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| 1. INTRODUCTION

Drilling means rock penetration. Drilling has
wide application in different engineering fields.
Nowadays most of oil well drillings operations
are performed by rotary drilling. Drilling bits are
connected to the bottom point of drilling strings
(figure 1). Bit transfers coming energy from
strings to rocks for going through them. It is
obvious that the applied energy must be high
enough to break the rocks and bit material
should be properly selected to tolerate high
temperature and pressure of the hole.

Drilling bits are designed according to their
applications and following three principles:

I. Bits which make rocks to crush and chop.
This type of bits is used for soft formation such
as sticky clays, shales, and abrasive rocks.
2. Bits which penetrate rocks by using tangential
force and shearing action. This type of bits is
used for medium hard to hard and abrasive
rocks.

3. Bits which penetrate rocks by cutting-
abrasive action. These bits are used for medium
hard to hard formation and plastic rocks.

Fig 1. Drilling bit mounted on drilling string




I2. ROTARY DRILLING BITS

Rotary drilling is an advanced method in drilling
oil wells. Steel, diamond and tungsten are used
as bit material in this method to penetrate rock.
In a rotary rig, bit and drilling pipe rotate
simultaneously and apply a combination of
rotary force and thrust on rocks. This energy
comes from rotary table to kelly then to pipe and
bit. The applied stress on rock is tangential. The
drilling rate in this method is depended mostly
on bit type, type of rock, the amount of rotary
and thrust energy. Bit selection depends on type
of rock. In addition, financial considerations are
of prime importance.

2.1. Roller Cone Bits

This type of drilling bit is the most common bits
and covers wide applications in rotary drilling.
They consist of three cones with rows to cutting
on the surface. Each cone rotates on its own axis
and together all the cones rotate as the drilling
string rotates.

The cutters of the cones intermesh with each
other like gears- that is, one cone's cutters fit into
the spaces between another cone's cutters. This
intermesh allows the cutters on one cone to clean
out any rock or clay that may stick to the cutters
on another cone. Keeping the cutter clean helps
them drill efficiently. Each cone rotates on
bearings that drilling fluid or special grease
sealed inside the cone lubricates.
Today two general types of roller cone bits are
available: steel tooth bits and tungsten carbide
insert bits.

2.1.1. Steel Tooth Bits

This bit is used for soft to medium hard
formation and its tooth's size varies with
formation and type of rock. Their teeth either
can be milled or cut out of cone body or directly
forged from the cone. Steel-tooth bits have long

or short teeth depending on the hardness of
formation they will drill (figure 2).
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2.1.2. Tungsten Carbide Insert Bits

This type of bits is suitable for medium hard to hard formation; the inserts are pressed into holes drilled
in the cone. These inserts are small solid cylinders that have rounded or softly sharpened ends (fi gure3).
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| Fig 3. Tungsten carbide bits and its Components. |

2.2. Fixed Cutter Bits

This family of bits is also known as Diamond
Bits. Instead of having three independently
moving cones, a diamond bit has a stationary
(fixed) head that rotates as one piece with the
drill string.

In designing of fixed-cutter bits, number and
shape of cutters, their size and positioning and
also material of bit are of prime importance.
Diamonds are placed inside a matrix of tungsten
carbide or steel. There are two types of artificial
diamond, TSP and PDC. Manufactures are using
PDC, TSP and natrual diamond or combination
of these for bit production.

2.2.1- Natrual Diamond Bits

The design of this kind of bits is completely
different from roller cone bit, because of'its high
toughness and low impact resistance (figured 4).
This group of drilling bits is also known as
diamond bits. Instead of having three
independently moving cones, a diamond bit has
a stationary ( a fixed) head that rotates as one
piece with the drill string.

Diamond bits have three basic parts: Cutter,
body and shank. The cutters are the diamonds
arranged in rows on the nose and the side (flank)
of the bit. Body is the main section and holds the
diamonds.



| Fig 4. Natural diamond bits |

The shank is a steel base for the body that gives
structural strength and provides a place for the
threads for connecting the bit to drill string. The
body of the bit is made of matrix or steel. Matrix
is a mixture of tungsten carbide powder and
bonding metal. Matrix wears better than steel
because it's harder.

2.2.2. PDC Diamond Bits

The polycrystalline diamond compact, or PDC,
is one of the most important advances in recent
years. Since their first production in 1976, bits
using PDC cutter have become as common as
roller cone bits. Each polycrystalline diamond
compact, which is the cutter, is a special type of
synthetic diamond bonded to tungsten carbide.

Although bits with PDC cutters look different
from natural diamond bits, they are still fixed-
head bits. The body of the bits can be either steel
or matrix (figure5). A steel body is easier to
manufacture to exact dimensions and is less
brittle than matrix. Matrix, however, wears
better than steel because it is harder.
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| Fig 5.PDC bits |

2.2.3. TSP Bits

The newest synthetic diamond for bit is the The bit can have the same profiles and hydraulic
thermally stable polycrystalline diamond, or system as a natural diamond bit. The TSP bit has
TSP. ATSP is more stable at higher temperature a slower rate of penetration than PDC because of
than a PDC (almost as stable as natural stones). 1ts small cutter size.

10




2.3. Special-purpose Bits

Besides ordinary roller cone and fixed-head bits,
manufactureres produce many bits that have
features that suit them for a particular purpose.

The one-cone bit is designed for deviation
control in vertical borehole or cleft formation
and declivitous formation (figure6).

The two-cone bit is used for directional
drilling (drilling a slant hole) in soft formation
(figure6).

~ Core bits are shaped like a ring. The ring drills
the formation on both its inside and outside
circumference, so it has two gauge surface. The
center hole surrounds a solid cylinder of rock,
(the core) that the driller recovers later (figure7).

 Fig 6. One-cone and two-cone bits

- Fig 7. Coring bits

-



Alr bits circulate air or gas as the drilling
fluid. They have screens over the bearing to
protect them from clogging with cutting.

Ant1 whirl bits are the latest advance in fixed-
head bits(figure8). One solution to whirling is to
purposely unbalance the bit so that its center of
rotation moves to a low-friction gauge pad. Anti
whirl bits make hole faster, because they are not
wasting energy drilling an over gauge hole.

Eccentric bits drill the hole slightly over gauge.
Drillers use them in shales that can swell after
being drilling or in salt formation that deform
and swell after drilling.

3-MANUFACTURING OF
DRILLING BITS

Main manufacturing steps involved in
production of cone and leg for roller cone bits,
roller cone bits final assembling and
manufacturing of PDC bits are briefly covered
in this chapter. A schematic flowchart is also
presented for each item.

3.1. Manufacturing of

Steel Tooth Cones

Main manufacturing steps of steel tooth cones
are shown in fig 9 Cones are made of low alloy
steel alloys such as AISI 9310, 9315, 4140,
4130, 4820, 4815. Primary cone is formed by
forgings then the teeth are milled out of it
(figurel0). Bearing surfaces inside the cone are
then machined and teeth surface are hard faced
with a mixture of tungsten carbide and hard
metal powders (like cobalt). This process
produces a hard wear resistance layer on the
surface of the teeth (figure11).

121

If carburizing grade steel is used the next step
would be carburizing of cone body followed by
quenching and tempering treatment.

In case of medium carbon low alloy steel
carburizing is eliminated and bearing surface
inside the cone is selectively hardened by
induction heating after quench and temper. The
last manufacturing step is grinding bearing
surface areas to reach exact dimension
tolerances and surface.

'I Fig 8. Anti whirl bits |
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| Fig 11 .A Hardfaced tooth |
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Low alloy steel

Forging

Primary machining

Bearing surface carburizing

Quench & temper

: Insert hole drilling

TCI press fitting

i

I Bearing surface grinding

Fig 12. Manufacturing steps of
insert cones

3.2. MANUFACTURING OF
INSERT CONES

Main manufacturing steps of insert cones are
shown 1n fig. 12. Cones are made of same steels
as steel tooth bits (fig.13). Cone is formed by
forging then bearing surfaces and surface of
cone are machined. Machined parts are then
carburized and heat treated to produce hardness
equal to 42 HRC in the core and 60 HRC in outer
layer of cone. Tungsten carbide inserts holes,
which are a little smaller than insert, are drilled
in the surface of the cone. Inserts are press fitted
into these holes and final grinding of bearing
surfaces is performed at the end (figurel4).

3.3. MANUFACTURING OF LEGS

Main manufacturing steps of steel tooth cones
are shown in fig.15. Same manufacturing steps
are mvolved in production of legs for TCI and
steel tooth bits (figure16). Legs are forged from

- Fig 13. A TCI cone




Fig 14 . Insert hole drilling
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Shirtail hardfacing
Quench & temper

|

Grinding

- Fig 15. Manufacturing steps of legs

a low alloy steel. Initial machining is taken place
in a three axes CNC machining center. Forging
1 then mounted 1n a holding fixture. The fixture
is secured to a five or six axis machining center
for all accurate material removal operations
while maintaining extremely close tolerances.
All machming operations like reservoir hole,
nozzle hole, long lubrication hole, shirttail
profile, could be performed on the same
machine. The fixture is removed from
machining center and shirttail area is hardfaced
(figurel7). After hardfacing, the leg is removed
from the fixture for heat treatment. Final
machining operations are performed on same
fixture and machining center.

Fig 16. Bit legs




3.4. ASSEMBLING OF
ROLLER CONE BITS

Main steps in assembling of roller cone bits are
shown in fig.18. Sealing and bearings are
assembled on legs and then cones are assembled
on legs. The next operation is welding of these
fully assembled legs together on a special
fixture. Welding is a critical task and needs exact
inspection to yield desired properties. Quality of
welds is controlled by air leakage. Machining of
shank threads should

exactly comply with API standards (fig. 19).
Lubrication of sealed bearing bits requires a
vacuum greasing operation to ensure that the bit
lubrication system contains no air and to ensure
that proper volume of grease is injected into the
system.

' Fig.17. Shirttail hard facing |

Assembling of seals and bearings
and nozzles assembling on legs

Cone assembling on legs

Welding of legs

Inspection

Threading API connection

Vacuum greasing

Painting and packaging

‘ FIG 18. Assembling of

roller cone bits




3.5. MANUFACTURING OF
PDC BITS

Main manufacturing steps of PDC bits are
shown in fig.20. There are two kinds of PDC
bits: Steel body and matrix body. Making steel
bits in one piece eliminates welding, and design
details can be machined to exact tolerances.

Cutting structures are mounted by interference

fit in slightly smaller precision holes drilled by
CNC mills that also cut the main bore, blades.
Junk slots or waterways, PDC and gauge-insert
pockets, nozzle holes and threads. Steel is softer
than tungsten carbide, but hard metals can be
applied to critical areas. Cutter for both steel and

FIG 19. Threading API connection
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Fig. 20. Manufacturing of
PDC bits

matrix body bits is composed of a PDC layer
connected to a tungsten carbide substrate.
A powder metallurgy process is used in
production of matrix bits. Tungsten carbide
powders and a binding alloy are placed in a mold
with steel core, or blank, and sintered to produce
matrix bits. Carbide particles bind together and
form a bond between the inner steel blank and
outer tungsten-carbide shell, or crown. In
sintering a heating cycle is applied to
temperatures at which fusion occurs between
particles with lowest melting point. A hot
pressing operation usually follows the heat
treatment. In this process there is no molten
phase.

Shaping of matrix body could be performed with
infiltration process. Heat treatment in this
process occurs at a temperature sufficient to
melt the alloying elements, which then infiltrate
through the compact to become the binder.
In final assembling cutters are brazed on the
matrix in their specified locations. Then the
matrix 1S welded to steel shank and final
ultrasonic testing and inspections are
performed. The fully assembled bits are then
painted and packaged.



| 4. BIT MANUFACTURERS

A list of bit manufacturing companies together with their products and contacts is provided in the
below table.

FIXED FIXED
. CUTTER BITS CUTTER BITS
MANUFACTURERS STEEL ' CONTACT
TOOTH TCI NATURAL|| PDC
SEGURITY . ! ! : Tel: +971 4 8836685
o =l ) wis Fax: +971 4 8837830
DBS e o e e URL: http:/fwww.securitydbs.com
DISTRICT MANAGER : S. MANCINI
Tel: +9714837125
HUGHES ;f; _'::;_l :f}: :.‘:‘: Fax: +97145836487
CHRISTENSEN URL:http:/fwww.HCCbits.com
DISTRICT MANAGER : RIAZ UR REHMAMN
——Y , ' Tel: +97143321381
al, al, ) nl, Fax: +37143322975
TOOLS s - i e URL:http://iwww.smithbits.com
DISTRICT MANAGER : SUAT CELIK
Tel: + 44 1453853063
=l ) \ ) A )
HYIEAELDE:J 8 . e 7 e Fax: + 44 1453791628
URL:www.reedhycalog.com
RBI/ L) ) ) L] Tel: 817 293 7555
SEARILRE e i P4 e Fax: 817 551 0823

URL:http://www.rbi-gearhart.com

- <8 . : Tel: + 9821 2587391

KING DREAM . . :‘i{ :‘i{ Fax: + 8821 2587315
URL: hitp://'www.jpgc.com

RIGIONAL OFFICE; CPTDC

" " P " Tel: + 971 433535525

=ty a1, aly als Fax: + 971 43353532
VAREL = o - = URL:http:/iwww.varelrockbits.com
DISTRICT MANAGER : L. SOLETTA

_ iy . 4 Tel: + 1 281 774 9400
DP| . e Fax: + 1281 774 9412/3
UTL:htt://www.dpi-bits.com
. a Tel: 004626262000

SANDVIK o Ti- . o Fax: 004626262300
URL: http://www.rocktools.sandvik.com

Tel: +78462 306729,309128
VULGA =% =%, b al Fax: +78462 303106

BURMASH o = e s URL: http:/fwww.vbm.samara.com

MIDDLE EAST MANAGER: A M NAZAROQV




FIXED FIXED
BT CUTTER BITS CUTTER BITS
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Tel: + 441224248929
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Tel: +1 800 441 5451,+1 618 435 5811
BITB '
o | & 2% 2 2% Fax: +1 618 435 2388
URL: http://www.bitbrokers.com
Tel: +1 903 687 3822
BIT TECH P = 2l & Fax: +1 903 687 2247
URL: http://www.bit-tech.com
Tel: 0174 581 5315
GEOGEM - = o o2 Fax: 0174 581 5495
URL: http:/fwww.geogem.com
Tel: + 81 3349 57961
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Tel: + 32 71 287647
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