TNU Journal of Science and Technology 226(06): 18 - 24

ANALYSIS OF INFLUENCE OF CUTTING PARAMETERS
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Hard turning is a potential machining process to replace for grinding
process due to many advantages such as high material removal rate,
good surface integrity, and friendly environment. Sintered tungsten
carbide is widely used for the die and molds of the metal forming
process because of their high hardness and wear resistance compared
with alloy steel. CBN is a super hard cutting tool material used for
machining difficult-to-cut materials as tungsten carbide. In this
research, the influence of the cutting parameters including cutting
speed, feed rate and cutting depth on the flank wear and surface
roughness was analyzed by using 2% experimental model with some
center points. The results investigated that the feed rate is the most
significant parameter effecting on the surface roughness in the
machining process and the cutting speed strongly affects on the flank
wear in the hard turning of sintered tungsten carbide using CBN
inserts. The results of ANOVA analysis for the surface roughness and
the flank wear indicated that the curve models were required to
describe the effect of the cutting parameters on the surface roughness
and the flank wear in this machining process.

PHAN TiCH ANH HUONG CUA CHE PQ CAT TOI NHAM BE MAT
VA MON DUNG CU KHI TIEN CUNG CACBUA VONFRAM SU DUNG MANH CBN
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TU KHOA

Tién ctng

Cac bit vonfram
CBN

Mon dung cu
Nham bé mat

Tién cing 12 mot qué trinh gia cong c6 tiém nang thay thé cho qué
trinh mai do ¢6 nhiéu vu diém nhu nang sut cit cao, bé mat gia cong
t6t, than thién véi moi truong. Cacbua vonfram thiéu két dwoc st
dung rong rai dé lam chay va khudn cho cac qua trinh gia cong bién
dang déo kim loai vi d6 cing cao va kha nang chdng mai mon so Vi
thép hop kim. CBN la vat liéu dung cu cit siéu cting duoc sir dung dé
gia cong céac vt lidu kho gia cong bang cit nhu cacbua vonfram.
Trong nghién ctu ndy, anh huong cua céc thong sé cit bao géom van
téc cit, luong chay dao va chiéu sau cit dén lwong mon mat sau va
dd nhadm bé mat duogc phan tich bang cach su dung mé hinh thi
nghiém 2% véi mot sé diém thi nghiém & tam. Két qua nghién ctiu cho
thdy lugng chay dao 1 thong sé c6 ¥ nghia nhét anh huong dén do
nham bé mat trong qua trinh gia cong va van téc cit anh huéng manh
dén lugng mon mat sau cua dao trong qua trinh tién cing cacbua
vonfram thiéu két sir dung manh CBN. Két qua phan tich ANOVA ddi
v6i d6 nham bé mit va lwong mon mit sau cho thay can phai sir dung
mb hinh duong cong dé md ta anh huong cua cac thdng s6 cat dén do
nham bé mat va lugng mon mit sau trong qué trinh gia cong nay.
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1. Introduction

The hot forming compression molds are commonly used in the glass lens manufacturing
process. Sintered tungsten carbide WC is suitable for these molds because of their good
properties such as heat and wear resistance, high hardness and good strength. These properties
create difficulty in the machining process. The classical machining methods as EDM, polishing
or grinding were used for machining the sintered tungsten carbide. However, these methods have
many limitations such as low productivity, difficulty to shape the geometrical flexibility, use of
the coolant or electrolyte liquid [1]. Nowadays, hard material machining methods are used to
replace the classical machining process as there are more advantages.

Machined surface qualities greatly affect the functional performance of machined parts such
as wear resistance, tribological properties and fatigue strength. In the machining process, the
surface roughness of machined parts is one of the important behavior in order to evaluate the
surface qualities [2]. The diamond turning characteristics of tungsten carbide with a chamfered
diamond edge were studied by using the simulated and experimental methods [3]. The results
showed that the surface roughness for turning tungsten carbide using the chamfered tool was
better than the surface roughness for the turning process using the conventional tool. The
research of Coppini et al. indicated that the surface roughness did not depend on the cutting speed
and increases with increasing feed rate [4]. However, this study only analyzed the surface
roughness with a lower cutting speed from 10 m/min to 30 m/min and used the full factorial
design with two levels.

Moreover, tool wear is one of the important factors to evaluate the economic and technical
efficiency of the machining process. There are two main types of wear as flank and crater wear
used for predicting and determining the tool life and evaluating the effect of the hard turning
process. The tool wear in the machining tungsten carbide process was investigated by many
research authors. The tool wear of internal turning sintered carbide using a PCD insert tool was
considered by Coppini et al. [5]. The studied results indicated that neither very low cutting
speeds, nor high feed rate could increase the tool life in the internal turning sintered carbide with
12% Co using the PCD inserts. The tool wear and its effect on the cutting force in the micro
milling of tungsten carbide with PCD tool also were analyzed by Wu et al. [6]. The experimental
results showed that the PCD tool mainly wore on the tip and the flank face. Liu et al. investigated
the tool wear characteristics on the ductile cutting of tungsten carbide using CBN inserts [7]. The
studied results showed that flank wear was the main type of wear in machining tungsten carbide with
CBN inserts. Hence, Kim et al. compared the flank wear of a conventional bite and a chamfered bite
in the turning tungsten carbide process using a diamond tool under same cutting conditions [3]. The
studied results investigated that the chamfered bite had better wear resistance than the conventional
bite. Okada et al. analyzed the tool wear behavior and cutting force in the cutting of tungsten carbides
using a diamond coated ball end mill [8]. The study proposed the optimal cutting condition for the
tungsten carbide milling process.

In this paper, we adopted the tungsten carbide turning process using the CBN insert. A full
factorial model was applied for analyzing the effects of input parameters on the surface roughness
and flank wear. The influences of cutting parameters on the surface roughness and the flank wear of
CBN tool in the hard turning tungsten carbide process were analyzed by the ANOVA method.

2. Experimental setup

The workpieces used in this research are made by sintered tungsten carbide having a 25%wt
cobalt binder of the Zhuzhou Better company (YG25C). The tungsten carbide has high hardness
and other special properties shown in table 1. These workpieces having a diameter 50mm and
length of 80 mm are fixed and machined on Mazak Quick Turn Smart 200 Turning Centre (made
in Japan) as shown in Figure 1. In addition, this research used the CBN inserts of DINE tool
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manufacturer (Korea). These inserts have CBN content of 65-70% and are coated by TiC layers,

as table 2.
Table 1. Properties of tungsten carbide YG25C

Co % Density (g/cm?®) Hardness (HRA) Grain size (um) T.R.S (Mpa)
25 13.15 82.5 3 26000

P 1 0 ARSI LR A

EPDINE [H] 0 'O T

9 - CNOA 120408 w18 - 20akls

O Center points

@ Factorial points

Figure 1. Experimental set up Figure 2. 2 model with two levels and center point

An experimental factorial model (2k) with three inputs and two-level was applied to analyze
the effects of cutting parameters on surface roughness and tool wear in the machining tungsten
carbide process by using Minitab 17 Software (Minitab Inc., USA). In this research, the
experimental model has 8 corner points and 2 center points, as figure 2. The value levels of the
inputs were selected by basing the previous researches and shown in table 3.

Table 2. Composition and mechanical properties of CBN inserts

Coated material ~ CBN content (%)  Part. size (um) Hardness (HV) TRS (Mpa)
TiC 65-70 4 32-34 1-1.1
Table 3. The cutting parameters and their levels
Parameters Units Levels

-1 0 1

Depth of cut (d) mm 0.1 0.25 0.4

Cutting speed (V) m/min 30 50 70

Feed rate (f) mm/rev 0.1 0.15 0.2

The measured results of the surface roughness and the flank wear are shown in table 4. The
surface roughnesswas measured by the Mitutoyo's SJ210 roughness gauge, as figure 3.

Lens: E100:X100'

e,
100.0pm

| (]
- Digital microscope VHX-7000

Figure 3. SJ210 roughness gauge Figure 4. Flank wear measured by digital
microscope VHX7000
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The flank wear width was measured by the digital microscope of Keyence Company after
cutting the cutting length of 100 m, as figure 4.

Table 4. Experimental matric and measured results

Std Run d (mm) V (m/min) f (mm /rev) Ra (um) VB (um)
3 1 0.1 70 0.1 0.224 307
1 2 0.1 30 0.1 0.312 147.8
7 3 0.1 70 0.2 0.424 350.5
9 4 0.25 50 0.15 0.566 237.7
6 5 0.4 30 0.2 1.443 170.5
10 6 0.25 50 0.15 0.551 235
4 7 0.4 70 0.1 0.424 350.5
2 8 0.4 30 0.1 0.363 181.9
8 9 0.4 70 0.2 2.210 355.9
5 10 0.1 30 0.2 1.361 163.4

3. Result and discussion
3.1. Analysis of the effect of the cutting parameters on the surface roughness

The analysis of variance (ANOVA) for the surface roughness was applied with a meaningful
level of 0.05. The results of ANOVA analysis are shown in table 5. The analysis results show that
all factors and interactions between them were significantly affected by the surface roughness in
the hard turning tungsten carbide process. The feed rate was the most powerful effect on surface
roughness. This conclusion is also supported by F statistics (descending order). However, based
on the P-value, both depth of cut and cutting speed were also statistically significant to the
confidence interval of 95% for surface roughness parameters. The results of ANOVA analysis
also showed the need to investigate and use the curve model to describe the effect of the cutting

parameters on the surface roughness.
Interaction Plot for Ra (um)

Main Efltstfgl ﬂggr:gr Ra (pm) oo Type Fitted Means
. = & - Center 20 d (mm) = V (m/min)
50 d (mm) V (m/min) f (mm/rev) V (m/min) Point Type
i 30.0 Corner
1.5 L] 50.0 Center
- ’ — 70.0 Corner
125 . 1o .—ﬂ-‘—/—'—. f{mm/rev) Point Type
—_ L 0.100 Commer
E 5- 05 PN | _-h 0.150 Center
T 100 = * —4=.  0.200 Comer
29 5 d (mm) * f (mm/rev) V (m/min) * f (mm/rev)
k3 s 20
c .\. g - »
L o075 1.5 -
= - -
J‘f - .
n n n 1.0 * rd
0.50
05 | |
———®  o——— o
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Figure 5. The main effects plot for the surface Figure 6. The interaction effect of the cutting
roughness parameter to the surface roughness

Figure 5 shows the main effects of the input parameters on the surface roughness. The result
shows that the increasing cutting speed had a decreasing effect on the roughness parameters. In
addition, the effect of feed rate and depth of cut change was more prominent than the cutting
speed change.

The interacted effects of the cutting parameters on the surface roughness are described in
Figure 6. The interactions d*v and d*f affected powerfully the surface roughness. With the larger
feed rate (0.2 mm/rev), the surface roughness almost fast increased with the cutting depth from
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0.1 mm to 0.4 mm. Similarly, the cutting depth affected powerfully the surface roughness when
machining at a higher cutting speed of 70 m/min but weakly affected to the surface roughness
when turning at the lower cutting speed of 30 m/min.

Table 5. Analysis of Variance for roughness surface

Source DF Adj SS Adj MS F-Value P-Value
Model 8 3.87580 0.48448 4121.25 0.012
Linear 3 2.68299 0.89433 7607.72 0.008
d (mm) 1 0.56109 0.56109 4773.01 0.009
V (m/min) 1 0.00490 0.00490 41.69 0.098
f (mm/rev) 1 2.11700 2.11700 18008.47 0.005
2-Way Interactions 3 0.75943 0.25314 2153.40 0.016
d (mm)*V (m/min) 1 0.42936 0.42936 3652.36 0.011
d (mm)*f (mm/rev) 1 0.32751 0.32751 2786.00 0.012
V (m/min)*f (mm/rev) 1 0.00257 0.00257 21.85 0.134
3-Way Interactions 1 0.30212 0.30212 2570.05 0.013
d (mm)*V (m/min)*f (mm/rev) 1 0.30212 0.30212 2570.05 0.013
Curvature 1 0.13126 0.13126 1116.54 0.019
Error 1 0.00012 0.00012
Total 9 3.87592

3.2. Analysis of the effects of the cutting parameters to the flank wear

The flank wear of the turning inserts was measured after machining with a cutting length of
100 m on a digital microscope. The ANOVA analysis for flank wear was determined with a mean
of 0.05. The results of the analysis of variance for the flank wear are shown in table 6. The
cutting speed and depth of cut had P-value < 0.05, which means a significant effect on the flank
wear in the turning tungsten carbide process using CBN inserts.

The results of ANOVA analysis also showed that the investigating curve model was required
to describe the effect of the cutting parameters on the tool wear in the turning tungsten carbide
using CBN insert.

Main Effects Plot for VB (um) Interaction Plot for VB (um)
Fitted Means Fitted Means
150 d (mm) V (m/min) T (mm/rev) & ) =V (mjmin)
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Figure 7. The main effects of the cutting parameters Figure 8. The interaction effects of the cutting
to the flank wear parameters to the flank wear

Figure 7 describes the effects of the cutting parameters on the flank wear in the hard turning of
the tungsten carbide using CBN inserts. This is noticeable that the cutting speed was the most
influential factor on the flank wear. Depth of cut and feed rate influenced very little to the flank wear.

http://jst.tnu.edu.vn 22 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 226(06): 18 - 24

The interacted effects between the cutting parameters to the flank wear were shown in figure 8. The
results indicated that the interaction of D*F was weakly influenced by the flank wear.

Table 6. Analysis of Variance for flank wear

Source DF Adj SS Adj MS F-Value P-Value
Model 8 63939.2 7992.4 2192.70 0.017
Linear 3 62669.7 20889.9 5731.11 0.010
d (mm) 1 1014.8 1014.8 278.40 0.038
V (m/min) 1 61302.5 61302.5 16818.25 0.005
f (mm/rev) 1 352.5 3525 96.69 0.065
2-Way Interactions 3 786.9 262.3 71.96 0.086
d (mm)*V (m/min) 1 7.4 7.4 2.03 0.389
d (mm)*f (mm/rev) 1 529.8 529.8 145.34 0.053
V (m/min)*f (mm/rev) 1 249.8 249.8 68.52 0.077
3-Way Interactions 1 15.4 15.4 4.23 0.288
d (mm)*V (m/min)*f (mm/rev) 1 154 154 4.23 0.288
Curvature 1 467.2 467.2 128.17 0.056
Error 1 3.6 3.6
Total 9 63942.9
4. Conclusion

The effects of cutting parameters on the surface roughness and the flank wear in the hard
turning process of sintered tungsten carbide WC 25% Co (82.5 HRA) using CBN inserts were
analyzed by using the full factorial design. The feed rate was the most powerful factor affecting
the surface roughness. In the turning tungsten carbide process, the surface roughness increase
with increasing the feed rate from 0.1 to 0.2 mm/rev. Moreover, the cutting speed strongly
affected the flank wear in the hard turning tungsten carbide using high CBN inserts. The results
also indicated that the linear model was not suitable for describing the effect of the cutting
parameters on the surface roughness and tool wear in the hard turning tungsten carbide process
using CBN inserts. A response Surface Methodology design should be applied for determining
the curve model to describe these effects.
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