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Abstract

In metal cutting studies, the flank wear width (VB) is commonly used as a criterion or as a limit
measure for the cutting tool life. From the point view of this work, there is a critique concerning the traditional
limit measure (VB). The researchers in this domain do not take the diameter of the work-piece into
consideration. In this situation, the contact angle, between the tool and the work-piece, should be determined
from the limit measure of flank wear width. This work deals with the effect of the work-piece diameter on the
limit measures and proposes a related limit measure for cach diameter. For the experimental approach, certain
confirmation tests were achieved. It seems that the work-piece diameter could modify the limit measure and it
could be increased for large diameters, or decreased for small ones.
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Introduction concern [5]. In metal cutting studies, the

During turning operations, the desired width of the flank wear land (VB) is
geometry of the cutting edge of the tool is measured directly on the worn tool as a
abraded down with two modes of wear, the  straight line and used as an indicator for the
flank wear on the clearance face and the tool life [6- 11]. Certain values of the flank
crater wear on the rake face of the tool. The  wear width (VB) are used as a criterion for
tool wear is strongly influenced by cutting acceptable values of surface quality and
parameters, particularly cutting speed, which  dimension accuracy. There is some diversity
generates a local high temperature, due to the  for choice of the limit values of the flank
relative sliding of the cut work-piece and the wear width (VB). Some references [8, 11]
chip on faces of the cutting edge. For use a limit value of (VB= 1.58mm) for high
machined parts, the surface quality is one of ~speed steel tools and (0.76mm) for carbide
the most specified customer requirements tools. While, others [6] use a limit value of
where major indication of surface quality on  (VB= 0.4mm), for tool life, for coated
machined parts is surface roughness [1]. In  carbides. In other references [10], the value
fact, there are still several gray areas in of (VB= 0.3mm) is considered as limit for
understanding of function-finish polycrystalline cubic boron nitride tools
relationship [2]. On the other hand, the crater (PCBN tools). For the standard tool life
wear, does not generally lead to a criterion, S. Kalpakjian and S. Schmid [12]
catastrophic failure of the tool and does not  in their book (Manufacturing engineering and
influence surface roughness and dimension technology, 2002) presented a table for
accuracy [3, 4]. In analysis of the tool wear it allowable average wear land (VB), for
is recognized that the flank wear is of prime  cutting tools in *various operations. They
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indicated a maximum allowable flank wear
land of (1.5mm) for high speed steel tools
and (0.4mm) for carbide tools. In these limit
values, the diversity is due to the tool
material; it belongs to non-studied factors, as
the work-piece diameter. The effect of this
factor would appear more effectively, for the
round nose tools, which established their
potential in surface quality [8,13]. For such
tool the limit value of the flank wear width is
decreased, so the effect of the non-studied
factors, i.e. the work piece diameter and
contact angle between the work and the tool
clearance face, should be more deepened.

The importance of the flank wear width
(VB) is to control the wear damage on the
flank face of the cutting edge, which acts
directly on the tool life with the surface
finish and dimension accuracy of the
machined products. For controlling these
problems, some researchers [14] assumed
artificial wear lands, for saving the work-
piece material and enabling to get wear lands
characterized by desired width or area. In
reality, the control of the wear damage leads
to a decrease in the non-productive time and
the material lost in recharpening operations.

From the point view of this work, all of
these studies use the flank wear width and
neglect the effect of the work-piece diameter.
For example, the same limit value is applied
to the small and large diameters. Further
more, reference [15] has presented a table for
a considerable number of studies (1970-
1983) and investigated the general effects of
the cutting speed, feed, depth of cut, nose
radius and others on the surface roughness.
In this summary, also, the work-piece
diameter or the angle of contact is not taken
into consideration.

In this work, an attempt has been made to
contribute in this domain, by relating the
flank wear width (VB) with the work-piece
diameter. So, a diameter related width (VB')
is proposed and a contact angle, between the

44

flank face of the tool and the surface of cut,
is determined.
Experimental Approach

For confirming the theoretical approach of
this work, a high-speed steel tool with a
normal clearance angle of (8") and a normal
rake angle of (20"), is used in turning of a
stepped brass shaft, figure (). Three
diameters (16.3mm, 26mm, and 42.5mm) are
taken in finish turning. These diameters are
chosen for the speeds (780, 490 and 300
r.pm.) respectively, to obtain the same
cutting speed of (40m/min) for all
experiments. The depth of cut are fixed as
(0.04mm) and five feed rates (0.50, 0.056,
0.063, 0.069 and 0.075mm/rev.) are
investigated. The distance of cut (n D n) is
taken as 100m for each experiment and the
surface roughness average Ra is measured
with a Taly-Surf 10 roughness-testing
machine. The average of three readings was
taken for each experiment.
Theoretical Analysis

(i) — The contact angle (0):

In the turning operation, once the progressive
wear is initiated, the flank wear width (VB)
is created on the flank face of cutting edge.

W

l

Figure (1): Test specimen and cutting

conditions.

Diameter | Spindle | Cutting | Depth

(mm) Speed | Speed of cut
(rpm) | (m/min) | (mm)

16.3 780 40 0.04

26 490 40 0.04

42.5 300 40 0.04
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This width is commonly used as a diameter-
free limit measure for the tool life and, for
the aim of this work, it could be translated to
a contact angle between the clearance face of
the tool and the surface of cut. The
complexity of this problem can be explained
in the following points and as illustrated in
fig. (2)
o In the beginning of cutting operation,
when the cutting edge is sharp, the first
contact is initiated in a single point, seen
in the cross section of the cutting edge, as
in fig (2.a). In such a case, the flank wear
width and the contact angle will be zero
for all diameters.
As the cutting operation is continued, the
flank wear land (VB) will be initiated and
the contact area will be increased as a
curved line according to the diameter of
the work-piece, fig. (2.b). In this situation
the flank wear width (VB) does not equal
to zero.
In metal cutting studies, the length
between the two ends of the curved line
of contact is measured and used as the
flank wear width (VB), fig. (2.c).
The curved shape of the worn area
corresponds to a portion from the
circumference of the work-piece and
generates an angle of contact (©) at the
center of the work-piece, fig. (2.d).
The angle of contact (6) can be
determined from the following relations,
fig. (2.e):
In triangle OCD
OC=0D=R
CE=CD/2
Angle COE= 6/280,
Sin (8 /2) = CE/OC Or,
Sin (6/2) = VB/2R ........(1)
When,
Sin® 0 = (1-Cos 20)/2
Sin? /2 = ( 1-Cos 0)/2 Or,
2Sin® 8 = ( 1-Cos 6/2) So,
Cos 6 = 1- 2 Sin® 6/2
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When the equation (1) is considered,
Cos 0 =1-1/2 ( VB/R)’
(ii)- Diameter related flank wear width
(VB').

From the relation (2), explained above, it
is seen that the angle of contact could be
changed according to the work-piece
diameter. Also, the limit measure of the flank
wear land (VB) could be modified, in
relation with the work-piece diameter. For
example, when the limit measure of VB is of
(1.58mm) for high speed steels, as in

references [8,11], and 3 diameters of
(20mm, 30mm and 40mm) are taken
arbitrarily into consideration, three values of
the contact angle is obtained for each case, as
illustrated in table (1). Now, if the limit
measure of (1.58mm), which generates a
contact angle of (6.0380)’ is assumed to be
acceptable for 30mm diameter works, the
limit measure could be changed for the other
diameters, as in table (1).

From equation (1):

VB' = 2R. Sin (3.019")

This means that the larger diameters could
accept larger values of limit measure of flank
wear land because it has a smaller contact
angle and vice-versa.

In table (1), it is seen that the angle of
contact, which controls the friction in the
interface of (work-piece: tool flank face), is
inversely  proportional  to work-piece
diameter. In such a case, the common limit
measure, used as a criterion for the tool life,
could be revised, with taking the work-piece
diameter into consideration.

.........

Table (1):
Diameter | Contact angle | VB’
(mm) ©) (mm)
20 9.062° 1.053
30 6.038" 1.580
40 4.527 2.102
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Fig(2): The angle of contact
between the work-piece and the tool
flank face:

(a)Sharp cutting edge (VB=0).
(b)Initiation of the flank wear land
(VB).

©The width of flank wear land
(VB).
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Confirmation Test

For confirming the theoretical results
obtained for the effect of the work-piece
diameter, some experiments were performed
in cutting a distance of 100m on each
diameter. It is seen that the surface roughness
decreases when the diameter of the work-
piece increases. In figure (3), the average
roughness of the five feed rates is compared
together, for illustrating the effect of the
work-piece diameter. Here also, the increase
in diameter, as it decreases the angle of
contact, acts positively on the surface finish
of the shaft diameters used in this work. This
phenomenon is due to the frictional area
between the flank wear land (VB) and
surface of cut, which is decreased when the
shaft diameter is increased. For example, if
the limit measure of the flank wear land is
(1.58mm), as mentioned by references
[8,11]; three contact angles are obtained from
equation. (2), and as in the following:

(i): when D= 16.3mm
6=11.125

(ii): when D= 26mm
0 =6.968"

(iii): when D= 42.5mm
0=4261"

From these values, it is seen that larger
diameters give smaller contact angles and
vice versa. Or, when the measure limit of the
flank wear width remains constant for all
diameters, the contact angle will be inversely
to the diameter of the work-piece. For this
reason, it is seen that the small diameter
(16.3mm), which has a great contact angle (0
= 11.125"), is more rough than the large
diameter (42.5mm), which has a smaller
contact angle (0 = 4.261).

On the other hand, it is possible to analyze
the ratio of the contact land for each
revolution of the work-piece (VB/n D), as in
the following:
(i): when D= 16.3mm, VB=1.58mm

VB/n D=1.58/m. 16.3
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= 3,08/100 (ii): when D= 26mm, VB=
1.58mm
VB/n D= 1.58/r.26=1.9/100

(iii): when D= 42.5mm, VB= 1.58mm
VB/nD=1.58/n. 42.5=1.18/100

From these results, it is seen that the contact
ratio is decreased when the work-piece
diameter is increased. Or, the relative
frictional area decreases for the large shafts
and as consequence, the surface roughness
will be decreased. Now, when the limit
measures of flank wear width (VB) is treated
in relation with work-piece dimension,
relative limit measures are obtained for each
diameter. Or, if the limit measure (1.580mm)
is acceptable for the diameter of (26mm), it
can be modified the other diameters
(16.3mm & 42.5 mm):

(i): when D= 26 mm, 8 =6.968"
VB’ = 2R. Sin 6/2
=1.580 mm
(ii): when D= 16.3mm, 6 =6.968"
VB’ = 2R. Sin 6/2
=(.990 mm
(ii): when D= 42.5mm, 6 = 6.968’
VB’ = 2R.Sin6/2 =2.582mm
In table (2), all of these informations are
compared. It is clear that the larger diameters
generate smaller contact angle and contact
area and larger flank wear land limit. So,
better surface finish could be obtained.

e The results of the confirmation test
coincide with the theoretical analysis. For
the same distance of cut, cutting speed, and
depth of cut, the surface roughness
decreases when the shafts diameter increases
and vice-versa.

Table (2)
D Contact | VB/nD | VB’ Ra.Av
Mm |angle® | 1/100 |Mm | pm
16.3 | 6.968 |3.08 0.990 | 0.942
260 16968 |19 1.580 | 0.904
425 16968 | 1.18 2.582 | 0.876

average roughness
(um)

1 2 3
Shaft diameters (D): 16.3mm, 26mm,42.5mm

Fig (3): The average routhness.

Conclusions
e When the width of the flank wear land
(VB) is taken as the same and free from the
piece diameter, as used in cutting studies,
the contact angle and the ratio (VB/n D) will
be decreased with the increase in the
diameter. For this reason, the limit measures
of (VB), could not be valid for all diameters.
o The width of the flank wear land (VB),
measured as a straight length, can be
converted to a contact angle between the
surface of cut and the clearance face of the
cutting edge. In this work a simple relation,
equation (Sin 6 = VB/R), is proposed for
determining the angle of contact from the
width of the flank wear land (VB) and the
diameter of the work-piece.
e When the work-piece diameter and the
contact angle are considered, the width of the
flank wear land (VB) should be related to the
work-piece diameter. In such a case, the
relative flank wear width (VB’) could be
determined as a diameter-related limit
measure for each dimension. It could be
increased with the increase in the shaft
diameter.

Finally, when the limit measure of (VB)
gives promising results for certain diameters,
it could be too sever for smaller diameters
and too lean for larger ones, since the contact
angle is inversely proportional with work-
piece diameter.

47



(JZ8)Journal of Zankoy Sulaimani, Sepiember 2006, 9 (1) Part A
A s (1) b} (1 )8 o oo Jpbodd bl g§801j i

References

1 — T. Ozel and Y. Karpat, Predictive modeling of surface roughness and tool wear in
hard turning using Regression and neural networks, 2003, International journal of
machine tool and manufacture, U.S.A.

2 — B. Muralikrishnan, Process analysis and functional correlation in surface and form
metrology, 2003, Ph.D. proposal, center for precision metrology, univ, of North
Carolina at charlotte,.

3 - I, R. Jawahir & others, An investigation of the effect of chip flow on tool wear in
machining with complex grooved tools, 1995, Journal of Wear, 184.

4 - T. H. Childs, K. Maekawa, T. Obikawa & Y. Yamane, Metal cutting theory and
applications, 2000, pp 130, Arnolds, London, UK.

5- V. Astakhov, Metal cutting theory — Three missed chances, or Science without history,
2002, from Internet, the American heritage, third addition, pp 1-19, USA.

6 - E. O. Ezugwu, Wear of coated carbide tool when machining on Ni-Cr-Mo (817M40)
steel, 1997, Journal of the society of tribology & lubricating engineers (lubricating
engineering), PP 18-24.

7- R. G. Silva et al., The adaptability of tool wear monitoring system under changing
cutting conditions, Mechanical systems and signal processing, 2000, 14( 287-298),
Academic press.

8- P. Ostwald and J. Menuz, manufacturing processes and systems, 1997, Chap. 8, John
Wiley and Sons, U.S.A.

9-T. Pawel, Experimental investigation concerning influence of thermal expansioninserts
on precision turning of hardened steels, 2001, 39" international conference,
experimental analysis, Tabor- Czech.

10- T. J. Broskea, PCBN tool failure mode analysis, 2000 , Intertech, Vancouver Canada.

11- Mechanical engineers handbook, 1998, pp 1035- 1047, John Wiley & Sons, USA.

12- S. Kalpakjian & S. Schmid, Manufacturing engineering and technology, 2002, pp
554, Indian print

13- G. Schneider, Cutting tool applications, Chap 2, from Internet, www.tooling and
production. Com.

14 - T. Otto and L. Kurik, A digital measuring module for tool wear estimation, 23-26"
2002, 13" DAAAM international symposium.

15 — C. Fen and X. Wang, Development of empirical models for surface roughness
prediction in finish turning, , International journal of advanced manufacturing

technology, 2002, 20(5).

48



(JZ5)Journal of Zankoy Sulaimani, September 2006, 9 (1) Part A

A il (1)2)ba8 (1)8 Lyl 1203 Joltdd Hladle S5O0 ldiS

So9adiy Sagy api1a ol sdas 48 (ASagld 099y 9 2 o2 1880 A GIgaSt GAGIS GogddaplS

g luddybd GHLS Af dSdedldd
s & (13 (e S (a5 oS3 48
Bk s ralsdd /pedd/ Gardoriiu o315 | hdiSas fylihd 4 o &t / okl 4 ol

ddigy

ASA dSadddd Gogadi Sagy Al (yt0d plaxd dd ki (IS dusdd 45 1addlghilaes gad &
chdo)lad gad yhudiydd 4 dida ddadisay laduld pdi 4 O r0d @ dadd 53358 Gybda 3 Hldde b Loy Gl ) ek
Soaly &y do)liid gdd Citod JIsbagld Syl & . 454z, S0 A Gosld F il oyled 94 e 4S adogdd gl
& dSaglp dzyly S0 SAIAEAD 4 ogAiiSos adiud pl ogdipigit dSeg)pd 092 § B M2 Se aF (eaSd sadiS
algly 940 0913 plawd 43 09159 Ly g0gdusion S $9g) & - aSaedlad Gogadetd S50 98518 e IAD ) (P 0 g
shyy Cados dify LS9 Hlgedd ,5@34.«..;.: G40y 9 i It 45 dgdd S dSagly Aok o (4o G0

5SS 053 B ity pAS 3 (1805948 000 B S

49



(JZS)Journal of Zankoy Sulaimani, September 2006, 9 (1) Part A
A s (1) ot} (14 s Voot Jolodd el G100} bl

Obgdes B mmtwggsmgﬁgegmvMgpmemscgwmihjggu

Aoyt
) galye (b {pls S (a3 w1 45

Al — gkt S @il / iy Skt ke daely \ DSl iyt e

Luadiad!

plail] dadl pas dall shisa Albosiud dllig paplit! maw ol 2 guibid B o galall plady JalaZll Slutpdll B

b aptolalh o 50 g Jasuall Hlineld LTI LD (Consdt fkd 0 Ty (a9 - Mpade dglaw dagal slo Jpuantl dade @il

(e et gty A @AY peat il plsall Sl ey siMgS Wb By lile¥! pTHATRON NTER R TE RN

Chalaal) AL (ag . gapli o el (obiad! o 30 ke RGN plall poiLD St (a3l ¢ el pauly @ldl bz

o s ST Bl 6 ylaal] o a1 ke b agiale pOHU Hadkl] plald sy ol g wsband dsgane 51y}
1B gt HLIHY Al g 5 s SadB Al S S

Received on 7/12/2004 Accepted 3/12/2005 Yer0/AV/ 4 dhdudy 13 Yot/AY/Y 335504

50



