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ABSTRACT 

We need to know the magnitude of the forces acting on rolling drilling bit to assess reliability and durability of 
cutting structure of rolling drilling bits and datum mode of roller bit. There is a brand new measuring device that allows 
measuring the amount of force on each tooth of each roller bit in cooperation with nondestructive bottom hole, consisting 
of concentric steel rings, divided into two sectors. There was made a skid for realization of this method, which was 
intended for rolling drilling bit under pressure in bottom hole of measuring device. There is a method for measurement of 
forces, which effects on elements of rolling drilling bit. There is a substantiation about choice of object of research and 
results of made experiments and its statistical processing minimum required length of one test was determined and number 
of repeats of each test to obtain reliable results at a given confidence level and permissible measurement error. There was 
made an analysis, which showed cooperation schemes of one crown to bottom hole, and on the basis of which it was 
concluded that axial components of forces have a greater impact on the durability of drilling bit cutting structure than 
tangential. Therefore, only axial components were evaluated in selection of test mode. Optimal ranges of axial loads on bit 
and bit speeds were determined, and that allowed getting an objective picture of distribution of forces on drilling bit cutting 
structure. Developed method with using a computer allows getting a large amount of reliable information very quickly 
about how to download all elements of equipment of rolling drilling bits of various sizes in order to optimize the design of 
their cutting structure and gauntries. 
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1. INTRODUCTION 

Reliability and durability of drill bits depend on 
forces acting on picks of rolling drilling bits cutters, 
directly affecting the rock. Significant number of both 
analytical and experimental work is dedicated to research 
of interference of equipment of roller bits interaction with 
bottom hole. Model of interaction of a bit with the rock 
was proposed in work [1]. Bit tooth effects on the rock, 
making a complex motion, which depends on rotation 
parameters of roller bit and drilling bit, slipping of the 
roller bit on the bottom hole. Experimental studies of 
interaction of individual elements of drill bit cutting 
structure with rock were made using scheme of drilling 
with one tooth. In works [2, 3] there are results of an 
experimental study of interaction of drilling bit with rock. 
In work [4] was defined axial force acting on the drilling 
bit by decomposed rock. In works [1,5] analytical 
dependences were proposed with the purpose to determine 
speed of hitting and motion in contact with bottom hole of 
equipment elements of ring gear of cone roller, as well as 
non-linear dependencies between the angles of crown 
rotation around its axis and around axis of the drilling bit 
during working on a deformed bottom hole. Using in this 
model as an optimization criteria wear hardness, the author 
of the work [6] by varying geometric parameters 
determines their optimal ratio. In the work [5] a model is 
considered, which represents a set of interconnected 
modules of calculation of kinematics and dynamics of the 
drilling bit, springings of the drill stem, as well as 
formation and deepening of the bottom hole during 
drilling. The model allows for a given combination of 
parameters of the drilling bit constructions and drill stem, 
mode and conditions of drilling determining for any 

drilling time distribution of forces and displacements of 
any point of drilling tool, starting from the upper end of 
drill stem and ending by tops of teeth of drilling bit. 
Various mathematical models of rolling drilling bits for 
analytical determination of forces acting on bearing boxes 
of gauntry of cone rollers are offered in works [7, 8]. In 
the work [10], there is a method and a set of devices and 
measuring instruments for experimental determination of 
loads, perceived by each cone roller during their work at 
the bottom hole. Method consists in experimental 
determination of pressure, acting on each section of model 
of roller bit, with following analytical assessment of 
distribution of this pressure between bearing boxes of 
gauntry. Analysis of results of known experimental and 
analytical methods for determining pressure on roller bit 
elements show insufficient knowledge of this question. 
 
2. METHODS 

We have developed a device that allows us to 
measure the pressure perceived by each teeth of each cone 
roller for real roller bit in its interaction with non-
destructive bottom hole [10, 11]. For separate registration 
of forces, acting on each cutter crowns, bottom hole is 
divided into two sectors, working (measuring) sector I and 
non-working sector II (Figure-1). During rotation of roller 
bit on the bottom hole, cone rollers consequentially 
contact with ring inserts of the working sector. 
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Figure-1. Concept of measuring and recording forces 
acting on teeth of cone rollers: 

1, 2, 3-ring bottom hole of the working sector; 4, 5, 6 - 
tenzometric frames; 7, 8, 9 - insets; 10 - reinforcer; 11, 12 
- oscillographs; 16, 17 - transforming equipment; X1.X2, 
X3 - cone roller axis. 
 

In order to implement this method, a special stand 
was made and manufactured, which allowed rotating 
tested drilling bit on the bottom of measuring device. 
Axial pressure on drilling bit can be smoothly varied from 
0 to 200 kN, which allows testing various drilling bits 

types and sizes when axial pressure is close or equal to 
workloads, depending on the size of the test bit. Shaft of 
skid allows changes of angular speed of drilling bit from 
0.16 to 11.34 sec-1, thereby reproducing rotary drilling 
conditions. Vertical components of the cone roller tooth 
interaction reactions with the bottom hole, which are 
parallel to the axis of drilling bit rotation, deform 
tensometric frames 4, 5, 6. Sensitive elements for 
registration of tangential elements are insets 7, 8, 9. 
Deformation of frames and insets are converted by sensors 
into electrical signals, which are proportional to the values 
of axial and tangential reactions of interaction of teeth of 
bit cutters with the bottom hole, which are recorded by 
oscillographs 11, 12 and processed using special 
equipment. 
 
3. RESULTS 

As the test subjects we chose drilling bit with 
diameter 215.9 mm with strata hard-alloy cutting structure 
which are widely used for drilling exploration and 
production wells for oil and gas and blast holes in open cut 
mines. Main part of research is made on drilling bits 
III215, 9K-PV, which was made for drilling in hard rocks 
with cleaning of bottom hole using compressed air or an 
air-water mixture. Permissible axial load limit on drilling 
bit is 250 kN, recommended angle speed from 0.8 to 1.2 
sec-1. Choosing this type of drilling bit as the main object 
of study was due to the fact that cutting structure of the 
drilling bit was made of hard-alloy bits of the same type 
with a hemispherical head, which let us to eliminate 
possible impact of the teeth form on the studied 
parameters. In addition, datum nodes of cone rollers were 
made by a widespread scheme: large roller bearing box - 
antifrictional drilling bit bearing0 a small antifriction 
bearing. This allows us to extend the results of the 
research of these drilling bits on drilling bits of other 
types, which have the same scheme of gauntry. Figure-2 
shows a scheme of roller bit of cone roller and 
differentiation scheme of bottom hole by crowns. 

 

 
 

Figure-2. Scheme of roller bit of drilling bit III215, 9K-PV and bottom hole crowns differentiation 
Scheme (I, II, III - cone roller numbers; 13, 13, 7, 1, ...- number of cutter teeth on crowns). 

 
The studies were conducted on the metal face, 

made of low-carbon structural steel. Laws of distribution 
of efforts on elements of weapons, obtained during 
research of metal bottom hole will, in our view, be 
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maintained while drilling in hard and very hard rocks. In 
order to reduce the bit breaking-in time, metal bottom hole 
was manufactured with a profile reproducing profile of the 
broken-in bottom hole. Before recording drilling bit was 
breaking into the bottom hole during 10...20 drilling bit 
rotations under axial load of 80 kN and a drilling bit 
angular speed of 1.31 s-1 before formation at the bottom 
holes of 1...2 mm depth. This mode provides contact with 
bottom hole of teeth of all cone rollers and eliminates the 
possibility of contact with bottom hole of cutter shell. 
Figure-3 shows a photograph of bottom hole, which was 
breaking-in using III215, 9K-PV drilling bit. Each 
experiment was carried out on a new bottom hole. 
 

 
 

Figure-3. View to the broken-in bottom hole. 
 

In testbed conditions for information about the 
load distribution on the elements of cutting structure, 
obviously, there is no need to load maximum permissible 
load for drilling bit. However, the load should be sufficient 
in order to be able to obtain absolute values of loads with 
required accuracy. In this regard, axial load on the drilling 
bit during the study will not exceed 160 kN. Frequency of 
drilling bit rotation was selected depending on the purpose 
of ongoing studies and ranged from 0.16 to 11.34 s-1. 
Analyzing oscillograms of axial component reactions 
changes of drilling bit cone roller teeth with bottom hole 
over time (Figure-4), we can establish that processes of 
reactions changes are random stationary periodic. Average 

level of process can be estimated by the mathematical 
expectation of the amount of force for a certain period of 
time. Characterization of amplitude of reaction process 
can be for average values of maximum and minimum of 
reactions over certain period of time. 
 

 
 

Figure-4. Oscillogram of changes in axial force 
component: 

1 - force on the peripheral crown; 2 - force on the middle 
crown; 3 - effort on top of the crown; 4 - line delineation 

of areas of individual cutters. 
 

Statistical analysis of measurements, which were 
converted into digital information, was carried out on a 
computer with a special program. The program allows you 
to obtain the value of mathematical expectation of efforts 
on cone roller crown, its variance and average squared 
difference. In addition, the program provides an array of 
basic digital massive (low-pass filtering) with a variable 
length smoothing operator, which allows excluding from 
consideration of intermediate values of extremum and 
schematize of the real process. According to smoothed 
massive, there are selected maximum and minimum and 
standard deviations. For determination of the duration of 
conducted experiment, we recorded processes of changing 
axial forces on each crown of each cone roller for ten 
turnovers of drilling bit with axial load 80 kN and angular 
velocity of 3.3s-1. We determined the mathematical 
expectations of effort on each crown of each cone roller 
per each drilling bit turnover. Mathematical expectation 
effort for each crown is made for ten turnovers per bit X , 

its dispersion 2
xS , standard deviation xS and coefficient of 

variation xW . Test results are shown in Table-1. 
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Table-1. Mathematical expectations on the efforts of crowns of cone roller per drilling bit turnover 
III215, 9К-PV (Р=80 kN, =3, 3 s-1). 

 

No. 
turnover 

efforts on the crowns of cutters for 1 turn, kN 

Cone roller I Cone roller II Cone roller III 

Perif. 
crown 

Mid. 
crown 

Top 
crown 

Perif. 
crown 

Mid. 
crown 

Top 
crown 

Perif. 
crown 

Mid. 
crown 

Top 
crown 

1 6.62 17.16 8.37 11.48 9.49 7.20 13.27 8.87 4.35 

2 8.63 14.30 11.80 11.82 10.98 8.15 13.55 6.27 3.36 

3 6.70 18.13 7.92 12.20 10.25 6.20 13.04 8.80 4.73 

4 9.00 15.00 11.66 10.89 10.95 8.92 13.75 6.11 3.66 

5 6.38 17.66 8.35 10.70 10.36 6.58 13.12 8.20 3.54 

6 9.27 15.14 11.87 11.67 11.58 8.14 13.56 6.27 5.03 

7 7.38 17.00 8.65 10.38 10.91 7.93 12.92 9.31 4.15 

8 8.20 14.62 11.77 12.20 10.83 8.15 12.82 6.86 4.78 

9 7.10 17.91 8.97 11.67 11.08 6.72 12.87 9.44 4.39 

10 7.80 15.00 12.19 11.00 11.90 7.56 13.25 6.66 4.90 

X  
7.71 16.19 10.16 11.41 10.83 7.55 13.22 7.68 4.29 

2
xS

 
1.08 2.28 3.31 0.39 0.45 0.74 0.10 1.87 0.36 

xS
 

1.04 1.51 1.82 0.63 0.67 0.86 0.32 1.37 0.60 

xW
 

13.00 9.00 17.90 5.00 6.00 11.00 2.00 17.80 14.00 

 
4. DISCUSSIONS 

It follows from these results that the greatest 
variation within one experience seen in the efforts of the 
crown on top of the first cone roller. To this crown it is 
determined the minimum number of rolling bits of turns 
during a single experiment, which is necessary to obtain 
an average value of efforts at the crown with specified 
accuracy at chosen confidence level. Calculations revealed 
that the number of drilling bits turns during a single 
experience should not be less than six. There were five 
runs on a drilling bit to verify reproducibility of 
experimental results. Conditions for each run remains the 
same, axial load on the bit is 60 kN, angular speed of 
drilling bit is 3.3s-1. Each experiment, as it was described 
above, was conducted on the new bottom hole. In order to 
eliminate the influence on the test results relative position 
of cone rollers to bottom holes, which may depend on the 
dynamics of work of the drilling bit, each experiment was 
conducted with a random new position of cone rollers 
relatively to the bottom holes. Recording time of each 
experiment was six turnovers of the drilling bit. It was 
found that the highest coefficient of variation is 12%; it is 
seen in an axial force component on peripheral crown of 
the first cone roller. As a result of methodological 
experiments and statistical processing, it was determined 
that to obtain reliable results of measurements of average 
values of axial components with a mistake not exceeding 

10% at a probability belief 9,0 , each experiment 

must be repeated at least three times. In the oscillograms 
(Figure-4) peak of axial forces, operating in crowns, are 
recurrent and periods of processes depend on the number 
of teeth on the crown. Take a look at the scheme of 
cooperation of one cone roller with bottom hole (Figure-
5). There are two extreme cases of interaction of cutting 
structure of crown with bottom hole. Crown occupies 
position 1 at time t1, when vertical axis of symmetry 
divides crown angle between neighboring teeth is almost 
half. At this point, there is a way out of contact with the 
bottom hole of tooth and early contact with the bottom 
hole of the following, at the same axial component of 
force P, acting on the crown, takes a minimum value and 
can be zero if one of the teeth is already out of contact 
with the bottom hole and next tooth has not yet made a 
contact. At time t2 a crown is in the position 2, when 
vertical axis of symmetry coincides with axis of one tooth 
of cutting structure. At this point, maximum axle load is in 
the crown, perceived one tooth. Also the axial reaction 
components interact with bottom cloves which also arise 
tangential components F, lying on a surface perpendicular 
to axis of rotation of the drilling bit. During the conduction 
of experimental studies of carbide cutting structure of a 
drilling bit, we focused on the study of distribution of the 
axial force on the drilling bit on the elements of cone roller 
cutting structure. Studying of the distribution of rotation 
torque to cutting structure of a drilling bit was carried out 
only in determination of forces acting on each tooth of 
cone roller equipment. This is due to the fact that 
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magnitude of rotation torque acting on the drilling bit 
depends, with other conditions being equal, on magnitude 
of axial force acting on the drilling bit. Therefore, we can 
assume that the value of tangential components of forces 
acting on the individual crowns and teeth of crowns 
depend on the values of axial forces. In addition, the 

drilling of hard rocks using drilling bits, which are made 
without mixing axes of roller cones in the plan, the 
rotation torque on the bit is relatively small, and influence 
of tangential forces on durability of cutting structure will 
be much smaller than the axial components. 

 

 
 

Figure-5. The scheme of interaction of crown cutting structure with bottom hole. 
 

To determine the effect of test conditions on 
distribution of axial load on the elements of cutting 
structure, tests were carried out under different axial loads 
and angular drilling bit speed. The axial load on the 
drilling bit was assumed to be 20, 40, 80, 120 and 160 kN. 
Each value of axial load was tested at angular speed of 
drilling bit 1.31 s-1, 3.30 s-1, 5.65 s-1, 11.31 s-1. Test results 
revealed that with an increase in drilling bit axial force on 
each crown of each cutter increases proportionally, 
proportionality factors for all crowns in investigated range 
of similar efforts proportionality coefficient increasing 
load on the bit. However, the rate of increase of axial load 
on different crowns differs somewhat, i.e. with increasing 
axial load on bit is redistributed between its cutter roles. It 
was measured in order to find out the nature of this 
reallocation that relative weight of all crowns cones is in a 
percentage. Relative load rims change when axial load on 
the drill bit change. Especially these changes are 
significant for small (up to 40...60 kN) pressure on the bit. 
With further increase of axial load on the drilling bit 
change of relative congestion of crowns slow down and 
axial load in excess of 80...100 kN redistributing it 
between crowns of cone rollers practically does not 
observed. From the above analysis it follows that to obtain 
reliable data about axle load distribution of data for each 
crown of each drilling bit crown, it is necessary to carry 
out tests under axial load on the drilling bit at least 
80...100 kN. 

In order to determine the influence of the angular 
rotation of the pressure on the drilling bit, allocation test 
was conducted under axial pressure on the drilling bit of 
80 kN and angular rotation of drilling bit 1.31 s-1, 3.30 s-1, 
5.65 s-1, 11.31s- 1. For almost ten-fold change in angular 

rotation, change of crowns of drilling bit is negligible and 
does not exceed the experimental error. No changes in 
these patterns are detected, so it can be concluded that the 
change of angular rotation in examined drilling bit range 
has practically no effect on distribution of axial load on 
crowns of cone roller. Therefore, you can choose the most 
convenient way for carrying out various studies testing 
mode without significant restrictions. 
 
5. CONCLUSIONS 

The results of studies of axial load distribution on 
the crowns of each cone roller III215.9K-PV at different 
test modes allow us to conclude that equipment pressure is 
not quite equal. The largest share of entire axial load 
acting on the drilling bit takes average crown of the first 
roller cone. The relative load of the crown, with weight on 
bit 80 kN and angular drilling bit rotation of 3.3s-1 is 
19.1% of the total on-axial stress on drilling bit, which 
greatly exceeds relative workload of neighboring 
peripheral and top crowns, perceiving respectively 10.6% 
and 13.4% of the axial load on the drilling bit. A similar 
pattern is observed for the other cutters of the test bit. We 
can establish after summing relative loads acting on the 
cone rollers that the most loaded is the first cone roller 
(43.1% of the total weight on a drilling bit), the second 
highest level of congestion takes the second cone roller 
(30.4%) and the least loaded is the third cone roller 
(26.5%). Experimental study of force interaction of cutting 
structure of a bit III215,9K-PV with metal bottom hole 
showed high degree of reliability and precision of results 
obtained during the transition from experiment to 
experiment, indicating the correctness of chosen 
methodology and its reliability. Developed method with 



                                    VOL. 12, NO. 17, SEPTEMBER 2017                                                                                                    ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               4995 

using a computer allows you very quickly get a lot of 
information about download of all elements of the drilling 
bit. Results support the assumption that the uneven 
distribution of the pressure on the elements of cutting 
structure and gauntries of cone rollers and correlate with 
studies of the destruction and damage of equipment and 
drilling bit bearing structure. 
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