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The drill bit in the oil and gas industry plays a key role in the drilling process, but its operation
in the field, filled with difficulties and dangers, emphasizes the need for careful study of its behavior.
This equipment, which is the head of the well, is forced to face various challenges during drilling,
where danger can await at every step. However, special attention should be paid to those cases
when the drill bit collides with crumbling rocks.

In conditions of high pressure and friction associated with drilling, the drill bit is subjected to
significant loads. These conditions can lead to damage and breakage of equipment, which in turn
creates additional risks for workers on site. Understanding the behavior of a drill bit in crumbling
rock is becoming an extremely important aspect to ensure the efficiency and safety of field work.

The analysis of the technical characteristics and mechanisms of the impact of the drill bit on
crumbling rocks makes it possible to develop more reliable and durable tools capable of withstanding
extreme conditions. This, in turn, increases drilling efficiency, reduces the risk of industrial accidents
and ensures safer working conditions in the oil and gas industry.

KEY WORDS: drill bit, crumbling rock, carbide-tipped, drilling crown, core, cutter, drilling
process, well.
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MyHal xeHe 2a3 eHepkacibiHOeai byprbinay Kawaybl 6ypfbinay npouyeciHoe wewywi pern
amkapaosbl, bipak OHbIH KUbIHObIKMap MeH Kayinmepae morbi 0anadarbl XYMbICbl OHbIH XYMbIC
icmey npuHyUniH MyKusim 3epmmey KaxxemmirieiH kepcemeoi. ¥HrbiMaHbIH 6ac 6eriei 6onbin ma-
bbinameiH 6y xabobik yprbinay KesiHOe ap mypri KUbIHObIKmapra mar 60mybl bikmumari, MyHoa
Kayin ep kadamOa Kyminyi MyMmKiH. [JeceHMmeH, byprbinay Kkawaybl ycakmarnfsaH XbiHbicmapra mari
bonraH xardalnapra epekuwe Hazap aydapy KEpex.

ByprbinaymeH kamap XypemiH Xofapbl KbiCbIM MeH yUKertic xardalibiHOa bypfbinay Kawaybl
atimapnbikmad Xykmemernepae ywbipalosl. byn xardatinap xab0bikmbiH 3aKkbIMOanybiHa XoHe
Oy3biybIHa oKenyi MyMKiH, by 63 ke3eeiHOe XyMbicwhblniap YWwiH KocbiMwa Kayin myobipadsbi.
¥cakmarnraH xbIHbICMarbl KauwaybIHbIH 9peKemiH myciHy 0ana XyMbicmapbiHbiH muimOirniei MeH
KayincizdieiH Kammamachi3 emy0OiH eme MaHbI30bl acrekmiciHe aliHanaobl.

Byprbinay KawaybiHbIH KuparaH XbIHbicmapsa acep emyiHiH mexHuKasbiK cunammamarnapbl
MeH mexaHu3mOepiH manday akcmpemarnobl xardalnapra memen 6epe anambiH CeHIMOI XXoHe
bepik Kypandapobi xacayra MyMKiHOik 6epedi. byn e3 ke3eziHOe byprbinay muimdiniaiH apmmaipa-
Obl, eHOipicmik anammap KayniH asalimadbl oHe MyHal XoHe ea3 eHePKacibiHOe Kayirnci3 XyMbIC
XardalnapbiH KamMmamachi3 emeoi.

TYWIH CO3EP: 6ypruinay Kawaybl, yHmaKmarnsaH may XblHbIChl, Kammbl KOCNa GypFbiChl,
byprbinay Heaisi, e3eK, KecKiw, byprbinay rnpoyeci, YHFbIMa.
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Byposoe dorromo 8 HegbmsiHOU U 2a3080U MPOMbILIEHHOCMU U2paem Kilo4esyr porib 8
npouyecce 6ypeHusi, Ho e2o paboma 8 rosieabIx yCr08USIX, HAMOTHEHHbIX CIOXHOCMSIMU U ornac-
HocmsaMu, nod4epkusaem Heobxo0UMOCMb 8HUMamMeEIbHO20 U3y4YeHUs e2o rnosedeHusi. dmo 06o-
pydosaHue, npedcmasnsroujee coboli 20M108HYH YaCmb CK8aXXUHbI, 8bIHYXXOEHO cmasikueamsCsi C
pasnuYHbIMU 8bi1308aMu 8 Xxo00e bypeHusi, 20e ornacHoCmMb Moxem nodxudamb Ha KaxxOoM waay.
OdHako ocoboe sHuMaHue criedyem ydenmumb mem criyyasiM, koeda byposoe 0osiomo cmarkuea-
emcs ¢ Kpowauwumucsi nopodamu.

B ycrnosusix ebicoko2o daeneHusi U mpeHusi, cornymcmesyrouwux bypeHuto, 6ypogoe 0oriomo
rnodsepzaaemcsi 3Ha4UMesibHbIM Hagpy3kam. Omu yCcro8usi Mo2ym npueecmu K rnospexoeHusim u
rnonomkam obopydoeaHusi, Hmo 8 ¢80t o4epedb co30aem OOMNOMHUMEbHbIe pUcKuU O pabodux
Ha mecme. NoHumaHue nosedeHusi byposozo dorioma 8 Kkpowaujelicss mopode cmaHosumcs Kpau-
He 8axkHbIM acriekmom Or1s1 obecrieyeHus1 agpchekmusHocmu u 6esornacHocmu rosnesbix pabom.

AHanus mexHu4ecKux xapakmepucmuk u MexaHu3mos gosdelicmeusi 6ypogozo dorioma Ha
Kpowawuecsi nopodsi nosgonsiem paspabomams 6onee HaleXHbIE U MPOYHbIE UHCMPYMEHMbI,
crocobHbie 8bidepXxusamb 3KCmMpeMaribHble ycri08usi. Mo 8 c8oto o4epeldb rMosbilaem 3ghgex-
mueHocmb bypeHusi, CHUXaem puck rnpou3eo0cmeeHHbIx agapull u obecriedusaem bornee 6e30-
nacHbie ycrosusi pabomsl 8 He¢hbmsiHOU U 2a3080U MPOMbILWIEHHOCMU.

KJTOYEBBIE CJTIOBA: 6yposoe dorromo, Kpowauwjasicsi nopoda, meepdocrisiagHoe c8epirio,
byposasi KOpOHKa, KepH, pesel, npouecc bypeHusi, CKeaxxuHa.

ntroduction. The causes of frequent fracture of bit while destroying types of tool
bits at the time of drilling of crumbling rocks were considered. It is established that
shock loads occurs at the intersection of cracks by bit due to their participation in
two motions: circumferential rotation and falling into the Riesz space. Recommendations
are given to reduce the dynamic loads on the drill bits.

Hard alloy which consists of carbide, tungsten and cobalt is widely used for armaments
of the destroying of crumbling rocks such as drill bits and chisels. The carbide-tipped tool
bits have high hardness, thus is effectively used for drilling soft and medium hard rocks.
As well as using hydro and air-powered percussive drills for drilling hard and strong
rocks. At the same, Hard Alloy has a poor toughness against impact.

The properties mentioned above sound good, but in fact, equipment are vulnerable
for fracture. There are a lot of factors which influence on fracture appearance. Pressure,
temperature and friction take a big role in fracture appearance. Even though engineers
take care of equipment, they compensate high temperature and friction with drilling fluid.
Drilling fluid cools bits and decreases temperature and friction. This action is inevitable
procedure in drilling. Unfortunately, it does not give us 100 percent guarantee safety of
equipment [1-3].
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Methodology analysis of the work of carbide drill. Let's consider the influence of
this index on the integrity of carbide bit in the formation of kerf in monolithic and the
carbide-tipped tool bits (see Figure I).

Results and discussion. In monolithic rocks (see Figure 1a), the rotation of bit by
kerf is equally.

Cutter deepens into the kerf to the depth t by the influence of axial load, which
corresponds to a volumetric nature of destruction.

Figure 1 — Rotation of bit in the formation of kerf
a — drilling of monolithic array; b — array crosses the crack
In time of rotation of bit annexes thereto rotational force FB must overcome the
force of friction /= fP and the force, which is required to the section of rocks in front
of the bits face:
Fy=fP+8,S (1)

where: f — the coefficient of friction to the contact; P — axial load to bit; d,,. — tensile
strength of rock to the section; S — area of the bit faces which contacts with rock.

Bit wear occurs under the influence of the friction force is abrasive in nature and
reduces to increasing of the contact area of bit with kerf. It leads to necessity of increasing
the load on the bit to keep the surround mode of destruction. However, increasing of
axial load on the bit results in a proportional increase of the frictional force, and thus to
accelerate the abrasion, which is converted into the avalanche [3-5].

At this stage, the process of volumetric destruction is not possible to realize due to
restrictions that are imposed to increase of axial load, for example due to the technical
capabilities of the drilling rig.

The drilling process has features, some of which were discussed earlier in our paper.
Let me briefly describe the main essence. At a meeting crack bit under the influence of
the gravitational acceleration is moved into the cracks space, in addition to the rotation
under the force F; (see Figure 1 b). The speed of bit v, by this direction is equal to:

U, = gOZn (1)
where: g,— acceleration of gravity; #,— the fall time of bit to its encounter with the edge
crack.

Linear speed v, of bit during the rotation at an angular velocity o the radius of
gyration R, has to be:

1= WR,, 2
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The crossing time by bit cracked up to its encounter with the side n, (see Figure 2)

is equal to: b

_b _
tm =/ Oyt 3)

In this case, the bit will deepen in the fissure space at a distance h, which is equal to:
Jotn (4)

h =
Since the time of bit movement in the fracture ¢, and time tm intersection of cracked
are the same, (including 3) could be possible to record next:

2h b
R ET 5
tn =tm [o = o (5)
F'
P cutter
| —
| a
s 3 r D=od | m
/\ L f / 7
)97/ ~ T h
b
__[z—crack
g4 g

Figure 2 — Position of the rotary bit at a meeting fracture

From (4) deepening h of bit into the fracture (see Figure 2) will be:
_ b?go ©)
w?R2,
During ongoing rotation of the bit there is a hit the wall ; of the fracture (see Figure 2).
Parameters of torque shock are related to the well-known relation:
M=1¢& (7)
where: M — torque applied to the bit, Nxm; I,— moment of bits inertia, kgxm?; & —
deceleration of the bits angular velocity, sec™.

I, = myR2 (8)
where: m,— weight of bit, kg [4-7].

The slowing of bit happens in time of hit 7}, which according to various estimates
ranges from 107 to 10 c. During this time, the angular velocity @ over time hit 7, drops
to zero.

Assuming a linear law of falling of the angular velocity o during the time of hit, can
be written:
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“ ©)
£E=—
Ty
Including (8) and (7), the dependence (6) will be written as:
M =mR2,~ Nxm (10)
T

Wall reaction n, (see Figure 2) upon the bits hitting, let's denote it as F. By

considering well-known Newton's law, can be written next:
w

M= FgRoy =1y (11)
y
The force F; by taking into account (10) is equal to:
R
i (12)
y
The strength of bit is determined by the formula:
— RN 13
O-p - s’ /rn,2 ( )
where: S — the section of bit, m?.
Figure 1,2 shows:
S =nc =htga x c (14)

By using of (10) and (14), the condition of destruction (separation of the prism n')
of the bit (see Figure 2) will have the next form:

_mRZ,w /

0 (15)
Tyxchtga >

aav aav

where: ¢ — the wedge angle bit;
a2, the strength of the bit [9].
Figure 3 shows the operation of the drill bit burrow which intersects one fracture.
It is not difficult to calculate that the number of hits per revolution bits on the edge of
the fracture will be y = 2 (x — number of hits). Furthermore, it is likely a double hit to
the fracture diametrically opposite cutters simultaneously. In this case, the formula (10)
turns to [7-10]:
M, = 210% = kaRgvaKy (16)

where: I, — the moment of inertia of the core set (crown, core barrel, adapter);
w, T, — explanation is the same as before;
m;, — the weight if core set, kg.

Figure 3 — Formation of bottom hole by drilling of crumbling rocks
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For thin-walled cylinder, as the coring kit (crown core barrel) is, the last the moment
of inertia equal to:
IO = mthzw = pcsn(R§ - REH) X Lk X thw (17)

where: p.,— material density of core set;

R, Ry, — inner and outer radius of the core barrel;

R, = ButRer  hedium radius of the core set.

L,— The length of the of core set.

On the other hand, double hit of diametrically opposite bits, got in fracture will cause
torque M,, equal to M = 2Fr,,.

Further consideration of the process leading to the validity of formulas (13-15)
provided a replacement of the bit mass m on the weight of the core set of m,.

However, the most dangerous in the drilling process is a violation of the strength of
carbide bits because of low toughness [10-12].

The energy of the rotating core set is:

2 2
Uy =]o%=mchzwkw7 (18)

where: [,— the moment of inertia of core set, kgxm?.

I, = my Ré (m;— weight of core set);

RZ+— middle radius of core set.

While crossing the fracture by bits there is toughness of the needs to be less than the
critical value of this parameter 6., wherein the bit breaks:
Ue _ mieRanao® _ (19)
s 2s

Parameter o, and more than ten times less than steel (article 3), component 6-10° +
12-10° J/m?, i.e. for hard alloy it lies the in the range 0,5-10° + 1-10° J/m?. As a result there
is chipped and violation of the integrity of carbide bits.

However, the increase of cobalt content from 3% to 20% in the solid alloy causes an
increase of toughness and flexural strength is more than 2 times [13-15].

Conclusions.

1. For core drilling crumbling rocks there is a phenomenon due to the hit of
participation of bits crossing fractions in the movement in two directions:

— rotate for the formation a ring round curf;

— the falling of bits into the fraction space while crossing by them fractions.

2. The strength, which can lead to breakage bits, depends on the mass of the rotating
body (of core set), the radius of the angular velocity of rotation.

3. Most often frequent fracture of carbide-tipped bits occurs because of their low
toughness.

4. It is recommended whenever possible to reduce the diameter of the drill the weight
of core set and reduce the speed of the destroying of the crumbling rocks and to use
equipment to drill carbide bits with high toughness, such as the VC-20. [15-18] @

O =
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