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Abstract. Calculating the correct number of the diamonds mia#ting practical recommendations
during the diamond bit applications are of greapamance. The recommendations are usually
made based on the assumption that the diamondxmetd the bottomhole are flat bodies.
However, this assumption may lead to significarromsr in the calculation of the number of
diamonds in contact with the rock and projectionsirdy the diamond bit applications. In this
work, the calculations are made based on the adgamihat the contact between the diamonds
and the rock surface has a curved structure. Thaltseshow that the diamonds located along
several cutting circumferences may be in contat trie rock surface. In this case, the number of
diamonds of one cutting line in contact with thdehwill not depend on the size of the diamond
matrix of the other cutting line and is determirigdthe degree of bottomhole roughness and the
amount of diamond protrusion from the matrix al@agh cutting circumference.

1. Introduction

Prior to drilling, a new diamond bit must be run-iie necessity of this operation is explaineddmesal
reasons, the main ones being the difference inahianheights, the discrepancy between the diaméter o
the bit and the diameter of the well in the bottolehzone, among others. Ignoring the bit running-in
operation can lead to the chippage of the diamahésformation of bevel edge on the cutting facéhef
bits, the polishing of diamonds [1, 2].

From the known methods of diamond bits applicatiahdias been established that at the initial
moment of contact with the bottomhole, about 20%heftotal number of diamonds are in contact. Then,
as the running-in period increases, the numberiafadnds in contact increases and reaches 80%.
According to this, it is recommended to graduatigrease the load on the bit and the rotary spe¢deof
drilling string before reaching the working or opél mode.

The proposed recommendations are based on thedratid empirical studies of the mechanism of
diamonds in contact with bottomhole.

2. Materials and methods
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In table 1, existing methods for determining thenber of diamonds involved in contact and destructio
of rocks are classified to some extent [3].

The classification is based on two main principlasgording to which two groups of theoretical
(estimation) and empirical (practical) methodsdistinguished. In the group of estimation methadsne
subgroups are highlighted, in the base of whichbitth deterministic and probabilistic methods asedu
Typically, in the theoretical methods, using thdcekation methods the number of diamonds are
determined, which are hypothetically involved ie tiock destruction. [4-9].

Table 1. An approximate classification of the methods dkedwmining the number of diamonds, in
contact with the bottomhole

Name of method Area of application
Group Subgroup
Theoretical (calculatiol Deterministic Impregnated bi
Probabilistc
Empirical (practica Laboraton Surfaceset bi
Benct

Using the empirical method, the number of diamomscontact with the bottomhole surface is
determined. Among the empirical methods, the laboyaand bench methods are highlighted. In the
laboratory methods, the number of diamonds in atntdth the plane, simulating the bottomhole, is
determined. In the bench methods the investigaifoine number of diamonds in contact is carried out
directly during the drilling of the blocks (e.glags blocks), simulating rock.

The laboratory method is based on the method @ritidn [1]. An organic glass plate with bit indents
is used as a simulating rock. On the plate, withanborders of the contour, there was a diamondhit
which the load was set at 5 and 20 daN. Then, thevds displaced by 0.5-1.0 mm by rotating it. In
conclusion, the bit was removed from plexiglass, abtained prints of diamonds on the plexiglassewer
filled with ink and counted their number (Table 2).

Table 2. The results of experiment for determining the nundfeliamond indentations

Bit type The number of diamond indentations in the loa
the bit, daN.
5 20
01AZ-59 (unrun) 13 20
A4DP-59 (run-in) 42 53

The table shows that, for an unrun-in bit at a lobf daN, 12% of the total number of diamondsiare
contact (on average, for O1AZ-59 bits, the totaber of bulky diamondés 102 pieces); with an
increase in the load to 20 daN, the number of diara contact increases to 20% of the total number
(Figure 1). For the A4DP-59 run-bit with 128 pieadsdiamonds, at a load of 5 daN, 32% of the total
number of diamonds in contact with the counterb@ulyincrease in load up to 20 daN vyields an inereas
in the number of diamonds in contact. The secoagesof the study included experiments in the psces
of well drilling. For the A4DP bit type, based dmetheights of protrusion of diamonds from the ogtti
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face, the average number of diamonds in contatt thé borehole was calculated, which depended®n th
depth of penetration of diamonds. The bottomholdase was considered to be smooth and the bit -
rough. Analysis of the results shows that at thtaintime there was a limited number of diamonds i
contact with the bottomhole surface, not excee@fp of all bulky diamonds (Table. 2). With increwsi
depth of penetration into the rock, the numbehefdontact diamonds can reach 80-100%.
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Figure 1. The number of prints diamond in contact with ceunbdy (non-run bit). P =5 daN; b) P = 20
daN

3. Resultsand discussion
To verify the calculated data, studies were coretlethile drilling production wells. Using a portabl
profiler, the diameters of the diamond protrusimmf the cutting face along the midline of cuttirfgthoe
same sector of the bit (during and after drillimgre measured. It was established that at thalisitages
of work, the number of diamonds in contact withestbutting lines of this same cutting face increase
16-20 pieces, and in the final stage of diamondmeaidlth, up to 70% of the diamonds were in contact.
According to the results of the study, the charaofethe distribution of diamond protrusion frometh
cutting face was established, corresponding withrtbrmal law. Verification of the distribution law
production conditions showed that the preservatidmeight of protrusion of diamonds from cuttingleg
decreases with wear and the normal distributionrEawains constant.

In reference [10], studies were carried out onecih bench with horizontal drilling on the block o
optical glass. The study was carried out in twgesa

1) drilling by the principle of "boring", when tHength of the drill string was 2 m; 2) when dritjira
flexible drill string 50 m was used. Surface setanid impregnated bits of types O1AZ, K-O1, O215-B
01 were used.

Filming was conducted at a speed of 500-4000 frgmeesecond at the bottom hole. The analysis of
footage (at the first stage) made it possible tal#ish the following:

- the rock is destroyed by the same diamonds Idaateone or two sectors of the bits;

- the bit is not loaded symmetrically, which is etetined by the bending of the core barrel and the
nature of its rotation around the axis of the well;

- the number of diamonds that disintegrates tlo& i® 5-20% of all bulky diamonds: the remaining
diamonds are in elastic contact with the rock
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- with increasing axial load, the number of diami®that disintegrates the rock increases.

When the drill string is turned on (stage 2), theeknatics of the diamond bit movement is much more
complicated and is associated with the rotationemafdhe drill string.

Based on the performed analysis, the following &hbe noted:
1. When investigating the mechanism of diamondsoimtact with a bottomhole, the bottom hole should
be regarded as a flat body.
2. In existing experimental studies, the profileted cutting face is also considered as flat. Timaler of
contacting diamonds is determined based on themmamiamount of diamond protrusion from the cutting
face.
3. The noted shortcomings introduce a significandrein the calculation of the number of diamonds i
contact with the bottomhole, which in turn leadsitoincrease in the error in calculating the voluhthe
contact of the pair between the diamond bit an#é.roc

Based on the above-mentioned, the mechanism ofodidsnin contact with rock was studied, taking
into account the curvature of the bottomhole. lis tase, because of the curvature of the bottomhole
diamonds located along several cutting circumfegemay be in contact. For example, diamonds located
along two cutting lines can be in contact with lfeetomhole. In this case, the number of diamondsef
cutting line in contact with the bottomhole willtndepend on the size of the diamond cutting factnef
other cutting line. The number of diamonds willdetermined by the degree of roughness of the gquttin
face and the magnitude of their performance froerttatrix for each circumference of the cutting. For
surface-set bits, the number of diamonds in contédtbe determined by the formula (1):

N= KM, Q)

where N is the number of diamonds in contact ferghtire bit; N is the average number of diamonds
in contact with the bottomhole along the circumfiee of cutting; K is the number of cutting
circumferences.

When using formula (1), let us use the data fromvidhich shows that for unrun-in OIAZ bits, 20% of
the total diamonds of the bit are in contact wkik flat object. Since the end face of the cuttimgefof
such bits has a rounded profile shape, it can beeprthat the data refers to diamonds of one, &t mo
two cutting circumferences running along the mastrpding part of the end face of the cutting face.
Then for bits of this type, 20% of 100-104 piecésliamond (an average of 20 diamonds) refer only to
diamonds of one or two cutting circumferences.

When a bit is in contact with the bottomhole viee autting circumference, the number of diamonds
will be about 10% of all diamonds located on itd avith two cutting circumferences, about 50% onheac
line. Consequently, if the bit is in contact witthattomhole which profile corresponds to the peoéf the
cutting edge, then the contact will have diamondisgl on all the cutting circumferences. Taking into
account formula (1), the number of contacting diadsowill be about 50-100% of the total number of
them on the bit.

Table 3. Number of diamond dents (marks) on simulated badtime (according to laboratory

data)
Cori Number of diamond Total number of Percentag_e of tOtal-
£ . i oring N R number of diamonds in
Xperimen ; dents(marks) in bit sectors cutting lines -
weight, bits
number daN

1st 2nd 3rd 4th
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1 4 9 9 10 12 2 32
2 4 27 27 21 22 5 70
3 8 32 32 32 32 5 100

The proposed experimental studies of the mechanfsoontact of a diamond bit with a bottomhole
were carried out under laboratory conditions. Asilgdormed material (paraffin) was used in modglin
the bottomhole. In the first experiment, paraffiasappoured into a special metal mold in which a wauh
bit of type A4DP-59 (cutting face, close to the flarm) formed the bottomhole.

After this, a new bit of the same type was insthdend with a load (4 daN) a number of diamond
indents was made on the artificial bottomhole.Ha tonsecutive two experiments, the bottomhole was
formed based on the cutting face profile of a mnurbit. Each experiment was repeated 3 times; The
average values of the results of the experimestgiaen in Table 3.

Conclusion

Analysis of the obtained data showed that: wherbtittomhole’s profile is close to being flat, diamcs
with two cutting lines were in contact, which expkthe existing differences in the shapes of thenw
out and new (run-in) diamond bits. When the bottolals profile is close to the profile of the cutiface

of a run-in bit, up to 70% of diamonds with 5 aogtilines were in contact, and when the load was
doubled, virtually all 100% of the diamonds camte icontact.
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