
25

The Kazakh National Research Technical University 
(KazNITU, Almaty, Kazakhstan) [1-3], the Institute of 
Superhard Materials (ISM, Kiev, Ukraine) [4, 5], the Ivano-
Frankivsk National Technical University of Oil and Gas 
(Ivano-Frankivsk, Ukraine) [6-8], the National Technical 
University (Dnipro, Ukraine) [9-13], the Dnipro National 
University named after Oles Honcha (Dnipro, Ukraine) 
14-18] are conducting research and development aimed at 
creation of effective diamond tools for drilling medium and 
high hardness rocks. As a result, several modifications of 
drill bits have been created, depending on the properties of 
the drilled rocks. One of such modifications is the experi-
mental crown KSB-3M, patented by us. 

The theoretical basis for the creation of a diamond 
multilayer crown is the feature of the destruction of solid 
rocks under the action of diamond grains, which consists in 
the following: under the action of axial force, the diamond 
grain is pressed (embedded) into the rock; below the zone of 
penetration, there is a zone of pre-destruction, representing a 
rock broken by cracks, weakened in strength [19]. The power 
of the pre-destruction zone Hрr of solid rocks is subject to the 
dependence:

Hрr = khb                                    (1)

where k – coefficient equal to for hard rocks 8-12, т.е. k = 8 ÷ 12, 
hb – diamond grain penetration depth, usually hb = 0.1÷0.15 mm. 

In order to use the pre-destruction zone and involve it 
in the process of deepening the bottom of wells, the crown 
KSB-3M was created. Its main structural difference from 
the well-known crown with the arrangement of diamond-
containing layers on a three-way helical surface [20] is that 
the impregnated layers have a shape, representing conical 
annular protrusions and depressions. This form of diamond 
impregnated layers is most effective, based on the following 
considerations (fig. 1) [19].

The force Р0, per unit length of one wedge-shaped dia-
mond-bearing protrusion of the matrix of the average radius 
Рmn(Рw < Рmn < Рh) and acting on the bottom of wells, causes 
normal reactions N0 from the rock to the lateral surfaces of 
the protrusion (fig. 1b). The relationship of the forces Р0 and 
N0 is determined by the formula:
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where P – axial load on the crown; m – number of wedge-
shaped protrusions; R0, Ri – accordingly, the outer and inner 
diameter of the crown matrix (fig. 1а);  – angle of sharpening 
of diamond-bearing layers (fig. 1b). 

The mechanical drilling speed νm with diamond 
impregnated crowns is determined by the formula [21]: 

νm = 0.4nPf0/dwσs(1-β)                          (3)
E-mail: b.ratov@satbayev.university
http://dx.doi.org/10.5510/OGP20230200842

RESULTS OF PRODUCTION TESTS OF AN EXPERIMENTAL DIAMOND CROWN 
DURING EXPLORATORY DRILLING IN KAZAKHSTAN

B. T. Ratov*1, I. A. Chudik2,  B. V. Fedorov1, A. K. Sudakov3,4, B. R. Borash5

1Satpaev University, Almaty, Kazakhstan
2Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, Ukraine

3National Technical University, Dnipro, Ukraine
4National University, Lviv, Ukraine

5Yessenov University, Aktau, Kazakhstan

Well  driling
 

journal home page: http://proceedings.socar.az

A B S T R A C T

The work is devoted to the results of production tests of a multilayer diamond crown with a comb profile of all impregnated layers 
separated by diamond-free layers of lower hardness. A distinctive feature of the crown is the placement of diamond-containing layers 
on a three-way screw surface with a small step. This makes it possible to involve in the process of deepening the fungus into a partially 
cracked zone the rock lying under the zone of diamond grains introduction. The zone of theoretical justification of the effectiveness 
of the profile of the matrix. The above-mentioned patent crown under the abbreviation KSB-3M (HQ) has passed production tests 
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and partial X-th category. Drilling was carried out with the use of projectile with removable core receiver. 389 wells were drilled with 
one experimental crown, and most of the footage falls on the IX–category rock, which indicates the great durability of the tool. The 
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where n – crown rotation speed, rpm; f0 – coefficient of 
friction at the diamond grain - rock boundary; dw – диаметр 
скважины, cm; σs – compressive strength of rock, Н/cm2;  
β = dk/dw – ratio of core diameters dk and wells dw. 

Total friction force Ffriction, arising at the contact of the comb 
end of the matrix is determined by the formula [19]:

(4)0 2
=  / sinfriction

xF Pf

Comparing formulas (2) and (3), we come to the conclusion 
that the drilling speed is proportional to the friction force. 
This is due to the fact that when using diamond impregnated 
crowns, the rock is destroyed by micro-cutting and to a 
large extent by abrasion, and the intensity of these processes 
depends on the friction force between the rubbing surfaces. 

Thus, with a decrease in the angle of drilling of x wedge-
shaped diamond-bearing protrusions, the productivity of 
destruction of the bottom of the well is significantly increased. 
This conclusion is confirmed by experimental studies [22-46]. 

In addition, the mentioned profile of the diamond-bearing 
end face of the matrix wedges the formed annular projections 
of the face. However, when reducing the angle of sharpening 
of diamond-bearing layers, the necessary strength of fixing 
diamond grains in wedge-shaped protrusions should be 
taken into account. 

At each approach (fig. 2), the same number of dia-
mond-bearing sectors of the matrix are placed (in this case, 
three in fig. 2b). The lifting angle γ of each helical surface is 
determined from the dependence

(5)
3
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where Dmn is the average diameter of the matrix end face.

When working at the bottom of the well, each of these 
sectors of the crown, acting on the rock with the highest 
conical annular projections of the diamond-containing layer 
and passing 1/3 of the circumference of the face, forms 
similar-shaped conical annular depressions, and under them 
– a zone of pre-destruction (fig. 2).

With further rotation of the crown, each group of sectors 
located on one approach of the helical surface moves to a part 
of the face prepared for deepening in front of the working 
group of sectors located on the adjacent approach. Thus, after 
1/3 of a revolution, due to the annular zone of pre-destruction 
formed at the bottom and the action of a constant axial load, 
the matrix sectors, displacing the fragmented rock, move 
down by an amount close to the thickness of the pre-de-
stroyed layer, perform layer-by-layer removal of the latter. 
The ring protrusions formed on the fence are destroyed as  
a result of vibrations. 

As a result, taking into account the above considerations 
and the formula of the innovative patent, working drawings 
were developed, according to which an experimental batch 
of diamond multilayer crowns KSB-3M was made, (fig. 2). 

Fig. 1. Schemes of the longitudinal section of the 
diamond crown matrix with a profile: а) scallop profile, 
b) forces acting on the annular wedge-shaped protrusion 

of the profile: 1 – diamond-containing annular conical 
protrusions of the matrix; 2 – diamond-containing ring 

matrix; 3 – undercut diamonds; 4 – crown ring

Fig. 2. Diamond multilayer impregnated crown with placement of diamond-containing layers on a three-way screw 
surface: 1 – body, 2 – diamond bearing matrix. a) general view; b) view from the end (by the arrow А); c) on an enlarged 

scale, the longitudinal section of the matrix; d) scanning of the matrix by the average diameter
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Fig. 3. Geological by well

The main technical data of the crown are as follows: the 
outer diameter is 95.6 mm, the inner diameter is 63.5 mm, 
the thickness of the matrix is 18 mm, the number of diamond 
impregnated layers in the thickness of the matrix is 5, the 
number of diamond-free layers is 4, the number of radial 
flushing channels is 9, the number of visits of the helical 
surface on which diamond and diamond-free layers are 
placed is 3, the pitch of the three-way screw surface is 1 mm, 
the number of diamond-containing sectors of the matrix 

placed on one approach of the screw surface is 3, the profile 
of diamond-bearing layers is combed with a sharpening 
angle of 600, a group of diamonds in the undercut layer is 
JNDT1,460/40, a group of diamonds in the bulk layer - JDMB 
6020/30 МО, karatness: undercut layer – 7 carats, volume 
layer – 55 carats, твердость bezalmazny layers – VK-6.

Tests of crowns were carried out during exploratory 
drilling (The object of LLP exploration). The geological 
section of the well (fig. 3) is mainly represented by carbona-
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Carbonaceous-siliceous metaagrillites. The structure is fine-grained, 
the texture is vein-layered. Fracturing is strong (from 10 to 15 pieces 
per 1 linear meter). Crushing zones are traced in intervals: 7.0-8.1; 
8.5-8.6; 9.0-9.1; 10.8-11.5; 12.2-12.4; 13.3-13.5.
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Carbonaceous-siliceous metaagrillites. The structure is fine-grained, 
the texture is vein-layered. Fracturing is medium (from 4-10 pieces 
per 1 linear meter). Crushing zones are traced in intervals: 56.3-56.4; 
57.1-57.2; 58.6-58.7; 61.3-61.7; 65.1-65.2; 70.1-70.2 м.
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Carbonaceous-siliceous metaagrillites. The structure is fine-grained, 
vein-layered. Fracturing is strong (from 10-15 pieces per 1 linear 
meter). Crushing zones are traced in intervals: 75.0-75.5; 75.8-76.0; 
76.3-77.0; 77.2-77.4; 77.9-78.3; 79.0-79.2; 79.8-80.1; 80.2-80.4

VII-IX

100 20
Carbonaceous-siliceous metaagrillites. The structure is fine-grained, 
vein-layered. Fracturing is average (from 1-7 pieces per 1 running 
meter). Crushing zones are traced in intervals: 88.8-89.0; 91.5-91.6
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Muscovite-siliceous metamorized tuff-siltstones. The structure is 
fine-grained. The texture is layered. Fracturing is average (from 5 
to 8 pieces per 1 linear meter). Crushing zones are observed in the 
intervals: 100.3-100.4; 101.5-102.0; 102.3-102.7; 104.2-104.5 м.

VII-IX
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Muscovite-chlorite-siliceous metasiltstones with an admixture of vol-
canic material. The structure is fine-grained. Texture slate angle 30-40° 
c.o.k. Fracturing is average (from 5-8 pieces per 1 running meter). 
Crushing zones are traced in intervals: 125.7-126.0; 119.6-119.7 м.

VII-IX
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Muscovite-chlorite-siliceous metamorphosed tuff-siltstones. The 
structure is fine-grained. The texture is slate at an angle of 65-70°. 
Fracturing is weak (from 2-5 pcs. per 1 rm at an angle from 30° to 70°)
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Chlorite-siliceous metasiltstones with an admixture of dark gray 
volcanic material. The structure is fine-grained. The texture is slate 
at an angle of 60-70°. Fracturing medium (from 3 to 7 pcs. per 1 rm 
at an angle of 40-70°)

VII-IX
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Chlorite-siliceous metasiltstones with an admixture of dark gray 
volcanic material. The structure is fine-grained. The texture is slate 
at an angle of 60-70°. Medium fracturing (from 3 to 8 pieces per 1 
running meter at an angle of 30-70°)

VII-IX
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Chlorite-siliceous metasiltstones with an admixture of greenish-gray 
volcanic material, due to uneven interlayers of chlorite up to 1 cm 
thick. Fine-grained structure. The texture is schistose at an angle of 
75-80°. Fracturing is weak (from 2 to 4 pieces per 1 running meter at 
an angle of 65-70°, less often 35-40°)

VII-IX
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ceous-siliceous mudstones, interbeds of quartz sandstones 
of the VIII-IX categories of drillability and chlorite-siliceous 
metamorphosed metaaleurolites of the VIII-X categories of 
drillability. As follows from the geological outfit (fig. 3) the 
main meter of the well is passed with diameters of 95.6 mm 
(HQ), and the mouth section is with a diameter of 122.3 mm 
(PQ) with a casing. 

The wells were laid obliquely with an angle of 67°. 
Drilling was carried out by a mobile installation UKB‑6S 

designed by LLP. The installation includes a drilling rig 
Boyles C6, located on the highway trailer 4M3AP – 83981, 
and a flushing pump FMC, having a capacity from 25 to  
250 l/min. The Boyles C6 drilling rig is equipped with a 
movable rotator with a feed stroke of 3.5 m, has a rotation 
speed from 125 to 1500 rpm and a feed force of up to 80 kN. 
The UKB-6C installation is capable of drilling inclined wells 
in the range of inclination angles of 55-90 °. To increase the 
cruise speed and overall drilling performance, a projectile 
with a removable Boyles core receiver was used. Bentonite, a 
polymer solution with a density of 1.1-1.25 g/m3, was used as 
a washing liquid. [22-46] 

KSB-3M (HQ) diamond impregnated bits of the same 
design, but manufactured by different manufacturers, were 
subjected to production tests: two bits were manufactured by 

the EPDDE plant and one by LLP.
The rational parameters of the technological regime were 

maintained in the following range: axial load on the crown – 
12-14 kN; the rotation speed of the crown is 550-850 rpm, the 
flow rate of drilling mud is 45-55 l/min. 

The tests showed that the bits made by the EPDDE plant 
showed a very small penetration in intermittent rocks of 
IV-VII categories (the first - 47 m, the second - 91.2 m) and 
went out of work for the same reason - the destruction of the 
matrix along the inner diameter. It follows from this that the 
mentioned plant showed weak technological discipline in the 
manufacture of experimental diamond tools. 

The third crown KSB-3M manufactured by LLP was tested 
when drilling in two wells: №S – 49 and №S – 50. In well 
№S – 49, the crown drilled an interval of 285.4 m – 394.2 m 
in carbonaceous-siliceous metaargillites of category VII-IX 
with a mechanical speed of 6 m/h. During the transition to 
a softer rock, represented by siltstone of the III-VI category, 
the penetration rate decreased sharply and at 397.2 m the 
deepening stopped altogether. When examining the raised 
crown, it was found that the end of the matrix is covered 
with compressed fine sludge of the drilled rock and does 
not allow the diamond grains to be exposed. After cleaning 
from the sludge, it was decided to use the KSB-3MG crown 
when drilling harder rocks. At well №S 49, the penetration 
with the experimental crown was 111.8 m. Further tests 
with the crown of KSB-3MG were continued during drilling 
of well №S – 50. The drillable rocks are represented by 
carbonaceous-siliceous metargillites of the VII – IX category 
of drillability. The experimental crown drilled an interval 
from 44.6 to 322.2  m, the corresponding penetration was 
277.6 m, and the total penetration through two wells №S – 49 
and №S – 50 was 111.8 + 277.6 = 389.4 m.

The distribution of the footage of wells S by the catego-
ries of drillability and mechanical drilling speed V is shown 
in figure 4, from which it follows that approximately 60% 
of the footage belongs to rocks of the VIII – IX category of 
drillability. 

Since all the tested diamond crowns are of the same 
design and must be made according to the drawings of 
the project executors, this indicates a different approach 
to manufacturing technologies and the responsibility of 
different performers to create experimental samples of 
diamond tools. 

Fig. 4. Distribution of mechanical velocity by well footage 
and rock drillability categories (crown KSB-ZM (HQ))

Conclusions
1.	 The experimental crown KSB-3M, with its technologically correct execution, shows very good 

performance and overall service life (durability) when drilling rocks of medium hardness and solid.
2.	 The next batch of experimental patented diamond crowns will be manufactured by the domestic 

organization LLP, taking into account the ISM recommendations on strengthening diamond grains in 
the crown matrix by adding various components to the charge in a low concentration. The mentioned 
crowns are recommended to be tested in hard abrasive rocks. 

This study is funded by the Science Committee of the Ministry of Science and Higher Education of the Republic of 
Kazakhstan (Grant No. AP AP14869271).
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Реферат

Работа посвящена результатам производственных испытаний многослойной алмазной коронки 
с гребенчатым профилем всех пропитанных слоев, разделенных безалмазными слоями меньшей 
твердости. Отличительной особенностью коронки является размещение алмазосодержащих слоев на 
трехсторонней винтовой поверхности с небольшим шагом. Это позволяет вовлечь в процесс углубле-
ния коронки в частично трещиноватую зону породу, лежащую под зоной внедрения алмазных зерен. 
Зона теоретического обоснования эффективности «гребенчатого» профиля матрицы. Вышеуказанная 
патентная коронка под аббревиатурой КСБ-3М (HQ) прошла производственные испытания на гео-
логическом объекте казахстанской компании «Казахмыс Барлау». Породы представлены в основном 
углисто-кремнистым метагалием XIII - IX и частично X-й категории. Бурение осуществлялось с при-
менением снаряда со съемным керноприемником. Одной экспериментальной коронкой пробурено 
389 скважин, причем большая часть из них попадает на породы IX категории, что свидетельствует о 
большой стойкости инструмента. Скорость механического бурения колеблется от 5.5 до 3.5 м/ч в зави-
симости от качества породы. Было решено продолжить эксперименты с коронками КСБ-3М на других 
геологических разрезах с более твердыми породами. 

  
Ключевые слова: производственные испытания; многослойная иммигрированная коронка; распре-

делительное бурение; стойкость горных пород.                       
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Xülasə

Məqalə daraq formal çoxlaylı almaz tacın istismar testinin nəticələrindən bəhs edir. Tacın bütün hopdurul-
muş təbəqələri daha aşağı sərtliyə malik (almazsız) təbəqələr ilə bir-birindən ayrılmışdır. Tacın xüsusi özəlliyi 
ondadır ki, burada almaz təbəqələri üçtərəfli vint üzərində yerləşdirilmişdir. Bu sayədə quyudibinin qismən 
çatlı laylara doğru genişlənməsi əldə olunur. Təqdim olunmuş tac KSB-3M (HQ) adı altında patentləşdirilmiş 
və «Kazakmis Barlau» şirkətinin zavodlarında istismar testlərindən keçmişdir. İstifadə olunmuş süxurlar əsas 
etibarilə karbon-silisum metagalium XIII – IX və qismən X kateqoriyasına aid olmuşlar. Qazma işləri süxur 
nümunəsinin qəbuledicisi ilə təchiq olunmuş mərmi vasitəsilə həyata keçirilmişdir. 1 ədəd eksperimental tac 
ilə 389 ədəd quyu qazılmışdır, hansı ki bu zaman ən çox rast gəlinən süxur IX kateqoriyasına aid olmuşdur. Bu 
isə öz növbəsində tacın möhkəmliyinin göstəricisidir. Mexaniki qazma sürəti süxurun növündən asılı olaraq 
5.5-3.5 m/s arasında dəyişmişdir. Qərara alınmışdır ki, KSB-3M tacının testləri digər geoloji seksiyalarda daha 
möhkəm süxurlarda davam etdirilsin. 

Açar sözlər: istismar testləri; çoxlaylı tac; yüksək möhkəmliyə malik VIII-IX kateqoriyalı süxurların 
qazılması.
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