Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Evaluation The Performance Of Cvd And Pvd Coated Carbide Tool In Hard Turning
Of Aisi-4340 Steel

Mir Qurrat Ul Ain®", Manjit Singh?, Kapil Prashar®

*PDepartment of Mechanical Engineering, School of Engineering, RIMT University,
Mandigobindgarh, Punjab, India
manjit.singh@rimt.ac.in, kapilprashar@rimt.ac.in
*Research Scholar, Email: mirqurrat@gmail.com

Abstract

The work introduced in this proposal tends to the surface unpleasantness and flank wear during hard turning of
AISI 4340 steel (33HRC) utilizing CVD (TiCN/Spasm/AI203/TiN) multi-facet covered carbide device and PVD
(TiCN/AI203) covered carbide device. Three variables (cutting rate, feed and profundity of cut) and three level
factorial test plans with Taguchi's L9OA and factual examination of difference were acted to explore the impact
of these cutting boundaries on the apparatus and work piece as far as flank wear, and surface harshness.
Additionally the examination of these impacts between previously mentioned sorts of apparatuses was finished.
The outcomes show that for surface unpleasantness and flank wear, feed and cutting velocity were measurably
huge and profundity of cut had least impact on both surface harshness and flank wear. For surface harshness,
feed was more huge followed by cutting velocity for the two sorts of devices, while as, for flank wear cutting
pace was more huge followed by feed for the two kinds of instruments. Surface completion was estimated in Ra
boundary and a decent surface completion was acquired by PVD covered apparatus at low and medium rates,
anyway with the speeding up the CVD covered carbide device showed better surface completion. Flank wear
was estimated by utilizing optical magnifying instrument and the outcomes show that more wear happened in
PVD covered carbide apparatus when contrasted with CVD covered carbide device under same cutting
boundaries and natural conditions. Consequently for better surface completion at low and medium velocities
PVD covered carbide apparatus is better and for higher paces, CVD covered carbide device is ideal. For low
apparatus wear, CVD covered carbide device is liked.
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Introduction

High efficiency is the main necessity in the machining interaction. Yet, high efficiency at the expense of
helpless surface completion isn't worthy. Surface unpleasantness is considered as a record of item quality which
makes it as the most wanted result alongside efficiency. It estimates the better abnormalities of the surface. A
decent quality turning surface can prompt improvement in strength properties and practical characteristics of
parts like grating, wearing, light reflection, heat transmission, covering and capacity of disseminating and
holding oil. Different interaction boundaries viz. cutting pace, feed rate, profundity of cut, cutting climate,
cutting addition, apparatus math, work-piece material and so forth are answerable for the capacity to acquire the
ideal surface harshness. Past examinations mirrors the impacts of cutting pace, feed rate, profundity of cut, rake
point on a superficial level harshness.

For the efficiency improvement in assembling there is consistently a mean to work on the plan and development
of slicing instruments concerning the accomplishment of an unrivaled tribological achievement and wear-
opposition. As a result of the exceptionally nonlinear nature of metal cutting and the mind boggling coupling
among disfigurement and temperature handle, a total comprehension of the mechanics of metal cutting is as yet
missing and is accordingly the subject of extraordinary arrangement of flow research. The expect to build
usefulness has been the critical factor in the creation of new slicing instruments regarding material and plans.
Current machining businesses are primarily centered on the accomplishment of superior grade as far as part
dimensional precision, surface completion, high creation rate and cost saving with a decreased ecological effect.
The ordinary technique for assembling a common segment has the accompanying groupings to be specific
delicate machining, heat treatment, harsh turning and fine granulating. These days, the pattern is towards the
lower cost, better caliber and adaptability. To expand the adaptability and capacity to fabricate complex shapes,
the hard turning was acquainted with take out the granulating activity. Hard turning is the process of machining
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the work piece having hardness greater than 33 HRC. Hard turning has eliminated the process of grinding in
conventional machining thus has reduced the cost. Hard turned parts have found various applications in
aerospace, automotive industries, bearings and machine tools. For the most part, hard turning requires enormous
amount of coolants and oils. The expense of acquirement, stockpiling and removal of coolants and oils builds
the complete expense of creation significantly. Ordinary slicing liquids neglect to infiltrate the chip-device
interface and in this manner can't eliminate heat adequately. Expansion of outrageous pressing factor added
substances in the cutting liquids doesn't guarantee entrance of coolant at the chip apparatus interface to give oil
and cooling. Nonetheless, high-pressure fly of solvent oil, when applied at the chip-device interface, could
decrease cutting temperature and further develop apparatus life somewhat. Yet, the benefits brought about by
the cutting liquids have been addressed recently, because of the few adverse consequences they cause when
improperly dealt with, cutting liquids might harm soil and water assets, making genuine misfortune the climate.
In this way, the dealing with and removal of cutting liquids should submit to inflexible standards of natural
assurance.

Hard coatings for cutting instruments are as yet a significant space of examination. Despite the fact that
CBNinstruments have more desirable characteristics than carbide devices however their greater expense has
restricted their utilization so utilization of carbide apparatuses by applying different sorts of coatings. The
coatings fluctuate in thickness and number of layers. The coatings on carbide devices have expanded the surface
completion as well as have extraordinarily diminished the wear, in this way the apparatus life has expanded
which means cost of creation and arrangement time has likewise diminished. Covering materials and the
techniques for statement or usually called CVD and PVD device coatings have enormously added to build the
presentation of current cutting cycles since the time the 1970s. Date back to 1969; Krupp was initially stored a
slight ceramic film made of titanium carbide (Spasm) onto established carbide utilizing CVD strategies. From
that point, other carbide slicing embed makers contended wildly to foster covered cutting supplements. The
CVD strategies then, at that point stored TiN, TiCN and Al203onto carbide apparatus up to 1980s. Additionally
in 1980, TiN turned into the principal PVD covering tube applied in metal cutting enterprises and after 9 years,
TiAIN followed. Despite the fact that reviews on various progressed earthenware production for covering
materials were done across the time frame from 1969 to the present time however Spasm, TiN, TiCN,
TiAIN,AI203 actually stay the apparatus coatings applied most much of the time. Covered hard metals have
achieved enormous expansion in efficiency since their presentation. From that point forward coatings have
additionally been applied to rapid steel and particularly to HSS drills.

Materials Used

AISI 4340 Steel (33 HRC), TiC, TiN, Ti(C,N), TiAIN, AI203, High speed steel, carbides, ceramics, UCON,
coated-carbides.

Methodology

The current work manages the turning of hard material, for example, AISI 4340 steel. It is a significant
designing material utilized in assembling of parts in auto and aviation enterprises. Since the current pattern in
the assembling business is fast dry machining, it was applied to assess the exhibition of covered apparatuses in

normal assembling measures.
Solid bar of AISI 4340 steel with 80 mm diameter, 1200mm long and of 33 HRC were used as work piece (Fig.1)

Tabl 1.1: The chemicalcompositionof AIST 4340 steel in ercentage by weigh

C (8 M [P S |G (N [Mo [R
0382 [0228 (0609 | 0026 | 0022 (0995 (134 [0226 | 999

Fig. 1. Solid bar of AISI 4340 steel
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bl 1 - Phusic {143
fable 1.2 Ph} sica Dafa of ALSI 4340 tee Table 1.3: Mechanical Properties of AISI 4340

| Deasity (T ¢u.n.) 0.8 77803
Density (1000 kg/m’)
| Specific Gravity 18 Poisson's Ratio 027030
P pep— - ' Elastic Modulus (GPa) 190-210
D LU B B by ) N : [ .
th ol W l " ]) Tensile Strength (MPa) 7446
| Melting Point I'D:g B 2600 [ Yield Strength (MPa) 423
. [ Elongation (%) 20
Themal Conductivity A Reduction in Area (%) 499
; ‘ Hardness (HB) 217
‘Mean Coeff. Thermal Expresion 6.6 ,
Impact Strength(J) (1zod) 1

Commercially available PVD double layer TI-CN+ AI203 and CVD multilayer TiCN+TiC+ Al203+TiN-

coated-carbide tool inserts with external TiN layer were employed with geometry of AC-150P and NC 3030
respectively.

Fig. 2: PVD and CVD coated inserts

Table 1.4: Chemical composition of carbide tools (% wt.)

Co Cr:Cy wC

6.0 0.5 93.5

Cutting tests were carried out on a lathe machine under dry conditions.

Fig.4:Roughness Tester HOMMEL ETAMIC W5

Fig.3: Lathe Machine
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Turning experiments were carried out at three different cutting speeds which were 130, 180 and 230 m/min and
Feed rates were 0.045, 0.090, 0.110 mm/rev (f) and depth of cut(d) 0.4, 0.6 and 0.8. The cutting conditions were
kept constant for each of the CVD- coated and PVVD-coated tools tested throughout the experiment.

Surface Roughness is a versatile harshness analyser in the Hommel-Etamic series from Jenoptik. This versatile
unpleasantness analyser is especially appropriate to take speedy estimations on machines or in estimating rooms.
On account of the different scope of tests which can be supplanted effectively, the versatile unpleasantness
analyser can be utilized on an assortment of surfaces. The versatile unpleasantness analyser additionally has an
accuracy ground support section; this ensures forever stable work piece support. Assuming you need to quantify
the outside of a work piece, which joins higher, you can utilize your portable harshness analyser with the draw
out stand legs acclimated to the particular stature. To perceive the estimation surface better, the versatile
unpleasantness analyser has a radiant crystal with Drove. The portable harshness meter has five estimating
projects and stores the deliberate information in the individual information stockpiling. The information can be
moved to PC with the included USB link as the information design is viable with Window. The examinations
were planned utilizing differing working boundaries like cutting pace, feed rate and profundity of cut. These
working boundaries are overwhelmingly utilized in completing the investigations. The turning test was
conveyed in a capstan machine. The accompanying cutting conditions were utilized for estimating surface
harshness: cutting rates (v) of 130, 180 and 230 m/min, feed rates (f) of 0.059, 0.087 and 0.110 mm/rev up and
profundities of cut (d) of 0.4, 0.6 and 0.8mm.

Results

Surface completion in turning has been observed to be affected by various factors like cutting pace, feed rate
and profundity of cut. The different straightforward surface harshness boundaries utilized in the ventures like
normal unpleasantness (Ra), root mean square RMS and most extreme top to valley.

The hypothetical number juggling normal surface unpleasantness: Ra = 0.032 2/R

Where f= feed rate (mm/fire up) and R= device nose span (mm). It implies that surface unpleasantness
increments with expanding feed rate and an enormous device nose span lessen surface harshness of the work
piece.

The personality of multi-facet CVD and PVD-covered carbide is indicated by the nature of AISI 4340 machined
surface delivered by them under hard turning. The estimation of surface unpleasantness was done in Ra
boundary. Surface unpleasantness analyser was utilized for estimating surface harshness. The estimation was
taken at three spots and the normal worth of three qualities was recorded. During machining there was no
bending like vibration happened. Taguchi L9 symmetrical exhibit was utilized in both CVD and PVD covered
supplements and the machining was not done in a specific request or for specific addition first. Each run was
picked haphazardly. The eventual outcome of surface harshness for multi-facet CVD covered addition in
introduced in Table 2.1.

From the surface unpleasantness information Ra benefits of turning AISI 4340 steel estimated for CVD covered
carbide was in the scope of 0.327-0.951um. For run 1 to 9 the surface unpleasantness esteem will in general
diminish. To show the variety of surface harshness with the boundaries like speed, feed and profundity of cut,
the chart was plotted between normal worth of surface unpleasantness versus the upsides of specific boundary at
their relating focuses. Fig. 5, 6, and 7 shows variety of surface harshness with speed, feed and profundity of cut
individually.

Table 1.5: Experimental data for surface roughness (CVD)

Run Mumber Speed Feed Depth Of sSurface roughness
{(1m/1min) (mm/rev) Cut (mimn) Ra (pm)
130 0.045 0.4 0.805
2 130 0,090 0.6 0.633
3 130 0,110 0.8 0.786
A 180 0.045 0.6 0.771
5 180 0.090 0.8 0.575
o 180 0,110 0.4 0.810
230 0,045 0.8 0.626
8 230 0.090 0.4 0.566
9 230 0.110 0.6 0.857
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Fig.6: Surface roughness vs speed (CVVD) Fig.7: Surface roughness vs Doc (CVD)

From the above graphs it is interpreted that on an average increase in speed increases the surface finish in other
words decreases the surface roughness value. For increase in speed the surface roughness value decreases
almost in a linear way. Feed value has a significant effect on surface roughness; it usually decreases with the
increase in feed value. From fig 6t is clear that the surface roughness value first decreases with the increase in
feed value and after a particular value the surface roughness value increases with the increase in feed value.
Depth of cut has also the effect on surface roughness but not much as compared to speed and feed as it is clear
from the graphs above.

Table 1.6 Experimental data for surface roughness (PVD)

Run Speead Feed Depth Of Surface roughness
MNumber (rmy/Imin} (mivrewv) Cut (i) Fa (pm)
1 130 0.045 0.4 0,795
2 130 0.090 0.6 0.603
3 130 0.110 0.8 0.753
Bl 150 0.045 0.6 0.760
5 180 0.090 0.8 0.525
[ 180 0.110 0.4 0.793
7 230 0.045 0.8 0.601
82 230 0.090 0.4 0509
9 230 0.110 0.6 0.B25

For CVD covered additions the aftereffect of surface harshness is displayed in table 2.2.

From the surface harshness information plainly the scope of surface unpleasantness for AISI 4340 Steel has
scope of 0.395-0.924um. The information additionally shows that from run first to run nine the surface
harshness esteem will in general diminish.

For showing the conduct of surface harshness with boundaries like speed, feed and profundity of cut the chart is
plotted between the surface unpleasantness and boundaries (speed, feed and profundity of cut) as displayed for
CVD covered additions. The diagrams additionally show the correlation among CVD and PVD covered
supplements. The diagrams 8, 9 and 10shows the examination of surface unpleasantness between speed, feed
and profundity of cut separately and furthermore show the correlation among CVD and PVD covered
supplements.
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Fig.7Surface roughness vs speed Fig.8: Surface roughness vs feed Fig.9 Surface roughness vs
depth of cut

From the above charts, the speed has direct impact on a superficial level completion, bigger the speed better will
be surface completion. On a normal the impact of surface harshness on medium rates has more prominent
impact in PVD covered embeds when contrasted with CVD covered additions and with the speed up impact is
by all accounts same for the two kinds of supplements.

Regression Analysis for tool wear

Regression analysis was likewise done in instrument wear. Here likewise different direct relapse was done as in
surface unpleasantness and gives better models when contrasted with straight models in surface harshness
however quadratic models give all the more better outcomes and were at long last chosen for best prescient
model. The prescient quadratic conditions acquired in the wake of dispensing with immaterial elements for
CVD and PVD covered devices are given in condition (i) and (ii) individually.

VBCVD =50.7 + 1.129 v — 849* f + 21.67* d - 0.002617* v2 + 781* f2......... (1)
VBPVD =67.6 + 0.4908* v + 223* f - 1.67* d + 1492* f2.......... (i)

Equation (i) explains 98% of variation in data; therefore it is good fit model with experimental data. Equation
(ii) also shows 98% of variation of data and is also a good fit model with experimental data. The comparison of
experimental data with predicted data for CVD and PVD coated tool is shown in fig.a and fig.b respectively.

Fig 10: Optical microscopic images on the surfaces of PVD (a) & CVD (b) respectively.

Residual plots

The normal probability plot shows that the model is adequate as the represented by the points falling on a
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straight line and it indicates that the errors are normally distributed. The normal probability plot of residuals of
and residuals versus fitted value for flank wear (VB) are shown in fig:

Normal Probability Plot Normal Probability Plot
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Fig.11 & 12: Normal probability plot of residuals for VB (CVD)& VB (PVD) respectively.
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Fig.13&14: Plot of residuals vs. fitted values for VB (CVD)&VB (PVD) respectively.

Conclusion

In the above investigation, the impact of certain boundaries (cutting pace, feed and profundity of cut) on surface
unpleasantness and device wear by two sorts of additions that is CVD covered carbide supplement and PVD
covered carbide embed. Along these lines the ends in this examination are given underneath.

Surface harshness

1. Feed is the best boundary in surface harshness followed by cutting rate and profundity of cut has least
impact on surface unpleasantness for the two sorts of apparatuses.

2. Based on ANOVA results for CVD covered instrument, the best boundary feed has 56% followed by
cutting rate having 30.37% and profundity of cut has least impact on surface harshness having just 2%.
For PVD covered instrument, the ANOVA results for surface unpleasantness show that feed has the
commitment of about 65% and cutting pace has 23%. Profundity of cut has likewise here least impact
of 2%.

3. The created model for surface unpleasantness has high square upsides of the relapse coefficients for the
two kinds of devices which show high relationship with fluctuations in the indicator esteems.
Correlation of exploratory and anticipated upsides of the surface harshness for both CVD and PVD
covered devices show that a decent arrangement has been accomplished between them.

4. PVD covered carbide devices shows a superior surface completion when contrasted with CVD covered
carbide apparatus for similar given conditions at low and medium velocities while concerning higher
cutting paces CVD shows better surface completion.

Flank Wear
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Tool wear examination show that cutting pace and feed significantly affects the instrument wear while
as profundity of cut has least impact on the apparatus wear for the two sorts of devices.

From ANOVA consequences of hardware wear for CVD covered apparatus, cutting rate has a
commitment 85.15% followed by feed which has commitment of 10.32% and profundity of cut with
least impact of 4.53%. For PVD covered carbide apparatus, the ANOVA aftereffects of hardware wear
show that cutting rate has more prominent impact of 84.20% and feed has an impact of 16.03%. The
profundity of cut here likewise has least impact of 0.23%.

The created quadratic model for apparatus wear has high square upsides of relapse coefficients for the
two sorts of devices, which demonstrates high relationship with changes in the indicator esteems. The
correlation of trial results with anticipated qualities for the two sorts of instruments show that a decent
model has been accomplished.

The apparatus wear is more if there should be an occurrence of PVD covered carbide instrument when
contrasted with CVD covered carbide device for similar given boundaries and ecological conditions.
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