TNU Journal of Science and Technology

229(06): 129 - 139

EFFECT OF GRINDING PARAMETERS ON SURFACE ROUGHNESS
AND CUTTING FORCE WHEN SURFACE GRINDING 90CrSi STEEL
BY HAI DUONG GRINDING WHEEL

Luu Anh Tung®’, Nguyen Ngoc Thieu®, Ha Toan Thang?
TNU - University of Technology, 2Vietnam-Korea College of Technology in Bac Giang

ARTICLE INFO

ABSTRACT

Received: 15/01/2024
Revised: 14/5/2024
Published: 14/5/2024
KEYWORDS
Surface grinding
90CrSi steel

Full factorial design
Hai Duong grinding wheel
Annova

The parameters of the cutting mode and the cooling lubrication regime
play an important role in determining the efficiency and quality of the
surface grinding process. In this study, the full factorial design (2¥) was
used to investigate the effect of grinding parameters of the cutting
mode and the cooling lubrication regime on the surface roughness and
the normal force when surface grinding 90CrSi steel by Hai Duong
grinding wheel. Minitab 19 software is used to design the L32
experiment with 5 input parameters: cooling flow (LL), coolant
concentration (ND), feed rate (Sg), table speed (Vg) and grinding depth
(t). The analysis results show that the interaction between ND, Sq4 and
Vg has the greatest influence on the surface roughness (Ra) after
grinding, while the depth of cut has the greatest influence on the normal
force (Fy). In addition, a regression model determining surface
roughness and normal force has been proposed. These results can be
applied directly in production, helping to select products, improve
product quality and reduce related costs.
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Thiét ké thi nghiém day du
D4 mai Hai Duong
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Céc thong sb cua ché do cit va ché d6 tron ngudi dong vai trd quan
trong trong viéc xac dinh hiéu qua va chat lugng cua qué trinh mai
phang. Trong nghién ctru nay, thi nghiém day du (2 %) duoc sir dung dé
khio sat anh hudng ciia mot sd théng s6 cong nghé cua ché do cat va
ché d¢ boi tron lam mat dén nhdm bé mit va luc cat phap tuyén khi mai
phing thép 90CrSi qua t6i bang d4 mai Hai Duong. Phin mém Minitab
19 dugc st dung dé thiét ké thi nghiém L32 voi 5 thong s6 dau vao 1a
luu Twong lam mat (LL), ndng do dung dich 1am mat (ND), luong chay
dao doc (Sg), van tdc ban may (Vi) va chidu sau mai (t). Két qua phan
tich cho thiy tuong tac giita ND, Sq va Vg ¢6 anh huong lon nhét dén
nham bé (Ra) mat sau khi mai, trong khi chidu sdu cit anh huéng 16n
nhit dén lyc cit phap tuyén (Fy). Ngoai ra, md hinh hoi quy xac dinh
nhdm bé mit va lyuc cat - phap tuyén da duoc dé xuat. Nhimng két qua nay
c6 thé ap dung tryc tiép trong san xuat, giup lwa chon, cai thién chat
luong san pham va giam chi phi lién quan.
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1. Introduction

Grinding is a process that is primarily influenced by heat [1]. The temperature in the cutting
zone during grinding can reach a range of 1000°C to 1500°C [2]. At this temperature, a range of
surface imperfections may arise in the machined parts following grinding. These include
microcracks caused by tensile residual stress, material softening due to carbon release, and surface
layer burning, among others. Hence, the thermal energy that enters the workpiece needs to be
swiftly dissipated using a suitable coolant lubrication system. In addition, the choice of a suitable
cutting regimen also has a vital impact. In addition to cooling the workpiece, the cooling of the
grinding wheel (particularly crucial for diamond or resin-bonded grinding wheels) diminishes
friction, removes debris from the machining area, and cleans the grinding wheel, thereby improving
the surface quality of the machined components [1]. Multiple coolant types and cutting strategies
have been examined using various techniques to introduce coolants into the grinding area.

In their study, E.J. da Silva and colleagues [3] performed high-speed grinding experiments on
52100 bearing steel using CBN grinding wheels. They used four different types of coolants: 20%
synthetic vegetable oil, water, 3% synthetic vegetable oil, and neat oil. The purpose of the study
was to assess the wear of the grinding wheel and the surface roughness after machining, with a
material removal rate of 6764 mm®mm. In their study, S. Shaji and V. Radhakrishnan [4]
investigated the grinding process of carbon steel and bearing steel. They examined three different
coolant environments: dry, flood with 5% oil-based coolant, and CaF2-oil-based grinding aid. An
investigation was conducted to examine the impact of these coolant environments on cutting
forces, the ratio of Fz to Fy, surface roughness, and cutting heat. There has been a significant
research focus on the introduction of coolant into the cutting zone and the various types of
coolants used in flat grinding, driven by the growing trend of environmental protection. Some of
the coolants that have garnered considerable research interest include Minimum Quantity
Lubrication (MQL) [1], [5] — [11], water [4], dry [4], [8], [12], vegetable-based emulsion [13],
and environmentally friendly coolant [14]. Nevertheless, flood cooling remains extensively
employed because of its straightforward implementation, offering superior efficiency while
satisfying technical specifications.

Moreover, the cutting process employed during grinding has also garnered significant
attention from numerous researchers. Mustafa Kemal Kiilekei [15] employed the Taguchi method
to minimize surface roughness while grinding flat AISI 1040 steel with EKR46K grinding
wheels. This was achieved by optimizing cutting speed, table speed, and depth of cut. Binu
Thomas and colleagues [16] conducted an optimization study on the cutting parameters for
grinding SiC ceramic material with a grit size of 320. They used diamond grinding wheels and
employed model analysis and experimentation to ensure the desired surface roughness.
Therefore, the speed of the grinding wheel, the depth of cut, and the speed of the table have a
significant impact on the surface roughness after grinding and show similar patterns [17]. Subrata
Talapatra and Ishat Islam [18] utilized the Taguchi method to optimize the material hardness,
table speed, and depth of cut in the grinding process of 52100 bearing steel with WA36G5VBE
aluminum oxide grinding wheels. Their objective was to minimize surface roughness.
Periyasamy et al. [19] employed Response Surface Methodology (RSM) to optimize the feed
rate, depth of cut, and dressing depth for grinding AISI 1080 steel with A60V5V grinding
wheels. Furthermore, several inquiries have concentrated on identifying the most suitable
parameters for the grinding process, including the determination of grinding wheel speed, table
speed, dressing depth, and so on, for flat grinding [20] — [23], cylindrical grinding [24] — [26],
and external cylindrical grinding [27], [28]. In addition, researchers have also investigated multi-
objective optimization for the flat grinding process [29] — [31].

The above analysis shows that the cutting mode and the cooling lubrication regime have
received a lot of attention from researchers. However, studies almost exclusively focus on the
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cutting mode or the cooling lubrication regime. Research on the simultaneous impact of both the
cutting mode and the cooling lubrication regime on surface roughness and normal shear force
during grinding has not received enough attention. This paper presents the results of 32 experiments
(L32) that aimed to examine the impact of grinding parameters on surface roughness and cutting
force during the surface grinding of 90CrSi steel using the Hai Duong grinding wheel.

2. Experiments setup

In order to assess the impact of various technological factors on the surface roughness and
tangential cutting force during the grinding of flat 90CrSi steel using Hai Duong grinding stones,
a full 2¢ experiment was designed using Minitab 19 software. The specific experimental
conditions are outlined in Table 1. The coolant concentration has a range of values as
recommended by the manufacturer and other parameters have a range of values currently in use
at the Precision Mechanical Engineering Enterprise, Thai Ha company. The experiment utilizes a
90CrSi alloy steel tooling material that has undergone heat treatment to achieve a hardness level
of 55-58 HRC. The chemical composition of the material is provided in Table 2. The specimen
measures 100 millimeters in length, 60 millimeters in width, and 25 millimeters in height.
Furthermore, the experimental arrangement is illustrated in Figure 1.

The study selected five input parameters: coolant concentration ND (%), coolant flow rate LL
(liters/minute), longitudinal tool feed Sy (mm/single pass), table speed Vg (m/minute), and
grinding depth t (mm). The levels and respective values of these parameters are displayed in
Table 3. The experimental matrix L32 (25) is depicted in Table 4.

Table 1. The experimental conditions for surface grinding 90CrSi steel

Grinding machine Moto-Yokohama — Japan

Grinding wheel Cn46TB2GV1.300.32.127.30 m/s — Hai Duong, Vietnam (Figure 2)
Rotation speed of grinding wheel 1800 rev/min

Metalworking lubricants Caltex Aquatex 3180

Lubricant method Flood

Dresser Multi diamond dresser, 3908-0088C, type 2 - Russia

3 times with a depth of 0.02 mm, 1 time with a depth of 0.01 mm
with the same feed rate of 1.6 m/min

Flow measurement instrument Z-5615 Panel Flowmeter — Thailand

Surface roughness measuring device SJ201 — Mitutoyo — Japan

Three Component Dynamometer Kistler 9257BA — Switzerland

Dressing modes

Table 2. Chemical composition of elements of 90CrSi tool alloy steel

Chemical composition (%)
C Si Mn P< S< Cr< Mo< Ni< V< W< Others
0.85-0.95 1.2-16 0.3-06 0.03 0.03 095-1.25 0.2 035 015 0.2 Cu<0.3;Ti<0.03

Table 3. Levels and corresponding values of experimental input parameters

Level Lowest Highest
Variable Real Encode Real Encode
Coolant flow LL (lit/min) 10 -1 20 +1
Coolant concentration ND [%)] 3 -1 5 +1
Cross feed Sy [mm/strock] 8 -1 12 +1
Table speed Vg [m/min] 8 -1 12 +1
Depth of cut t [mm] 0.01 -1 0.02 +1

Following the establishment of the system, experiments were systematically conducted in a
predetermined sequence within the same machine run at the Precision Mechanical Engineering
Enterprise, Thai Ha company. The Kistler 9257BA was used to measure the normal cutting force
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Fy during the 3™ grinding cycle (Figure 3). The surface roughness was measured using the SJ201
roughness measuring device after the third grinding cycle (Figure 4). The experiment was
conducted three times. The surface roughness value and cutting force are calculated as the mean
of three experimental runs, as illustrated in Table 5.

Table 4. Arrange experimental matrix L32 (2°)

LL ND Sq Vg t
StdOrder RunOrder CenterPt  Blocks [itmin]  [%] [mmistrock] [m/min]  [mm]
28 1 1 1 20 5 8 12 0.02
3 2 1 1 10 5 8 8 0.01
5 3 1 1 10 3 12 8 0.01
27 4 1 1 10 5 8 12 0.02
6 31 1 1 20 3 12 8 0.01

10 8 8 0.02

Figure 1. Experimental setup
1 — Workpiece 5 — Flow measurement instrument
2 — Kistler 9257BA 6 — Coolant container
3 — Adapter 7 — Magnetic table
4 — Flow control valve 8 — Computer

3. Results and discussion
3.1. Identify the main influencing factors

The qualitative determination of the experimental parameters that primarily influence the
surface roughness Ra and the normal cutting force Fy is achieved through the utilization of the
main effects graph (Figure 5).

In Figure 5a, five graphs illustrating the impact of 5 input parameters are displayed in five
distinct boxes, specifically regarding the surface roughness Ra. The upper-left quadrant of the
graph illustrates the impact of the LL parameter. Upon examining the graph, it can be observed
that as the value of LL changes from 10 lit/min to 20 lit/min, the objective function Ra undergoes
a variation from 0.617 pm to 0.586 um. The gradient of this graph is calculated by subtracting the
y-coordinates (0.617 - 0.586) and dividing the result by the difference in x-coordinates, which is
2. Therefore, the slope of the graph is 0.0155. The slopes of Ra with respect to changes in ND,
Sa, Vs, and t are as follows: 0.041, 0.007, 0.014, and 0.012, respectively. The qualitative
comparison reveals that the ND graph has the highest slope, followed by LL, Vg, t, and finally S,.
Hence, it is clear that ND exerts the most significant impact, whereas Sy has the least significant
impact on the objective function of surface roughness, Ra.
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Table 5. Results of measuring surface roughness and normal cutting force of experimental L32

StdOrder RunOrder CenterPt Blocks LL ND Sq Vs t Ra Fy
[um] [N]
28 1 1 1 20 5 8 12 0.02 0.496 141.7
3 2 1 1 10 5 8 8 0.01 0.893 65
5 3 1 1 10 3 12 8 0.01 0.616 93.3
27 4 1 1 10 5 8 12  0.02 0.606 166.7
32 5 1 1 20 5 12 12  0.02 0.752 183.3
25 6 1 1 10 3 8 12  0.02 0.546 146.7
15 7 1 1 10 5 12 12 0.01 0.687 99.7
16 8 1 1 20 5 12 12 0.01 0.663 110.7
22 9 1 1 20 3 12 8 0.02 0.67 151
4 10 1 1 20 5 8 8 0.01 0.609 76.7
20 11 1 1 20 5 8 8 0.02 0.774 121.7
18 12 1 1 20 3 8 8 0.02 0.416 105
24 13 1 1 20 5 12 8 0.02 0.63 154.3
13 14 1 1 10 3 12 12 0.01 0.546 97.7
8 15 1 1 20 5 12 8 0.01 0.449 86
9 16 1 1 10 3 8 12 0.01 0.549 102.7
26 17 1 1 20 3 8 12  0.02 0.638 142.3
2 18 1 1 20 3 8 8 0.01 0.444 67.3
1 19 1 1 10 3 8 8 0.01 0.44 51.3
21 20 1 1 10 3 12 8 0.02 0.583 145
12 21 1 1 20 5 8 12 0.01 0.428 89.7
11 22 1 1 10 5 8 12 0.01 0.796 119
7 23 1 1 10 5 12 8 0.01 0.51 88.3
19 24 1 1 10 5 8 8 0.02 0.815 105
30 25 1 1 20 3 12 12 0.02 0.605 159.3
14 26 1 1 20 3 12 12 0.01 0.611 100.7
29 27 1 1 10 3 12 12 0.02 0.665 148.3
31 28 1 1 10 5 12 12 0.02 0.649 131.7
23 29 1 1 10 5 12 8 0.02 0.514 152
10 30 1 1 20 3 8 12 0.01 0.604 81.7
6 31 1 1 20 3 12 8 0.01 0.583 85.7
17 32 1 1 10 3 8 8 0.02 0.452 91.7

In Figure 5b, the slopes of the objective function Fy with respect to changes in LL, ND, S,
Vg, and t are 1.652, 3.806, 9.775, 11.957, and 25.944, respectively. Upon qualitative comparison,
it is evident that the graph's slope with respect to the parameter t is the highest, followed by Vg,
Sa, ND, and finally LL. Therefore, the variable t has the most significant impact, while LL has
the least significant impact on the Fy objective function.

The data presented in Figures 5a and 5b clearly show that there is a direct relationship
between the flow rate and surface roughness, where an increase in flow rate leads to an increase
in surface roughness. Additionally, there is an inverse relationship between the flow rate and
cutting force, where an increase in flow rate results in a decrease in cutting force. An
augmentation in the coolant concentration, feed rate, table speed, and depth of cut all results in an
escalation of both surface roughness and cutting force. To clarify, the following explanation can
be provided: An augmentation in the rate of fluid movement diminishes the effectiveness of the
cooling lubricant, resulting in an escalation of the force exerted during cutting and a reduction in
the smoothness of the surface. An increased coolant concentration leads to a thickening of the
coolant, which in turn reduces its ability to escape. This results in an elevation of both cutting
force and surface roughness. Augmenting the feed rate leads to an expansion of the cutting area,
which refers to the contact between the cutting tool and the workpiece surface. This expansion
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causes the cutting layer to widen, resulting in an escalation of cutting force and surface
roughness. Increasing the table speed decreases the duration of contact between the grinding
wheel and the workpiece, resulting in higher cutting force and surface roughness. Augmenting
the magnitude of the cut enhances the thickness of the layer being cut, resulting in an escalation

of both the force exerted during cutting and the unevenness of the surface.

Figure 2. The geo
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Figure 5. Graph of main effects of factors LL, ND, Sq, Vg, t to: a) Surface roughness Ra;

b) Normal shear force Fy
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Figure 6 exhibits the standardized influence diagrams for the surface roughness Ra (Figure 6a)
and the tangential cutting force Fy (Figure 6b) with a significance level of a = 0.05. Red square
points represent parameters that have a significant influence. In Figure 3a, the parameters that
have a significant impact on Ra are: B (parameter ND), interaction AB (interaction between
LL*ND), AC (interaction between LL*Sy), AE (interaction between LL*t), BC (interaction
between ND*Sy), BD (interaction between ND*V3g), CD (interaction between Sy*Vg), ABC
(interaction between LL*ND*Sy), ABE (interaction between LL*ND*t), BCD (interaction
between ND*Sy*Vg). Figure 3b illustrates the parameters that have a significant impact on Fy,
specifically: B (parameter ND), C (parameter Sg), D (parameter Vg), E (parameter t), interaction
CD (interaction between Syg*Vg), ACD (interaction between LL*S *Vg).

Normal Plot of the Standardized Effects Normal Plot of the Standardized Effects
(response is Ra, a = 0.05) (response is Fy, o = 0.05)
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Figure 7. Pareto graph of influencing factors LL, ND, Sq, Vg, t to:
a) Surface roughness Ra; b) Normal shear force F,

The Pareto chart of influencing factors is employed to ascertain the hierarchy of parameters
and their interactions on the surface roughness Ra and the tangential cutting force Fy (Figure 7).
The standardized influence values are depicted as horizontal bars. Parameters that correspond to
bars that extend beyond the right limit line are deemed to have a significant influence. Individuals
situated to the left of the limit line are regarded as having lower levels of influence. In Figure 7a,
the interaction BCD (ND*S4y*V;g) has the most significant influence on surface roughness Ra,
followed by BC (interaction ND*Sy), B (ND), ABC (interaction LL*ND*Sg), AC (interaction
LL*Sy), AB (interaction LL*ND), ABE (interaction LL*ND*t), CD (interaction S4*Vg), AE
(interaction LL*t), and finally BD (interaction ND*t). Figure 7b depicts: The depth of cut
parameter E has the most significant influence on the tangential cutting force Fy, followed by the
table speed parameter D, the feed rate parameter C, the interaction parameter ACD (LL*Vg*S,),
and finally the coolant concentration parameter B.
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3.2. Variance regression analysis

The results of variance analysis for parameters affecting surface roughness Ra and tangential
cutting force Fy are shown in Tables 6 and 7, after removing insignificant influential factors and

interactions.

Table 6. Analyze the variance of the regression model after removing factors
that have a weak influence on surface roughness Ra

Source DF Seq SS Adj MS F-Value P-Value C (%)
Linear 5 0.073041 0.01461 6.38 0.022 16.48
LL 1 0.007657 0.00766 3.34 0.117 1.73
ND 1 0.053057 0.05306 23.18 0.003 11.97
Sy 1 0.00161 0.00161 0.7 0.434 0.36
Vs 1 0.006133 0.00613 2.68 0.153 1.38
t 1 0.004584 0.00458 2 0.207 1.03
2-Way Interactions 7 0.158004 0.02257 7.22 0.012 35.65
LL*ND 1 0.022208 0.02221 9.7 0.021 5.01
LL*S, 1 0.024255 0.02426 10.6 0.017 5.47
LL*t 1 0.01985 0.01985 8.67 0.026 4.48
ND*Sy 1 0.057207 0.05721 24.99 0.002 12.91
ND*Vg 1 0.014323 0.01432 6.26 0.046 3.23
ND*t 1 0.000011 1.1E-05 0 0.946 0.00
S¢*Ve 1 0.02015 0.02015 8.8 0.025 4,55
3-Way Interactions 3 0.179361 0.05979 8.35 0.009 40.47
LL*ND*Sy 1 0.030814 0.03081 13.46 0.01 6.95
LL*ND*t 1 0.020655 0.02066 9.02 0.024 4.66
ND*S*Vg 1 0.127892 0.12789 55.87 0 28.86
Error 16 0.032764 0.00205 7.39
Total 31 0.443169 100.00
Model Summary
S R-sq R-sq(adj) R-sq(pred)
0.0452521 92.61% 85.68% 70.43%
Table 7. Analysis of variance of the regression model after removing factors
that weakly affect the normal shear force Fy
Source DF Seq SS Adj MS F-Value P-Value C (%)
Linear 5 29722 5944 4 104.89 0 85.18
LL 1 87.8 87.8 1.55 0.26 0.25
ND 1 463.6 463.6 8.18 0.029 1.33
Sq 1 3057.6 3057.6 53.95 0 8.76
Vg 1 45745 45745 80.72 0 13.11
t 1 21538.5 21538.5 380.04 0 61.73
2-Way Interactions 3 20711 690.367 4.92 0.032 5.94
LL*Sy 1 294 294 5.19 0.063 0.84
LL*Vg 1 109.5 109.5 1.93 0.214 0.31
Sq*Vs 1 1667.5 1667.5 29.42 0.002 4,78
3-Way Interactions 1 1452.6 1452.6 3.6 0.065 4.16
LL*S;*Vg 1 1452.6 1452.6 25.63 0.002 4.16
Error 22 1647.5 74.8864 472
Total 31 34893.1 100.00
Model Summary
S R-sq R-sq(adj) R-sq(pred)
8.65359 95.28% 93.35% 90.01%
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Table 6 shows that among the main factors, only the coolant concentration parameter ND has
a significant effect on the surface roughness Ra, with a p-value of 0.003. Although other
parameters do not have a direct impact on the Ra objective, they do have a significant influence
on the interactions between two parameters and the interactions between three parameters. The
factors being examined demonstrate significant two-way interaction effects, with p-values less
than 0.046, except for the ND*t interaction which has a p-value of 0.942. However, this
interaction is still included to assess the three-way interaction. All of the introduced three-way
interactions exhibit p-values that are very small (less than 0.024), indicating statistical
significance in the influence of these interactions. Put simply, both the main influences and the
interaction effects that were studied are statistically significant.

Table 7 shows that the main effects have p-values that are very small (less than 0.029),
indicating that they have a statistically significant influence. Although the remaining parameters
do not have a direct and significant impact on the Fy objective, they do exhibit a strong influence
in the context of three-dimensional interactions. The interaction effects between the factors have
extremely small p-values (less than 0.000), except for the LL*Sy interaction (p = 0.063) and
S¢*Ve (p = 0.214), which are included in the analysis to determine the three-way interaction. All
of the introduced three-way interactions have p-values less than 0.002, indicating their
statistically significant interaction effects. This suggests that both the primary effects and the
interaction effects being examined are highly significant.
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Figure 8. Graphs evaluate the surplus for: a) Surface roughness Ra; b) Normal shear force F,
3.3. Regression model

Minitab 19 software is utilised to propose regression equations for the determination of Ra
and Fy. Tables 6 and 7 demonstrate that the R-squared and adjusted R-squared values of the
regression models are exceptionally high (92.61% and 95.25% respectively), indicating a strong
alignment between the equations and the data. The proposed models for calculating Ra and Fy
are as follows (1) and (2).
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3.4. Evaluate the residuals of the regression model

Figure 8 displays the residual assessment plots for Ra and Fy. The Normal Probability Plot
juxtaposes the probability distribution of residuals (represented by dots) with the normal
distribution (represented by a continuous straight line). The plot demonstrates that residuals
exhibit a high degree of proximity to the normal distribution. The Histogram plot displays the
frequency at which residuals occur. The Versus Fit plot depicts the association between residuals
and the corresponding values of the regression model. The presence of randomly distributed
points, without any discernible pattern, suggests that the Ra and Fy data inputs are independent of
any controlled factors, except for the chosen parameters. The Versus Order plot illustrates the
correlation between residuals and the sequential arrangement of data points. The presence of
randomly scattered points, devoid of any identifiable pattern, indicates that the Ra and Fy data
inputs are unaffected by temporal influences.

Ra = -7.39+0.0825LL +2.434ND +0.785 Sq+ 0.477 Vg - 23.2t- 0.0434 LL*ND

-0.00700 LL*Sy +0.00594 LL*Vg -0.56 LL*t -0.2313 ND*Sy -0.1354 ND*Vg -
48ND*t -0.0578 Sg*Vg  +0.34S4*t +542Vg*t  +0.003103 LL*ND*S; -
0.000809 LL*ND*Vg + 1.016 LL*ND*t -0.000080 LL*Sg*Vg -0.124 LL*Sg*t -
0.127 LL*Vg*t + 0.01580 ND*Sy*Vg + 0.372 ND*Sg*t - 1.403 ND*Vg*t + 0.136 Sg*Ve*t (1)
Fy = -905+53.1LL+70.4ND +81.0Sy+70.7Vg-46841t-3.32LL*ND -4.474 LL*S, -
4251 LL*Vg -561LL*t -7.08 ND*Sy -1.16 ND*Vg + 440 ND*t -5.79 Sg*Vg
+978 Sy*t  + 1146 Vg*t +0.250 LL*ND*S; +0.059 LL*ND*V; + 23.8 LL*ND*t
+0.3369 LL*Sd*Vg +27.3 LL*Sg*t +30.6 LL*Vg*t +0.181 ND*S;*Vg
+ 26 ND*Sy*t - 98 ND*Vg*t - 119.4 Sy*Vp*t 2

4. Conclusion

This paper reports the results of a study investigating the impact of specific cutting and
coolant conditions on the surface roughness and tangential cutting force (Fy) during the grinding
process of 90CrSi steel using Hai Duong grinding wheels. A total of 32 experiments (L32) were
conducted using an experimental design. The findings demonstrate that the coolant concentration
has a substantial impact on both Ra and Fy. However, other parameters individually show
varying levels of influence or insignificance on Ra or Fy. Nevertheless, the interactions between
these parameters have noteworthy effects on the objectives. Additionally, a regression model has
been suggested for the estimation of Ra and Fy. When the R-squared values surpass 92.61%, it
can be concluded that the proposed model is appropriate for use.
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