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Abstract

The paper represents an experimental study of the burr formation mechanism in feed direction. The influence of tool angles and workpiece
angles, as well as and other cutting conditions on burr dimensions is considered. The work contains experimental graphs of burr cross-
sections obtained using a laser measurement system at various stages of burr formation. The analysis of the experimental work shows that,
depending on the cutting conditions, a few mechanisms of burr formation can be discerned: sideward burr formation, bending of the uncut
part of allowance, and the shearing of residuary material at the final stage. This study could be useful in the search for optimal tool geometry
for burr minimization and for the modeling of a burr formation mechanism.

© 2005 Published by Elsevier Ltd.
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1. Introduction

The presence of burrs on the edges of parts is the cause of
various problems in manufacturing. Consequently, the
deburring processes are included in manufacturing. The
additional deburring operations increase the production cost
and these additional expenses may contribute up to 30% of
the total product price [1]. Furthermore, deburring normally
requires a significant amount of time. This, coupled with the
deburring cost, increases as the amount of burrs rises.

Presently, about 100 deburring methods have been
developed [2]. The selection of an appropriate deburring
method depends on the dimensions and the location of the
burr. Thus burr sizes must be controlled for the optimal
choice of a deburring process or cutting parameters for burr
minimization. One of the ways to solve this problem is to
accumulate the experimental data about burrs and then to
develop expert system using the compiled database. The
other way is to make analytical models of burr formation
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processes. However the latter method requires a clear
understanding of burr formation mechanism which is based
on experimental observations of burr development
processes.

Significant success in this field has been achieved in the
study and modeling of burr formation in orthogonal and
oblique cutting [3-7]. However, the burrs formed in feed
direction normally have the largest dimensions and there-
fore cause bigger problems in deburring. There are many
research papers devoted to the study of burr formation in
feed direction [8-12]. However the existing studies are
mostly concentrated on final burr geometry whereas the
direct observations of burr formation process have not been
investigated. The application of cinematic techniques [8]
and acoustic emission technique [9] did not provide any data
about variation of burr cross-section during burr formation.
The so-called ‘destructive method’, applied to the obser-
vations of burr formation in drilling [12], cannot be used for
small sensitive burrs since it can damage the burr, resulting
in incorrect burr form. The burr measurement system [13]
used in this study is based on the scanning of the workpiece
edge by a laser. This method provides data with satisfactory
reliability without any destruction of work material, and the
combination of two graphs obtained from scanning the two
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surfaces which form the workpiece edge gives the real view
of burr form in cross-section.

In spite of significant success in studying burr formation
in feed direction, the mechanism of that process remains
unclear. It particularly concerns the determination of the
nature of forces predominant in the process. Two kinds of
forces can cause burr formation: those acting on the tool
rake face and those acting on the clearance face.
Determining the prevalent forces is an important aspect
since it would provide the basis for burr modeling and
would help to control burr formation processes. The
influence of tool lead angle has also been studied
insufficiently despite the significant influence of that
parameter on burr dimensions. The same can be said of
the combined influence of workpiece and lead angles.

This paper is devoted to the study of the burr formation
process in turning. Turning is a comparatively simple
machining operation. However, if we understand the burr
formation mechanism in the simple case and can model it,
then we can describe burr formation mechanism by applying
reasonable assumptions to more complicated cases such as
face milling and drilling.

The paper considers the case of burr formation when tool
is unworn. Short-time cutting of aluminum alloy A16061-T6
by tungsten carbide tool does not produce any significant
tool wear. Thus the experiments can be regarding as a
cutting using a perfectly sharp tool. Besides, aluminum
alloy Al6061-T6 is one of the widespread work materials
which plastic properties are sufficient to allow complete burr
formation in feed direction without brittle failure of a burr.
These points determined the choice of tool and work
materials for the given experimental work.

2. Experimental setup and procedure

The experiments on burr formation were carried out on a
CNC turning machine tool. The experimental setup, tool and
burr geometry are shown in Fig. 1. The length L of the
workpiece was controlled for every experiment in order to
prevent significant vibrations which in turn causes specific
noise, worsens surface roughness and changes burr
dimensions.

K10 grade of tungsten carbide—cobalt alloy was chosen
as a cutting tool material. A16061-T6 belongs to the group of
silicon aluminum alloys. According to the classification
[14], K10 grade is recommended for turning, milling,
drilling and boring of silicon aluminum alloys, and thus it is
suitable for the given experiments.

Table 1 presents tool geometry used in the experiments,
and Table 2 lists the cutting conditions. The cutting
conditions were selected in order to exclude built-up-edge
formation in experiments.

Burr height / and burr thickness b were measured after
every experiment using the laser measurement system [13]
as shown in Fig. 2, and average values of burr dimensions
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Fig. 1. Experimental setup, tool geometry and final burr dimensions.

were calculated. Burr dimensions b and h are shown in
Fig. 1. Special experiments were executed to allow
observation of the burr formation process. The essence of
the method is as follows. The machining was stopped at
various distances from the exit surface, starting from the
point when the tool major edge reaches the workpiece edge.
The burr formed at each stage was scanned using the laser
measurement system along the two surfaces, which form the
workpiece edge. The two graphs obtained from the scanning
of those surfaces were combined to get a cross-section of
the burr. This process was done for each step until the burr
was fully formed. Using the described method, the
development of burr was observed for all lead angles listed
in Table 1. The cutting conditions used in these experiments
are listed in Table 3.

3. Experimental results and discussions

3.1. Influence of lead angle

Fig. 3 shows the influence of the lead angle ¢ on the burr
dimensions for the cutting conditions listed in Table 3. The
stages of burr development for those conditions are
presented in Figs. 4-6. The experimental data show that
burr formation mechanism depends significantly on the lead
angle.

For small lead angles, the formation of the burr is most
probably related to the formation of sideward (or Poisson)
burr comprehensively investigated by Nakayama and Arai
[3]. When the major tool cutting edge and machining
surface form an angle of 180°— ¢ as shown in Fig. 7(a), the
formation of side burr is not possible because of the high
rigidity of material. When the tool major cutting edge
reaches and goes beyond the workpiece edge, this angle
becomes W— ¢. Fig. 7(b) shows this situation when W=90°
and ¢ =30°. In this state, the top of the uncut part becomes
weak and the stresses exerted by the tool tend to deform

169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224



225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280

A. Toropov et al. / International Journal of Machine Tools & Manufacture xx (xxxx) 1-8 3

Table 1
Tool geometry used in experiments

Rake angle «
(deg)

Clearance angle o,
(deg)

Lead angle ¢
(deg)

Inclination of major
cutting edge (deg)

End cutting-edge
angle (deg)

End relief angle
(deg)

—5,0, +5, +10, +20 5,10, 15, 20 16, 32, 47, 66, 81

0 5 5

Table 2
Cutting conditions used in experiments

Cutting speed v (m/min) Feed f Depth of cut ¢ (mm) Workpiece angle W (deg)
(mm/rev)
800 0.05, 0.1, 0.15, 0.2 0.5,1.0, 1.5, 2.0 90, 109, 118, 133, 147

sideward the topmost part of the allowance. This process is
presumed to occur ahead of the tool rake face in the chip
formation zone and depends on the stress state in this zone.
When the lead angle is 16°, this deformation is most likely
caused by the Poisson effect, i.e. the lateral flow of material
under the action of normal stress. The thickness of sideward
burr depends on the angle W—¢ [3], and for the constant
W=90°, the smaller the lead angle ¢, the thinner the burr
that forms. When the lead angle is 16°, the burr is so thin that
it is removed by the next revolution of the workpiece since
tool feed f exceeds the thickness of the burr in the direction
of feed by (see Fig. 7). In this case, each revolution of the
workpiece produces a new side burr of the same size as is
shown in the experimental graphs (see Fig. 4).

When the lead angle is 32 or 47°, bending becomes a
predominant factor in the burr formation mechanism because
the rigidity of the uncut part, determined by the angle W— ¢,
is reduced. In this case, with every revolution of the
workpiece a new portion of material bends sideward

workpiece

extending the burr formed during the previous revolution.
However, the extent of bending of the previous burr
allows some portion of the material at the top of the burr to
be cut off during the next revolution of the workpiece. This
results in a burr whose height is smaller than the depth of cut 7.
The less rigid the material (the less the angle W— ¢), the
greater the extent of bending and the bigger the burr forms
(see Fig. 3).

When the lead angle is 66°, the stresses that arise due to
cutting combined with the rigidity of material result in
the deformation of the remaining part of allowance without
cutting off the tip of the burr. Consequently, the burr height
is equal to the depth of cut in this case (see Fig. 5).

When the lead angle is 81°, the formation of a burr starts
before the tool major cutting edge reaches the workpiece
edge (see Fig. 6). After the burr starts to form, the removal
of the remaining part of allowance takes place close to the
tool tip because the material has sufficient rigidity to allow
cutting only in this area. As a result when the tool tip reaches

Fig. 2. Measurements of a burr using the laser measurement system: (a) along exit surface, (b) along machining surface.

Table 3

Constant conditions used in experiments

Cutting speed  Feed f Depth of cut#  Workpiece Rake angle «  Clearance Inclination of  End cutting- End relief

v (m/min) (mm/rev) (mm) angle W (deg) (deg) angle o, (deg) major cutting  edge angle angle (deg)
edge (deg) (deg)

800 0.1 1 90 0 10 0 5 5
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Fig. 3. Burr dimensions vs. tool lead angle (cutting conditions as in Table 3).

the exit edge, the remaining part of the material becomes
progressively thinner in this zone, and the final step of burr
formation is accompanied by a shearing of the work
material resulting in a burr of a small height % (see Fig. 6).

It should be noted that the final stage of burr formation
for a tool with a lead angle of 66° is unstable. That is, the
burr can form with or without tearing off the burr body from
the workpiece as experimental observation has shown.
Perhaps this combination of lead angle and workpiece angle
for a given material, together with cutting conditions,
characterizes a scenario wherein a burr can be formed in
either way.

3.2. Influence of depth of cut

Fig. 8 shows the influence of depth of cut on burr
height. It can be seen that for a lead angle of 16°, the burr
height is independent of depth of cut, whereas for a lead
angle of 32 or 47°, the burr height increases proportionate
to the depth of cut. This means that the increase of depth of
cut for the same feed and lead angle increases the number
of revolutions needed to cut the remaining triangular part
of allowance after the major tool edge reaches the
workpiece edge. An increase in the number of revolutions
leads to an increase in the amount of material bent
sideward and transformed into burr, which results in an
increase of the burr height.

| et

Fig. 4. Stages of burr formation for lead angle ¢ = 16° (cutting conditions as
in Table 3).

/
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Fig. 5. Stages of burr formation for lead angle ¢ =66° (cutting conditions as
in Table 3).

3.3. Determination of forces that cause burr formation

The formation of the feed-burr can be theoretically
related both to the stresses that arise as a result of chip
formation, and to the stresses acting on the tool clearance
face. This represents one of the unsolved problems in burr
formation mechanics, which is the determination of the
kinds of forces that cause burr formation. It is known that
decreasing the clearance angle leads to the increase of forces
on the clearance face, while an the increase of the rake angle
causes the reduction of forces acting on the tool rake face.
Fig. 9 shows the influence of those angles on burr
dimensions. It can be seen that the clearance angle does
not have any significant influence on burr dimensions, but
increasing the rake angle does cause considerable reduction
of burr thickness and height.

Indeed the stresses that arise as a result of chip formation
are more significant than those under the tool clearance face.
Fig. 10 shows typical stress fields in the form of
isochromatic fringes observed in the cutting of celluloid
[15]. It can be seen that the stress field, which appears ahead
of the tool spreads deeper below the cutting surface than that
which arises under the clearance face. This proves that
stresses in the shear plane are more considerable than those
under the clearance face. Thus the formation of feed-burr is
caused by the stresses that arise in the chip formation zone,
confirming our assumptions. Furthermore, the depth of the
stress field that arises ahead of the tool is greater when the
tool rake angle is smaller, as seen in Fig. 10. The depth of
that field is most likely interrelated with the burr thickness
and this explains the increase of burr thickness when the tool
rake angle decreases.

3.4. Combined influence of feed and tool rake angle

At the same time, the formation of sideward burr is
closely related with other cutting conditions such as

f i ﬂ f

k&.
o

]

Fig. 6. Stages of burr formation for lead angle ¢ =81° (cutting conditions as
in Table 3).
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Fig. 7. Schematic illustration of cutting when tool approaches the exit
surface.

2.5
2 1]
/é ”’f
E s =
= P .
.20 e P
Q P e
<= 1 > =
g mno
= e g
M R
0.5 =
S )]
0 0 0.5 1 1.5 2 2.5
Depth of cut (mm)

669 Lead angle 16 deg
-0 Lead angle 32 deg
EFE8 Lead angle 47 deg

Fig. 8. Burr height vs. depth of cut when cutting with tools of various lead
angles (other cutting conditions as in Table 3).

undeformed chip thickness a (or feed f). Fig. 11 shows
the influence of feed on burr dimensions for a lead angle of
47° and two rake angles. As expected, when the tool rake
angle is =0 the burr dimensions grow almost in a linear
fashion as feed increases. However, this growth is rather
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slight. That influence of feed on burr dimensions can be
explained by the causes of burr formation. It has been shown
that this burr forms due to the action of stresses, which arise
as result of chip formation. However, the variation of
undeformed chip thickness (or feed) does not significantly
influence the stress state in the chip formation zone,
especially when the cutting velocity is high. This leads to
the conclusion that a change of feed (or undeformed chip
thickness) does not have a profound influence on the
dimensions of a feed-burr.

However, when tool rake angle is high, say 20°, the
stresses in the chip formation zone decrease and the burr
becomes very thin. If the burr thickness in feed direction b,
(see Fig. 7b) is less than feed f, then the burr formed on the
workpiece edge during the previous revolution of the
workpiece can be cut off in the next revolution. During that
next revolution, a new burr of the same size is formed and
then cut off again and so on until the tool tip reaches the exit
edge. This mechanism corresponds well to the experimental
data shown in Fig. 11(b). When the feed was set at f=
0.05 mm/rev, the measured burr thickness was b=0.04 mm
with a corresponding burr thickness in feed direction by= b/
sin(¢)=0.04/sin(45°)=0.057 mm. In this case by>f, and so
the burr cannot be cut off. When the feed was set to f=
0.1 mm/rev, the measured burr thickness was »=0.05 mm
with b= b/sin(¢)=0.05/sin(45°)=0.071 mm. In this case
by<f, and so the burr is cut off and cannot be extended
further, which results in a burr of small height 4.

3.5. Combined influence of lead angle and workpiece angle

Fig. 12 represents the influence of workpiece angle on
burr height for various lead angles. The experiments show
that the increase of workpiece angle leads to a significant
decrease of burr height for every lead angle, and at a certain
value of W the burr disappears. This effect can be caused by
two factors. The first is the increasing rigidity (angle W— ¢)
of the remaining part of allowance, which occurs when

1
B D
0.8
0.6
0.4
0.2
R Peommmeaa Pe--a-es -
0 0 5 10 15 20 25

Clearance angle (deg)

©S© Burr height
--®-- Burr thickness

Fig. 9. The influence of tool rake angle (a) and clearance angle (b) on burr dimensions (cutting conditions: (a) a.= 10°, the rest as in Table 3; (b) a«=0°, the rest

as in Table 3).
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Fig. 10. Fields of isochromatic fringes observed in orthogonal cutting of celluloid [10].
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Fig. 11. Burr dimensions vs. feed when cutting with a tool having a lead angle of 47° and various rake angles [(a) rake angle « =0, (b) rake angle a= +20°;

other cutting conditions as in Table 3].

the workpiece angle increases for a given lead angle. In this
case the effect of bending becomes less significant while the
Poisson effect becomes more pronounced, resulting in a
smaller burr. This burr is cut off and then re-occurs during
each revolution of the workpiece, just as the previously
considered situation with W=90° and ¢=16°. This
situation is most likely to occur when cutting with tools
having a lead angle of 16 or 32°. The second possible factor
is that in a cross-section of a burr the depth and the direction
of plastic deformation change when the workpiece angle
varies. Using the solution to the problem of plastic bending
of a wedge exerted by uniform pressure [16], we can assume
that the deformation field of the remaining part of allowance
in the cross section is restricted by line AB of isosceles
triangle ABC as shown in Fig. 13 (burr thickness is enlarged
for better visualization). Angle @ characterizing the depth of
deformation can be obtained geometrically as

B =90°+

(1)

SIS

w
>
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Fig. 12. Burr height vs. workpiece angle when cutting with tools of various
lead angles (other cutting conditions as in Table 3).

617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672



673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728

A. Toropov et al. / International Journal of Machine Tools & Manufacture xx (xxxx) 1-8 7

tool

Fig. 13. Variation of angle § under different lead angles and workpiece
angles: (a) $=45°, W=90°; (b) ¢ =75°, W=105°.

Subsequently, even though angle W—¢ remains con-
stant, angle B can be different, as is shown in Fig. 13.
Furthermore, the smaller 8 makes it more probable that the
burr will be sheared at the final stage as in Fig. 13(b),
resulting in a small burr. The larger § tends to lead to
bending of the material, and in this case a larger burr can be
expected.

Subsequent studies of the combined influence of lead
angles and workpiece angles will be necessary, including
further experimental observation of burr development. This
is the essential aspect since it could clarify the mechanism
of burr formation, which will be an effective starting point
for the modeling of burr formation.

4. Conclusion

The mechanism of burr formation in feed direction when
cutting aluminum alloy Al6061-T6 using a sharp tool
depends essentially on tool geometry, workpiece angle, and
feed. The mechanism is determined mainly by the stress
state in the chip formation zone, though stresses on the tool
clearance face have a very slight influence on burr
formation. The increase of the tool rake angle leads to a
favorable change of the stress state in the chip formation
zone, which results in a considerable reduction of burr
dimensions.

The rigidity of the remaining part of allowance is
described by the angle W—¢. When this rigidity factor is
high, the formation of the burr is caused by the Poisson
effect, i.e. by the lateral flow of material under normal
pressure, producing small sideward burr. When the rigidity
W— ¢ becomes low, the formation of burr occurs due to the
bending of the uncut part of allowance. For the very low
angle W—¢, the final stage of burr formation is
accompanied by shearing of the uncut part of allowance
resulting in a burr of small height.

If the thickness of the burr by is less than feed f, then the
burr is cut off and re-occurs with each revolution of the
workpiece. If the thickness of the burr byexceeds feed rate f,
then the height of this burr extends with each turn of the
workpiece. The result of this is that for certain lead angles, the
burr height grows as a linear function of the depth of cut 7.
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From this study, a few general tendencies can be
extracted in burr minimization strategy. These are:

e increase of tool rake angle,

e decrease of tool lead angle,

e increase of workpiece angle by producing proper
chamfers or radii on the workpiece edge before
machining,

e the suitable increase of feed rate under appropriately
selected high rake angle.

The investigated mechanisms of burr formation are
probably common for all materials which plastic properties
are similar to those of aluminum alloy A16061-T6. For more
plastic materials, such as copper, or when lateral flow of
work material is more pronounced, bigger sideward burrs
should be expected. For rather brittle materials, like cast
iron, the considered burr formation mechanisms might not
be applicable since the deformations occurred in burr
formation should lead to the brittle failure of the burr.
Subsequent studies should clarify the range of materials, for
which the burr formation mechanisms in feed direction are
common.

Further studies should be focused on the search for
optimal tool geometry that can effectively minimize burr
size or prevent its formation altogether and satisfy the
limitations of tool performance. The results of this
research will also be useful for subsequent studies and
for the modeling of burr formation mechanism in feed
direction for face milling and drilling in order to find
optimum conditions where burr dimensions can be
predicted and controlled.

Acknowledgements

This work was supported by the Ministry of Science and
Technology of Korea through the 2001 National Research
Laboratory (NRL) program.

References

[1] L.K. Gillespie, Deburring precision miniature parts, Precision
Engineering 4 (1) (1979) 189-198.

[2] L.K. Gillespie, Worldwide trends of burr technology and present

status in the USA, in: Proceedings of the Sixth International

Conference Precision Surface Finishing and Deburring Technology,

St-Petersburg, 21-23 Sept. 2000, pp. 6-52.

K. Nakayama, M. Arai, Burr formation in metal cutting, Annals of the

CIRP 36 (1) (1987) 33-36.

[4] S.-L. Ko, D.A. Dornfeld, A study on burr formation mechanism,
Journal of Engineering Materials and Technology 113 (1991) 75-87.

[5] G.-L. Chern, D.A. Dornfeld, Burr/breakout model development and
experimental verification, Journal of Engineering Materials and
Technology 118 (1996) 201-206.

[3

=

729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
771
778
779
780
781
782
783
784



785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840

[6]

[7

—

[8]

[9]

[10]

A. Toropov et al. / International Journal of Machine Tools & Manufacture xx (xxxx) 1-8

M. Hashimura, Y.P. Chang, D.A. Dornfeld, Analysis of burr
formation mechanism in orthogonal cutting, Journal of Manufacturing
Science and Engineering 121 (1999) 1-7.

F. Klocke, S. Hoppe, R. Fritsch, FE-modeling of burr formation in
orthogonal cutting, in: Proceedings of the Seventh International
Conference on Deburring and Surface Finishing, University of
California, Berkeley, 7-9 June 2004, pp. 47-56.

K. Takazawa, S. Xiong, K. Kitajima, T. Miyake, Y. Tanaka, Burr
formation mechanism in drilling and its control, in: Proceedings of the
Third International Conference Precision Surface Finishing and Burr
Technology, Seoul, 21-23 Nov. 1994, pp. 232-245.

N.A. Lukoto, Z. Katz, On burrs formation in drilling, in: Proceedings
of the Seventh International Conference on Deburring and Surface
Finishing, University of California, Berkeley, 7-9 June, 2004, pp.
17-28.

J. Kim, D.A. Dornfeld, Development of a drilling burr control chart
for stainless steel, Transactions of NAMRI/SME 28 (2000) 317-322.

MTM 1587—13/1/2005—13:28—SHYLAJA—132538—XML MODEL 5 — pp. 1-8

(11]

[12]

[13]

(14]
[15]

[16]

A K. Kaminise, R.A. Goncalves, A.R. Machado, M.B. de Silva,
Properties of burrs formed when cutting AISI 1045 carbon steel in
turning operation, in: Proceedings of the Seventh International
Conference on Deburring and Surface Finishing, University of
California, Berkeley, 7-9 June 2004, pp. 127-136.

S.-L. Ko, J.-K. Lee, Analysis of burr formation in drilling with a new-
concept drill, Journal of Materials Processing Technology 113 (2001)
392-398.

S.-L. Ko, Development of burr measurement system using laser and
its application, in: Proceedings of the Sixth International Conference
Precision Surface Finishing and Deburring Technology, St-Peters-
burg, 21-23 Sept. 2000, pp. 109-123.

Classification of Carbide According to Use, ISO (1975) 513.

T.N. Loladze, Chip Formation in Metal Cutting, Mashgiz, Moscow,
1952 (in Russian).

L.M. Kachanov, Fundamentals of the Theory of Plasticity, Science,
Moscow, 1969 (in Russian).

841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
871
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896



	Experimental study of burrs formed in feed direction when turning aluminum alloy Al6061-T6
	Introduction
	Experimental setup and procedure
	Experimental results and discussions
	Influence of lead angle
	Influence of depth of cut
	Determination of forces that cause burr formation
	Combined influence of feed and tool rake angle
	Combined influence of lead angle and workpiece angle

	Conclusion
	Acknowledgements
	References


