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Abstract— In the present work an attempt has been made to
investigate the effect of the turning parameters on the forces
developed during hard turning of AISI 52100 steel with
PCBN cutting tools. The experiments are devised using
Taguchi L27 orthogonal array and analysis is carried out
using MINITAB 14 software. The effect of individual
parameters is discussed with main effects plot. The
contribution of parameters on the response is estimated by
conducting ANOVA. From the results it is observed that
influencing parameters are in the order of nose radius, depth
of cut, speed and feed.
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I. INTRODUCTION

Turning of materials with High-hardness (above 45 HRC) is
termed as hard turning. It is proved to be the possible
alternative for grinding and was renowned by automotive
industry [3]. It is reported that if hard turning is used to
fabricate complex parts, manufacturing costs could be
reduced by up to 30 times. The manufacturing of automotive
components, gear, bearing, tool etc widely uses AISI 52100
steel. As the tool in turning was to be harder than work
piece, hence the main tool materials that are used for hard
turning include sintered carbides, ceramics, and extra-hard
materials (e.g. PCBN etc.). In general, turning process was
strongly affected by the forces generated with respect to the
tool geometry and surface quality. The cutting forces
contribute a lot on the performance of during turning via the
machinability of the work piece, the process of chip
formation, chatter, and tool wear [4].

The cutting forces increase drastically when
machining materials with hardness higher than about 45
HRC. The cutting force was strongly affected by depth of
cut rather than speed and feed for AISI 52100 steel.

Thiele and Melkote [12] investigated the effects of
tool edge geometry of CBN tools and work piece hardness
on the surface roughness and cutting forces in the finish
hard turning of AISI 52100 steel. Their study showed that
the tool edge geometry had significant effect on higher
forces in the axial, radial and tangential directions. Kurt and
Seker investigated the effects of chamfer angle on the
cutting forces and the stresses on the PCBN cutting tools in
finishing hard turning of AISI 52100 steel. They reported
that the chamfer angles have a great influence on the passive
cutting forces.

Several past studies on AISI 52100 steel were
conducted to study the influence of the parameters such
speed, feed and depth of cut and reported that depth of cut
was the most significant factor contributing forces
developed. Some other studies investigated the influence
tool edge geometry namely chamfer angle and found it had a
great influence on the cutting forces. Hence in the present

work it is aimed to study the influence of parameters such as
speed, feed and depth of cut along with nose radius.

Il. EXPERIMENTAL PROCEDURE

The work material is AIS152100 alloy steel which has its
major application in bearings. Bars of AISI 52100 steel, 32
mm in diameter and 350 mm in length are used in this study.
The hardness after heat treatment is obtained as 58.0+0.5
HRC. The cutting inserts used are PCBN tool inserts of
different nose radius 0.4, 0.8, 1.2 mm (CNMG 120404,
CNMG 120408, and CNMG 120412).

Rigid, high power precision lathe equipped with
specially designed experimental setup is wused for
experimentation. For increasing rigidity of machining
system, work piece material is held between chuck (three
jaws) and tailstock (revolving center) and the turning of
work piece in dry turning conditions are conducted on centre
lathe with variable speed & feed drive (Make: Kirloskar;
Model: turnmaster-35). The outputs are tangential force
(Fz), feed force (Fx) and thrust force (Fy) on the respective
charge amplifier generated and stored in computer using
Lab VIEW software for further analysis.

I1l. RESULTS

In the present work hard turning is carried out on AlSI152100
steel using PCBN cutting tool. Taguchi L27 orthogonal
array is adopted for experimentation and the experimental
matrix along with results is shown in Table 4.10. The
analysis is performed using MINITAB 14 software. The
effect of various parameters on forces is discussed with
main effects plot and ANOVA.

Figure 4.24 Shows the main effects plot for force
with respect to speed, feed, depth of cut and nose radius.
From the plot it can be understood that the force is
increasing with all the parameters, however the increment is
varying for each parameter. In the main effects plots, the
point near the average horizontal line has less significant
effect and the one which has highest incline will have most
promising outcome on the responses. Therefore nose radius
is having the most promising outcome on cutting force and
by depth of cut. But, the effect of speed and feed is small
when put head-on with depth of cut and nose radius. To
identify the significance of the input parameters on the
response ANOVA is performed and shown in table 4.10.
ANOVA table discloses that nose radius is the major
contributing factor followed by depth of cut. However, the
effect of speed and feed is nominal compared with nose
radius and depth of cut.
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S. . First Absolute Error Second order Absolute Error Absolute Error
No. Experimental order % model % ANN %
model
1 125.85 80.7344 35.85 158.7952 -26.2 126.32 -0.37
2 436.65 262.1716 39.95 397.5192 8.96 436.92 -0.062
3 580.47 443.6088 23.57 652.5008 -12.41 550.57 5.16
4 483.91 359.3344 25.74 471.7952 2.503 483.076 0.17
5 393.79 297.7316 24.39 431.9992 -9.7 393.887 -0.024
6 324.7 229.4488 29.33 335.0208 -3.178 354.569 -9.19
7 476.43 344.8944 27.6 398.0752 16.45 472.402 0.84
8 507.01 326.6116 35.58 459.3192 9.406 506.76 0.049
9 397.46 265.0088 33.32 381.4208 4.035 361.338 9.08
10 240.26 182.8844 23.79 246.0077 -2.39 240.145 0.047
11 416.75 314.3216 24.57 454.7317 -9.113 446.25 -7.07
12 670.97 495.7585 26.11 710.3133 -5.86 669.478 0.222
13 537.16 411.4844 23.39 529.6077 14 538.2 -0.193
14 622.44 399.882 35.75 489.2117 21.4 618.348 0.657
15 462.69 331.5988 28.33 392.2333 15.22 448.527 3.06
16 424.45 397.044 6.45 455.2877 -7.26 422.751 0.4
17 483.78 328.76 32.04 516.5317 -6.76 483.935 -0.032
18 383.76 267.1588 30.38 438.633 -14.298 406.911 -6.03
19 349.88 265.0344 24.24 292.8452 16.3 349.556 0.09
20 489.93 366.4716 25.19 501.5692 -2.375 488.211 0.351
21 860.34 577.9088 32.82 756.55 12.06 813.251 5.47
22 572.86 463.6344 19.06 575.8452 -0.55 570.967 0.33
23 453.71 352.0316 22.41 457.0492 -0.735 451.973 0.382
24 392.77 283.7488 27.75 439.0708 -11.78 390.168 0.662
25 459.98 449,1944 2.34 502.1251 -9.16 459.444 0.116
26 557.21 387.9116 30.38 563.3692 -1.1 555.851 0.243
27 528.4 369.3088 30.1 485.4708 8.12 526.965 0.271
MAPE = MAPE =1.873
26.68% MAPE =8.84 % %
Table 4.10: Comparison of experimental, regression models and ANN results and percentage of error for prediction of cutting
force
Factor DoF | Sum of Squares | Variance | Pure sum of squares | %
Speed 2 48828.478 24414.239 40144.6 8.12
Feed 2 52414.168 26207.084 43730.36 8.8
Depthofcut | 2 125514.69 62757.344 116830.89 23.64
Nose radius | 2 189138.12 94569.059 180454.38 36.52

Table 4.13: Percentage contribution of each parameter

Mean

450

Main Effects Plot for fc

Data Means

Fig. 4.24: Main Effects Plot for cutting force

IV. CONCLUSIONS

The present work concerns an experimental and analysis of
force during hard turning with PCBN tool of AISI 52100
steel. The no. of experiments was shortened using Taguchi
L27 orthogonal array to obtain the performance
characteristics. The effect of input parameters was discussed
with main effects plot and the contribution of individual
parameters was estimated through ANOVA. The following
conclusions were made from the results obtained:

1) From the main effects plot it is clear that the force is
increasing with all the parameters, however the
increment is varying with the individual parameters.
Through ANOVA, the percentage of contribution to the
turning process, in sequence, is the nose radius, depth of
cut, speed and feed. Hence, the nose radius is the most
significant controlled factor for the hard turning
operation when force is considered.

2)
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