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Abstract. This article addresses the protection of drill column and drilling equipment from mechanical vibrations
transmitted from the drilling bit during rock drilling. Axial and tangential vibrations can exceed the axial feed force by four
times, and their frequency can be three times higher than the rotation frequency of the drill bit. These fluctuations can
lead to equipment wear, improper hole formation, reduced work safety, and decreased overall productivity of drilling
operations. Therefore, understanding the issue and implementing a vibration control system are crucial for achieving
optimal productivity and ensuring safety in drilling operations.

The purpose of this article is to develop a shock absorber that reduces forces from both axial and tangential vibra-
tions of the drilling pond during rock drilling, whether using roller bits or cutters.

To achieve this goal, an analysis of known methods and mechanisms for damping these vibrations was conducted,
considering both the axial pressure of the drilling tool on the bottomhole and the torque applied to the drilling tool. The
shortcomings of existing devices for damping axial and circumferential vibrations were identified. The duration of the
bottomhole pulse impact and the duration of the full cycle of oscillations of the bit and shock absorber resulting from
compression and expansion of the spring were calculated. It was determined that the shock absorber prolongs the dura-
tion of the bottomhole impulse, smoothly increasing and decreasing the force from the axial load. The article explores
means of damping mechanical vibrations in drilling equipment and suggests potential avenues for development. A de-
sign for a universal hydropneumatic shock absorber was developed to maximize damping of both axial and circumferen-
tial vibrations, suitable for drilling with both ball bits, where significant axial load predominates, and cutting bits, where
significant torque is applied along with the axial load. The advantages of this hydropneumatic shock absorber's operation
method and its ability to work using both compressed air and liquid pressure for vibration damping and removal of debris
are described."

Keywords: hydropneumatic shock absorber, drill column, drilling bit, longitudinal and tangential vibrations, elastic
element.

1. Introduction

In modern deep well drilling, one of the key factors affecting efficiency and work
quality is the damping of vibrations that occur during the drilling process. During
drilling, the drilling rod and drilling tools are subjected to axial and tangential vibra-
tions [1, 2]. Axial vibrations occur due to the back reaction of rocks during drilling,
as well as uneven loading on the rod, while tangential vibrations occur due to the un-
even distribution of force during the rotation of the drilling tool. These oscillations
can lead to equipment wear, incorrect hole formation, reduced safety, and a decrease
in overall drilling performance. Therefore, understanding the problem and applying a
vibration control system is critical for achieving optimal productivity and safety in
drilling operations.

Protecting the drill column and drilling rigs from axial and tangential vibrations,
which can exceed the axial feed force by four times and whose frequency can be
three times higher than the drilling bit rotation speed [2], is crucial for increasing
drilling productivity and quality. Effective oscillation damping can yield the follow-
ing benefits:
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- Equipment safety. Vibration protection helps reduce wear and tear of the drilling
rod and drilling tools, keeping the equipment in working order and reducing the cost
of repair and replacement of parts.

- Improved drilling quality. Reduced vibrations contribute to more accurate and
uniform hole formation, allowing for better results and ensuring correct geological
survey of the underground layers.

- Increased safety. Oscillations can pose dangers to workers, especially at high
amplitudes and speeds. Vibration protection helps mitigate the risk of accidents and
fosters a safer working environment.

- Higher productivity. It is achieved through oscillation protection, which reduces
the time required for drilling. Additionally, fewer interruptions due to breakdowns
and the need to replace parts contribute to this increased productivity.

Currently, two main types of devices installed between the drilling tool and the
drill column are used to combat harmful mechanical vibrations of the drilling tool and
the drill column: mechanical and hydraulic or pneumatic shock absorbers.

Mechanical shock absorbers use various elastic elements, springs, rubber, and
others to combat harmful vibrations, which receive shock impulses on the bit from
the bottomhole, change these impulses, partially dampen them, and transmit them to
the drill column.

The well-known designs of hydraulic or pneumatic dampers also work according
to this scheme, but with different processes of damping and transmission of vibra-
tions to the drill column.

Both mechanical shock absorbers and hydropneumatic dampers have a number of
disadvantages. The most widespread are mechanical shock absorbers, the use of
which can increase the drilling speed by 15-25% [1-3] and the service life of bits by
20-40% [1-3]. Despite this, mechanical shock absorbers with elastic elements in the
form of steel springs have a number of disadvantages. Let's consider these disad-
vantages: during drilling, the drilling bits are subjected to the rock reaction force
from the bottomhole side (when the bit teeth are deepened into it) in the form of short
but significant force pulses, which are subsequently transmitted to the drill column
and drilling machines, creating longitudinal axial and circumferential vibrations.
Since both axial force and torque are jointly involved in the process of rock destruc-
tion, the reaction from the rock can be 4 times higher than the specified axial load and
3 times (for three-cone bits) the rotation speed of the drilling tool [2].

The detrimental impact on drilling tools and equipment stems from the rapid
transfer of impulse from the bottomhole to the tool. Modern mechanical shock ab-
sorbers, incorporating an elastic element such as a spring, prolong the duration for the
impact load to reach the bit, thereby mitigating its adverse effects.

2. Methods

Let's examine the impact loading process from the bottomhole onto the drilling bit
and its duration using the example of the bottomhole shock absorber SBSh-200, de-
signed for drilling wells with roller bits.
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Assuming that the axial force of the bottomhole reaction surpasses the specified
axial force by four times and the pulse frequency from the bottomhole side is three
times higher than the bit rotation frequency, the impulse from the bottomhole to the
drilling bit is converted into the kinetic energy of the drilling bit

m-V?

K= >

; (1

where K;; — is the kinetic energy of the drilling bit and shock absorber from the im-
pulse J, and V" — is the initial velocity of the mass m, m/s.

m=mg +myg,

where m - is the weight of the drilling bit and the shock absorber part, kg; m, — is the

weight of the drilling bit, kg; and m,— is the weight of the shock absorber, kg.

The shock absorber spring breaks the upward movement of the drilling bit and
shock absorber, bringing it to a complete stop. In the process, it performs work equal
to the kinetic energy of the drilling bit. The spring's work is equal to:

Anp :Kid’ (2)
Ay = [32 Fy (x)-dx = [(2 k- dx, 3)

where F), —is the spring elasticity force, N.
F), =kx, 4)

where k — spring elasticity, N/m; x— is the value of spring deformation, m.
Substituting (1) into (2) and (4) into (3), we get:

2
- de ="V
jxl kx - dx S (5)

or, integrating the left-hand side of the equation gives us,

ka:sz,

V:,/ﬁx2 :x\/Z (6)
m m

therefore
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d : .
Let’s represent V' as, ?x, where ¢ is the time, s. Then
t

dx k
—_— x JRN— )
dt m
and solve for «¢»
1 dx
dt =———. 7
\/; . (7)
m
By integrating, we get
J‘ df = ——_ x| dx (8)
\/7 X2 X
m
1
t, =——(Inx, —Inx)). 9)

By substituting the values k,m,x;,x, into (9)

jo=Fn _ 250RN oy 106 N/m,
x; 0,005m

where F, —is the axial force equal to 250 kN; x| — is the pre-strain, m; x; = 0,005m;
X, —maximum strain, m; x, = 0,02 m.

6
\/E: 0100 5402l L _niq03,
m 7.102 s 500

This gives us:
t.=2-107[-3,912-(-5,298)]=2,77-107> s,
where ¢, — is the shock absorber spring compression time, s.

. -3
t.=t,=2,77-10""s,

c



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2024. Ne 168 9

where 7, — s the time of the shock absorber spring tensile, s.

Duration of the bottomhole reaction pulse in integral form:

Fyoty=mV, (10)

where F = is the face reaction which is 4 times higher than the axial load, H; ¢, —is

the duration of a bottomhole pulse.
The speed of the bit and shock absorber is determined from (6)

V=2-10"2-5-102 =10 mJs.

Then
h="r (an
Fy
F, =4F, =4-250kN = 1000 kN ,
3
F, = Fnax =10 kN,
where F....— maximum force from the reaction of the bottomhole, N.

max
This gives us

;.—M:2.103 S,

" 1000-103

If we compare the duration of the bottomhole reaction pulse ¢, =2- 10° and the
time of the full cycle of oscillations of the drilling bit and shock absorber as a result
of compression and expansion of the spring, the action of the shock absorber increas-

4
es the duration of the bottomhole reaction pulse by 2.77 times (IA]’ gradually in-

1

creasing the force from F), to F, to F,.

nax and decreasing from F

max

3. Results and discussion

However, mechanical shock absorbers with an elastic element in the form of a
spring also have disadvantages. The load on the bit, although increasing gradually,
reaches values up to four times higher than the specified axial load. This necessitates
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a fourfold safety margin for all parts and mechanisms of the bit, drill column, and
drilling rigs, significantly increasing the weight and cost of drilling equipment.

Shock absorbers with elastic elements in the form of rubber are not widely used.
This is attributed to the properties of rubber itself, which exhibit residual defor-
mations and fail to return to their original shape. Consequently, under frequent alter-
nating loading, rubber quickly loses its elastic properties and deteriorates.

Hydraulic and pneumatic dampers also possess several drawbacks, limiting their
widespread usage. For instance, pneumatic dampers necessitate a high-pressure com-
pressed gas chamber to generate the supply pressure and counteract bottomhole reac-
tion pulses. However, the relatively small end surface area of this chamber, deter-
mined by the diameter of the borehole, poses challenges. This results in the need to
seal the moving parts of the chamber (such as the piston), which are prone to wear
and lead to air leaks, decreasing chamber pressure and compromising shock absorber
properties. Furthermore, gas compression within a closed volume significantly in-
creases pressure, transmitting force, albeit smoothly, to the drilling bit, often exceed-
ing the feed force by 3—4 times.

Similarly, hydraulic shock absorbers share the aforementioned disadvantages with
pneumatic ones. Additionally, the presence of fluid complicates the design without
contributing significant elasticity, as the compression of fluid in a small closed vol-
ume is minimal.

Thus, existing shock absorber designs merely prolong harmful vibrations rather
than eliminating them altogether.

The objective of this study is to develop a shock absorber capable of mitigating
forces resulting from both axial and tangential vibrations of the drill column, whether
equipped with roller bits or cutters.

This shock absorber was devised based on the principle of dampening harmful vi-
brations using a substantial volume of compressed air or liquid within the drill col-
umn. [t serves the purpose of removing rock fracture products during drilling.

Figures 1 and 2 show the universal hydropneumatic shock absorber for drill col-
umn.
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Figure 1 — Universal hydropneumatic shock absorber for drill column
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Figure 2 — Universal hydropneumatic shock absorber for drill column in a closed condition.

The universal hydropneumatic shock absorber for drill column is consisting of:
1 — drill column; 2 — hydraulic clutch housing, 3 — cylinder; 4 — stem; 5 — drilling bit:
6 — sleeve; 7 — adjusting screw; 8 — bearing; 9 — driving blades; 10 — trailing blades;
11 — key; 12 — spring; 13 — gland packing unit; 14 — filter; 15 — high pressure cham-
ber; 16 — atmospheric pressure chamber; 17 — channels of constant action; 18 — at-
mospheric channels; 19 — exhaust holes; 20 — outlet channel; 21 — cylindrical protru-
sions—pistons of the stem; 22 — braking action channels; 23 — liquid or gas supply
channels; 24 — high-pressure brake chambers.

The universal hydropneumatic shock absorber for drill column operates as fol-
lows. The hydraulic clutch housing (2), is threaded onto the drill column (1), while
the drilling bit (5) is attached to the stem (4) of the hydropneumatic shock absorber.
Initially, the adjusting screw (7) within the sleeve (6) is positioned by rotating it in
the thread to achieve the desired pressure of gas or liquid within the sleeve (6) and
drill, necessary for the hydropneumatic shock absorber's operation at a given flow
rate. Gas or liquid exits the shock absorber through the exhaust holes (19) and the
outlet channel (20). The end surface area of the pneumatic cylinder stem (4) within
the rightmost high-pressure chamber (15) is designed to ensure that the working pres-
sure of the liquid or gas acting on this surface provides the calculated force required
to press the drilling bit against the bottomhole.

A hydropneumatic shock absorber with a drilling bit (5) is mounted on the surface
of the bottomhole. Gas or liquid is supplied to the drill column (1) to remove rock
debris. Gas or liquid enters the high-pressure chamber (15) closest to the drilling bit
(5) through the channels of constant action (17), pressing the drilling bit against the
bottomhole with the required force (refer to Fig. 1). Subsequently, torque is applied
to the drill column (1) and transmitted to the hydraulic clutch housing (2), which,
supported by the bearing (8), attains the necessary revolutions alongside the driving
blades (9) within the hydraulic clutch chamber (2). This chamber is filled with liquid
lubricant and sealed with gland packing (13) and springs (12). The driving blades (9)
generate dynamic pressure on the trailing blades, firmly attached to the cylinder (3),
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thereby transmitting torque to the cylinder (3). This torque is then conveyed through
the key (11) to the stem (4) and ultimately to the drilling bit (5) (refer to Fig. 1). The
keyway in the stem (4) is threaded longer than the key (11), ensuring continuous
transmission of torque to the rod and bit even during axial vibrations. Tangential vi-
brations of the drilling bit (5) occurring during cutting are dampened by turbulent
mixing of the liquid lubricant in the hydraulic clutch. During drilling, the rock reac-
tion impulse generates a force on the bottomhole, pushing the drilling bit (5) and the
shock absorber stem (4) towards the drill column (1), causing axial vibrations of the
drill column. Initially, the drilling bit and stem (4) are braked by the pressure of gas
or liquid in the high-pressure chamber (15). Then, the braking action channels (22)
connect to the liquid or gas supply channels (23), allowing gas or liquid to enter the
high-pressure brake chambers (24). Subsequently, the drilling bit (5) and stem (4) are
braked by the pressure of the liquid or gas in three chambers: two high-pressure brake
chambers (24) and one high-pressure chamber (15), which remains connected to the
liquid or gas supply line continuously. Under the pressure from the three chambers,
the drilling bit (5) and the stem (4) quickly come to a stop. Due to the pressure differ-
ence between the high-pressure chambers (15 and 24) and the atmospheric pressure
chambers (16), connected to the atmosphere via atmospheric channels (18) through
the filter (14), an unbalanced force acts on the cylindrical protrusions-pistons of the
stem (21) toward the bottomhole. This force arises from the high-pressure brake
chambers (24) and the high-pressure chamber (15), moving the drilling bit (5) back to
its starting position.

About 2-3 mm before reaching the starting position, the liquid or gas supply
channels (23) close, halting the flow of liquid or gas into the high-pressure brake
chambers (24), and the drilling bit (5) comes to a stop on the surface of the bottom-
hole. However, the flow of liquid or gas into the high-pressure chamber (15) contin-
ues, providing the necessary feed force to the drilling bit (5) (refer to Fig. 1).

Let's now examine the process of moving the stem (4) under the influence of the
bottomhole reaction impulse until it stops due to the pressure of the liquid or gas in
the design of the hydropneumatic shock absorber.

We'll calculate the process of stopping the shock absorber stem (4) based on the
previously determined mass and kinetic energy of the bit and shock absorber, ob-
tained as a result of the bottomhole reaction during drilling. The work done by the
liquid or gas pressure force is equal to the kinetic energy of the bit and shock absorb-
er.

, (12)

where A — is the operation of the pressure force in high pressure chambers, J; V' —is
the initial speed of the bit and shock absorber, m/s; V' =10 m/s.

A:jO"Fd dx, (13)
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where F;— is the mass braking force «m» inside the hydraulic shock absorber, N;
m =200 kg.

m-V?

X
jOFd(x)-dxz S (14)
my?
Fj=—, 15
4= (15)
where F; =3F, =3-250=750kN.
2
L (16)
2F,
2
szm3=0913m,
2-750-10

where x— is the stem 4 path to stop, m. 3 (16) we get

Vzwfﬂx (17)
m

Let’s represent V as% and, substituting in (17), we get

ax _ m. (18)
dt \2F,
a_ [m dx
dt  \2F; Jx’

¢ m cexdx
dt = /— —.
J.O 2Fd‘[0\/)€
m
tr =2 |—A/x, 20
T W/de x (20)

(19)

By integrating (19), we get
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Substituting the values m, F;, x we get

00115,
2F,
tr =2 /Af/o,om - 0,0026,
2.750-10

where ¢p— is stem 4 braking time, s.

The deceleration and acceleration times of the stem 4 are the same, since the same
force is applied.

tr =tp=2,6-10°,
where ¢ — 1s the return stroke time, s.
_ _ -3 _ -3
tc=tr+tp=2-26-100"=52-10"",

where . is the oscillation cycle time of the bit and shock absorber, s.

Let's compare the frequency of the pulses of the bottomhole reaction with the time
of the full cycle of oscillations of the bit with a shock absorber.

It is known [2] that the tool vibration frequency can be 3 times higher than the
tool rotation frequency.

At a rotational speed of a three-cone bit of 120 min (2 s), the vibration frequency
can be (6 oscillations/s). Based on this, the time between oscillations is 0.002 s.

The pulse duration of the bottomhole reaction is 0.002 s. Time between pulses is:

t=0,1666-0,002=0,1646.

Full oscillation cycle time of the hydraulic shock absorber 7;; =0,0052¢, the

shock absorber operates at a frequency approximately 32 times faster than that of the
bottomhole reaction pulses. This allows the bit with the shock absorber to return to
the initial position on the bottomhole surface before the occurrence of the second
pulse.

4 Conclusions

The universal hydropneumatic shock absorber, due to the fact that the braking of
the bit occurs almost immediately, performs the same braking work as known shock
absorbers with a greater force, but this force is less than the bottomhole reaction
force, which reduces the required strength of the drilling equipment and its weight
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(amount of metal). The universal hydropneumatic shock absorber dampens both axial
and tangential vibrations and works equally well in both liquid and gas drilling with
both cutters and roller bits, while the known shock absorbers are specialised for dif-
ferent types of drilling and their designs differ.

Based on calculations, the oscillation cycle times of a mechanical (spring) shock
absorber and a universal hydropneumatic shock absorber are approximately the same,
but the force transmitted by the mechanical (spring) shock absorber to the drill col-
umn is equal to 4F, that is, four times the feed force, while the specified universal

hydropneumatic shock absorber at the same oscillation frequency as the mechanical
one transmits the maximum force to the drill column, which is equal to 3F,,, i.e. three

times the feeding force. Therefore, the proposed shock absorber reduces the maxi-
mum force (by 250 kN, in the case of the example above), resulting in a 25% reduc-
tion in the required tensile strength of the drilling equipment and its overall weight.
This reduction in weight not only decreases the cost of the drilling equipment but also
enhances its service life.
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YHIBEPCANbHWW raPONMHEBMOAMOPTU3ATOP BYPOBOIO CTABY
AHmMoHYuk B., MNaHkesuy B., Manbuesa B., MiHees C., Kiba B., Jlisak O., BenieciHa H.

AHoTauif. Y CTaTTi pO3rnsHyTO NUTaHHS 3aXMCTy LWTaHr OypoBoro cTasy i 6ypoBoro obnagHaHHs Bif MeXaHiuHMX
KOnuBaHb, Aki nepefatoTbest Bif GypoBoro gonota npum BypiHi ripcbknx nopig. OCbOBI Ta TaHreHUjanbHi KONMBaHHS MO-
XyTb NepeBuLLyBaT OCbOBE 3ycunns nopadi B 4 pasu, a ix yactotra Moxe 6yTv B 3 pasu BuLe YacToTh 0bepTaHHs
Byposoro gonota. Lli konuBaHHS MOXYTb NPU3BOAUTH [0 3HOLUYBaHHS 0BnagHaHHS, HEKOPEKTHOrO hopMyBaHHS OTBO-
piB, 3HWKEHHs 6e3nekn pobiT Ta 3HWKEHHS 3aranbHOi NPOAYKTMBHOCTI GypoBux pobiT. ToMy po3ymiHHS npobnemu Ta
3aCTOCYBaHHS CUCTEMM YNPABIiHHA KONWBAHHAMM € Hai3BUYAHO BAXNMBUM ANS LOCATHEHHS ONTUMAnbHOI NPOAYKTUB-
HocTi Ta 3abe3neyeHHs 6e3nekyn B Byposux poboTax.

MerToto Liei cTaTTi € po3pobka amopTu3aTopa k1A 3MEHLLYE 3yCunns K Bif OCbOBUX, TaK | TAHreHLianbHUX Konu-
BaHb BypoBOro cTasy Yy npoueci BypiHHA ripCbKUX NOPIA AK LAPOLIKOBUMY AONOTaMK, TaK i pisugmu.

[ins 0OCArHEeHHs! NOCTABNEHOI METU BUKOHAHO aHani3 BigoMMX 3acobiB Ta MeXaHi3MiB Ans raciHHs LMX KONMBaHb SIK
OCbOBUX, TaK i OKPYXHMX (TaHreHLjanbHNX) BUKNUKaHNX K OCbOBUM TUCKOM BYpOBOrO IHCTPYMEHTY Ha BUBIN, Tak i 0bep-
TanbHUM MOMEHTOM NpuKnageHum Ao GypoBoro iHCTPYMEHTY. BusHaueHo Heponiki BifOMMX NMPUCTPOIB AMNS raciHHs
OCbOBUX Ta OKPYXXHWX KonBaHb. Po3paxoBaHo Yac fji iMnynbcy BUBOIO i Yac MOBHOMO LMKITY KONWBaHbL 4Of0Ta Ta amop-
T3aTopa B Pe3ynbTaTi CTUCKAHHS i PO3TUCKaHHA MPYXWHW. BusHayeHo, Lo fis amopTusaTopa niasuLLye TpuBanicTb Aii
iMNynbCy peakyii BMBO, NNaBHO MIABMLLYIOYM | 3MEHLLYIOYM CUAY Big OCbOBOrO 3ycunns. Po3rnsHyTo 3acobu raciHHs
MeXaHi4HWX KonmeaHb B 6ypoBOMY 06naJHaHHi Ta nokasaHo LUASXM X NEPCNEKTUBHOMO PO3BUTKY. Po3pobneHa KoHCTpy-
KUist yHiBepcarnbHOro rigponHeBMoamopTi3aTopa AN MakCUMasibHOMO raciHHS SIK OCbOBWX, TaK i OKPYXHWX KOMNWBaHb
O[HAKOBO NMPWUAATHOTO AIK 4515 BYpiHHA LIAPOLLKOBAMM [ONIOTaMK, e NepeBaxae 3HayHe OCbOBE HABAHTaXEHHS TaK i
PiXy4MMU JONOTaMK, A€ NOpsig 3 OCbOBUM HABAHTAXEHHSM NPUKIAgeHO 3HAYHUN KpyTHUIA MOMEHT. OnucaHo nepesarm
cnocoby poboTK LbOro rigpONHEBMOAMOPTU3ATOPA Ta MOr0 MOXMMBICTb NpaLOBaTW, BUKOPUCTOBYIOUM AN FACiHHS KO-
NMBaHb | BUAANEHHS NPOAYKTIB PyUHYBAHHS SIK CTUCHYTE MOBITPS, TaK i TUCK PiguHW.

KntouoBi cnoBa: rigponHeBmoamopTu3aTop, 6yposuin cTae, bypoBe 4ONOTO, MO3AOBXKHI Ta TaHreHUjanbHi konu-
BaHHS, NPYXHWUA ETeMEHT.
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