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Purpose. To develop a probabilistic model of PDC drill bit wearing estimation according to the drilling time, drill 
solids and instrument design. 

Methodology. The method is based on the experimental data of drill bit cutter run. Drill bit cutter wear rate can be 
described with a probabilistic function, parameters of this function have to be defined experimentally for particular cut-
ters and drilling conditions. For wear rate probabilistic parameters, 3 types of the models are proposed to analyze: relia-
bility of cutters and their failure due to margin wear rate caused by one type rock drilling; reliability of cutters and their 
failure due to margin wear rate caused by drilling different rocks; drill bit reliability and its failure due to the margin 
wear rate of its cutters. Drilling practice shows that wearing of the cutters is unbalanced: central cutters are the most 
worn out, while the peripheral ones are not worn out, as a rule. Blunting criterion of drill bit is proposed. 

Findings. The article analyses the problems of estimation of the wear rate of PDC drill bit cutters and their remain-
ing life. Technical guaranties of PDC drill bit cutters are developed with different drilling conditions considered. The 
blunting criteria of single bit cutters and whole PDC drill bit were reasoned considering cut rock characteristics, total 
drilling time and drill bit construction. Based on the experimental data, wearing probabilistic function was developed. 
The drill bit construction requirements, which provide total drilling time optimization, were defined. 

Originality. The research advances of the method proposed in the paper include cutter and drill bit wearing process 
rationalization, as well as the development of drill bit wear criterion which allows enhancing efficiency of drill bit con-
struction. 

Practical value. A method of bit wearing probability determination depending on the drilling time, drilled rocks 
and bit construction was proposed. Drill bit blunting criterion was suggested. 

Keywords: wearing intensity, PDC drill bits, probability, rate of penetration, mechanical drilling speed, reliability, 
regression, probabilistic model 
 

General formulation of the problem and its rela-
tionship with important scientific and practical tasks. 2 
Practice of drilling shows that usage of modern drilling 
tools and equipment needs proper models of descriptive 
statistics to forecast drilling results and optimize the initial 
drilling parameters. Drilling equipment technical status is 
an actual problem of the drilling science because drilling 
equipment technical conditions specify the rate of penetra-
tion, drilling speed, and drilling costs. Thus, technical di-
agnostic is regarded as the base for drilling tool modelling 
and its remaining life forcast. 

The generalized drilling data revealed that the main 
causes of PDC drill bit wearing are: wearing of chisels – 
17%, chisel breaking – 30%, chisel shearing – 31%, 
chisel falling – 3%, no wearing – 19%. In other words, 
technological problems of bit production are the cause of 
their failure in 53% of cases. Moreover, the main causes 
of drill bit raising are: 19% – drilling tubes replacement, 
3% – problems in a well hole, 3% – extreme decreasing 
of the rate of penetration (ROP), 3% – rig repairing,  
72% – project deep attainment. 

                                           
©  . .,  C.C., 2014 

Complete usage of drilling tool minifies total drilling 
costs and drilling time; thus, methods of the drilling tool 
status diagnostics are widely implemented in the drilling 
practice. The most difficult objects for diagnostics in-
clude such downhole equipment as downhole motor and 
drill bit. In the drilling practice, drill bit status and its 
forecast enables avoiding many complications.  

Analysis of recent research and publications, 
which the author used as a base, where current prob-
lem solving was initiated. Nowadays, a lot of actual data 
concerning drill bit running have been accumulated, in-
cluding PDC drill bits. As a rule, these data are repre-
sented in drilling reports, and they form the base for sta-
tistical modelling of the drilling. Such data include the 
drilling regimes, rock characteristics, and drill bit param-
eters. It is well-known that experimental data of drill bit 
running do not correspond to the field drilling data, so 
theoretical drilling models do not match the practical ap-
plications, even if drilling models imitate downhole con-
ditions. It can be explained by the drill bit and drill string 
vibrations, drill string hanging, etc. That is why field 
drilling data of the real bit running were chosen for sta-
tistical analysis and modelling.  
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Table  
Experimental data of diamond-carbide plate ( 8mm, drilling length 50m) 
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sample 1: 95 units of diamond-carbide plate, experiment 1, (n=95, 285596,0x ,  S=0,118253, S2=0,013984) 
1 0,22 11 0,37 21 0,30 31 0,4 41 0,27 51 0,40 61 0,21 71 0,13 81 0,47 91 0,51 
2 0,41 12 0,28 22 0,28 32 0,41 42 0,37 52 0,14 62 0,28 72 0,33 82 0,17 92 0,17 
3 0,51 13 0,42 23 0,33 33 0,41 43 0,23 53 0,29 63 0,30 73 0,19 83 0,32 93 0,22 
4 0,24 14 0,14 24 0,18 34 0,46 44 0,37 54 0,15 64 0,07 74 0,19 84 0,27 94 0,43 
5 0,22 15 0,38 25 0,22 35 0,27 45 0,2 55 0,18 65 0,51 75 0,17 85 0,45 95 0,53 
6 0,26 16 0,33 26 0,52 36 0,27 46 0,28 56 0,17 66 0,26 76 0,20 86 0,21  
7 0,33 17 0,52 27 0,46 37 0,44 47 0,30 57 0,45 67 0,28 77 0,40 87 0,25  
8 0,43 18 0,17 28 0,18 38 0,22 48 0,22 58 0,19 68 0,20 78 0,10 88 0,18  
9 0,19 19 0,22 29 0,32 39 0,55 49 0,32 59 0,48 69 0,23 79 0,25 89 0,11  
10 0,20 20 0,22 30 0,18 40 0,22 50 0,42 60 0,10 70 0,37 80 0,40 90 0,12  

sample 2: 85 units of diamond-carbide plate, experiment 2, n=87, 25837,0x , S=0,096848, S2=0,00983 
1 0,48 11 0,16 21 0,23 31 0,04 41 0,22 51 0,40 61 0,17 71 0,24 81 0,25  
2 0,03 12 0,32 22 0,48 32 0,15 42 0,23 52 0,14 62 0,23 72 0,18 82 0,15  
3 0,33 13 0,36 23 0,19 33 0,48 43 0,18 53 0,15 63 0,34 73 0,23 83 0,43  
4 0,22 14 0,25 24 0,31 34 0,46 44 0,44 54 0,24 64 0,22 74 0,14 84 0,25  
5 0,26 15 0,31 25 0,47 35 0,27 45 0,30 55 0,30 65 0,34 75 0,23 85 0,42  
6 0,58 16 0,20 26 0,37 36 0,27 46 0,21 56 0,21 66 0,21 76 0,27    
7 0,39 17 0,31 27 0,46 37 0,44 47 0,16 57 0,23 67 0,15 77 0,32    
8 0,21 18 0,37 28 0,28 38 0,22 48 0,20 58 0,50 68 0,27 78 0,24    
9 0,18 19 0,22 29 0,32 39 0,55 49 0,24 59 0,33 69 0,1 79 0,24    
10 0,15 20 0,33 30 0,28 40 0,15 50 0,42 60 0,37 70 0,27 80 0,35    

sample 3: 175 units of diamond-carbide plate, experiment 3 (n=176, 285596,0x , S=0,118253, S2=0,013984) 
1 0,15 19 0,44 37 0,16 55 0,21 73 0,14 91 0,22 109 0,14 127 0,14 145 0,28 163 0,48 
2 0,17 20 0,25 38 0,49 56 0,34 74 0,20 92 0,31 110 0,21 128 0,20 146 0,13 164 0,33 
3 0,14 21 0,15 39 0,25 57 0,16 75 0,32 93 0,12 111 0,24 129 0,30 147 0,23 165 0,35 
4 0,20 22 0,29 40 0,18 58 0,21 76 0,39 94 0,20 112 0,23 130 0,37 148 0,27 166 0,19 
5 0,22 23 0,24 41 0,27 59 0,27 77 0,32 95 0,25 113 0,29 131 0,34 149 0,25 167 0,35 
6 0,20 24 0,30 42 0,12 60 0,17 78 0,19 96 0,21 114 0,15 132 0,18 150 0,35 168 0,18 
7 0,30 25 0,32 43 0,19 61 0,18 79 0,13 97 0,19 115 0,15 133 0,25 151 0,23 169 0,17 
8 0,17 26 0,56 44 0,27 62 0,38 80 0,31 98 0,14 116 0,48 134 0,12 152 0,17 170 0,23 
9 0,18 27 0,43 45 0,22 63 0,17 81 0,25 99 0,19 117 0,31 135 0,14 153 0,13 171 0,26 

10 0,19 28 0,15 46 0,24 64 0,18 82 0,18 100 0,14 118 0,21 136 0,17 154 0,51 172 0,15 
11 0,31 29 0,23 47 0,20 65 0,23 83 0,23 101 0,19 119 0,17 137 0,50 155 0,15 173 0,13 
12 0,48 30 0,04 48 0,15 66 0,28 84 0,43 102 0,18 120 0,21 138 0,49 156 0,25 174 0,22 
13 0,15 31 0,33 49 0,15 67 0,18 85 0,25 103 0,21 121 0,22 139 0,28 157 0,21 175 0,41 
14 0,14 32 0,25 50 0,27 68 0,19 86 0,22 104 0,24 122 0,26 140 0,43 158 0,21   
15 0,14 33 0,18 51 0,19 69 0,51 87 0,19 105 0,30 123 0,16 141 0,49 159 0,25   
16 0,15 34 0,20 52 0,16 70 0,23 88 0,12 106 0,29 124 0,22 142 0,16 160 0,26   
17 0,24 35 0,17 53 0,19 71 0,29 89 0,20 107 0,30 125 0,30 143 0,11 161 0,17   
18 0,19 36 0,38 54 0,20 72 0,17 90 0,42 108 0,16 126 0,22 144 0,12 162 0,20   

 
The most efficient way is to use multifactor relation 

for reliability modelling. This relation has to consider 
such parameters as accumulated wear rate, drilling re-
gimes, and drillability. However, because of the necessi-
ty to use a lot of statistical data which can be obtained 
only experimentally, it is appropriate to limit the influ-
ence factors and to consider the most important of them. 
Wear rate relation was determined according to the ex-
perimental data. It means that this relation is not availa-
ble for other drilling conditions: rock, drilling regimes, 
cutters, etc. the experimental data are the base for proba-
bilistic models of reliability and cutter performance 
forming. 

Since real cutter drilling conditions are a lot more 
complicated than experimental ones due to possible influ-
ence of stochastic factors, to define wear rate probabilistic 
parameters 3 types of models are proposed to analyze: 

- failure of cutters caused by the margin wear rate ob-
tained while drilling the same rock; 

- failure of cutters caused by the margin wear rate ob-
tained while drilling different rocks; 

- failure of a drill bit as a whole caused by the margin 
wear rate of its cutting structure. 

1. Probabilistic model of the reliability and failure of 
cutters caused by the margin wear rate obtained while 
drilling the same rock 
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Abrasive wear rate is determined by experimental dis-
tribution with h(τi) which is the average value of the square 
of the worn PDC layer of the actual area for the particular 
cutter at the particular time τi and standard deviation σh. It 
means that wear distribution is not normal, but it should be 
determined for the particular cutter (cutter layer material, 
cutter geometry, etc.) and the particular drilled rock. 

The actual area of the PDC cutter layer is defined for 
the particular cutter due to downhole overlap scheme  
(fig. 4). The actual area of cutters will be fully worn during 
the drilling process, so the spatial form of the drill bit will 
be specified by combination of the form of worn cutters. 

 
Fig. 4. Actual area definition 

 
Blunting criteria hкр for the particular cutter is the full 

wearing of the actual area of the PDC layer. 
Wearing process is random, so due to this process 

complication, wear rate increasing is regarded as a linear 
function within the normal wearing zone 

 
hchh , 

 
where hc  is an average wear speed, which can be as-

sumed as a constant value; values of hc  is defined exper-
imentally. 

Cutter failure probability caused by margin wearing 
rate can be specified by blunting criteria hкр compared 
with the wearing rate h  and can be defined as 

 
22/ hKhhKP chfp , 

 
 where f  is experimentally defined wear rate distribu-
tion. Consequently, single cutter reliability can be de-
fined as  

22/11 hKhhKP chfp  . 
 
Distribution of the period of cutters stability can be 

obtained on the base of wear rate distribution, since the 
distribution law of the period of cutters stability matches 
the wear rate distribution law with options: ТИ an aver-
age period of cutters stability to full wearing 

 
hKPИ chT /  

and И is standard deviation  
 

hKhhИ c/22 .              
 

2. Probabilistic model of the reliability and failure of 
cutters caused by the margin wear rate obtained while 
drilling different rocks. 

Actually, PDC drill bits are used for drilling different 
rocks with stable drilling regimes. It means that drilling 
rocks characteristics are the main parameters of the models. 

As it was in the previous case, it is necessary to de-
termine the distribution laws and their parameters for all 
drilling rocks.  

Wearing process is random, so due to this process 
complication, wear rate increasing is regarded as a linear 
function within the normal wear zone 

 
n

i
ihichh

1

, 

 
where hic  and i  are average wear speeds and drilling 
time for the particular rock. 

Following this way, cutter failure probability caused 
by margin wearing rate can be specified by blunting cri-
teria hкр compared with the wearing rate h  and can be 
defined as 

22

1
/ hKh

n

i
ihiKP chfp , 

 
where f  is experimentally defined wear rate distribu-
tion. Thus, single cutter reliability can be defined as 
 

22

111
hKh

n

i
ihiKP ch

fp
  . 

 
Distribution of the stability period of cutters can be 

obtained on the base of wear rate distribution law, con-
sidering that the distribution law of the stability period of 
cutters corresponds to the wear rate distribution law with 
options: ТИ an average stability period of cutters to full 
wearing  

n

i

n

i
iihiKPИ chT

1 1
//  

 
and И  is standard deviation  

 

hKhhИ c/22   . 
 

For possible relation between wearing rates for dif-
ferent drilled rocks, it can be hypothesized that  

 
constc ihi

 , 
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where hic  and i  – average wear speed and drilling 
time for full wearing for the particular rock. But this idea 
was not checked experimentally. 

3. Probabilistic model of the reliability and failure of 
a drill bit as a whole caused by the margin wear rate of 
its cutting structure. 

The next stage of modelling considers the issue of 
PDC drill bit equipment (set of cutters) reliability. At this 
modelling stage two problems arise: cutter wearing ir-
regularity and blunting criteria hкр definition. 

Drilling practice shows [6] that wearing of the cut-
ters is irregular: central cutters are the most worn, 
whereas the peripheral ones are not generally worn 
(fig. 5). According to the downhole overlap scheme, 
the central cutters make the most contact with rocks. 
Central cutters have the biggest actual area, which gets 
fully worn during the drilling process. Central cutters 
drilling operate under most severe conditions, since 
they do the first furrows. The second and third cutters 
do furrows later. This scheme of the downhole deep-
ening provides decreasing of the power inputs for rock 
destruction because the following furrowing needs 
much less energy due to rock chipping and abrasion, 
but not cutting. 

 

 
 

 
 
Fig. 5. Worn PDC cutters (drill bit-Read Hycalog 11 

5/8 DS 66) 
 
As a rule, wearing irregularity can be explained by 

the cutting loading irregularity regardless the similar cut-
ter geometry, drilling regimes, etc. Thus, to considering 
wearing irregularity due to cutters placing, it is worth re-
garding arbitrary placed cutter reliability as 

1 2
1
2 2

*

n

KP hi i
i

h hK

p p ;k

h k k c

f ,

  

 
where 1k  is the coefficient of wear intensity caused by 
cutter placing. 

The issue of loading distribution among cutters has 
been well-developed regarding drill bits with circling 
cutters (planetary drill bit, roller drill bit). Firstly, the 
idea of loading decrease from the centre to the periphery 
was hypothesized in the 1950-ies; moreover, the work of 
the drill bit was identified with that of the sliding bear-
ing. It was admitted that unit loading is directly propor-
tional to the distance to the centre of the bit. However, 
this supposition was not verified in practice. For the 
model drill bit this conclusion is not available because of 
the drill bit construction. The same conclusion was made 
in works of Soviet drilling engineers where the process 
of rock destruction by cutters, which were placed at the 
different distances from drill bit centre, was analyzed. If 
cutters, which are placed at the R1 and R2 (R1> R2) radii 
from the drill bit central line, rotate to the angle  and 
pass the length l1 and l2, they will intrude into the rock 
within the distances h1 and h2 accordingly. Thus, the first 
cutter angle of slope is larger than the second one: 

2211 // lhlh . As far as the cutter angle of slope is pro-
portional to the unit loading, it can be proposed that cut-
ter unit loading is inversely proportional to the distance 
between the cutter and drill bit central line. So, to define

1k , coefficient of wear intensity due to cutter placing, it 
is suggested to use the formulation 

 

max

max
1 /

l
h

l
h

k
i

i  ,          (1) 

 
where index “max” is used for the most protrusive cutter 
(touching the downhole first); index “i” is used for the 
analyzed cutter. Drilling deepness can be defined for eve-
ry cutter depending on the worn actual area. 

4. Criteria of bit blunting. 
As far as the main criteria of drill bit operation is the di-

ameter of drilled well, the blunting criteria hкр for all drill bit 
equipment can be defined as a value of admissible diameter 
decreasing. For example, there are such grades of diameter 
loosing: 1/16”, 2/16”, 3/16”, 4/16”, etc. These cutters have 
the longest cutting length due to their placing, but their wear 
rate defines the bit blunting. It means that certain construc-
tive decisions should be proposed to decrease the wearing of 
these cutters. For example, regarding (1), it is proposed to 
decrease deepness of cutting or to use additional blades to 
place cutters to decrease cutting length, etc. 

Conclusions. Due to this approach, it certain recom-
mendations can be made to the drill bit design. Firstly, 
visible examining of worn cutters shows that only the ac-
tive area of cutter layer is worn fully. It means that the 
drill bit cannot be used for drilling because of admission 
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diameter loosing, but cutter layer is worn only partially. 
As far as the drill bit cutter is worn irrationally, much of 
the PDC layer (over the active area) is not worn at all. 
For its full wearing it is proposed to increase the active 
area by PDC cutters placing to avoid their cutting layer 
overlapping. Another way to provide full PDC layer 
wearing is to construct diamond compact as a mosaic 
pattern: actual area is made of diamond compact, other 
area of cutter layer is made of different superhard materi-
al. The technology of mosaic cutters is not developed yet, 
despite the fact that idea of mosaic cutters was well 
known in the 90s. Another idea which has not been de-
veloped yet concerned the production oval shaped of 
PDC cutters. This idea was not implemented either. 
Thus, the most acceptable way to provide the full area of 
diamond compact wearing is to place PDC cutters to 
avoid their cutting layer overlapping.  

For the most distant placing cutters, it can be pro-
posed to decrease deepness of cutting or to use additional 
blades to place cutters to decrease cutting length, etc. 
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Purpose. Evaluation of the adequacy of the statistical simulation modeling method developed for examining the 
measurement error effects on the results of components presorting while their acceptance inspection. 

Methodology. Parameters of components presorting calculated by statistical modeling method are compared with 
parameters of presorting which were determined by common alternative methods: 

- graphic-analytical – according to the National Standard  8.051-81 (appendix 2); 
- numerical integration of definite integrals in the equations of the mathematical model of the process. 
Findings. For the purpose of the measurement error distributions according to the normal law as well as equal 

probability law it is shown that the calculated parameters do not differ significantly from the parameters listed in the 
standard. Thus the adequacy of the statistical simulation modeling method is confirmed. 

It was found that the method is distinct in simplicity of calculations on a PC, clearness of the obtained results and 
the possibility of their accurate interpretation. 

The statistical simulation modeling method can be used for modeling of both random and systematic measurement 
errors. 

Originality. The mathematic models and statistical simulation modeling methods of acceptance inspection of the 
geometries of components and calculation of the parameters of their presorting are developed. 

Practical value. On the basis of the developed mathematical models, the guidelines on the computer modeling using 
the method of Monte Carlo presorting processes during the acceptance inspection are compiled. The realization is car-
ried out on the basis of Microsoft Excel program. Methodical instructions are used in academic activities. They can be 
used in the process of drafting business plans for making decisions during pre-production, which is characterized by a 
stochastic character, including for the purposes of enterprises of mining machinery. 

Keywords: acceptance inspection, statistical modeling, presorting, measurement error, adequacy 
 

Problem formulation. 3 Quality of engineering pro- 
ducts equally depends on technology of its manufac- 
turing and control effectiveness. Prestart passive 
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acceptance control is widely used by manufacturers and 
consumers of production. The components or their 
geomeytrical elements are sorted into accepted and non-
acceptable ones during the reception control. 

Measurement error of components controlled 
geometrical parameters leads to acceptance of compo- 


