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Abstract

The increasing awareness of wear of carbide tools during machining operation has
created doubts about the ability of this tool material to withstand stress and strain
induced by the machining process. Manufacturers are beginning to question their
dependence on carbide tools, seeing that they no longer meet their expected designed life.
The stochastic point model was used to determine the rate of wear distribution of the
carbide tool material and the reliability of wear resistance of the cutting tool. At pre-
determined times, cutting speeds and feed rates during machining operations were used
to generate the machining parameters that were used to calculate for the welded flank
joint wear and the reliability of tool resistance to wear. It was found that at 850 rpm, a
15146 mm® volume of metal was removed creating a flank wear distribution and
corresponding reliability. As the flank wear reached 0.3 mm, machining operation
stopped. This process lasted for 540 seconds. The corresponding reliability of the tool
ability to resist wear was 0.06. It was concluded that the critical flank wear is at 0.3 mm.
From the analysis, the wear distribution of the welded flank joint is not normal. This
study has successfully analyzed the wear distribution pattern of carbide tool material
during the machining process.

Keywords: cutting speed, feed rate, machining time, tool liéiability, wear.

1. Introduction

Hayajneh et al [1] has stated that Chen and Sndthsfid that metal cutting is one of the most digant
manufacturing process in the area of material rexhand Black [3] defined metal cutting as the real@mf metal chips from a
workpiece in order to obtain a finished producthwtite desired attributes of size, shape and surtagghness. Noordin et al
[4] defined machinability as a combination of optim machining removal rate, good surface integetgcurate and consistent
workpiece geometry characteristic, lower wear gate acceptable chip formation.

The increase in the efficiency of machining operadi has lead to the development of new technologsesl for
integrating design into manufacturing processesédine invention of High Speed Machining (HSM) me& Brezocnik et al
[5]; Nandi [6] and EImagrabi et al [7] were of thpinion that HSM tools are currently being usedhie manufacturing sector,
as Lin [8] puts it, HSM increases production effitcy and reduces machining time. Bachacz [9] olsethat the greatest
concern of most researchers during the concepaiiz, product development and design process @etimachines is the
machine’s efficiency and reliability [10]. Sinceethise of high spindle speed machine technologyldlieduce time spent on a
workpiece, productivity is also increased and #imbility of tool resistance to wear is expecteddduce.

Tool wear is a significant factor because if lefthecked it is a major cause of dimensional inamum workpiece
machining operation. In a continuous machining afien large pieces of metal fillings are removezhfrthe workpiece as a
result of the frictional contact with the cuttingot thereby inducing wear on the tool, in respecthe amount of carbon
content. The carbon content is itself responsittedol hardness.

As tools wear, irregularly shaped cuts appear whighld distort the micostructural arrangement & torkpiece
material. If the cutting tool experiences furthezar, the cutting efficiency reduces significanthdgrecipitously. Bonjelbene
et al [11] and Petropoulos [12] have stated thamdflected and left unchecked, continuous tool weidlr cause poor
dimensional accuracy and the deterioration of tiéase integrity of the workpiece, invariably leagito eventual damage of
workpiece [8].

Some researchers have studied the effect of wearad life during machining operations [13]-[15}. this study, the
stochastic distribution of wear rate of carbidd tharing machining operation was studied. This gtigdd to the determination
of machining parameters that lead to welded flamht jwear rate.
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I Research Methods

In accessing the life of a Tungsten Carbide cuttond. The spindle speed, torque and power uselétiermining tool life were
investigated. Chapman [16] proposed some equafiwrgetermining the machining parameters as foltmsi

The spindle speed, N is calculated in min/rev. Bglging (1)

=L (1)
f
Where L = shaft length in mm and f = feed in mm@ar. N can also be calculated by using (2)
10005
N="T7TT"" (2)
d
Where S = cutting speed in m/min and d = workpiieeneter in mm
The speed generates the torque that turns thegutiol. The torque, T is calculated by using (3)
T - C f 0.75d(;l.8 (3)

Where C = a constant depending on the materiamftat steel = 0.36 andyd: diameter of drill
The power, P that is used to overcome the resistaffered by the workpiece and the twisting effosed to turn it, is
calculated by using (4).

P 21INT (kW)

P (4)
60000
The volume of metal, R removed per minute
R=AMN (m) ©)
Where A, = area of hole
Then, the energy consumed, tBerefrom is calculated by using (6)
R .
=5 (mm3/JouIe) (6)

Speed and spindle system deflection affects téml li either blunts the tool due to high speedmaks it due to deflection.
However, the relationship between cutting speedtaodife is expressed by (7).

VT"=C (7)
Where V= cutting speed in m/min, T = tool life inmand C is a constant depending on cutting coouti
logV, - logV.
n= tan{p:—g 100V, (8)
logT, —logT,

1
But n has been experimentally determined to,—:_)bfm)r roughing cuts in steel ard = slope angle when the cutting speed is

plotted against the tool life.
An approximate equation relating tool life to Biirfeardness number is

K, =VT"f"d"BHN"* (9)
K; = 556 is a constant obtained from machining op@naxperiments
Where BHN = R (10)

To [0 o]

and BHN = brinell hardness numbet, £ applied load of 3000kg, ;3= diameter of indenter usually 10 mm and d is the
diameter of depression in mm measured with th@i#dpre-calibrated microscope

Reliability Calculation

The reliability equations as treated by Lin [8] aresented in (13) — (15)
If E (X) is the expected value of the entire flam&ar, then

E(X)=3 X p(x) (11)
Therefore, the standard deviation would be
og=V(x)=E(x-u) =% (x-u)p(x) (12)
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o = standard deviation of average flank wear normstitution.
Mean time to failure — free operation, i§ given by

2
T, =T, exp[%} (13)

where T, is the time when average flank wear reach theatitiank wear value\/BD =540 seconds
Variance of life length

Var (1) =T2 {exp[a;j - } (14)

The failure rate of the cutting tool is given as

1 T-T
A(t)= exp °
() \/var(r)a [\/var(r)}
Reliability, R=e™CF (16)
CF = correction factor = 1.7. This factor takesoimonsideration some machining deficiencies en@vedt during the
machining operations. In the determination of &l@bility tool resistance to wear. The flank wéalen as the failure rate and
the mean time to failure was calculated to be 9%min
In the case of reliability calculation, the failiate was taken as the flank wear,
Lin [8] expressed the equation for as
w=cV*fP3h3 (17)
Where c, b, b,, and i were experimentally determined to be 0.36, 026 &nd 0.25 respectively

(15)

I DISCUSSION OF RESULTS

A 560 watts CNC lathe machine was used to machiwelded flank joint of 10mm. The diameter of theltdrill, a
fixed depth of cut and a mechanical test resuthefflank BHN were used for investigating the rellity of the tool resistance
to wear and tool life are shown in Table 1. Thendlg speed obtained was 850 rpm which falls withinrange of speed of
750-1500rpm used by Hayajneh et al [1] and possésgjue of 6.24 Nmm for turning. The volume of aleemoved from the
flank is 15146mmwhereas the energy consumed there from was 2% /joole. The tool life was estimated to be 9mins.
Different cutting speeds set at corresponding feges as shown in Table 2 were used for the expeatito determine the
machining times and calculate for the correspondiatgied flank joint wear and reliability The resigitshown in Table 2. Lin
[8] in his report showed that as the flank weaches 0.4mm, machining operation stopped. This shbatsat 0.4mm, further
machining operation would increase the wear andteradly put the flank in a situation where it cast be re-grinded or rebuilt
and may no longer be relevant for use. Therefaraldiermined threshold value indicates the critredue.

From the Table 2 as the cutting speed increasesdlchining time reduces, but consequentially, ttkoés propensity
to resist wear also reduces. This however, indictitat the more the tool is subjected to machinimgration, the

more susceptible it is to wear. This argument $® aupported by Sanglam et al [17] saying that kigiting speed and feed
rate will induce higher stress which would everljuptomote wear.

In this study, the critical flank wear is betweeB @&nd 0.4mm. But for accuracy of result, emphasis more on 0.3mm. This
is because further machining process above 0.3ragnrender the welded flank useless; the wear oflémk would have
been at a critical stage where it can no longeehsed.

i Cutti - Feed Calculated CAoUTated Tool
Table 1: Parameters used for calculation mn%) el ™ (o) o oy 00 Teiance (2015
Diameter of drill = 5.5mm 300 1200 0.05 0.06 0.5800 1.85%4C
BHN of AIS5I steel = 230
Depth of cut is at 0.15mm 30 800 010 017 0.2200 3.47 ¢
400 540 015  0.30 0.0600 0.569
Table 2: Machining parameters
450 310 0.20 0.41 0.0250 164
500 260 0.25 0.60 0.0045 188 &

400 622 0.15 0.15
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Conclusion

This study was done to determine the welded flaimk jwear rate and its reliability to resist welihese parameters lead to the
determination of tool life. From the numerical ais#s, the critical flank wear value was reachedyde this wear the flank
value is expected to be un-restored or unfit tgiireded for reuse. From the experimental analymsctitical time when flank
wear reaches its critical value was obtained. Thilse corresponded with the tool life obtained gsmumerical methods as
expressed by (9). The variation of flank wear aslates to variousnachining parameters was also studied and meaanced
this is shown in Table 2, as the flank wear incesashe feed rate and cutting speed also increaseeas machining time and
the reliability of the tool resistance to wear reglulue to the pressure exerted on the tool byriweeps parameters mentioned
here. This pattern of flow of the process paramselers been reported by other investigators[8,9ihikstudy the stochastic
distribution of the wear profile of carbide toolarthg the machining operation of welded flank jsifitas been successfully
investigated.
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