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Abstract: Using slotted grinding wheel in machining is a new approach in grinding technology. The 
slotted grinding wheel is used to improve the introduction of cool lubricant into the cutting zone, 
improve chip release condition and heat release condition during machining, thereby facilitating to 
improve the efficiency of the grinding process. However, up to now, the studies that are performed 
using this type of grinding wheel is very limited. To contribute some results to this rather new 
research direction, in this article we present the grinding process of SUJ2 steel using CBN slotted 
grinding wheel. The orthogonal Taguchi matrix with nine experiments was used to design the 
experimental matrix with three input parameters including workpiece velocity, feed rate, and depth 
of cut. The output parameters that were used to evaluate the quality and effectiveness of the grinding 
process were surface roughness, system vibrations in X, Y, Z directions, and the material removal 
rate. In surface grinding process using CBN slotted grinding wheel, all three input       
parameters (workpiece velocity, feed rate, and depth of cut) have a significant influence on the 
surface roughness, vibration. In which, the feed rate has the most influence on the output parameters. 
The second factor that influenced on the output parameter was the depth of cut. The workpiece 
velocity has the smallest influence on the output parameters. Data Envelopment Analysis Based 
Ranking (DEAR) method was used to solve the multi-objective optimization problem in surface 
grinding process. By applying this method, the optimal value of input parameter that were 
determined to obtain the minimum values of surface roughness and system vibration components, 
and to obtain the maximum of material removal rate. The optimum values of input parameters were 
the workpiece velocity of 15 m/min, the feed rate of 4 mm/stroke, and cutting depth of 0.015 mm. 
DEAR method can be applied to improve the quality and the effectiveness of the grinding process by 
reducing the surface roughness and system vibration components and increasing the material 
removal rate. 
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1. Introduction 

Grinding processes are the most common method for machining surfaces that require high 
precision and surface gloss [1–3]. Surface roughness when grinding has a great influence on the 
workability and life of the parts. Therefore, surface roughness is often chosen to evaluate the 
efficiency of grinding processes in general and surface grinding in particular [4–7]. The vibrations of 
the grinding machine spindle, even with small amplitudes have a significant effect on the cutting 
depth of the grinding grain on the machining surface, too. Thereby the vibrations influence on the 
grinding productivity, surface quality. And the also influence on the irregular wear of grinding  
wheel [8–11]. Therefore, research to find solutions to reduce the vibrations of the grinder spindle 
also needs to be carried out under the specific machining conditions. The vibrations of the grinder 
spindle consist of forced vibration and self-vibration [12]. 

The forced vibration is transmitted by external factors. Factors causing the forced vibration can 
be mentioned as grinding wheel imbalance, bearing error, assembly error [13]. Self-vibrating is 
vibration that occurs during grinding, which is highly dependent on the uniformity of the workpiece 
material, cutting conditions, and grinding wheel properties [9,10]. Compared with forced vibration, 
the reduction of self- vibrations is much more advantages, this can be accomplished by changing 
some of the factors that influence on vibrations such as selecting the suitable cutting conditions [9,14]. 
However, the cutting conditions ensure that the vibration component in one direction has a small 
value, it does not guarantee that the vibration components in other directions and the surface 
roughness are also small. To determine the set of values of the cutting conditions with minimum of 
all vibration components and surface roughness, the multi-objective optimization process should be 
performed in each specific case [15]. 

Studies to improve the quality and productivity of grinding have been carried out by many 
authors. In grinding technology, two research directions that were focused to perform were grinding 
the new materials such as YAG single crystals [16], GGG single crystals [17], etc. and grinding by 
new grinding wheels. The study on using a grinding wheel with an interrupted working      
surface (including segmented grinding wheel and slotted grinding wheel) is also one of the research 
directions that has been focused by some scientists. Using slotted wheel can reduce cutting heat   
by 40% to 80% compared with conventional grinding wheels [18]. Using segmented wheel stones 
can reduce the cutting force by up to 30% compared with conventional grinding wheels [19]. Both 
surface roughness and cutting force when using segmented wheels have a smaller value than when 
using conventional grinding wheel [20,21]. Some recommendations when using a slotted aluminum 
oxide grinding wheel have also been proposed: surface roughness will have a minimum value when 
the number of grooves in the stone 18 (grooves) [22], cutting force is minimized when the grooves in 
the grinding wheel are 20 grooves [23]. However, only aluminum oxide grinding wheels (segmented 
and slotted types) were in these studies. CBN grinding wheel has the machining ability with small 
surface roughness and higher productivity than conventional grinding wheels with good cutting 
ability and high thermal resistance [24–26]. This grinding wheel could be applied to grind the surface 
with high accuracy and with small value of surface roughness due to its ability to maintain the 
sharpness of the grinding grains for a long time. Besides, this grinding wheel can also be used under 
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the dry grinding condition, which is almost impossible with aluminum oxide grinding wheels. 
SUJ2 steel is a type of steel that is very popularly used to make machine parts with tensile 

loading such as shaft, gears, machine parts after forging, piston shaft, rolling shaft, mold (guide shaft, 
mold housing, ect). Grinding is often chosen as the final machining method of this steel when 
machining parts requiring high precision. However, it seems that, up to now, there have not been any 
studies using the CBN slotted grinding wheel. And more specifically, it has not seen any research 
using CBN slotted grinding wheel when grinding SUJ2 steel to determine the optimal value of 
cutting parameters to ensure the smallest surface roughness, the smallest vibration components, and 
largest material removal rate (MRR). These are the reasons for this study. 

2. Experimental method using CBN slotted grinding wheel 

2.1. Experimental workpiece 

Workpiece in this work is SUJ2 steel which had heat treated to archive 62HRC in hardness. The 
compositions of SUJ2 steel are listed in Table 1. The properties of the of SUJ2 steel are listed in 
Table 2 (Equivalent to 100Cr6 steel according to DIN standard). The length, width, and height of 
workpieces were 60, 40 and 10 mm, respectively. 

Table 1. Composition of SUJ2 steel [27]. 

Element C Si Mn Cr Al Cu 

% 1.00 0.25 0.35 1.45 0.02 0.1 

Table 2. Properties of SUJ2 steel [28]. 

Quantity Value Unit 

Youngs module 210 GPa 

Poisson’s ratio 0.3 - 

Shear module 80 GPa 

Density 7800 kg/m3 

Average CTE 20–300 ºС 12 µm/mºK 

Specific heat capacity 50/100 ºС 460–480 J/kgºK 

Thermal conductivity ambient temperature 40–45 W/mºK 

Electrical resistivity ambient temperature 0.20–0.25 µΩm 

2.2. Experimental machine and grinding wheel 

The surface grinding machine (APSG-820/2A, Taiwan) was used to perform the experiments. 
The CBN grinding wheel was used with the sign of HY-180x13x31.75-100# (Korea). The external 
diameter, thickness, and hole diameter of grinding wheels were 180, 31.75 and 13 mm, respectively. 
In the cylinder surface of grinding wheel, a groove was created with the depth of 2 mm and the width 
of 3 mm as shown in Figure 1. 
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Figure 1. CBN slotted grinding wheel. 

2.3. Measurement system 

The surface roughness of the machined parts was measured by MITUTOYO-Surface tester 
SJ-210 surface roughness tester. The evaluation length was fixed at 3 × 0.8 mm (three times of the 
standard length). The surface roughness was measured perpendicular to the cutting velocity direction 
and repeated three times following three repeated times of each cutting test. The surface roughness 
that was used for analysis and evaluation was the average value of surface roughness of three 
measurement consecutive times. 

The measurement system including the acceleration sensor Type 4525-B-001, the data 
processing box, and the PULSE software was used to measure the system vibrations. For each 
experiment, the system vibrations were measured simultaneously in three directions (X, Y, Z). The 
detail is illustrated in Figure 2. 

 

Figure 2. Measurement system of vibrations. (a) Data processing box; (b) PC and   
software; (c) grinding machine; (d) acceleration sensor; (e) grinding wheel. 

The material removal rate (MRR) was calculated by Eq 1 [9,10]. 

𝑀𝑅𝑅 𝑉 𝑡 𝑏 (mm3/s)                             (1) 

where: 𝑉 is the workpiece velocity (mm/s); 𝑡 is the depth of cut (mm); 𝑏 is the width of cut (mm). 
In this study, the width of the grinding wheel is 13 mm, the width of the groove in the cylinder 

surface of grinding wheel is 2 mm, so the width of cut is 11 mm. 
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2.4. Design of experimental matrix 

In this study, the Taguchi method was used to design the experimental matrix. Three factors that 
were the workpiece velocity (V), feed rate (f), and depth of cut (t) were selected as the controllable 
factors. These are the parameters that the engineer can easily control when operating the machining 
machine. The levels of these parameters were expressed in Table 3. In the experimental layout plan, 
the most suitable orthogonal array (L9) was selected to design the experimental matrix as listed in 
Table 4. 

Table 3. Input parameters and their levels. 

Parameters Unit Symbol Actual value at the level 

1 2 3 

Workpiece velocity m/min V 5 10 15 

Feed rate mm/stroke f 2 3 4 

Depth of cut mm t 0.01 0.015 0.02 

Table 4. Experimental matrix. 

No. Coded value Actual value 

V f t V (m/min) f (mm/stroke) t (mm) 

1 1 1 1 5 2 0.01 

2 1 2 2 5 3 0.015 

3 1 3 3 5 4 0.02 

4 2 1 2 10 2 0.015 

5 2 2 3 10 3 0.02 

6 2 3 1 10 4 0.01 

7 3 1 3 15 2 0.02 

8 3 2 1 15 3 0.01 

9 3 3 2 15 4 0.015 

2.5. Experimental conditions 

The experiments were conducted with the controllable factors in Table 5 and with the grinding 
conditions as following: 

-Grinding wheel velocity: 26 m/s.
-Dressing conditions: dressing depth 0.01 (mm), dressing feed rate: 100 (mm/min).
-Cooling fluid: emulsion 10%, overflow irrigation method, volume flow rate of 4.6 lit/min.

3. Experimental results and discussions

The experimental results of surface roughness, system vibrations in X, Y, Z directions, and
MRR at each experiment were listed in Table 5. 
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Table 5. The experimental results. 

No. V (m/min) f (mm/stroke) t (mm) Ra (µm) Ax (µm) Ay (µm) Az (µm) MRR (mm3/s) 

1 5 2 0.01 0.281 0.3683 0.5687 0.3419 9.1667 

2 5 3 0.015 0.609 0.2632 0.3177 0.2216 13.7500 

3 5 4 0.02 0.613 0.6379 0.7686 0.5712 18.3333 

4 10 2 0.015 0.558 0.2491 0.2740 0.2791 27.5000 

5 10 3 0.02 0.713 0.4502 0.5652 0.4541 36.6667 

6 10 4 0.01 0.683 0.5450 0.6599 0.6358 18.3333 

7 15 2 0.02 0.592 0.4249 0.4157 0.4068 55.0000 

8 15 3 0.01 0.624 0.3573 0.3684 0.3392 27.5000 

9 15 4 0.015 0.720 0.3641 0.4018 0.4123 41.2500 

From the experimental results in Table 5, the influence degree of input parameters on the 
surface roughness and system vibration components in three directions X, Y, Z were investigated and 
shown from Figures 3–6. 

 

Figure 3. Main effects plot for Ra. 

 

Figure 4. Main effects plot for Ax. 
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Figure 5. Main effects plot for Ay. 

 

Figure 6. Main effects plot for Az. 

The results were analyzed as following: 
-The feed rate has the most influence on the machining surface roughness. The second factor 

that influenced on the machining surface roughness was the workpiece velocity. The depth of cut has 
the smallest influence on the surface roughness. 

-When the workpiece velocity increases from 5 to 10 m/min, the surface roughness increases 
quickly. However, when the workpiece velocity increases from 10 to 15 m/min, the surface 
roughness decreases slowly. When increasing the feed rate from 2 to 3 mm/stroke, the surface 
roughness increases quickly. When increasing the feed rate from 3 to 4 mm/stroke, the surface 
roughness also increases, but it increases slowly. The influence of depth of cut on the surface is the 
same the influence of the feed rate on the surface roughness. When increasing the depth of cut   
from 0.01 to 0.015 mm, the surface roughness increases quickly. When increasing the depth of cut 
from 0.015 to 0.02 mm, the surface roughness also increases, but it increases slowly. 

-The feed rate has the most influence on the vibration amplitude in X direction (Ax). The 
second factor that influenced on the Ax was the depth of cut. The workpiece velocity has a negligible 
effect on the Ax. 

-When the feed rate increases from 2 to 3 mm/stroke, Ax increases slowly. However, when 
increasing the feed rate from 3 to 4 mm/stroke, Ax increases quickly. When increasing the depth of 
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cut from 0.01 to 0.015 mm, Ax decreases quickly. But, when increasing the depth of cut from 0.015 
to 0.02 mm, Ax increases quickly. 

-The feed rate has also the most influence on the vibration amplitude in Y direction (Ay). The 
second factor that influenced on the Ay was the workpiece velocity. The depth of cut has a negligible 
effect on the Ay. 

-When the workpiece velocity increases, Ay decreases. When the feed rate increases from 2   
to 3 mm/stroke, the feed rate almost has not influence on Ay. However, when increasing the feed rate 
from 3 to 4 mm/stroke, Ay increases quickly. 

-The feed rate has also the most influence on the vibration amplitude in Z direction (Az). When 
the feed rate increases from 2 to 3 mm/stroke, the feed rate has a negligible effect on the Az. 
However, when increasing the feed rate from 3 to 4 mm/stroke, this parameter has large influence on 
Az. The workpiece velocity and depth of cut have a negligible effect on the Az. 

The interaction influence of input parameters on the output parameters were described from 
Figures 7–10. The results from these figures showed that the input parameters have the complex 
interaction influence on the evaluation criteria. 

Figure 7 describes the interaction influence of input parameters on the surface roughness, the 
results from this figure showed that: 

-In the case the workpiece velocity was 5 m/min: When the feed rate increases from 2        
to 3 mm/stroke, the surface roughness increases quickly. However, if the feed rate continues 
increasing, the surface roughness changes very small. 

-In the case the workpiece velocity was 10 m/min: When the feed rate increases from 2 
mm/stroke to 3 mm/stroke, the surface roughness increases. However, if the feed rate continues 
increasing, the surface roughness decreases.  

-In the case the workpiece velocity was 15 m/min: When the feed rate increases, the surface 
roughness increases slowly. 

-In the case the workpiece velocity was 5 m/min: When the depth of cut increases from 0.01  
to 0.015 mm, the surface roughness increases quickly. But, if the depth of cut continues increasing, 
the surface roughness almost does not change.  

-In the case the workpiece velocity was 10 m/min: When the depth of cut increases from 0.01  
to 0.015 mm, the surface roughness decreases. But, if the depth of cut continues increasing, the 
surface roughness increases.  

-In the case the workpiece velocity was 15 m/min: When the depth of cut increases from 0.01  
to 0.015 mm, the surface roughness increases. But, if the depth of cut continues increasing, the 
surface roughness decreases. 

-In the case the feed rate was 2 mm/stroke: If the depth of cut increases from 0.01 to 0.015 mm, 
the surface roughness increases quickly. But, if the depth of cut continues increasing, the surface 
roughness increases slowly. 

-In the case the feed rate was 3 mm/stroke: The surface roughness decreases slowly if the depth 
of cut increases from 0.01 to 0.015 mm. However, if the depth of cut increases from 0.015        
to 0.02 mm, the surface roughness increases quickly. 

-In the case the feed rate was 4 mm/stroke: The surface roughness increases slowly if the depth 
of cut increases from 0.01 to 0.015 mm. However, if the depth of cut continues increasing, the 
surface roughness decreases quickly. 
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Figure 7. Interaction plot for Ra. 

The interaction influence of input parameters on the system vibration amplitude in x   
direction (Ax) was described in Figure 8, the results from this figure showed that: 

-In the case the workpiece velocity was 5 m/min: Ax decreases if the feed rate increases from 2 
to 3 mm/stroke. But if the feed rate continues increasing, Ax increases quickly. 

-In the case the workpiece velocity was 10 m/min, if the feed rate increases, Ax will increase. 
While, in the case the workpiece velocity was 15 m/min, if the feed rate increases from 2         
to 3 mm/stroke, Ax will decrease, and if the feed rate increases from 3 to 4 mm/stroke, Ax almost 
does not change. 

-In both cases of the workpiece velocity (5 and 10 m/min), Ax will decrease if the depth of cut 
increases from 0.01 to 0.015 mm. If the depth of cut continues increasing, Ax will increase quickly. 
In the case the workpiece velocity was 15 m/min, if increasing the cutting depth, Ax will increase 
slowly. 

-In all cases of the feed rate (2, 3, and 4 mm/stroke), Ax will decrease if the depth of cut 
increases from 0.01 to 0.015 mm. If the depth of cut continues increasing from 0.015 to 0.02 mm, Ax 
will increase. 

 

Figure 8. Interaction plot for Ax. 

The interaction influence of input parameters on the system vibration amplitude in y   
direction (Ay) was described in Figure 9, the results from this figure showed that: 

-In the case the workpiece velocity was 5 m/min: Ay will decrease quickly if the feed rate 
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increases from 2 to 3 mm/stroke. But if the feed rate continues increasing from 3 to 4 mm/stroke, Ay 
will increase quickly. 

-If feed rate increases, Ay will increase in the case machining with the workpiece velocity    
of 10 m/min. 

-In the case the workpiece velocity was 15 m/min: Ay will decrease slowly if the feed rate 
increases from 2 to 3 mm/stroke. But if the feed rate continues increasing from 3 to 4 mm/stroke, Ay 
will increase slowly. 

-In both cases of the workpiece velocity (5 and 10 m/min), Ay will decrease quickly if the depth 
of cut increases from 0.01 to 0.015 mm. But, if the depth of cut continues increasing, Ay will 
increase quickly. In the case the workpiece velocity was 15 m/min, if the cutting depth increases, Ay 
will increase slowly. 

-In all cases of the feed rate (2, 3, and 4 mm/stroke), Ay will decrease if the depth of cut 
increases from 0.01 to 0.015 mm. However, if the depth of cut continues increasing from 0.015    
to 0.02 mm, Ay will increase. 

 

Figure 9. Interaction plot for Ay. 

Figure 10 describes the interaction influence of input parameters on the system vibration 
amplitude in z direction (Az), the results from this figure showed that: 

-In two cases of the workpiece velocity (5 and 15 m/min): Az will decrease if the feed rate 
increases from 2 to 3 mm/stroke. However, if the feed rate continues increasing from 3 to         
4 mm/stroke, Az will increase. If feed rate increases, Az will increase in the case machining with the 
workpiece velocity of 10 m/min. 

-In both cases of the workpiece velocity (5 and 10 m/min), if the depth of cut increases    
from 0.01 to 0.015 mm, Az will decrease. But, if the depth of cut continues increasing from 0.015  
to 0.02 mm, Az will increase quickly. 

-In the case the workpiece velocity was 5 m/min: if the depth of cut increases from 0.01 to 
0.015 mm, Az will increase slowly. But, if the depth of cut continues increasing from 0.015       
to 0.02 mm, Az will decrease slowly. 

-In all cases of the feed rate (2, 3, and 4 mm/stroke), if the depth of cut increases from 0.01 to 
0.015 mm, Az will decrease. However, Az will increase if the depth of cut continues increasing  
from 0.015 to 0.02 mm. 
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Figure 10. Interaction plot for Az. 

From the above analyzed results, it seems that the degree and rule of input parameters on the 
machining surface roughness and system vibration component were quite complex. The interaction 
influence of these input parameters on the output parameters were more complex. To determine the 
input parameters with minimum values of surface roughness and system vibration components, and 
with maximum of material removal rate, the multi-objective optimization problem should be solved. 
In this case, five output parameters that were machining surface roughness and system vibration 
components (in X, Y, Z directions), and MRR were chosen as the objective functions of the 
multi-objective optimization problem. The contents of the multi-objective optimization problem 
were presented in next Section. 

4. Multi-objective optimization using DEAR technique 

4.1. DEAR method 

The Data Envelopment Analysis Based Ranking (DEAR) method is one of the optimization 
method of machining processes. This is a simple method [29]. This method is more effective than 
several other methods [30–32]. However, up to now, it seems that there have not been any studies on 
surface grinding processes using CBN slotted grinding wheel in particular, and on applying DEAR 
method in optimizing the grinding process in general. In this study, the aim of the optimization 
process was the determination of the input parameters to obtain the minimum values of machining 
surface roughness and vibration amplitudes in X, Z, Y directions, and to obtain the maximum value 
of MRR. To solve the optimization problem, the DEAR technique that was used consisted of the 
steps as the follow [33–35]: 

Step 1: Determine the weights (w) for each response for all experiments. Weight of response is 
the ratio between response at any trial to the summation of all responses. 

Step 2: Transform the data of response into weighted data by multiplying the observed data with 
its own weight. 

Step 3: Divide the data as smaller the better with smaller the better. 
Step 4: Treat this value as multi response performance index (MRPI). 
The MRPI was calculated by Eq 2. 
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𝑀𝑅𝑃𝐼  𝑊 ∗ 𝑅  𝑊 ∗  𝐴  𝑊 ∗ 𝐴  𝑊 ∗  𝐴  𝑊 ∗  𝑀𝑅𝑅      (2) 

where the weights (w) for each response were calculated by Eqs 3–7. 

𝑊
∑

                                    (3) 

𝑊
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                                    (4) 

𝑊
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                                    (5) 

𝑊
∑

                                    (6) 

𝑊
∑

                                  (7) 

4.2. Multi-objective optimization of the grinding process of SUJ2 steel using CBN slotted wheel 

From the experimental results in Table 5, the weight of each response and MRPI at each 
experiment were calculated by Eqs 2–7 and presented in Table 6. 

Table 6. The response weight and MRPI at each experiment. 

No. Weight at each experiment MRPI 

Ra Ax Ay Az MRR 

1 0.052113 0.100628 0.131037 0.093364 0.251768 2.0954 

2 0.112964 0.071913 0.073203 0.060513 0.167845 1.8375 

3 0.113644 0.17429 0.177097 0.15598 0.125884 3.1814 

4 0.103547 0.06806 0.063134 0.076215 0.083923 1.6792 

5 0.132313 0.123005 0.13023 0.124003 0.062942 2.6314 

6 0.126584 0.148907 0.152051 0.173621 0.125884 3.0767 

7 0.109708 0.116093 0.095783 0.111087 0.041961 2.2025 

8 0.115684 0.097623 0.084885 0.092627 0.083923 2.0708 

9 0.133446 0.099481 0.092581 0.112589 0.055948 2.2792 

From the calculated values in Table 6, the MRPI values of all input parameters that were calculated 
by the total of MRPI of each parameter at the corresponding level and presented in Table 7. 
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Table 7. Total values of MRPI of the input parameters at the levels. 

Parameters Total values of MRPI at the levels Max-Min 

1 2 3 

V 7.1144 7.3875 6.5525 0.8350 

f 5.9771 6.5398 8.5373 2.5602 

t 7.2429 5.7959 8.0153 2.2194 

From the calculated results in Table 7, it showed that the optimal values as follow: the 
workpiece velocity at level 3 (15 m/min), feed rate at level 1 (4 mm/stroke), and depth of cut at  
level 2 (0.015 mm). These optimal parameters were used for testing experiments. The surface 
grinding processes of SUJ2 steel were performed using slotted CBN grinding wheel. The average 
values of output parameters were measured and calculated with the values as follow: surface 
roughness of 0.348 (µm), the Ax, Ay, Az, and RMM of 0.2882 (µm), 0.3564 (µm), 0.3120 (µm), and 
41.25 (mm3/s), respectively. With these values of the output parameters, it shows that: Although Ra, 
Ax, Ay, Az under testing experiments were not less than all the corresponding values of these 
parameters when compared with the experimental results in Table 5, the MRR was not also greater 
than all of the MRR values in this table. But clearly, the values Ra, Ax, Ay, Az were all quite small, 
MRR was quite large (only smaller than MRR in the experiment 7 of Table 5). So, the values of the 
input parameters that were found in this study were the optimum values of the surface grinding 
process. 

Besides, from the values of Table 7, the Max-Min value of the MPRI of the parameter with the 
greater value will have a larger influence on evaluation criteria in comparing to other parameters. In 
this study, The MRPI had the largest values of Max-Min were the feed rate (Max-Min = 2.5602). So, 
the feed rate was the most influence factor on the machining surface roughness, system vibration 
components, and MRR. The second factor that influence on the machining surface roughness, system 
vibration components, and MRR was depth of cut. The workpiece velocity had the negligible 
influence on the machining surface roughness, system vibration components, and MRR. These 
statements are consistent with the analyzed results in section 3. Thus, it can be confirmed that DEAR 
method has been successfully applied in determining the optimal value of the multi-objective 
problem in the surface grinding process of the SUJ2 steel using CBN slotted grinding wheel. 

5. Conclusions 

In this study, the CBN slotted grinding wheel was first used to machine the SUJ2 steel. Study 
has drawn the conclusions as following: 

-The feed rate was the most influence factor on the machining surface roughness, system 
vibration components. The second factor that influence on the machining surface roughness and 
system vibration components was depth of cut. The workpiece velocity had the negligible influence 
on the machining surface roughness, system vibration components, and MRR. 

-The degree and rule of input parameters on the machining surface roughness and system 
vibration components were quite complex.  

-DEAR technique was also first applied to solve the multi-objective optimization problem of the 
surface grinding process of SUJ2 steel using the CBN slotted grinding wheel. The optimal values of 
input parameters were determined as following: The optimum values of input parameters were the 
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workpiece velocity of 15 m/min, the feed rate of 4 mm/stroke, and depth of cut of 0.015 mm. Using 
these optimal values, the average values of Ra, Ax, Ay, Az, and MRR that were measured and 
calculated were 0.348 µm, 0.2882 µm, 0.3564 µm, 0.3120 µm, and 41.25 mm3/s, respectively. 

Taguchi method and DEAR technique can be applied to improve the quality of the machining 
surface, to reduce the system vibration components, and to increase the material removal rate. So, 
this method can be used to improve the quality and effectiveness of the surface grinding processes. 
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