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Abstract- the AISI 1030 steel used in stressed applications such
as couplings, crankshafts, axles, bolts, rods, gears, forgings,
tubes and plates. This project deals with the analysis of
significant effect of Speed, feed rate and rake angle on cutting
forces, tool wear by simulation of AISI 1030 steel using
DEFORM 3D.For this series of simulation trial is conducted
based on Design of Experiments and optimization analysis
performed using Taguchi.
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I. INTRODUCTION

During the last two decades, there has been a considerable
industrial interest in the machining of hard to cut. With the
advancement of science and technology, there is a need for
materials of high hardness and shear strength in the market.
Many manufacturing processes involve some aspects of the
operations, in which there is the need to estimate
quantitatively the technological performance of machining
operations such as tool life, strength, power and surface
finish. The Taguchi experimental design method is a well-
known, unique and powerful technique for product or
process quality improvement (Roy, 1999). It is widely used
for 143 analysis of experiment and product or process
optimization. Taguchi has developed a methodology for the
application of factorial design experiments that has taken
the design of experiments from the exclusive world of the
statistician and brought it more fully into the world of
manufacturing. Hence to analyse the effect of cutting force
,stool wear the no of trials is selected based on Taguchi
design.

II. METHODOLOGY FLOW

Material Selection: AIST1030 Steel (Work Piece)

v

Work piece dimension: dia32m, length 100mm

v

Tool insert: carbide tool insert

v

Analysis in DEFORM 3D

Optimisation using ANOVA

ITII. ESIGNOFEXPERIMENTS (DOE)

The aim of the experiments was to analyze the effect of
cutting parameters on the tool wear and work piece
AISI1030 Steel. The experiments were planned using
Taguchi’s orthogonal array in the design of experiments
which help in reducing the number of experiments. Analysis
were conducted according to a three level, L9 array
presented in the table below

Machining parameters

Speed Feed
Back Rake
Code Levels (rllm) (mm];rev) angle (deg) C
1 Low 400 0.05 5.00
Medium 800 0.12 7.00
3 High 1200 0.18 10.00
3.1TAGUCHI L9 ARRAY:
Tria Spindle speed Feed rate Back rake
I no (rpm) (mm/rev) angle(deg)
1 400 0.05 5.00
2 400 0.12 7.00
3 400 0.18 10.00
4 800 0.05 5.00
5 800 0.12 7.00
6 800 0.18 10.00
7 1200 0.05 5.00
8 1200 0.12 7.00
9 1200 0.18 10.00

IV. ANALYSIS IN DEFORMS 3D

The interfaces between the work piece and tool is
represented in terms of x,y and z directions in Deform
3D.The interfacing of work piece and tool is created after
meshing in Deform 3D. The interfacing is very important in
order to carry out the machining operation with proper
speed, feed and depth of cut. In the ‘Tool Mesh Generation’
menu the size ratio as 4, and using 45000 tetrahedral
elements generated mesh for the carbide insert. The tool
and work piece interface are shown in figure below.
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Figure 4.1: Tool and work piece interface
4.1PROCESS CONDITIONS AND SIMULATION:

The process conditions are selected from the deform 3D
material library and according to the Taguchi L9 simulation
conducted for trial run order. The generated output results
are the cutting force and tool wear. The generated results of
cutting force and tool wear for trial 3 with speed
400rpm,feed = 0.18 mm/rev, back rake angle 100.Similarly
the results for cutting force, tool wear are generated from
trial 1 to trial 9 which is considered for the optimization.

4.2 DEFORM 3D RESULT FOR CUTTING FORCE:

x4

e
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4.3DEFORM 3D RESULT FOR TOOLWEAR:
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((m

4.4 SIMULATION RESULTS:

The results obtained for the cutting force and tool wear in
Deform 3D is tabulated below. The input parameters are
speed, feed and back rake angle. The output response is
cutting force and tool wear. The result obtained for the
cutting force is in Newton (N) S.I Unit. Similarly the result
obtained for the tool wear is in mother simulated analytical
results in Deform 3D are tabulated as follows for the L9
trials.

4.4.1 Simulation Results

o O
— = =
Z |82 - |BE238 80,35
S |E2 |af |ZE£z8 =o0<|cKE
z |#% |EF |MEZT| R |FET
a = E ©
1 400 0.05 5.00 105 2.62
2 400 0.12 7.00 217 2.64
3 400 0.18 10.00 203 1.58
4 800 0.05 5.00 201 1.18
5 800 0.12 7.00 207 0.85
6 800 0.18 10.00 243 1.74
7 1200 0.05 5.00 166 1.36
8 1200 0.12 7.00 213 3.06
9 1200 0.18 10.00 230 1.78
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V. ANALYSISOF VARIANCE (ANOVA)

In order to know the significance of parameters
affecting quality characteristics, the Analysis of variance
(ANOVA) is performed. The S/N ratio is also represented
in the graph below. The mean effective plots for the cutting
force, tool wear are represented graphically using ANOVA.
The parameters speed, feed and back rake angle mentioned
as A, B, C under 3 level using taguchi designs

5.1 GRAPHICAL PLOT OF S/N RATIO FOR
SIMULATED CUTTING FORCE:

The optimal cutting force conditions are analyzed
by Taguchi’s the larger the better quality characteristic (S/N
ratio) for cutting force. S/N (dB) ratio is calculated using
the following equation:

S/N =-10*log (S (1/Y2)/n)

Where Y = responses for the given factor level combination
and n = number of responses in the factor level
combination.

The S/N ratio graph for signal to noise ratio is shown below
in figure

Main Effects Plot for SN ratios
Data Means

Mean of SN ratios
=
=

1 2 3

Signal-to-noise: Larger is better

Where A-Speed-Feed-C-Back rake angle

5.2GRAPHICAL PLOT OF §S/N RATIO FOR
SIMULATED CUTTING FORCE:

The performances of optimal tool wear conditions
are analyzed by Taguchi’s the ‘Smaller the better’ quality
characteristic (S/N ratio) for cutting force. The signal-to-
noise (S/N) ratio is calculated for each factor level
combination. The formula for the smaller-is-better S/N ratio
using base 10 logs is:

S/N = -10*log(S(Y2)/n)
Where Y = responses for the given factor level combination
and n = number of responses in the factor level. The
graphical plot of cutting force is shown in figure below
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Main Effects Plot for SN ratios
Data Means

A B

w

1 2
Signal-to-naise: Smaller is better

Where A-Speed, B-Feed C-Back rake angle

VI. RESULT AND DISCUSSIONS:

The simulation of AISI 1030 steel with carbide tool insert
has been done. The results obtained for cutting force and
the tool wear is optimized by performing ANOVA based on
the S/N ratio. From the S/N ratio graphical plot the
maximum cutting force is generated shows that the feed rate
plays a significant factor. Similarly for minimum tool wear
back rake angle plays significant factor.

FUTURE SCOPE

The future work may include the analysis of
material removal rate, velocity and temperature during
machining .The analysis and optimization may carried out
by using ANOVA (Analysis of variance) for the further
process improvement.
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