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Abstract. The structure of the rig includes many complex mechanisms their wear, and the value of the residual life depending on it, directly depend
on the operating conditions of the rig. In compliance with all the norms and
technical conditions of drilling and the absence of abnormal situations in its
process, all components must develop their resource, defined by technical
conditions, after which they need to be replaced. When various types of
complications and abnormal situations occur in the drilling process, the load
on the drilling machinery mechanisms can increase dramatically, which does
not necessarily lead to the drill failure, but it affects the residual life of those
mechanisms and components, the loads that exceed the standard values.
With subsequent occurrences of similar situations in the drilling process, this
may lead to failure of the drill. The article presents the rationale for choosing
a simulation model for organizing a system for supplying drilling rigs with
spare parts and accessories based on the theory of queuing systems. The
work is an integral part of previously published developments presented in
the materials of articles in 2-nd and 3-rd International innovative mining
symposiums (2017-2018).

1 Introduction
Assessing the impact of an abnormal or pre-emergency situation on the magnitude of the
residual resource is a difficult and poorly formalized task [1]. Therefore, to determine
changes in the residual life of components of a drilling rig during its operation, the method
of expert assessments can be used [2].
The set of such estimates can be represented as a matrix A (C, K) (Figure 1), where the
element a [i, j] represents the relative decrease in the residual life of the component Kj in the
event of a pre-emergency situation Ci. That is, when a situation occurs Ci, the residual life
of the drill components is changed as follows:
𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 (𝐾𝑗)𝑃𝑟𝑒 − 𝑐𝑟𝑎𝑠ℎ 𝑠𝑖𝑡𝑢𝑎𝑡𝑖𝑜𝑛 =
𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 (𝐾𝑗) × (1 − 𝑎[𝑖, 𝑗])
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Fig. 1. The matrix of the coefficients of the component resource change in the event of a preemergency situation.

2 Materials and Methods
Rigs use different types of stock items. By appointment, there are three types of spare parts
kit [2-6]. A single spare parts kit (KIT-S) is designed to restore the working capacity of a
single drilling rig and is located near the place of its operation in order to ensure a short
replacement time (several tens of minutes). The initial inventory level of the KIT-S set is
replenished in accordance with accepted rules from the replenishment source (RS). When
several drilling rigs are operated simultaneously (usually at least three), a group spare parts
kit (KIT-G) can be created, which is equally accessible to any of the drilling rigs. The main
difference between KIT-S and KIT-G consists in a significantly longer delivery time of the
spare parts to the place of operation of the drilling rig in which the failure occurred.
Therefore, the creation of a KIT-G is possible in two cases: the allowable break time is rather
long, but significantly less than the time interval between adjacent failures; for all types of
modules presented in the KIT-G, the system has internal structural redundancy. The KIT-G
is also updated from the RS.
If several drilling rigs are in operation, but the necessary conditions for creating spare
parts and equipment for one or several types of interchangeable modules are not fulfilled,
then a two-level spare parts system (spare parts-2L) is created. At the first (lower) level, sets
of KIT-S are placed, at the second (upper) level - a set of KIT-G. The KIT-G is replenished
from the RS, and the KIT-S can be replenished either from the KIT-G, if it contains the same
type of replacement part, or directly from the RS, if this type of replacement part is not in the
KIT-G [7].
Various methods can be used to replenish spares kit. In case of periodic replenishment
(PR), the replenishment period Ti of the i-th type is assigned, after which the reserves are
replenished to the initial level. If stocks are exhausted before Ti and another failure has
occurred, the system goes into inoperable state until the next replenishment. When
replenishing with emergency deliveries (ED), a period Ti is also assigned. However, in this
case, in contrast to the PR, after the stocks are exhausted and the next failure, an emergency
delivery of spare parts is organized to replace the failed module and replenish the stocks to
the initial level. This reduces the average waiting time for recovery. When replenishing at a
given level (GL), a request for replenishment of stocks is formed after the reserves are
reduced to the established level, including zero, before the next failure occurs. The
application is always formed when the system is operational. This way GL differs from ED.
The GL method is characterized by a threshold stock level of components and distribution
(or average value) of delivery time [3, 6]. In the case of continuous replenishment (CR), a
request for replenishment of stocks is formed and submitted for execution after each failure
and use of each spare part. The CR method is characterized by the distribution or average
value of the delivery time of the spare part.
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3 Results and Discussion
Supply systems typically operate in an environment of uncertainty. In the management of
material flows factors must be taken into account, many of which are random. Under these
conditions, the creation of an analytical model that establishes clear quantitative relationships
between the various components of logistic processes may be either impossible or too
expensive [4].
The system of supplying spare parts, tools and accessories (KIT) of drilling rigs (DR)
means a multi-level system consisting of a set of single, group sets of operational spare parts
and spare parts and stock of the source. The components of the system are interconnected
and have certain characteristics. The spare parts system is designed to restore the performance
of the DR after failures during operation. Consider a two-level system of stocks of elements
with periodic replenishment, emergency deliveries and repair of failed elements in the repair
agencies [8-10].
Simulation includes two main processes: the first is the construction of a model of a real
system, the second is the formulation of experiments on this model.
The following objectives can be pursued:
a) understand the behavior of the logistics system;
b) choose a strategy that ensures the most efficient operation of the logistics system.
Systems of drilling rigs and their serving warehouses of spare parts and equipment are
dynamic, that is, their parameters change over time. Therefore, the state of the system, the
properties of the object and the number of active objects, parameters, actions and delays are
all functions of time and are constantly changing in the process of modeling.
However, in the process of modeling, discrete points in time can be distinguished when
events occur that reflect the sequence of changes in the system states over time. If the
behavior of the system at other points in time is not fundamentally important, then we can
use the technology of discrete-event modeling. Such modeling is called imitational.
Queue systems (QS) with a large number of application generators and service devices
often have a structure that can be represented as a network. In the general case, a QS network
is a graph whose vertices are single-channel and multichannel QS (arcs define demand
transfer streams) [9].
When simulating the maintenance and repair work of drilling rigs, it is advisable to use
the network QS apparatus in the event that the repair work is carried out by the crews located
in the KIT storage points. In this case, we can distinguish two cases:
1. Each drill has its own fixed item of a group spares, which is responsible for its
completion. At the same time, each item of the group spares has a fixed set of drilling rigs,
which it supplies. In this case, the QS network degenerates into a set of closed subnets.
2. Each drilling site may apply to several items of spare parts (in the limit - to any such
item) that can either accept or reject the application for a component.
The choice of one or another method of formalization of the existing drilling supply
network depends on the actual topology of the service network. The second case is the most
common.
Figure 2 shows a simulation model of a rig complex in the form of a queuing network,
depending on the structure of which, and on the number and intensity of requests, the
characteristics of applications of individual classes and for the combined flow are
determined.
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Fig. 2. Model of the supplying network of drilling parts.

Drilling rigs, KIT-S, KIT-G (each of which is associated with several sources of
applications), act as nodes - sources of requests for parts, and repair crews - as service nodes.
Requirements (requests) from drilling rigs for components for which the value of the
residual resource is reduced to a threshold value are received at intervals that are
exponentially distributed (F(t)=1-e-t, где t  0) with intensity (parameter of exponential
value)  and coefficient of variation =1 [5], forming the simplest flows on a single spare
parts (KIT-S), which is located directly on the rig.
If several parts fail in the same rig, then the model parameterization includes the following
transformations of the initial parameters (it is assumed that all input streams are the simplest):
H

1)    — the intensity of the combined stream (the simplest);
 k
k 1

H
2) B    k b — averaged time to serve combined stream applications, where k is

k

k 1   
the share of class k applications in the total flow ( k  1, H );

H

3) B 2 (1   2 )    k bk2 (1   k2 ) – from this expression is determined by the coefficient
k 1

of variation of the duration of service applications of the combined stream.
A graphic representation of the admission process may be as follows:

Fig. 3. The process of receipt of applications for components.

The outlined provisions are summarized in the flowchart of the simulation model
algorithm (Figure 4).
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Fig. 4. Block diagram of the simulation model.
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4 Conclusion
As blocks of the simulation model for this subject area, you must implement:
• Block generating events associated with abnormal situations at the rig. This block creates a
dynamic object - a repair requirement, in which the name of the failed component is recorded;
• The assignment block to the object of the requirement of another dynamic object - a spare
parts store, which must satisfy the request for the failed component;
• Requirements service unit, if necessary (in the case of a group spares) creates a requirement
for the transportation of components from a group spares to the rig;
• The assignment block for the requirement to transport a dynamic transport facility that will
deliver the component to the drilling rig;
• Repair operations block that implements the planned action - restoration of the drilling rig
after delivery of the required component.
The effective analysis of the work of the model presented above makes it possible to
consider it reasonable that it is possible to use the results of recognition of pre-emergency
situations to improve the efficiency of the supply system with spare parts and accessories of
drilling rigs by assessing the residual life of components in the event of pre-emergency
situations.
This becomes possible given the previously conducted experimental studies:
1. Influence of neural network parameters on the effectiveness of learning to recognize
pre-emergency situations.
The accuracy of recognition of pre-emergency situations and the number of iterations
necessary for the convergence of the algorithm were used as estimates of the effectiveness of
the modernized learning algorithm [8].
2. Influence of the parameters of the modified learning algorithm of the neural network
to recognize pre-emergency situations on the efficiency of its work [11].
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