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THE NEW DESIGNS OF DIAMOND DRILL BITS FOR
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P.FO. Menenmocs. HoBi KOHCTPYKII aIMa3HHX CBep/ie /15l 00POOKH KOMIO3ULIHUX MoJTiMepiB. ABTOp JOCIIDKYE HPOLIEC CBEP/UTiH-
HS Ps/ly HOBUX KOHCTPYKUIHHMX MartepiajiiB TaKMX SK BYIJICIUIACTHKHM Ta 1HILI MOJIMEpH, 10 MAIOTh aHi30TPOIHY CTPYKTYpY, BUCOKI MIIHICHI 1
MPY>KHI BJIACTHBOCTI B TOEIHAHHI 3 HU3BKOI TEIUIOCTIMKICTIO. Take MOEAHAHHS BJIACTUBOCTEH YHEMOXKIIMBIIIOE TIPOCTE MEPESHECCHHS MOJIOKEHD
ICHYIOUHX TEXHOJIOTiif 00POOKH KJIACHYHUX MaTepialliB Ha aHAIi30BaHMI HOBHII K1ac. Y MICLi 3 TUM ICHYIOUHiT IHCTPYMEHT He MOXe 3a0e3redyBaTi
3a/1aHy SKiCTb 00pOOIEHOT PO IyKLil Ny 30epeKeHHI KOJIHUIIHBOI MPOYKTUBHOCTI Ta CTIMKOCTI iHCTpyMeHTY. Mema: MeToro Iboro JOCIIKEHHS
€ IMIBUIICHHS e(DEKTUBHOCTI IPOLIECY CBEPJUTIHHS KOMITO3UIIIMHUX MOJIIMEPIB IUIIXOM PO3POOKH HOBHMX KOHCTPYKLIM anMa3HuX cepiein. Mamepi-
anu i memoou: OTHAM 3 HAHOLIBLI MEPCIEKTHBHKUX HATIPSMKIB y BUPIILIEHHI AHOI 3a/1a4i € alMa3HO-a0pa3HBHHIA THII IHCTPYMEHTY. Y poOoTi po3r-
JISHYTI 1 Ki1acudikoBaHi iCHYIOYI THITIB aJIMa3HUX CBEPJIEI 3a IPU3HAYSHHSM 1 IPUHIUIIOM poOoTu. [IpoBeneHo nitepaTypHuii aHasli3 BiToOMHX HEJ0-
JTKIB MPOLIECY CBEPTIHHS, SKOCTI 00POOJICHOT 1 PUIIETIINX TIOBEPXOHb. Pesynbmamu: ExcriepuMeHTalIbHI JIOCIIKEHHS aBTOpa JIOBOJISITh HETraTHB-
HY 3Ha4YUMICTb BXKE BIJIOMOI, aJie 3aJIMIIAEMOI B CTOPOHI 00CTaBUHN — OJIOKYBaHHsI KepHa. BusiBiieHO HalOUTbII 3Ha4y1Ii (PAKTOPH 1 KOHCTPYKTHUBHI
0COOJIMBOCTI, SIKi BIUTMBAIOTH Ha NPOLIEC CBEPUIIHHS BYITICILUIACTUKIB, IPU MaHIMy LIl SKUMH, OyB CTBOPSHHMI PsiJl yHIKAIBHAX KOHCTPYKIIH amMas-
HHX CBEpJIEN PI3HOTO NMpu3HaueHHs. [Ipe/icTaBieHi 3anaTeHToBaHl MOJIENi MalOTh Pi3HY CXeMy PO3HOJIUTY HPUITYCKY Ta CHJI Pi3aHHS, YUM 33/I0BOJIb-
HSIOTh BUPOOHUYI BUMOTH JI0 SIKOCTI, TIPOYKTHBHOCTI, CTIHKOCTI IHCTPYMEHTY Ta po3Mipy OTBOPY IpH 00poOIi 3a3Ha4€HOro KJIacy MaTepiaiB.

Kniouosi crosa: KOHCTPYKIIT aJIMa3HUX CBEpAEIN, CBEPUIiHHS, BYTJICIUIACTUK, OJIOKYyBaHHS KepHa.

R.Yu. Melentiev. The new designs of diamond drill bits for composite polymers tooling. The author explores the drilling operation of
some new engineering materials such as carbon fiber reinforced plastics (CFRP) and other polymers that have an anisotropic structure, high-
strength and elastic properties combined with low heat endurance. Such combination of properties makes impossible the simple transfer of the
existing technologies for classic materials working to considered new class. At the same time, the existing tools cannot assure the specified
quality of tooled products at the current productivity and tool life. Aim: The aim of this research is to increase the process efficiency of diamond
drilling in composite polymers by developing the new designs of diamond drill bits. Materials and Methods: One of the most promising direc-
tions to solve this problem is the diamond coated abrasive type tool. This paper addresses and classifies the existing types of diamond drill bits
according to their application and operation. The literature data analysis of known disadvantages during drilling operation, the quality of surface
and joining face was performed. Results: The experimental researches of the author prove the negative meaning of the already known but kept
out fact — the drill core blocking. The most important factors and structural features affecting the CFRP drilling process are revealed. The
accounting of these factors allowed creating the set of unique designs of diamond drill bits for different purposes. The presented patented models
has different allowance distribution schemes and cutting forces, thus satisfy the mechanical requirements of quality, productivity, tool life and
hole geometry in the tooling of the specified material class.

Keywords: designs of diamond drill bits, drilling, carbon fiber reinforced plastic, drill core blocking

Introduction. Currently, there is quick growth of non-metallic materials use such as plastics
composite materials, glass, ceramics and others. This leads to necessity of methods perfection for
these materials working, which is significantly complicated due to special physical and mechanical
characteristics of these materials. The hole tooling in non-metallic materials is very time consuming
operation. There are many methods for holes tooling in articles from these materials. Among these
methods are an ultrasonic treatment by free abrasive, laser and electrochemical machining. The use of
specified techniques is very limited due to its high cost, equipment complexity and low productivity of
the tooling process. The most effective method is the conventional and diamond drilling.

Nowadays, diamond tools are presented in quite a wide variety. New designs of drill bits appear
simultaneously with new materials and high quality requirements. The construction of diamond drill
bits can be broke up into two types (Fig. 1): designed specially to get the hole of certain diameter and
universal — with varying nominal size. The universal drill bit can consist of replaceable parts and has
several accessories to change diameter of a hole. The cutting part of the universal diamond drill bits
has one or more cutting elements combined in device, which allows changing the distance between
cutting elements and the drill axis. Typically, such drill bits are used for drilling holes of large dia-
meter in small-scale production. For one diameter hole drilling in industrial-scale production, such as
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perforation of sound-absorbing panels, the special purpose drill bit is used. The construction of these
drill bits can be shaped as a rod with hollow or be presented as a hybrid of two previous types. Dia-
mond hollow drill bit forms a ring during material working, which width corresponds to the thickness
of cutting base. The material, that has been cut out from the ring goes into chip scrap. The material
situated near the tool rotation axis is not removed. It gradually turns into piston and passes into the
inner space of the tool. Today it is one of the most commonly applicable types of diamond drill bits.
The rod drill bit does not form the piston, because it works all material into chip scrap. Such drill bits
are using to drill small holes. Recently the hybrid type drills appeared. One of the most popular drill
bit is the horseshoe-shaped one [1...3], made in a form close to the horseshoe. This eliminates the
problem of the dead point cutting (cutting the zone near the rotation tool axis). One side of the drill bit
is open, allowing cleaning the piston automatically. Asymmetrical drills almost do not create the pis-
ton, in any case, the piston has a smaller diameter then inner drill bit one. In addition, the asymmetric
drill bit as the figured drill bit creates discontinuous cutting condition. The benefits of this condition
studied by scientific school of academician A.V. Yakimov [4...6]. It allows heat reduction during a
drilling process to improve the conditions of chip scrap removal, to prevent smoothing of diamond
cutting edges, to increase the tools performance. There is quite wide range of diamond drill bits de-
signs, but industry produces commercially only two types: core and rob drill bits.

Diamond drills

Hollow

Universal

With diameter With replaceable
adjustment element
i meeneT
Free adjustment

Monocrystalline Core drill

polvcw‘;ta"ine Ring_SharpEd

With cleaning
mechanism

Asymetrical

With free

cleaning

Fig. 1. The classification of diamond drill bits

It should be noted, that some existing drill bits are not related to diamond tools. They are the
blade and diamond tools hybrid. These tools are not always produced for commercial purpos-
es, because they do not satisfy the quality requirements for the tooling, have very complex or expen-
sive design. Nevertheless, sometimes it is possible to observe quite interesting options. Quan and
Zhong [7] have compared the results of CFRP drilling using diamond-plated solid drill bit and several
variants of core drill bit (Fig. 2). The authors noticed that the effect of a plated diamond solid drill bit
for drilling and grinding of CFRP is not so satisfactory. The Taiwan research group of C.C. Tsao has
created series of special drill bits for the treatment of CFRP [8...13]. The design of each drill bit con-
sists of two counter-rotating drills (Fig. 3): diamond core drill and blade (twist drill, Saw drill and
candlestick drill) drill inside. The experimental results show that the cutting velocity ratio, feed rate
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and inner drill type are the most important variables among the five control factors that influence the
thrust force. The effect of stretch and inner drill diameter are relatively insignificant. The compound
core-special drill bits (contains a driven device) have been found to be more advantageous, such as
lower thrust force, lower delamination, lower chip scrap clogging and higher chip scrap removal in
compare with the core drill bits and conventional blade types. The comprehensive modeling [14, 15]
and analysis [16] of special drill bits illustrate advantages of thrust distribution toward the drill bit
periphery rather than concentration at hole center (twist drill). In other words, special drill bits can
operate at larger feed rate (namely shorter cycle time) without delamination damage as compared to
the twist drill.

d

Fig. 3. Various types of core-special drill bits: (a)
Core-twist drill, (b) core-saw drill, (c) core-candlestick
drill, (d) step-core-twist drill, (e) step-core-saw drill
and (f) step-core-candlestick drill [13]

Fig. 2. Drill geometry of [7]. Top: Plated diamond core
drill; Middle: Cemented diamond core drill; Bottom:
Plated solid drill

The major factor in determining of the diamond drill bit efficiency is the working part of the di-
amond drill bits. Fig. 4 shows main parameters of the drill bit cutting part: # — the height of the dia-
mond layer (mm); b — the width of the diamond layer (mm); ¢, — the external cutting clearance (dis-
tance from the outer cylindrical surface of diamond part to the base) (mm); ¢; — the internal cutting
clearance (distance from the inner diamond surface to the base) (mm). The diamond drill surface per-
forms main work of cutting and the cylindrical surfaces make the calibration during the drilling pro-
cess. The size of the diamond part of drill bit based on several conditions: the height (%) increase and
width (w) improve the tool life. However, diamond part width decreasing leads to reducing the thrust
force, volume of dispersible material, makes better chip scrap withdrawing from the cutting zone, re-
duces energy consumption and improves the processing quality [17]. It was experimentally established
that wear of diamond layer takes place during cutting process, both at the end and cylindrical surface.
Fig. 5 shows the wear character of diamond core drill bit, 4 mm in diameter with metal bonding MI.
The most intensive wear is at the drill edge surface. By the time when the wear along the drill axis was
2,2 mm, the wear in the radial direction was only 0,1 mm. The wear in the axial direction in 20...30
times more than the radial wear. This gives an idea of which should be the size of the diamond part.
Indeed, at the edge surface of the drill, creates the condition of self-sharpening mechanism of wear. At
the same time, the radial cutting force is not enough to break the tops of the single diamond grains.
Grains at the cylindrical surface exposed to diffusion wear at the grain tips and after that, they trans-
form into planar platform. Such surfaces work as radial bearing and this affects the surface quality. It
was noticed by Krishnaraj et al [18] the significant surface damage around hole edge at the exit side of
workpiece after observing of 120 holes. The improving of the cutting conditions can be achieved by
using of lubricating and cooling fluid [19]. However, the existing drill bits geometry essentially pre-
cludes ingress of any liquid directly to the cutting zone.
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Fig. 4. The geometry of the diamond core drill Fig. 5. The effect of drill bit wear
at the cutting area [17]

Another important factor, which has influence on the cutting process, is the cutting force. Thrust and
torque have impact on cutting temperature, tool wear, surface roughness, and workpiece damage. Cutting
force mainly depends on feed rate and cutting speed. The CFRP laminates, thus high thrust force leads to
delamination between layers. The edge of hole is destroyed at the inlet and outlet of the workpiece, some
fibers are not cut and the hole remains not opened and other problems exist. The correlation between such
characteristics as tool geometry, thrust and delamination are one of the most famous lines of researches in
this area today [7, 8, 11...16, 20]. However, there are also the constructive factors, which affect the cutting
force. The studies [21, 22] indicate the strong influence of grit size of abrasive fracture. When abrasive size
grows from 0,03 to 0,25 mm of grain diameter, the thrust decreases approximately from 370 to 150 N
respectively. Therefore, the grit size changing could be a good way to reduce forces. Nevertheless, the
increasing of grain size results in high roughness of surface [22...24].

According to the author’s experiments in this article, the piston formed in space of the tool, has
negative effect on the drilling process. The CFRP used in this experiment made by Hexion epoxy die
Epikote 04695/1 and hardener Epikure 05357. The plate has thickness of 4 mm and consists of 10
layers; each layer has thickness of 0,4 mm and formed as a fabric, where bundles of fibers intertwined
at angle of 90 degrees. The core drill bit has the drill diameter of 6 mm, diamond mark AS 32H on
galvanic coupling with 100 % diamond concentration and of 200/160 grit size, production of “Poltava
Diamond Tools”. The drilling was performed using the three axis CORTINI M500/F1 vertical CNC
milling machine. Four-component Kistler dynamometer (type 9272) and Kistler type 5019 multichannel
charge amplifier used for cutting forces measurements. In the process of each hole drilling, the inner
space of tool did not clean. Cutting speed and feed rate are 30 m/min and 0,02 mm/rev, respectively.

In the first holes the thrust force increases smoothly (Fig. 6). In the following holes it can be
observed that the thrust speeds sharply at the initial stage of drilling that exceeds the mean value of
thrust for the stable cutting stage (from 2 to 8 seconds of cutting time). Obviously, the piston is firmly
fixed in the tool at the beginning of drilling process (Fig. 7) and for its further movement is necessary
to apply a certain force. When the fifth hole is drilled, the thrust increased more than two times. There
are two reasons of core blocking:

1. Carbon fibers have highly elastic properties. The carbon fibers are compressed during the cut-
ting process and after finishing the cutting process fibers recovered its size and position and it makes
the piston wider.

2. Low heat resistance of CFRP. The die undergoes the thermal decomposition and melting
during tooling process. After the drilling process, the piston cools down and consolidates firmly in the
cavity of the drill bit. In any case, such thrust increase leads to the delamination or other damage
growing on the exit side of the die, also can be the reason of thin details breaking. On the other hand,
the cleaning of tools greatly reduces the process productivity.
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Fig. 6. Influence of core blocking on the thrust force Fig. 7. The photos of core blocking

Another experiment concerning diamond drilling of CFRP [20] showed the thermal obstacle. The
drilling must be performed at low axial feed, high cutting speed and small abrasive grain size for high-
quality surfaces and edges of hole. This combination provides high level of heat in the cutting zone. All
polymers have low heat resistance and low thermal conductivity. The heat from the chip deformation and
friction is concentrated on surface and goes in depth of the die very slowly. This results in thermal degrada-
tion of the polymer. Most of heat goes into the drill bit and it reduces the tool life. Thus, the obtaining the
high quality surface in the polymers tooling using diamond tools is almost impossible.

The Aim. To improve the process efficiency of diamond drilling of composite polymers the main aim
of this study was to develop new designs of diamond drill bits, which will provide the following tasks:

— to create possibility for effective application of a cooling liquid;

— to improve condition for the chip scrap pulling out;

— to remove or cut down the thermal defects;

—to reduce the surface roughness and the damage of hole edges;

— to increase the tool life;

— to eliminate the problem of core blocking for core drill type tools.

The established tasks have been achieved by changing the drill bits components affecting on the
cutting process. It can be concluded from the above analysis that such components are: the cutting part
geometry and the grit size. In other words, the new designs are based on changing diamond part, on
the interrupted cutting conditions and on the manipulation of the grit size.

Materials and Methods. Using the research results, the set of new designs of diamond drill bits
were developed. All inventions are protected by state patents. New designs were obtained by modify-
ing of the cutting part geometry and by manipulation of the grain size. Table 1 shows three designs of
the rod drill and three designs of the core drill (left and right, respectively). All designs combine
several common features:

— Multi-layered diamond part;

— Interrupted cutting conditions;

— Convenient geometry for the coolant supply and chip scrap pulling out;

— The system of gradual cutting load for drill rod.

The design of each drill consists of metal or alloy base 1 with the diamond part 2 on the one side.
The diamond part has two or more diamond layers (only two layer for each drill as example presented
in table 1), which have different abrasive fraction. The layer of large grit size 3 always located closer
to the rotation axe of the drill, the layer of small grit size 4 situated on larger distance from axial line.
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Table 1
The new constructions of diamond drill bits
Rob double layer drill designs (RDLDD) Core double layer drill designs (CDLDD)
a b c d e f
Conical Archimedean Dagger Ring Perforated Open Faced
RDIDD [25] RDLDD [26] RDLDD [27] CDLDD [28] CDLDD ' CDLDD *

3-dimensional illustration

Cut view

Base view

" Components: 1. Drill base 3. Layer of large grit size 5. Drain or perforation
2. Diamond part 4. Layer of small grit size 6. Output window

Conical drill bit with drainage channels (Table 1, a) performs a cutting process gradually. This
creates particular advantage while drilling fine details. When the backside of diamond part comes in
processed plate, the front part of the drill has finished cutting process and does not have force effects.
In this case, the cutting forces are generated only by certain part of the drill, not by all diamond part
immediately. Such cutting distribution leads to a significant reduction in thrust and torque. According
to investigations [7, 8, 11...16, 20] this tends to reduce of the delamination factor and other damage
near to the edges of hole. The drilling process by the tool can be divided into two stages (Fig. 8, a):
1) cutting by diamond layer 2, and 3) cutting by diamond layer 4. From the review mentioned above is
well known that large diamond grains are more productive in the process, so layer with large grit size
3 removes the main bulk of the material. It is also known that small grains suitable for creating a low
surface roughness, so diamond layer 4 removes the last material layer. The drainage channels 5
provide interrupted cutting condition; it reduces the temperature in the cutting zone. In addition, drains
provide an opportunity to bring the cooling fluid directly to the cutting zone. The chip scrap migrates

! During the patent application process. Registration number u201509355.
% During the patent application process. Registration number u201509758.
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along the conical surface until entering to the drainage channel, after the chip scrap is washed out of
the channel due to the high pressure of coolant. This, again, decreases the thermal stress of the process
and reduces clogging of the cutting surface of the tool. The conical drill bit is appointed for drilling of
thin structures, where there is no opportunity to use the backup plate.

The Archimedean drill (Table 1, b) has an eccentric shape. The hole surface is generated by spike
with a small graininess 4, while the main work performing by the layer with a large grain size 3
(Fig. 8, b). The interrupted cutting condition, coolant supply and chip scrap pulling out occurs due to
the truncated base. A cone with vertex at the point of zero cutting speed appears under drill during
drilling process. The permanent absence of the material around the top facilitates the crushing of
vertex without high axial loading. The cooling time is always larger than the cutting time and this
provides sufficient time to fill the space by cooling liquid and wash out the chip scrap. This tool is
particularly suitable for deep hole drilling.

The dagger drill (Table 1, ¢) drills the material like a conical drill bit, but it has two empty zones in its
design instead of the drainage channel (Fig. 8, ¢). This reduces the cutting/cooling ratio, increases the
possibility of chip output. Dagger is recommended for drilling of material with very low thermal resistance.

Stage2  Stage |

a b c

Fig. 8. The scheme of the cutting process: a — Conical RDLDD; b — Archimedean RDLDD;
¢ —Dagger RDLDD

Ring drill (Table 1, d) operates as an ordinary core drill, but has two layers of grit and a groove at
the bottom for interrupted cutting condition, that has already been described above. Diamond part can
be mounted on the ring of metal base or sputtering by thin layer on the surface of the metal base. Ring
drill is simple in manufacturing, low cost, effectively replaces the ordinary core drill in any conditions.

Perforated open drill (Table 1, ¢) has a groove in the bottom and a perforation in the wall
of diamond part and a tunnel in the metal base. The perforation cools the die, because at the moment
of its passage relative to the treatment surface, the cutting process and friction are absent there. It also
provides an opportunity for chip scrap pulling out from the cutting zone. As can be seen from the
Fig. 6, the significant increase in thrust was observed after drilling of third hole (cutting length is
12 mm). This associated with the presence of the long pistons inside the drill. Therefore, it is better
avoid the creation of long pistons. This condition is achieved by the gradual output of piston through
the tunnel in the metal base. Such design provides stable traction in multiple drilling without drill
space cleaning and is recommended for the treatment of elastic materials where the core blocking is
quite possible.

The faceted drill (Table 1, f) has multiple layers of graininess like all previous drill bits (the
advantages of this technique have been already described above) with faceted inner and outer peri-
meter instead the ring form. The interior surface contacts with the piston only at the points where the
circle touches the polyhedron. This reduces the fixing strength of piston in the inner space of drill bit.
An elastic recovery of the material occurs after cutting edge passing when processing many types of
elastic materials including carbon composites. Instead of cutting, the elastic material compresses and
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recovers its shape after passage of the instrument. As a result, the diameter of the hole is often less
than the drill diameter. The outer polyhedron besides coolant supplying and chip scrap pulling out also
helps eliminate the negative effects of elastic deformations. The faceted drill has plurality of cutting
edges; such geometry many times repeats the process of establishing of the predetermined diameter.
The model is simple in manufacturing, low cost and used to perform precise diameter hole drilling in
highly elastic materials.

These constructions can be performed using methods of electroforming, powder metallurgy,
plasma spraying, ion plasma deposition and others. The diamond part can be fixed to metal base using
special hat or set directly, as shown in figures in Table 1. The thickness ratio between the layer 3 and
layer 4 depends on type and diameter of drill bit. For example, the ratio for the drill rod is 10/1 and for
the core drill bit with drill diameter of 5 mm is 20/1. The angles, slopes and eccentricity of a rod drill
can be calculated according to the characteristics of a die and critical cutting forces. The width of
drainage channels, the diameter of perforation and the size of empty zones can be calculated consider-
ing the micro cycle of heating/cooling relative to known heat equations [4...6].

Conclusions. The new and more efficient designs of diamond drill bits were proposed in this
study based on the literary analysis and the author’s experiments and modeling. The known obstacles
for successful application of diamond drilling tools were considered and other negative circumstances
of the drilling operation were established experimentally. Theoretical modeling of new tools allows
establishing the following advantages:

— reducing of cutting forces;

—reducing the temperature in cutting zone;

— increasing the tool life;

— improving the quality of surface roughness;

—reducing the damage around the edge of the hole at the inlet and output of die.

The new drill bits designs are also the solution for drilling of thin-walled dies, for deep drilling,
for materials with low thermal resistance and highly elastic characteristics.
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