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Plastic Composite While Drilling at High
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Abstract- The most effective way of achieving good quality
holes while drilling fibre reinforced plastics is by reducing the
thrust and torque. Drilling experiments were conducted with
drill points, namely standard twist drill, Zhirov-point drill, and
multifacet drill, using wide range of spindle speed, and feed rate
to analyse thrust force, delamination and surface roughness. At
high spindle speed, cutting force is less and the special geometry
improves the quality of the hole further, especially Zhirov point
drill. Multifacet drill is found better as far as the delamination
value is concerned.

Index Terms- High speed drilling, GFRP Composites, Hole
quality

I. INTRODUCTION

Polymer matrix composite structures are increasingly
used in high performance applications because of superior
strength to weight ratio and stiffness to weight ratio. Cut-outs
and holes exist in most of the composite structures. For
example in an aircraft fuselage structure, around 100,000
holes are required for joining purposes. However due to their
laminated constructions several types of damages like matrix
cratering and thermal alterations, fiber pullout and fuzzing,
are introduced during drilling, in addition to geometrical
defects similar to those found in metal drilling [1]. About
60% of the rejections are happening due to the defects in the
holes. These defects would create reduction in structural
stiffness, which may lead to variation of dynamic
performance of the whole structure. Many of these problems
are due to the use of non-optimal cutting tool designs, rapid

tool wear, and machining conditions [2-7].  The drilling
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parameters have the main contribution for the
delamination/defects in holes machined in composites [8-16].
Many researchers [17-24] focused on the machinability
aspects and effect of modified drill points on drilling polymer
matrix composites. Chen [22] carried out experimental
investigation on carbon/epoxy composite and recommended
that the high speed and low feed rate are key factors for
producing delamination free and good surface finish holes.
Increasing the cutting speed will certainly increase
production rate. Another possible benefit of increasing the
cutting speed is the reduction of cutting forces [25]. If
increasing the cutting speed can reduce the thrust force, the
delamination may be overcome. Drilling FRP at high spindle
speed was analyzed by Lin et al [26-27]. Lin concluded that
drill wear is the major problem at high speeds. Four facet,
eight-facet, Jo-point, inverted cone and special geometry are
some of the widely used tool designs in drilling composite
materials [1, 3, 21, and 28-29]. The present work is an effort
in this regard where the drilling forces and hole quality have
been studied for Zhirov and multifacet and compared with

twist drill.
II. EXPERIMENTAL SETUP

Experiments were conducted using Acumac high-speed
spindle (SkW) mounted on a vertical CNC machine. Figure 1
shows the experimental set-up. Due to the high abrasive
nature of fiber-reinforced materials, micro-grain carbide (&
10 mm-K10) was used in this investigation. Drilling of
laminates was carried out for the following conditions using
full factorial design. Cutting speed values were selected
between 15.7 m/min to 62.8 m/min and 440 m/min to 600
m/min to study the effect of normal and high spindle speed
surface finish and

respectively on drill geometries,

delamination.
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Fig 1 High speed spindle experimental setup

III. INFLUENCE OF CUTTING PARAMETERS ON
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Delamination near the exit side is introduced as the tool acts
like a punch, separating the thin uncut layer from the
remainder of the laminate. Fiber pull out at exit was more in
the case of twist drill and Zhirov point drill. Multifacet drill
produced clean cut holes at the exit side of the laminate. The
delamination was evaluated in terms of delamination factor.
The delamination factor is the ratio of maximum diameter
(Dmax) of the damaged zone to the actual hole diameter (D).
Figure 3 shows the relationship between the delamination
factor and drilling parameters. It is concluded that

delamination factor increases with feed rate and spindle

speed.

Feed vs Delamination(Std twist drill)
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Fig 3 Effect of feed and spindle speed on delamination
(a) Twist drill (b) Zhirov point (c) Multifacet drill
V INFLUENCE OF CUTTING PARAMETERS ON

SURFACE ROUGHNESS
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The surface roughness (Ra) was evaluated as per ISO 4287/1.
For each test 3 measurements over drilling surfaces were
made. Figure 4 shows the effect of drill geometry on surface
finish. Zhirov drill produced better surface finish (4-5 pm) at
lower feed rate. The outer most lip produced thin chip which
improved the finish of the hole. Multifacet drill also
generated better surface finish at lower feed rate when
compared to standard twist drill. The effect of spindle speed
on surface finish is less compared to feed rate for Zhirov
point and multifacet drill. However the drilled hole exhibits
higher order surface roughness and only a marginal
difference in delamination factor (Possibly due to higher
order drilling temperature). It is seen that for standard twist
drill and mulitifacet drill beyond 0.03 mm/rev steeper rise in

surface roughness.
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Fig.4 Effect of feed & spindle speed on surface roughness

(a) Twist drill (b) Zhirov point (c) Multifacet drill

VI. INFLUENCE OF THE CUTTING PARAMETER ON

The diameter of the holes drilled by carbide drill (¢10 mm)
are measured with the Co-ordinate Measuring Machine
(CMM-MITUTOYA) using ¢ 3 mm ruby crystal probe. The
dimensions of the holes are measured at the middle of the
laminate thickness. Lower order thrust force, i.e better
cutting action of carbides, higher order material stability,
lower order wear, possible lower order cutting temperature
on workpiece, all will induce less stress and consequently
less relaxing, so mostly over sized holes are seen (Figure.5).
Better circularity values are found when holes are drilled
using Zhirov point and multifacet drills (Figure.6). 6—8 um

circularity error in drilling of composite can be treated as

HOLE QUALITY

negligible.
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Fig 5 Hole diameter for (a) Standard twist drill

(b) Zhirov point (c) Multifacet drill
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Fig 6 Circularity for (a) Twist drill (b) Zhirov point

(¢) Multifacet drill
VII. TOOL WEAR STUDY

In high speed drilling, the major reason for tool wear is the

thermal softening of the tool material, and the abrasive nature

of the chip. Because of tool wear, thrust force will increase.

So, tool life can be predicted by measuring the thrust force

with respect to the number of holes. In this tool wear study,

carbide drill geometries are used at 16500 rpm (518 m/min)

spindle speed and 0.02 mm/rev (330mm/min) to study the

extent of tool geometry at high spindle speeds (Figure 7).
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Fig 7 Number of hole Vs Thrust force for drill points
In standard twist drill, the thrust force at the beginning of the
cut increased sharply because of initial wear. Initial wear was
up to 10™ hole and after that gradual wear took place. Beyond
325 holes the thrust force started increasing steeply. This
could be because of rapid wear. Thrust force at the end of
325" hole is 60 N. In Zhirov point drill, thrust force increased
sharply because of initial wear. Initial wear was up to 25
holes and after that gradual wear took place. Beyond 340
holes thrust force started increasing steeply. Thrust force at
the end of 340" hole is 30 N. In multifacet drill within 10
holes thrust force increased rapidly from 10 N to 40 N after
that gradual wear took place. Thrust force at the end of 60"
hole is 60 N. After that the force raised steeply because of

rapid wear.

(b)

(©

Fig 8 Worn out regions of (a) Twist drill (b) Zhirov point
(c) Multifacet drill
Figure 8 shows the worn out regions of the drill points. When

the tool wear was observed using Tool maker’s microscope,
uniform wear on the flank region was observed in standard
twist drill. After the end of its tool life, a wear land of
0.15mm was measured on its flank with minute chipping
along the lips. In the Zhirov point drill, cutting edge near the
groove (Cutting edges ground to replace chisel edge) may
worn out rapidly that could have led to rapid increase in
thrust force. Flank wear at the extreme end was 0.1 mm.
Higher tool wear in multifacet drill at the end of cutting edge
was observed, because of its sharp edge at the periphery. In
all the drills along the cutting edges minute chipping was
observed because of cutting hard glass fibers. Zhirov point

could drill with lower thrust force and more number of holes,

ISBN:978-988-17012-3-7

whereas multifacet drill cuts the hole with out any fibre pull
out.

VIII SUMMARY
In drilling of composites, high spindle speed and low feed
rate can be used effectively to improve production rate within
the range examined. The cutting force is less (thrust force and
torque both recorded a very low value). The special geometry
improves the quality of the hole further, especially Zhirov
point drill. From the experimental results, (Fig 7) standard
twist drill and Zhirov point drill were found suitable for
producing more number of holes at high spindle speed with
low feed rate.
Multifacet drill cuts the hole better than other drill
geometries. The special characteristic of the drill is the
extreme sickle-form design of the cutting edges. This
pre-stresses the fibers in the direction of pull and separates
them in the direction of thrust. This results in a clean cut with
a smooth surface. The delamination is less compared to other
drill geometries.
Zhirov drill produces better surface finish (3-5um) at lower
feed rate. The outer most lip produces thin chips which
improve the finish of the hole. Multifacet drill also generates
better surface finish at lower feed rate when compared to
standard twist drill. With high speed drilling a considerable
reduction in thrust force can be seen, however the drilled hole
exhibits higher order surface roughness and only a marginal
difference in delamination factor possibly due to higher order

drilling temperature.

In standard twist drill, thrust force at the beginning of the cut
increases sharply because of initial wear. Initial wear is up to
10 holes and after that gradual wear has takes place. Thrust
force at the end of 325™ hole is around 60 N. In Zhirov point
drill, thrust force increases sharply because of initial wear.
Initial wear is up to 25 holes and after that gradual wear has
taken place. Thrust force at the end of 340™ hole is 30 N. In
multifacet drill within 10 holes thrust force increases rapidly
from 10 N to 40 after that gradual wear takes place. Thrust
force at the end of 60™ hole is 60 N. After that the force rises
steeply because of rapid wear.

When the tool wear is observed using Tool maker’s
microscope, uniform wear on the flank region is observed in

standard twist drill. After the end of its tool life a wear land of
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0.15 mm is measured on its flank. In the Zhirov point drill,
cutting edge near the groove may be worn out rapidly that
could have led to rapid increase in thrust force. Flank wear at
the extreme end is 0.1 mm. Higher tool wear in multifacet
drill at the end of cutting edge is observed, because of its
sharp edge at the periphery. In all the drills along the cutting
edges minute chipping is observed because of cutting hard
glass fibers. From this high speed drilling study, it is
concluded that Zhirov point could be used to drill holes with
lower thrust force. The life of the Zhirov point is also higher.
ACKNOWLEDGMENT
I sincerely acknowledge Department of Science and

Technology, New Delhi, India for funding this project.
REFERENCES

1. Abrate S, Machining of Composites. In: Mallick PK,
editor Composites engineering hand book, New York,
Marcel Deckker Inc, 1997, pp. 777-807.

2. Konig W, Wulf Ch, GraB3 P and Willercheid H, Machining
of fibre reinforced plastics, Annals CIRP, 34(2), 1985, pp.
537-548.

3. Komaduri R, Machining of fibre-reinforced composites,
Mechanical Engineering, 115(4), 1993, pp. 58-66.

4. Sakuma K, Yakoo Y, Seto M (1984) Study on drilling of
fiber-reinforced plastic-relation between tool material and
wear behavior, Bulletin JSME, 27(228), pp.1237-1244

5. Malhotra SK (1990), Some studies on drilling of fibrous
composites, J of Mat. Process. Tech, 24, pp 291-300.

6. Erik Persson, Ingvar Eriksson and Leif Zackrisson (1997)
Effects of hole machining defects on strength and fatigue life
of composite laminates, Composites Part A, 28(A)
pp.141-151.

7. Tagliaferri V, Caprino G, Diterlizzi A (1990) Effect of
drilling parameters on the finish and mechanical properties of
GFRP composites, Int J of Mach Tool & Manuf, 30(1), pp.
77-84.

8. Ho-Cheng H, Dharan C.K.H.(1990) Delamination during
drilling in composite laminates, ASME J of Engg for Ind,
112, pp.236-239.

9. Ho-Cheng H, Puw HY (1992)On drilling characteristics of
fiber-reinforced thermosets and thermoplastics, Int J of Mach
Tool & Manuf, 32(4), pp.583-592.

10. Bhattacharya D, Horrigan DPW (1998) A study of hole
drilling in Kevlar Composites, Comp sci & Tech, 58, pp.
267-283.

11. Dillio A, Tagliaferri V, Veniali F (1991) Cutting
mechanism in drilling of aramide composites, Int J of Mach
Tool & Manuf, 31(2), pp. 155-165.

ISBN:978-988-17012-3-7

12. Tsao CC, Hocheng H (2004) Taguchi analysis of
delamination associated with various drill bits in drilling of
composite material, Int. j. of Mach tools and Manuf, 44,
pp-1085-1090.

13. Tsao CC, Hocheng H (2003) Comprehensive analysis of
delamination in drilling of composite materials with various
drill bits, J of Mat Proc Tech, 140, pp.335-339.

14. Tsao CC, Hocheng H (2005), Effect of exit back-up on
delamination in drilling composite materials using saw drill
and core drill, Int J of Mach Tools & Manuf, 45, pp.
1261-1270.

15. Tsao CC, Hocheng H (2005), Computerized tomography
and C-Scan for measuring delamination in the drilling of
composite materials using various drills, Int. J of M. Tools &
Manuf, 45, pp.1282-1287.

16. Piquet R, Ferret B, Lachaud F, Swider P (2003)
Experimental analysis of drilling damage in thin
carbon/epoxy plate using special drills, Composites Part A:
Appl. Sci. Manufact, 31(10), pp.1107-1115.

17. Paulo Davim J, Pedro Reis (2003) Study of delamination
in drilling fiber reinforced plastics (CFRP) using design
experiments, Comp Struc, 59, pp.481-487.

18. Paulo Davim J, Pedro Reis, Conceicao Antonio C (2004),
Experimental study of drilling glass fiber reinforced plastics
(GFRP) manufactured by hand lay-up, Comp sci and tech,
64, pp. 289-297.

19. Ramkumar J, Malhotra SK, Krishnamurthy R (2004),
Effect of workpiece vibration on drilling of GFRP laminates,
J. of Mat Proc Tech, 152, pp. 329-332.

20. Ramkumar J, Aravindan S, Malhotra SK, Krishnamurthy
R (2004) “An enhancement of the machining performance of
GFRP by oscillatory assisted drilling, Int. ] Adv Manuf Tech,
23, pp.240-224

21. Bhatnagar N, Naik NK, Ramakrishnan N (1993)
Experimental investigation of drilling of CFRP composites,
Matls and Manuf Proc, 8, pp. 683-701.

22..Wen-Chou Chen (1997) Some  Experimental
investigation in the drilling of carbon fiber reinforced plastic
(CFRP) composite laminates, Int J of Mach Tool & Manuf,
37(8), pp. 1097-1108.

23. Khashaba UA (2004) Delamination in drilling
GFR-thermoset composite structures, Comp struct, 63(3), pp.
313-327.

24. Sonbaty El, Khashaba U.A, Machaly T (2004) Factors
affecting the machinability of GFR/epoxy composites, Comp
Struct, 2004; 63, pp.329-338.

25.Raj Aggarwal T (1985) General theory and its application
in the high-speed milling of aluminum, in: Robert I. King
(Ed), Handbook of High-speed Machining Technology,
Chapman and Hall, pp.197-240.

26. Lin SC, Jun-Ming Shen (1999) Drilling unidirectional
glass fiber-reinforced composite materials at high speed, J
Comp Mat, 33(9), pp 827-851

27. Lin SC, Chen IK (1996), Drilling carbon fiber-reinforced
composite material at high speed, Wear, 194, pp.156-162.

WCE 2008



Proceedings of the World Congress on Engineering 2008 Vol 11
WCE 2008, July 2 - 4, 2008, London, U.K.

28. Wu SM, Multifacet drills (1985), In: Robert I. King,
Editor, Handbook of High-speed Machining Technology,
London: Chapman and Hall, pp.305-316.

29. Kent E.Kohkonen, Nitin Potdar (1998) Composite
Machining, In: Peters ST, Editor, Hand book of Composites,
California, Chapman & Hall. pp. 596-609.

ISBN:978-988-17012-3-7 WCE 2008



