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THE BIT 

2 

Besides rotating the bit, the rig crew also has to circulate 
drilling· fluid through jt to lift the drilled pieces of rock (the cut­
tings) out of the hole (fig. 2). Removing the cuttings keeps them 
from interfering with the bit's cutters. Cutters are the part of the 
bit that actually cuts, or drills, the rocks. Bit cutters can be steel 
teeth, very bard metal buttons, diamonds, or specially designed 
components called compacts (fig. 3). 

Fig;ure 2 . Circulating drilling fluid lifts ci1ttings. 
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mentioned earlier, it occurs when the pattern made by the bit on 
the bottom of the hole marches the pattern of the teeth. The bit 
then meshes like a gear with the formation and drills very little. 
11-ackingcan happen when the formationjs plastic-that is, it bends 
under stress without breaking; the opposite of brittle. Using a bit 
designed for a softer formation may remedy this problem. 

vVhen the cutters drag o n the fo rmation, they heat up. The 
drill- ing fluid then cools them. When this cycle occurs many 
times, hefltchecking can result (fig. 45). Checking means to develop 
small cracks. 

Gauge rounding, when the gauge cutters wear down in a rounded 
fashion, may be serious (:fig. 46). If the hit can still drill a fuJl-gauge 
hole, however, the wear is not a problem. Minor gauge rounding 
can happen when drilling an abrasive formation at too high a ro­
tary speed or reaming an undergauge hole . If, however, the gauge 
cutters are so worn away that the bit drills an undcrgauge hole, a 

problem exists. The next bit will have to ream the hole to the ap­
propriate size, which may damage the new bit and waste time. 

In extreme cases of gauge wear, the shirttail and gauge area of 
the bit aresowornaway that the bearings fa llout of the bit. Extreme 
gauge wear can occur when using a bit that is not strong enough 
for the type of formation being drilled, runn ing a bit for too long, 
or using a rotary speed that is too fast for the specific bit. 

Fi!Jure 44. Tracking wear Figure 4 >· Beat checking 

Figure 46. Gauge rounding 

ROLLER CONE BITS 
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Bearing Wear 

To summarize­
Types of cutter wear-

• Broken inserts 
• Gauge row breakage 

• Broken teeth 
• Chipped cutter 

• Lost inserts 

• Bradding 
• Heat checking 
• Gauge wear 

Bearing wear and failure often make it necessary to stop drilling and 
replace the bit. Spalling and galling used to be the biggest problems 
with bearings. The advent of sea led bearings has substantially re­
duced such wear, however. Even so, better design has not eJim.inated 
bearing wear altogether. 

The outer bearings (the roller bearing or journal beai-ing under 
the gauge cutters) can fai l for any of several reasons. Excessive rota­
tion time coupled with heavy weight can wear them out. Abrasive 
materials in the drilling fluid can damage nonsealed bearings, as can 
corrosion caused by suJfur in d1e drilling fluid. Signs ofouter bearing 
failure are skid marks on the cones and one or more locked cones. 

TheinnerbetTring:f(theinsiderollerbearingandnosebearingunder 
the nose of the cone) can fail when a bit is dri lling a formation that 
is too hard for it. In this case, the teeth wear down to a flat top (they 
suffer flat-crested wear) and, as a result, the ROP slows. The driller 
then adds more weight to keep up the rate of penetration. The extra 
weight can su·ess the bearings beyond their design limjtations. 

Another cause ofinner bearingwear or fai lure may be gauge round­
ing. The stronger gauge cutters wear away so much that the forces of 
weight and rotation on the bit shift to the weaker inner cone teem and 
bearings. Because the inner bearings are smalJer and not as strong as 
the outer beariJ1gs, they cannot withstand the exu-a force. 

Reaming out an nndergauge hole also stresses the inner bear­
ings. The miller can partially or completely eliminate inner bearing 
failure by using a bit designed for harder formations, redudng the 
time the bit is in the hole, decreasing the rotary speed, or choosing 
a special bit for reaming. 

Both the inner and the outer beru·i ngs can fail if the weight on bit is 
too high, d1e rotary speed is too fast, the hit is used to reatn tmder-gauge 
hole, an abrasive drilling fluid is in use, or the bit is used too long. 
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D iamoncb are the hardest mineral on earth, almost nine times 
harder th,m the .next hardest naturally occurring mineral. A 

diamond will outwear or cut anything without affecting the dia­
mond in a11y way, with only two limitations: it will disintegrate if 
the temperature .is too high, and it is brittle and is therefore suscep­
tible to fractming under shock loads. 

It .is no surprise that tools set with whole or crushed diamonds 
are common in many industries where a bard material needs to be 
cut, ground, or polished with precision. For example, tools used in 
manufacturing cars, airplanes, and space vehicles, cutting glass in 
the optical industry, or for surgical instruments may use diamonds. 
Bits for oilwell drilling with natural diamond cutters date from the 

1940s. 
Diamond tools might be common in every home workshop 

except for diamonds' rarity and the expense of mining them. As 
early as 1797, therefore, scientists began trying to create, or 
synthesize, diamonds from carbon (diamond is pure carbon, as are 
coal, ash from burning bones or wood, and soft graphite used in 
pencil leads). Research scientists at General Electric were the first 
to succeed, in r954. Synthetic diamonds turned out to be even 
more expensive to manufacture than natural diamonds are to mine, 
but as long as the demand exists, manufacturers can produce them 
because carbon is plentiful. 

The synthetic diamonds used now in bits are one of two types: 
the polyc1ystalline diamond compact (PDC) developed in the early 
1970s, and the thermally stable polycrystalline (TSP), first made in the 
late r97os. Manufacturers produce bits w:ith natural diamonds, 
PDCs, TSPs, or combinations of these as the cutters, replacing the 
teeth or inserts of roller cone bits. 

51 



The polycrystalline diamond compact, or PDC, is one of the most 
important advances in recent years. Si nee their first production in 
1976, bits using PDC cntters have become as common as roller cone 
bits. Each polyc1ystalline diamond compact, whicb is the cutter, is a 
special type of syntheticdiamond bonded to tungsten carbide (fig. 60). 

To manufacture a PDC,a special furnaceheatscru:bon toa very 
high temperature and, 1111der great pressure, forms many tiny 
(about 0 .00004 of an inch, or 0 .00102 of a millimetre) diarnond 
c1ystals ("poly" means "many"). The manufacnrrer d1en mixes the 
di,rn1onds with a metal powder, called the catalyst metal, and puts the 
mixtme into a can. A layer of tungsten c,ubic.le powder mixed with 
diamond is added, and, finally, a polycrystaJ line wafer is put on the top. 

The manufacturer then sea ls the c~m and heats it under hig h 
pressme. The pressure and heat ca use the diamonds to bond with 
each o ther aml with the tLU1gsre11 carbide to make a polycrystall u,e 
diamond com pact (a compact is ~lily object produced by compress­
ing metal powders). The tiny diamond ctyscals in a PDC face in 
diffe rent directions, which makes the PDC vety su·ong, sharp, and 
wear-1·esistan t. T tis self-sharpening because when a layer of crystals 
wears away, another layer with its many sharp edges is exposed . 

The main disadvantage of PD Cs is that they are even less stab.le 
at high temperarures tha.n are naturaJ diamonds. As the PDC 
contacts the rock during drilling and heats up, the catalyst meta l 
expands ata <liffercnt rate from the diamond . Eventually, when the 
temperat11rc reaches abollt 1,3 50° F (750° C), the PDC cracks. 
This temperature is not diffirnlt to reach in drilling- and is much 
lower than the tempe rature at which a nat11ral diamond disinte­

grates ( 2 ,3 50° F, or 1 ,2 70° C). 

POLYCRYSTALLINE 
DIAMOND LAYER -

(0.Smm) 1-1--------1 

TUNGSTEN 
CARBIDE 

SUBSTRATE-
(2.Tmm) 

Figure 60. A polycrystalline dicmzond conzpact (PDC) 

DIAMOND BITS 

Synthetic 
Diamond Bits 

PDC Bits 
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The stud protrudes from the body of the bit. The extra support 
that the tungsten carbide post gives the cutter makes the srud 
design stronger than the cylinder cutter, and more of the cutter 
actuaUy digs into the formation. 

Because the PDC cannot withstand the heat used to cast the 
matrix body of the bit, the cylinder cutter .is brazed in to a pocket 
in the bit after casting. Stud cutters arc essentially already in their 
own pockets (the smcl) and the whole piece is brazed or press- fated 
(snapped in to a t ight cavity) onto the bit. 

T he cutters sic in the bit at certain angles called rttke angles. T he 
back rake angle is how far the cutter leans back from the vertical, 
away from the rock it is cutting (fig. 66). A cutter tlrntis perpend icular 
to tl1e fonnationhasno backrnkcangle. A cutter tl1at tiko; forward into 
the rock has a pos.icive ralce, but this angle is noL practical. 

The arnoU11t of back rake detem1ines tl1e aggrcssi vcness of the 
cutter- no back rake is the most aggressive. Harder formations 
require more back rake co prevent the cutter from breaking and to 
reduce chatter, or vihration. Even on the same bit, cutters at 
different locations may h::ive different back rake angles to help 
distribute Lhe load among the cutters. Back rake also affects how 
much weight on the bit is practical-the greater the back rnke 
angle, the less the WOB in1foenccs the actio11 of the bit and so the 
more uses the bi t has under different cond itions. 

T he side rake ttngle is the left-to-right ori entation of the cutter 
with respect to the bit's face (fig. 67). T he designer angles the 
cutters toward the outside of the bit to help d irect the cuttings 
toward the annulus, so that thecmtings <lo not pass in front of the 
cutter again to be reground . The optimum side rake angle im­
proves the dean ing irncl drilling efficiency of the bit. ft also he lps 
to stabilize the bit to keep it from vibrating. 

BACK RAKE ANGLE SIDE RAKE ANGLE 

I . 
....:->I 

---~: I 

Figure 66. Back ralle angle Figure 67- Side rnke angle 

DIA M OND BITS 
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THE BIT 

T he most obvious design difference between natural d iamond 

bits and PDC bits is how the cutters fit into the bit. PDC cutters 
si tsideways inside pockets, ci ther imuvidually or on blades that are 

part of the body of the bit(fig. 68).In this way, they look more ljkeone 
cone of a steel-tooth roller cone bit than like a natural diamond bit. 

Bits with the PDCs arranged individua lly all over the surface 

are sometimes ca lled porcupine bits. Bladed PDC bits can have 
from three to more than twenty blades, each with many or only a 
few cutters. T he more bl::ides and cutters, the more d urable the bit 
is, but the slower the penetration rate. 

Hydraulics 

The design of the hydraulic 5')'Stem is more critical in PDC bits 
than in other types. PDCs cut deeper than natural diamonds 
because they are large r, which produces more cuttings to clear 
away. The cooling function of the drilling fluid is also crucial 
because of a PDC's therma l weakness. T he harJer the formation, 
the more important the cooling function is to prevent the cutters 
from disintegrating. T he softer the formation, the more important 
the clea rung function is to prevent balling. 

Gke roller cone bits, PDC bits use jet nozzles as outlets for the 
drilling mud (fig. 69). T he nozzles come in various sizes and are 
usually interchangeable (but not with roller cone bit nozzles). The 
nozzles direct the cuttings into_junk rlotson the outside diameter of 
the bit. The junl(slots work like the collectors on natural diamond 
bits- that is, they provide a low-pressure area that pulls the fluid 
with the cuttings up and away from the nose of the bit. 

NOZZLE 

Fir5ure 68. PDC mtters in tbe body of tbe bit Figure 69. Jet nozzles or, a PDC bit 

68 
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Each nozzle usually points toward tbe bottom of the hole or at 
a slight angle and cleans and cools a group of cutters or, on some 
bits, a sing-le cutter. The number of nozzles depends on the design 
of the rest of the bit. For instance, the designer can put fewer 
nozzles on a bit with fewer blades because the cutters are more 
exposed and the flu id can reach them more easily. 

T he newest synthetic dia mond for bits is the the rmally stable 
polycrystalline diamond, or TSP. Its method of manufacture is 
similar to that of the PDC. The difference is d1at the manufacturer 
either leaches out the catalyst metal d1at in a PDC helps bond the 
crystals or replaces it with a less-temperature-sensitive material. 

A TSP is stable at higher temperatures than a P DC (almost as 
stable as nal1.1ral stones) because the crystals do not break apar t 
because of exp:msion. Where :i PDC's diamond bye rwill clisinte­
g rate at l,350° F (750° C), the T SP can withstand temperatures up 
to 2 ,200° F (1,200° C). The TSP, like chePDC, sLays sharp as the 
tiny diamond crystals wear away. 

A TSP bit is more like a naturaJ diamond bit than a PDC bit is 
because a T SP is much small er than a P DC and closer in size to the 
natural diamonds used in bits (only Y'.1 ca r.:it, about 1/12 inch, or 2 

milli-rnetres, in diameter). The TSP may be round or triang·ular 
(fig. 70). Jt usually functions on t he bit as a cutter by itself, like a 
natural dia-mon d, and is cast into the matrix, ra ther than being 
brazed into pockets, as PDC cutters are. It does, however, sjt 
sideways in the bit like a PDC. 

Figure 70. TSPs are tri1mgy1,lar or rottnd in shape. 

TSP Bits 

DIAMOND BITS 
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The designer must solve the problems of where a ncl how to place tbe 
diamonds, wh ich type of diamond to use (natural or synthetic), and 
110w to design the rest of the b.it so that the diamonds do not break 
from impact or disintegrate from heat. The driller must then use tbe 
bit in the correct form.ations and LU1clcr tbc proper condjtions. 
Designers now use computers to help predict where a11cl how a bi twill 
wear. Some manufacnirers can even produce custom bits for a specific 
drilling operation. 

Diamond bits are very expensive, so avoiding·preventable wear is 
important. Some of the s,1rne types of damage described for roller 
cone bits can affect the cutters, the gauge surfaces, and the body of n 
diamond bit. Some types of damage, however, are unique to diamond 
bits, because of diamond's low impact strength. 

In 1989, a 1najor operating company identified a phenomenon 
called bit whirl as one of the 01ai11 causes of damage to diamond bi ts. 
Birwhirlcan be a problem for any bit, but it is especially damaging to 
PDC bits. Thebitwlurls when itscenteroFrotationisnot in the center 
of the hole. Instead ofrotating in a circuh1rmotion, the bit turns with 
a spiraling action (fig. 73). Because of the bit's spira ling action, d1e 
centerofrotationatany given instantcan beoneofthegaugecntters. 
While whirling, the i1111ermostcnttcrs move backward and the gauge 
cutters pound agaimt the side of the hole. T his pounding breaks the 
cutters. The bit ::ilso drills ::in overg:rnge hole when it whirls. 

Whi rling can have severol causes, including poor drilling prac­
tices. Once it begins, it is difficull lo stop. lt tends to happen at high 
rotary speeds and al low WO 13. Also, any ti me a bit dri !ls slowly, as, 
for instance, it often does in a ve1yhard fonmtion, whirling can occur. 
Mam1factmers have, however, designed special an tiwhi rl bi l:S to solve 
the problem. 

ROUNDED LOBES 
OF WHIRLING BIT 

TRUE ROTATING 
BOTIOMHOLE 

PATIERN 

DIAMOND BITS 

Diamond Bit Wear 

Figure 73. Bottomhole 
pattern caused by bit whirl 
and nonnal rotation 
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Roller Cone Bits The method of determining the best weight and rotary speed is the 
same for steel-tooth and insert bits. The WOB in softer formations 
usually must be relatively light to avoid balling. But the driller can 
compensate for the reduced weight, and keep a good penetration 
rate, by usi11g a faster rotary speed and high-velocity drilling mud 
circulation for good cleaning. 

Rotary speeds of 200 to 2 50 rpm are not uncommon for steel­
tooth bits. The abras.iveness of a formation, however, limits the 
rotary speed much beyond 2 50 rpm. Very fast speeds coupled with 
abrasive particles increase the wear on steel teeth and bearings. 
Also, insert bits require slower speeds because, at ve1y fast speeds, 
the inserts can break because of impact shocks. Insert bits will run 
up to 180 rpm. 

Roller cone bits in harder formations require a heavy WOB to 
crush the rock. Remember that the cutters on rock bits are shorter 
and closer together and do not shovel the formation, but rather 
penetrate it li ke a pointed chisel. In theory, the more weight applied 
to these chisels (up to their breaking point), the better theywork. Of 
course, the heavier weight stresses the cutters and bearings and 
wears them out sooner. Another reason to increase the weight on 
bfrwhen using steel-tooth bits is to maintain an economical drill ing 
rate as the teeth become duller. A heavier weight allows the bit to 
work longer before the driller must replace it. 

Running times vary with the formation and type of bit as well. 
A steel-tooth bit may last 30 hours in a soft formation. A tungsten 
carbide insert bit can last as long as 300 hours. Sometimes, 
therefore, only one or two tungsten carbide bits can drill a well to 
final depth. 
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WEIGHT ON BIT, ROTARY SPEED, AND PENETRATION RATE 

Diamond bits require a lighter WOB than roller cone bits, but the 
driller still adjusts the WOB and rota1y speed to obtain the lowest 
cost per foot (metre) of hole drilled. The specifications that the 
manufacturer supplies with a bit will recommend a range for the 
rotaiy speed. 

PDC bits can drill very fast- up to 200 feet (60 metres) per 
hour-in soft, nonabrasive formations because the cutters shear 
deeply into the rock on each rotation. Matr.ix-body PDC bits resist 
erosion well and typically run for 300 hours or more. Occasionally, 
.in soft formations, one bit may drill several thousand feet (meu·es) 
in each of several wells. PDC rota1y speed is generally between 80 
and 160 rpm. A driller may rotate a bit made up on positive 
displacement tool as fast as 600 rpm, or one made up on a turbine 
as fast as r,ooo to 1,200 rpm. 

Natural diamond bits have the slowest penetration rate, 5 tor 5 
feet (1.5 to 4-5 metres) per hour, because they are grincljng very 
bard fonnations and drill only a small amountofrockon each pass. 
They use the lightest weight on bit and relatively high rota1y 
speeds, usually 120 to 140 rpm. Because they drill slowly and 
because they are often used in the most abrasive formations, they 
typically last for only 1,000 to 2,000 feet (300 to 600 metres). Keep 
in rnincl, however, that even if an expensive <liamoncl bit drills only 
50 feet (15 metres) in a given formation, it sti ll performs better than 
a roller cone bit that would have drilled only IO feet (3 metres) in 
the same formation before it wore out. 

TSP bits can nm up to 30 feet (9 metres) per hour, which is 
faster than natmal diamond bits but does not approach the rate for 
PDC bits. The WOB and rotary speed for TSP bits fall between 
those used for PDC and natural diamond bits. 

Diamond Bits 

91 
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Glossary 

abrasio n n: wearing away by friction. A 
air bitn: a roJ lcr cone bit that is specially designed for ajr or gas drill ing. lt is veiy 
similar to a regu lar bit, but feamres screens over the bearings to protect them 
from clogg.ing with cuttings and thicker hardfocing on the shirttail to protect 
them from abrnsivc, high-velocity air or gas drilling ffojJ_ 

air drilling 11: a med10d of rotary dri lling that uses compressed air, instead of 
water or mud, :.is the circulating medium; c,1lle<l gas drilling if compressed natural 
g:.is instead of air is circulated. 

aJloyn: a substance with metallic propenics that comprises two or n1oreelements 
in solid solu tion. 

annularvelocityn: the speed at which the drilling· fJuid is traveli ng in Lhc annulus 
of a well. 

annulusn: the space: between the dri ll stri 11gand the wall of the hole or the casing. 

aotiwhirl hit n: a specially designed fixed-head bit with a pad on the: bit's gauge 
smface that unbalances the bit and moves the center of rotation to the pad. 

back rake angle n : in ,, PDC biL, the a111ou11t of distance, in degrees, between B 
vertical (90°) m1d the face of the cuLter. 

ball beai-ing n: a bearing made up ol' severa l relatively small steel spheres that 
rotate freely in a groove, or race, and convert sliding Friction into rolling friction. 
Compare journnl be11ring, roller bcnring. 

balled-up bit 11: :i bit on whkh :i mass of sticky consolidated 1rnucri:i l, usu:1lly 
drilled cuttings, has accumulated. 

ball race 11: a 1rack, channel, or groove: iu which ball bea rings Lum. 

barite n : barium sul fate, BaSO ; a minera l frequently used to increase the weight, 
or density, of drilling mud. 

4 

bearing 11: sec bflll benring. 

bearing pin n: a cylindrical projection from each leg of a bit onto which the bit's 
bearings are mounted. 

bed n : a specific layer of earth or rock that presents a contrast lo 0 1 her layers of 
rufferent materia ls ly.ing above, below, or adjacent to it. 

bento11ite11: a colloidal clay, composed primarily of montmorillon it·e, that swells 
when wet. Because of its gel-fom1i.ng properties, bentonite is a major component 
of water-base drilling muds. 

I II 
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sealed bearingn: on a roller cone bit, a type of bearing that is not exposed to the 
drilling fluid in the wellbore. Instead, a synthetic rubber ring is placed between 
the outside of each cone and the shirttail of the bit where the cones reside. This seal 
prevents drilling Auid from entering the space beLween the cone and shirttaiJ and 
thus the bearings, which lie inside the cones. Sealed bearing bits must also contain 
a built-in reservoir of grease since they are not lubricated by the drilling fluid. 

shallow-cone profile n: the shape of a PDC bit's head that resembles two short 
and rounded cones placed side by side. The compacts are placed on the smface 
of the head. Compare parabolic pr~file, short parabolic profile. 

shear bit n: see fixed-head bit. 

shirttail n: the part of a drilling bit on which the cone is anchored. Shirttails 
extend below the threaded pin of the bit and are usually rounded on bottom. 

short parabolic profile n: the shape of a PDC bit's head in which the head 
resembles a short parabolic arc. A parabolic arc is an arch-shaped curve that looks 
similar to the arch over a doorway or other structure. Compare parabolic profile, 
shallow-cone profile. 

shrouded jet nozzle n: a special type of jet nozzle that is manufactured with a 
projection (the shroud), which serves to minimize the erosion of the nozzle by the 
high-velocity jet of drilling fluid being forced through it. 

side rake angle n: in a PDC bit, the left-to-right orientation of the cutter with 
respect to the bit's face; usually, the cutters are angled toward the outside of the 
bit to help direct cuttings to the annulus. 

sidetracking bit n: a specially designed bit, usuaJly made up on a dowuhole 
motor, that is used to drill a directional or horizontal well. 

spall n: a condition in which the surface materiaJ of a bit bearing separates from 
the bearing's core material. Bearings spaH when the metal of which they are made 
fatigues because of overuse. 

spud bit n: a special kiJ1d of drilling bit with sharp blades rather than teeth. It is 
sometimes used for drilling soft, sticky formations. 

steel-tooth bit n: a roller cone bit in which the surface of each cone is made up 
of rows of steel teeth. Also caJled a milled-rooth bit or milled bit. 

stickiness n: the characteristic of a soft formation to adhere (stick) to the bit as 
the formation is drilled. 

stiff drilling assembly n: a collection of down hole tools arranged in the drill 
stem above the bit to keep the hole on course. In general, a stiff drilling assembly 
consists of stabilizers and large-diameter drill collars. Also called packed-hole 
assembly. 

stringer n: a relatively narrow section of a rock formation that interrupts the 
consistency of another formation and makes drilling thatfonnation less predictable. 

sub n: a short, threaded piece of pipe used to adapt parts of the drilling string that 
cannot otherwise be screwed together because of differences in thread size or design. 
A sub may also perform a special function, such as a bent sub, which deflecrs a 
clownhole drilling motor off-vertical to begin drilling a directionaJ hole. 


