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Reliability of Zirconia Toughened Alumina
(ZTA) Ceramics Cutting Tools
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ABSTRACT--Analyses were regulated on zirconia toughened alumina principally based fired cutting
rigging at various slicing speeds starting from 100 to 400 m/min on the solidified steels of around 340 BHN. Turning
tests have been controlled utilizing CNC uncompromising level machining center for dependability of the hardware.
Zirconia Toughened Alumina tests had been sorted out by methods for powder handling system. Weibull
examination and Anderson dear methods are utilized for the dependability assessment the use of Minitab
programming. The unwavering quality tests demonstrated that the devices are steady in their presentation and gave
top notch results.
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I.  INTRODUCTION

Advances in ceramic processing technology have resulted all through a brand new technology of high
performance ceramic cutting gear exhibiting stepped forward properties. Enhancements are made in tool homes
like fracture energy, durability, thermal shock resistance, hardness and wear resistance. Those developments have
now enabled the ceramic tools to be applied within the machining of various varieties of metal, cast iron, non-
ferrous metals and refractory nickel based totally alloys at excessive pace. Aluminum Oxide is broadly used as
ceramic cutter material and it's far strengthened by way of the addition of debris like zirconia, titanium carbide,
and titanium nitride to improve the residences.

The strengthening or the toughening mechanisms of these ceramic composites are segment transformation
toughening and precipitate or dispersion strengthening. Zirconia toughened alumina includes in part stabilized
zirconia debris dispersed in alumina matrix. Zirconia exists in 3 nicely-defined polymorphs: cubic (c) (above 2370
c), tetragonal (t) (between 2370 and 1150 c) and monoclinic (m) (below 1150 ¢). High velocity machining method

is hired in the various vehicle and aerospace industries.

Il.  ZIRCONIA TOUGHENED ALUMINA

These industries require excessive precision machine, capable of machining hardened steels along with
excessive metal removal fee with appropriate floor end. Xiaobin cui have focused on reliability evaluation and
statistical and damage evaluation models, of ceramic cutter in continuous and interrupted machining at the AISI

1045 hardened metal at a cutting pace of 110m/min. numerous probability graphs were attracted to estimate the
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tool reliability by using taking flank put on as reference. Christophe letotetal explained diverse reliability processes
that have an effect on the flank wear of cutter. These strategies include failure time method due to the failure of
cutter whilst machining, besides energy intake. they need carried the machining on the grey forged iron having of
322 HV with tungsten carbide insert at reducing speed of 340 m/min.

Konstantinos salonitisa have proposed advanced approximation methods that have an impact on the impact of
cutter life and flank wear of the tool, and used various probability plots and reliability techniques like Monte Carlo
simulation of first and 2d order. He labored on high metal, ¢ 55work piece fabric with tungsten carbide insert at
cutting speeds of 300, 400 and 500 m/min. Srinivasan Varma have targeted on the performance of Zirconia
Toughened Alumina ceramic reducing equipment on the 0.31% carbon metallic fabric having hardness of about
180 BHN at diverse reducing speeds. Reliasoft software program become used for the prediction of tool lifestyles
the use of Weibull distribution. He has evaluated the conduct of cutting tools at unique cutting speeds.

Siva bhaskar offered the top-rated tool substitute time of the device performance by way of using the reliability
Characteristic and consequently the various opportunity distributions that healthy the info by means of the usage
of Minitab software program. They want administered the paintings on Inconel 718 using cemented carbide inserts
and used Minitab software. Lin focused on the chance function that influences the reliability of cutting tools. The
reliability of threat Feature effect at the cutter wear and equipment life of cutter were wont to estimate the ultimate
time device life.

They need administered the work on high steel fabric and used carbide inserts for the experiments. Klim have
proposed a way of variable feed milling to enhance the cutter life in continuous and tough machining. They need
administered of reliability of Carbide inserts on stainless-steel at cutting pace of ninety-two m/min and studied the
effect of feed variation on flank wear and gear lifestyles. Defined the reliability of cutting tools in machining
through Gaussian distribution approach in high speed machining method on excessive metallic using tungsten

carbide inserts.

1.1 Reliability as implemented to slicing gear

Reliability are often defined because the functionality of an item to carry out, or to be able to acting a required
characteristic without the failure beneath stated conditions for a stated length of it slow or unit of operation.
reliability is regularly implemented to varied engineering packages like car, aerospace, life of bearings or cutting
tools as discussed by using sekulic. The supposed approach of reliability is defined due to the fact the possibility
that an item can carry out a required feature under the stated condition/s for a particular duration of a while.
reliability is frequently expressed among 0 and one, in which zero represents positive failure and one shows success
inside the widely wide-spread way. Recall reliability, denoted as a probability of fulfillment, with the aid of the
symbol r, and consequently the chance of failure through the symbol f. then
R+F=1

The mathematical method to estimate reliability, sort of statistical distributions used, normally terrible
exponential distribution. Regular failure rate is regularly represented by this distribution very efficiently. However,
it is regularly limited for application, particularly for mechanical properties. Many actual distributions do not
correspond to the poor exponential, and massive mistakes ought to arise by forcing them into this approach, as

mentioned by way of daiict. The Weibull and lognormal distribution fills this requirement, as it are frequently
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made to approximate very intently to the conventional distribution. It is again very valuable for an equal reason
quoted in the case of the bad exponential distribution. Considering it is able to replacement for each negative
exponential and therefore the Gaussian distribution besides representing many different actual ones, the Weibull
distributions and lognormal is adopted within the work of the reliability of ceramic slicing gear which changed

into discussed by way of carter.

1.2 Description of Test

The estimation of the reliability records depends at the variable and attributes information. The assessments
which might be conducted by life time referred to as variable records and information recorded at a particular time
of disasters is called characteristic information. The records wanted for any reliability tests are (i) time censored
test (ii) failure censored test. In time censored test, the amount of failures which can be occurred over a particular
duration of some time, simply in case of failure censored test it happens failure at a period of it slow as mentioned
through Trotsky et al and Robert. We have got adopted failure censored test for equipment, taking flank wear due
to the fact the standards except surface roughness at some point of turning operation on lathe. We have
acknowledged that tool wear is abnormal. Subsequently, we have taken vb=zero.6mm as failure criteria as became
discussed with the aid of Dimitri. Moreover, we have noticed that the floor roughness ~ 1.6 microns (ra) are often

accomplished as much as 0.6 mm flank wear.

I1l.  Experimental Procedure and Hardened Metallic

1.3 Tool Material:

Zirconia Toughened Alumina ceramic inserts were used in present experiments. ZTA tools were fabricated
from submicron powders consisting of 85 Volume% Alumina and 15 VVolume% of Zirconia. The properties were
shown in Table 1 below.

Table 1: Cutting Insert Properties

Fracture Toughness

Tool Material | Density(g/cm®) | Hardness HV20
(Mpa) m1/2

ZTA 4.156 1700 6.5

1.4 Workpiece Material Composition and Specifications
The work material used in machining was hardened steel, and has the following composition as shown in Table
2. The specifications of the workpiece are given in table 3.
Table 2: Chemical Properties of Work Material in (%)

Cr Mn C Si Mo Vv

2.7 0.6 0.23-0.35 0.5 0.25 0.05
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Table 3: Specifications of Work Material

Work Piece Hardened
Material Steel

Diameter 110 mm
Length 500 mm
Hardness 340 BHN

1.5 Cutting tool Specification
Tool holder and Tool insert specifications used in this experiment were as follows: Tool Holder — Sandvik T
Max R 174.1-2020-12 and Tool Insert — SNUN 120412

1.6 Experimental Setup and Cutting Conditions:
Turning tests were carried out by using Lokesh CNC Heavy Duty Horizontal Machining Center, HML 630,
having speed range of 50-5000 rpm, 22.5 kW spindle power and having torque of 239 N-m by using different

cutting speeds under dry condition. The details are given in table 4.

Table 4: Cutting Parameters at Various Cutting Speeds

Test | Cutting Speed, Feed, Depth of Cut, Work Material, Nose Tool
m/min mm/rev mm BHN Radius

Test-1 100 0.1 0.5 340 1.2 ZTA

Test-2 140 0.1 0.5 340 1.2 ZTA

Test-3 200 0.1 0.5 340 1.2 ZTA

Test-4 280 0.1 0.5 340 1.2 ZTA

Test-5 400 0.1 0.5 340 1.2 ZTA

1.7 Methodology of Application of Reliability Using Minitab

The probability of life/failure is estimated using statistical analysis. There are many software available for
reliability to find how the component survives in specified conditions over a period of time as per 1SO
3685:1993(Revised 2017). In this work, the following steps were taken

» Identifying the cutting parameters that influence the flank wear and tool life.

*  Adopting the criteria that most suits the data for carrying the analysis.

»  Finding the reliability based on the data.

Besides, distribution it really is the simplest fit a given set of values, the reliability principles like genuine
failure time, proper censored failure time and left censored failure time and ¢ programming language censored
failure time also are considered. In present work, right censoring failure time deals with unique time the pattern
failed (till now not failed by using that Time). Curves of possibility density characteristic that suggests the relative
possibility of the failure time and survival function that shows the opportunity of unit surviving at a particular
period of your time is additionally administered. Danger fee characteristic suggests that the possibility of failure

that indicates the probability of a unit failing at that
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Particular time, given time it is survived till the failure time. Totally, 50 tools inserts were used for machining
reason. Checks are performed through goodness of match (based abreast of Anderson-darling test), and
consequently the lognormal distribution for form and scale parameters had been analyzed from the data as expected
by Kishore Kumar pochampally. Experiments have been done on dry machining conditions (without lubricant).
Time and flank put on taken, till the cutter to be wiped out to0.6mm on flank. Within the analysis component, the
stairs are considered to spot the simplest distribution for the experimental readings and acquire the chance plots

like Weibull and lognormal and opportunity density function and survival feature

IV. RESULT AND DISCUSSIONS

1.8 Flank Wear at Different Speeds
Figure 1 shows that the Flank wear of cutting tools at a regular interval of time with the different cutting speeds.
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(a) Cutting Speed: 100 m/min (b) Cutting Speed: 140 m/min
The curves show all three wear mechanisms namely (i) the initial rapid wear (ii) gradual wear and (iii) failure
wear. Cutting speed play a prominent role in machining the hard material, as the cutting speed increases, flank
wear also increased. Flank wear is time dependent process. Each of the graph shows that ten samples of ZTA at

one cutting speed ranging from 100m/min to 400 m/min.
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Figure 1: Tool Flank Wear at Different Cutting Speeds for Various Samples.

1.9 Performance of Probability of Cutting Tool Life at Various Cutting Speeds

Before appearing the reliability evaluation, it is essential to accumulate the information like flank wear at
normal ¢ language and time of the failure of samples. We have to look which distribution is healthy the given
records. Figure 2 suggests that the varied probability distribution plots of failure time at distinct reducing speeds
particularly a 100,140,200, 280 and 400 m/min, similar plots have been present.

In reliability analysis, we take the failure time on x axis and percentage failure cost on y-axis. Diverse
Distributions have been drawn in figure 2. Weibull distribution characteristic is described by way of two
parameters, particularly shape (shape of the graph) and scale (the larger the dimensions, the wider the graph).
Lognormal distribution characteristic is defined through two parameters area (suggest can be a characteristic) and
scale (the bigger the size, the wider the graph). Gaussian distribution is described via parameters suggest and
variance.

Weibull, lognormal, exponential and Gaussian distribution have been wont to suit the given records. By using
thinking about the Goodness of suit, the plots were drawn. In maximum of the plots, Weibull, regular and

lognormal distributions suit the information. This technique became discussed by fan.
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Figure 2: Probability Plots for Time and Maximum Likelihood Parameter Estimates of Cutting Tool at
Different Cutting Speeds.

1.10Mean Time to Failure (MTTF) at Various Cutting Speeds

Mean time to failure at various reducing speeds is anticipated via distribution identification plot of right
censoring approach, the usage of Minitab. Mean time to failure of the cutting tools at 95% normal self-belief degree
are given for Weibull, lognormal, exponential and ordinary distributions in table-5.

It is being located that there may be close correlation among mean, standard mistakes and 95% everyday
confidence level for top and lower deviations of tool life (measured in minutes) among Weibull, lognormal and
Normal. But, exponential distribution, we discovered that popular blunders ranged from 12.49 to 76.87%, which

itself is an indication that exponential distribution cannot estimate the suggest sun time to failure.

Table 5: Mean Time to Failure (MTTF) at Various Cutting Speeds at 95% Normal Confidence Level

95% Normal Confidence Level
Distribution Mean, min Standard Error

Lower Upper

"Received: 22 Sep 2019 | Revised: 13 Oct 2019 | Accepted: 15 Jan 2020 1129



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 06, 2020

ISSN: 1475-7192

(a) Mean Time to Failure (MTTF) at Cutting Speed of 100 m/min
Weibull 39.853 0.7562 38.398 41.363
Lognormal 40.001 0.9869 38.113 41.983
Exponential 243.100 76.8750 130.801 451.813
Normal 39.903 0.8973 38.144 41.662
(b) Mean Time to Failure (MTTF) at Cutting Speed of 140 m/min
Weibull 22.278 0.3825 21.5405 23.040
Lognormal 22.244 0.4637 21.3535 23.172
Exponential 126.900 40.1293 68.2791 235.850
Normal 22.236 0.4390 21.3753 23.096
(c) Mean Time to Failure (MTTF) at Cutting Speed of 200 m/min
Weibull 21.974 0.3967 21.2106 22.766
Lognormal 22.195 0.5898 21.0684 23.382
Exponential 120.600 38.1371 64.8894 224141
Normal 22.103 0.5204 21.0827 23.123
(d) Mean Time to Failure (MTTF) at Cutting Speed of 280 m/min
Weibull 17.2075 0.2265 16.7692 17.657
Lognormal 17.2033 0.3071 16.6118 17.816
Exponential 99.00 31.3065 53.2674 183.996
Normal 17.19 0.2898 16.267 17.763
(e) Mean Time to Failure (MTTF) at Cutting Speed of 400 m/min
Weibull 8.9196 0.2537 8.4359 9.4310
Lognormal 9.0463 0.3911 8.3113 9.8463
Exponential 39.5000 12.4910 21.2532 73.4126
Normal 8.9707 0.3243 8.3350 9.6063

1.11Goodness of Fit using Anderson —Darling Method

Anderson Darling goodness of fit measures the area between the fitted line and empirical distribution function,

which is based on the data points. Here, the smaller value indicates that distribution follows the normal distribution,

and large value gives us an idea about that it does follow the normal distribution.

Table 6: Goodness of Fit using Anderson-Darling Values

_ Anderson-Darling(Adj) Values Minimum Anderson
Cutting Speed . .
(m/min) Darling(Adj) among
m/min Weibull Lognormal Exponential | Normal . s
g P Various Distributions
100 6.843 6.356 11.440 6.457 6.356
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140 4.115 4.066 9.416 4.079 4.066
200 7.732 7.386 11.445 7.620 7.386
Table Contd.,
280 3.648 3.571 9.120 3.55 3.571
400 6.551 5.983 9.210 6.072 5.983

1.12Probability Density Functions in Reliability
A probability density function of a failure time shows the relative probability of the failure time for a given
value. A survival function of a failure time means that the probability of unit surviving at a particular period of

time. A hazard function means that the probability of unit failing at that time, given that it is survived until then.

Distribution Ovarsiew Flot for Timelmin)

Distribution Cwvarview Plat for Time
n i red ML Estimates-Censoring Column in censared

ML Estimates-Censaring Colurmn in Cerso

Weknd oty Ly o i

Pecent
.

HOF

'ru" Tiree : Tissjwir| . - ) Tiwsiwin|

(a) Cutting speed: 10M m/min (b) Cutting speed: 140 m/min
Distribution Overview Plat for Time(min) Distribution Owenvew Plot for Time(min]
ML Estin atesCerscring Colume in Censured AL Estimates-Censaring Colume in Censomed

e Wabel

FE

et
Parcat

Teesmel e

SrerdNumein Ve i

Tometra Tewoberd e

(c) Cutting speed: 200 m/min (d) Cutting speed: 280 m/min
Density Function, Weibull, survival function and hazard functions. The similar distributions were previously
carried by Michael Odigie and Vigneau. The results of these graphs are summarized in table 7.
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(e) Cutting speed: 400 m/min
Figure 3: Distribution Overview Plot for Probability Density Function (PDF), Weibull, Survival Function

and Hazard Functions Distribution at Various Cutting Speeds.
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Table 7: Overview of Maximum Likelihood Estimates of the Probability Density Function (PDF), Weibull,

Survival Function and Hazard Functions Distribution at Various Cutting Speeds

Cutting Speed Mean in | Standard | Median Inter- Failure
(m/min) Shape | Scale min Deviation | in min quartile in Count | Censoring
range (IQR)
100 16.81 | 41.12 | 39.85 291 40.24 3.743 10 90
140 19.27 | 22.90| 22.27 143 22.47 1.82 10 90
200 12.68 | 22.36 | 21.47 2.06 21.72 2.67 10 90
280 2596 | 17.57| 17.20 0.82 17.32 1.04 10 90
400 12.57 | 9.39 9.02 0.87 9.12 1.13 10 73

From table 7, the parameters of form and scale deliver insight into the man or woman of failure of the samples
from Weibull plot.

Minitab estimates form and scale parameters from the information. The shape parameter describes how the
information are disbursed. A form of three approximates a traditional curve. Decrease form values lead to a right-
skewed distribution, better values end in a left-skewed distribution. The end result on the numerous cutting speeds,
starting from 12.68 to 25.96, shows left-skewed distribution.

The scale parameter describes how unfolded the info is. Usually, a larger scale results in a distribution that is
greater opened up. right here, the values range from 9.39 to 41.12, indicating the data is spread out basically at
slicing speeds of one hundred m/min. at slicing speeds of above one hundred m/min, the opened up is a smaller
quantity and failure of the slicing equipment is not random. From the above effects, we can conclude that fairy the
equipment is behaving constantly within the least slicing speeds, There's a variation at lower reducing speeds

particularly at 100m/min.

V. SURVIVAL OPPORTUNITY THROUGH THE USE OF THE KAPLAN-MEIER

ESTIMATES

The Kaplan—Meier estimator, additionally called the products limit estimator, can be a non-parametric statistic
won’t to estimate the survival feature from lifetime records. The survival chance indicates the opportunity that the
manufactured goods survive till a specific time. We use those values to work out whether the products meet
reliability requirements or to suit the reliability of or extra designs of a product. Marcel Proust has defined their
use considerably in several situations. The kaplan-meier estimation may be a completely useful gizmo for
estimating survival feature and threat features. Discern four suggests kaplan-meier estimates for survival and threat

plots at various cutting speeds. Table 8 summarizes the various kaplan-meier estimates at specific reducing speeds.
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Table 8: Kaplan-Meier Estimates at Various Cutting Speeds

100 40 32 1 97.5 0.02 0.91 1.000
140 23 19 1 95.6 0.07 0.87 1.000
200 22 17 1 96.8 0.03 0.89 1.000
280 17 15 2 91.6 0.05 0.80 1.000
400 8 6 1 96.9 0.02 0.91 1.000

Kaplan-Meier estimates of the survival probability vary from 91.6 to 97.5% at for the cutting speeds ranging
from 100 to 400 m/min with an error of 0.02 to 0.07 %. This again proves that majority of the tools survived
(>90%) for 80% of estimated tool life of best performing tool. The consistency in tool life is achieved at all cutting

speeds.
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(d) Survival plot and Hazard plot at cutting speed of 280m/min
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(e) Survival Plot and Hazard Plot at Cutting Speed of 280m/min
Figure 4: Kaplan-Meier Estimates for Survival and Hazard Plots at Various Cutting Speeds.
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5.1 Metal Removal per Edge
A graph is drawn Metal removed vs. Cutting speed for speeds ranging from 100 m/min to 400 m/min, and

shown in Figure 5.

Metal removal per edge
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Figure 5: Metal Removal per Edge at Various Cutting Speeds.

Figure 5 shows the material removed per edge at various cutting speeds. It is found that removal of material is
observed that 252 cu.cm at 280 m/min cutting speed. From the tool life, it is understood that the metal removal of

this volume is possible at the shortest time and hence this would be economical.

VI. CONCLUSION

The subsequent conclusions are regularly made up of the above consequences. They are the device flank wear
will increase with cutting time. The results of the experimental research have indicated that slicing velocity has
wonderful impact of the device existence. The faster cutting velocity will reason quicker degradation of device
lifestyles effects in shorter device life. Zirconia toughened alumina samples prepared through powder processing
approach have accomplished well with top consistency in the least cutting speeds and 280 m/min speed is a great
Speed. However, 200-400 m/min range are often recommended for top speed machining applications.

Reliability analysis has been implemented to slicing equipment samples by the use of the Minitab software
program. Weibull, lognormal and everyday distributions are nice suit the given records. Goodness of match the
use of Anderson-darling technique for Weibull, lognormal and everyday distributions are on the brink of one
another, however exponential distribution is way from other values. There’s an intensive settlement within 10%
amongst Weibull, lognormal and everyday distributions. Right censoring methods is employed for locating out the
survival opportunity of those reducing equipment. Kaplan-meier estimates of the survival chance vary from 91.6
to 97. five% for the reducing speeds beginning from a 100 to 400 m/min, that's nicely inside 0.07 %. This again
establishes the consistency in device life of majority of the gear (90%) survived pretty 80% of expected tool life

of great appearing device
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