

methods and artificial neural networks has been compared in 
their work. Both aforementioned strategies were determined to 
be successful for the specified task. . An investigation of the 
mechanism underlying the formation of residual stress during 
grinding has been conducted in [3]. The study examined the 
attributes of mechanical, thermal, and thermodynamic 
coupling stresses. The microstructural processes and stress 
modeling of representative materials are also examined.  

A study that investigated the impact of coolant factors on 
surface finish during grinding 9CrSi tool steel was presented in 
[4]. Thirteen tests utilizing central composite design and 
response surface methodology examine the coolant’s 
concentration and flow rate. The influence of process factors 
and ideal values of them to achieve the least surface roughness 
have been proposed. The author in [5] implemented an 
examination into the impact of wear tools on cutting forces, 
analyzing the surface structure of the tool to develop a 
parameter that enables the quantification of tool wear. It was 
discovered that, following a brief conditioning phase, cutting 
forces rise roughly linearly with the machined length. In the 
second phase, the force ratio approaches a stable value, and 
the primary wear mechanism is the development of smooth 
edges on the diamond particles. . A model for the force and 
temperature associated with a single abrasive in the grinding 
process was proposed in [6]. The study examined the input 
process variables, force, and residual stress. An experiment 
was conducted to assess the modeling of bearing rings for 
aircraft processing. . A novel approach for incorporating 
auxiliary processes in high-speed grinding has been done in 
[7]. This work examines the MRR mechanism, as well as the 
force and temperature involved in grinding. The lubricating 
techniques have been studied. Furthermore, the apparatus and 
implements for grinding have been introduced. . A study to 
identify the dressing parameters necessary for attaining an 
optimal surface finish when processing SKD11 steel has been 
performed in [8]. This study examined six input process 
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elements: coarse dressing depth, quantity of coarse dressings, 
fine dressing depth, quantity of fine dressings, non-feeding 
dressing, and dressing feed velocity. Coarse dressing has the 
most substantial impact on Ra, comprising 88.28% of the 
influence. Furthermore, the discrepancy between the 
experimental roughness average and the anticipated value is 
minimal. 

A model to find SR resulting from grinding was proposed 
in [9]. The research investigated three unique configurations of 
abrasive grains with a model of a single-point diamond tool. 
Moreover, the proposed SR model was empirically validated. . 
Amodel to examine the influence of grinding conditions on the 
waviness of tooth surfaces has been established in [10]. The 
model accounts for the variation in spatiotemporal 
characteristics in continuous generating grinding, excluding 
factors such as system vibration and machine tool faults. . . 
The findings of an MCDM analysis on CBN grinding of 
cylindrical parts was reported in [11]. This study utilized 
TOPSIS, MAIRCA, and EAMR methods to address the 
MCDM problem, while the MEREC and Entropy techniques 
were implemented to determine the criteria weights. The 
optimal input parameters for achieving low SR and maximal 
MRR have been identified. 

A novel model for forecasting surface roughness in CBN 
grinding was pfresented in [12].  The spatial distribution 
model of abrasive particle placements and the normal 
distribution model of abrasive grain size are combined in this 
model. Tests conducted to assess the formula's efficacy reveal 
that the difference between the actual and predicted surface 
roughness is less than 2.3%. . The influence of grinding 
parameters on the surface properties of Inconel 800 was 
examined in [13]. This study utilized numerous grinding 
wheels under distinct grinding settings. The surface 
topographies were examined utilizing three-dimensional 
profilometry, optical microscopy, and scanning electron 
microscopy (SEM). The grinding parameters and wheel 
properties greatly influence the surface texture, topographical 
features, residual stress, and surface morphology of the 
workpiece. . A new set of factors for enhancing the prediction 
of surface roughness in the grinding of Inconel 738 superalloy, 
taking into account the influences of dressing and grinding 
parameters has been proposed in [14]. A deep artificial neural 
network was employed in the study to predict roughness, 
utilizing a dataset comprising grinding parameters, dressing 
components, and cooling elements. The proposed approach 
can be connected with the Industrial Internet of Things to 
increase automated machining. . A surface prediction model to 
account for the stochastic characteristics of particle size and its 
distribution in grinding wheels was formulated in [15]. The 
model was constructed based on the computation of the 
transient trajectory of grain throughout the whole contact zone. 
It was additionally corroborated for surface topography, 
roughness, and material removal rate. The material removal 
process related to surface generation has been investigated 
through the anticipated ground surface and material removal 
rate across various grain-workpiece interaction conditions. 

This work presents the findings of an MCDM evaluation 
focused on identifying the optimal dressing technique for 

surface grinding of Hardox 500. The MAUT method was 
utilized to address the MCDM, while the Entropy technique 
was employed to find the creation weights. The resolution of 
the MCDM issue utilizing three criteria (SR, MRR, and Lw) 
has led to the proposal of optimal dressing factors. 

II.  METHODOLOGY 

A.  MAUT Method 

To implement the MAUT method it is crucial to adhere to the 
subsequent steps, [16]: 
Step 1: Build the first decision-making matrix: 

  (1) 

Step 2: Create a normalized decision matrix by: 
For  MRR and Lw targets: 

 (2) 

For SR target: 

 (3) 

Where i = 1, 2,..., m and j = 1, 2, ...,n. 
Step 3: Calculate marginal utility score by: 

 (4) 

Step 3: Find the final utility score by: 

 (5) 

In which i=1,...,m. 
Step 4: Sort alternatives by maximizing Ui. 

B.  Entropy Method 

In this study, the Entropy method has been applied to 
compute the criterion weights. This method can be used in the 
following steps, [17]. 
Step 1: Find indicator normalized values: 

 (6) 

Step 2: Calculate the Entropy for objectives: 
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  (7) 

Step 3: Determine the weight of objectives: 

 (8) 

III.  EXPERIMENTAL WORK 

An experiment has been performed to identify the optimal 
dressing factor for surface grinding Hardox 500. To achieve 
high efficiency in dressing process, this process should be 
divided into three steps: rough dressing, fine dressing, and 
non-feeding dressing. Therefore, in this experiment, five 
dressing factors (dr, nr, df, nf, and nn) have been investigated, 
[18]. Table I displays the levels of the input factors utilized in 
the experiment. The experiment applied an L16 (44x21) 
configuration, comprising 16 experimental runs, conducted 
with Minitab R19 software. Figure 1 illustrates the 
configuration of the experiment. The apparatus comprises a 
surface grinding machine (PSG-CL3060AH, Taiwan), a 
grinding wheel (Cn60MV1G V1, 350x40x127 35 (m/s)), a 
diamond dresser (3908-0088C type II, Russia), and a force 
measuring device (Kistler 9257BA, Germany). The 
experimental procedure was outlined as follows: All 
experiments were conducted in triplicate. The SJ201 model 
surface roughness device has been used to assess SR. The 
useful life of the wheel is influenced by the time taken to start 
grinding after dressing and the use of a standard Py spike. The 
wheel life and the measured total material volume were used to 
calculate the MRR. Table II presents the experimental matrix 
and the resulting findings. 
 

 
Fig. 1. Configuration for the experiment 

IV.  DETERMINING BEST DRESSING FACTORS 

To deal with the MCDM issue of identifying an ideal 
dressing setting, the initial determination of the creation 
weights is conducted using the Entropy method, as detailed in 
Section 2.4 below: First, finding the values of pij as outlined in 

formula (6). Determine the Entropy value for each indication 
mej using formula (7). Calculate the criterion weight wij using 
Equation (8). The weights of RS, MRR, and Lw have been 
determined to be 0.4606, 0.3056, and 0.2338, respectively. 

Table I. Dressing parameters 

No. Factor 
Level 

1 2 3 4 

1 dr 0.015 0.02 0.025 0.03 
2 nr 1 2 3 4 
3 df 0.005 0.01 - - 
4 nf 0 1 2 3 
5 nn 0 1 2 3 

Table II. Experimental matrix and output findings 

No. dr nr nf nn df SR 
(µm) 

MRR 
(mm3/s) Lw (min.) 

1 0.015 1 0 0 0.005 0.67 5.73 23.07 

2 0.015 2 1 1 0.005 0.59 5.71 33.20 

3 0.015 3 2 2 0.010 0.59 5.51 5.05 

4 0.015 4 3 3 0.010 0.65 6.43 1.90 

5 0.020 1 1 2 0.010 0.44 8.49 19.90 

6 0.020 2 0 3 0.010 0.48 5.22 41.20 

7 0.020 3 3 0 0.005 0.62 3.36 44.00 

8 0.020 4 2 1 0.005 0.79 11.77 23.73 

9 0.025 1 2 3 0.005 0.45 5.64 5.23 

10 0.025 2 3 2 0.005 0.81 6.53 36.67 

11 0.025 3 0 1 0.010 1.22 3.97 28.03 

12 0.025 4 1 0 0.010 0.87 6.01 37.27 

13 0.030 1 3 1 0.010 0.94 7.40 26.47 

14 0.030 2 2 0 0.010 0.69 6.65 35.17 

15 0.030 3 1 3 0.005 1.38 5.60 41.77 

16 0.030 4 0 2 0.005 0.77 11.10 16.97 

 
Section 2.1 outlines the implementation of the MAUT 

technique. Following the computation of the decision-making 
matrices via Equation (1), the normalized decision matrix was 
produced by applying Equations (2) and (3). The marginal 
utility score is then calculated by (4). The ultimate utility score 
was then calculated using Equation (5). The options were 
ranked through the optimization of the user interface. Table III 
displays the calculated parameters and the corresponding 
rankings of options obtained from this method. Table III 
indicates that option 2 is optimal, demonstrating the highest Ui 
value (Ui=0.7906). 

Figure 2 presents the option’s ranking obtained through the 
application of the MAUT technique, as informed by the data in 
Table III.  The analysis demonstrates that option 7 is the 
optimal choice. The optimal dressing parameters, as indicated 
by the results and Table II, are: dr = 0.02 (mm), nr = 3 (times), 
df = 0.005 (mm), nf = 3 (times), and nn = 0. 
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Table III. Computed findings and option’s ranking by MAUT  

 

 
Fig. 2. Ranking of options by MAUT 

V.  CONCLUSIONS 

This research presents the findings of an MCDM work 
aimed at identifying the optimal dressing strategies for the 
surface grinding of Hardox 500 steel. This study examines 
three objectives: minimizing SR, maximizing MRR, and 
maximizing Lw. The MAUT approach was employed to 
address the MCDM issue, while the Entropy technique was 
utilized to determine the weights of objectives. Additionally, 
five input parameters were analyzed: ar, nr, af, nf, and n0. The 
experiment employed the Taguchi technique with an L16 (44 + 
21) design, and the results were analyzed using Minitab R19 
software. The MCDM problem has been effectively addressed, 
and optimal input settings were found. The study's results 
indicate that ideal dressing factors for getting minimum SR, 
maximum MRR, and maximum Lw concurrently are: dr = 0.02 
(mm), nr = 3 (times), df = 0.005 (mm), nf = 3 (times), and nn = 
0. The findings are derived from the examination of Hardox 
500 steel. Nonetheless, it may also serve as a reference in the 
study of material grinding. 
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