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ABSTRACT

Burrs can prevent the proper assembly of components. Industrial manufacturers employ secondary
operations to remove burrs, which increases both production time and manufacturing costs. Several factors
contribute to burr formation, with_tool wear being one of the factors responsible for burr formation on drilled
components. Micro- and nano-texturing ef cutting tools is a novel approach for addressing the problems of hole
burr formation and tool wear..In this study, micro-grooves with widths ranging from 200 to 400 pm, inter-
groove spacings of 200 to 400 pm, and orientation angles relative to the cutting edge ranging from 0° to 90°
were fabricated on the flank surface of.a drill. The effects of micro-groove geometry on tool wear and hole burr
formation were investigated. Statistical analysis showed that increasing the micro-groove width and inter-
groove spacing from 200 to 400 pm reduced tool wear. Furthermore, as the micro-groove orientation angle
increased from 0° to 90°, tool wear initially increased”and then decreased. Increasing the inter-groove spacing
from 200 to 400 pm and the micro-groove orientation angle relative to the cutting edge from 0° to 90° resulted

in an increase in burr width.
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1. Introduction

Cutting fluids are widely used in many machining
processes to reduce friction, extend tool life, and
decrease machining temperature. However, their use not
only increases production costs but can also adversely
affect. human health and the environment [1]. Micro-
and nano-texturing of cutting tools is a recent technique
for improving the machinability of aluminum alloys.
This approach can reduce cutting temperature and
friction, improve tool life, and decrease burr formation
on the workpiece [2].

Salem et al. [3] investigated the effect of micro-
texture geametry on tool wear during turning of AISI
1045 steel. “They" reported that all textured tools
exhibited lower wear than the untextured tool. Agari et
al. [4] investigated micro-grooves and micro-dimples on
turning tools during machining of, AISI 1014 steel and
reported lower wear for textured tools. Yang et al. [5]
investigated groove width during milling of
AI7Ni17CrO0 alloy and reported lower wear for textured
tools than for the untextured tool. Sristi and Zaman [6]
reported that tool texturing generally” improves tool
durability, reduces cutting temperature,.and enhances
lubrication performance. They emphasized that texture
dimensions, shape, position, distance) from< cutting
edges, density, and orientation affect machining
performance. Ullah et al. [7] identified burr formation‘as
a common and problematic defect in micro-drilling,
with burr size and shape affected by the drill, workpiece
material, cutting parameters, and drill geometry. Oztiirk
and Kadir [8] fabricated micro-grooves on different
regions of a twist drill and reported improved drilling
performance for grooves on the flank face.

The present study investigates the effects of micro-
groove geometry fabricated on the flank face of a drill
on tool wear and hole-exit burr width during drilling of
an aluminum alloy. Micro-groove width, inter-groove
spacing, and orientation angle relative to the drill
cutting edge are considered as the principal geometrical
parameters.

2. Experimental Setup

Uncoated white HSS-G type N twist drills were used for
drilling the aluminum alloy. Parallel, perpendicular, and
inclined micro-grooves relative to the cutting edge were
fabricated on the drill flank face. Micro-groove width
and inter-groove spacing were each varied at three
levels of 200, 300, and 400 um, while the orientation
angle relative to the cutting edge was set at 0°, 45°, and
90°. Figure 1 shows a representative drill before and
after machining.

Figure 1. An example of a drill bit after creating micro-
grooves on the flank face, after machining

Drilling experiments were conducted using the
experimental conditions specified in the study. Tool
wear was evaluated on the flank face, and burr width
was measured at the exit edge of the drilled hole. Three
holes were produced using each textured drill, and the
mean value of the three measurements was used for
evaluation. An optical microscope and image analysis
were employed for quantitative assessment of wear and
burr geometry.

3. Experimental Results and Discussion

Figure 2 presents the effects of inter-groove spacing
(D), micro-groove width (W), and micro-groove
orientation angle relative to the drill cutting edge (A) on
tool‘'wear. Increasing the inter-groove spacing from 200
to 400 pm reduced tool wear. Compared with the un-
textured /tool, the mean wear reduction was 48.7%,
51:4%, /and 54.0% for inter-groove spacings of 200,
300, and 400 pm, respectively.
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Figure 2. Effect of the spacing between micro<grooves
(D), width of the micro-grooves (W), and the.orientation
angle of the micro-grooves relative to the cutting edge of the
drill (A) on the drill wear



Increasing the micro-groove width from 200 to 400
um also reduced flank-face wear. The mean wear
reduction relative to the untextured tool was 48.3%,
51.9%, and 53.5% for groove widths of 200, 300, and
400 pm, respectively. Flank-face wear increased slightly
as _the orientation angle increased from 0° to 45° and
then decreased from 45° to 90°. The increase from 0° to
45° was not statistically significant and may be
attributed to laser fabrication error. Wear reductions of
47.7%;y 44.8%; and 66.5% relative to the conventional
drill \were obtained for micro-grooves parallel, inclined,
and perpendicular.te the cutting edge, respectively.

Figure 3 illustrates the effects of the input
parameters ‘on the,burr _width at the hole-exit edge.
Compared with the untextured tool, burr width was
reduced by 42.7%; 42.2%, and 36.7% for inter-groove
spacings of 200, 300, “and 400 um, respectively.
Increasing the inter-groove spacing and the micro-
groove orientation angle generally increased burr width.
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Figure 3. Variations of the average burr width at the exit
edge of the hole with respect to the spacing (D), width (W),
and orientation angle (A) of the micro-grooves

4. Conclusions

This study investigated the effects of micro-groove
geometrical parameters fabricated on the drill flank face
on tool wear and burr formation during drilling of an
aluminum alloy. Micro-groove width, inter-groove
spacing, and orientation angle relative to the drill
cutting edge were considered as input parameters, while
flank-face wear and hole-exit burr width were
considered as output responses.

The results showed that increasing micro-groove
width from 200 to 400 um and inter-groove spacing
from 200 to 400 um reduced tool wear. Increasing the
orientation angle from 0° to 45° increased tool wear,
whereas a further increase from 45° to 90° reduced

wear. Increasing groove width from 200 to 300 pm
reduced exit-edge burr width, while a further increase
from 300 to 400 um increased burr width. Burr width
remained approximately constant as spacing increased
from 200 to 300 pm and increased when spacing
increased from 300 to 400 pm. Increasing the
orientation angle also increased exit-edge burr width.

This study is among the early investigations of the
effects of micro-groove geometry and texture density on
drilling performance. The findings indicate that
identifying an optimum texture geometry for different
drilling conditions requires further investigation and
provides opportunities for future research.
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Table 1. Parameters of the laser micro-engraving process on the drill surface
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Figure 1. An example of a drill bit after creating micro-grooves on the flank face, before and after machining: a)
before the‘experiment, and b) after the experiment

Livg oudaid 5 yglas 3BT 5l oolinal b Flige 35,5 ad anel 5 0, Ll o] maw il ole s eSoslal
P79 d9ise LD oSy Sangy sl U b &5 oz A9, 8580 Lo NSZ-606 Joo (oo 99 (olSinl (698 95emg Sore
oSl 5l dmaged |fi8le 5y (6 ,uSeslwl liie (G ya jshaileds oSy ,Sn bawgi (6 10 gl s .0l elil IMaged l5al
G50l Glys s iy ya3 yreg See Vo e LiSas 5l Las 98°Alols IMaged ldle 5 o (Y JSE) Canlond soliiul (g Sl
o oyl e Gole Gl ool Gy elide 4y ax g5 b gl8le g Al asin 0al sanle 4l (S5 oIl Gule
osds yyai 3 ) elide 4y azgi b jl38le 3 5 0h (Byme il ardas G glige plel Ay (28 05 dlne pm?
L oy )l yda alisee lolors 1 acdy swyp 5 6 Sosll 6l MFIKN) S S 6 Sosll pm s o 1y any e
etz $ 15 b5, 000 dands (o ye ol alllae yo [A) 5 o solitul ancls aiy; Culis

o I3l a5l eslial b GialeT (b ams e lii |y Glalejl (Hhb s (7 lagialesTisos,s slo el ¥ Jgu
o)les iolesl 5 038 VO ggemme 0 Yoz b Il b sadall oy26 slaiolesl slawi .cbloas plol SomSL by, 5 <5
Saleie g ilge (b Jdoar &5 cunl Guly gl (b laghy, 5l (Ko oS Sh Ghy, Bl ilag g Rl 4 by el P
ooyl 2k (gl o Som uSL g,y 5l eolaiwl o jls iulesl olaws J8las U 1y blie ol 31 8.80 5915079 SiS&5 oLl g
ialojl o )0 uldid 5515 ol azgi 0550zl slale jo blite Ol 51 5Eds (sile]oe 5 Bl sl rals Jse,
Ol 1y )55 p5m anlyd plil Sl as (ogeinasl] jSaxkd ¥ USS cslos,S sbml Saskd g5, Elige dudior Sin
58 ek Ol Olgie @ Elyg an leml ad asd (e (Sile 5 (6ol Elyg an ol Sl I e ate Gl a0
85 e bl 2



g0 ,19,lulg o Il (@ 9 Zob 9 5! (Al 1ol Coluo (5 S0 Il 0920 9 (5598 aSowgpim w5 SRl el Joro 2 guai Y S
g8 Vov 6loyludig ;o (rmr alold g Feeslodg S0 (2,6 L b 4l 4 S

Figure 2. Optical microscope image of the tool wear area and the method of measuring theiwear area: a) non-
patterned tool, and b) tool with micro-grooves perpendicular to the cutting edge (micro-groove width: 400 pm,
spacing between micro-grooves: 300 pm)



ey (B 6 ol o9 9 (595 w9Swy S 1) Elygw (2Ll A dy (B e gl 1Y S

Figure 3. Optical microscope image of the burr width at the exit edge of the hole and the method of measuring
the burr width
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Table 2. Input parameters and design of experiments
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Figure4. Aluminum workpiece after performing the drilling tests
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Table 3. Values of the flank wear of the drill
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Figure 5. Effect of the spacing between micro-grooves (D), width of the micro-grooves (W), and the orientation
angle of the micro-grooves relative ta'the cutting edge of the drill (A) on the drill wear
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Table 4. Optimal values of the input parameters and the predicted tool wear using the response surface
methodology
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Table 5. Average measured burr width of the holes in the experimental tests
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Figure 6. Variations of the average burr width at'the exit edge of the hole with respect to the spacing (D), width
(W), and orientation'angle (A) of the micro-grooves
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Table 6: Analysis of variance (ANOVA)for investigating the effect of the geometric parameters of the micro-
grooves on the burr width
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Table 7. Optimalvalues obtained from the response surface methodology and the predicted burr width
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Table 8. Optimal values obtained from multi-objective optimization and the predicted tool. wear and burr width
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